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1.0 Introduction

In 2009 with authorization from the 62" Wyoming State Legislature, the Wyoming Water
Development Commission (WWDC) retained Lidstone and Associates, Inc. (LA), to complete a
Level Il well siting and test well drilling project on the Belvoir Ranch (Ranch) for the Cheyenne
Board of Public Utilities (BOPU), the project sponsor. LA teamed with AMEC Earth and
Environmental (AMEC) and Zonge Geosciences (Zonge) to complete the exploration and
development of the Casper Aquifer beneath the western portion of the Ranch.

The BOPU has had an interest in developing the water resources of the Casper Aquifer since at
least the 1980s when Richter and Huntoon (1982) identified potential drill sites along both sides
of the Laramie Range. The City of Cheyenne has not been alone in its interest. Earth
Technology Corporation (1984) reviewed the east side of the Laramie Range west of Cheyenne
and identified four potential areas that could be developed to support the U.S. Air Force. For the
BOPU, Weston Engineering (1993) identified a number of potential Casper Aquifer development
opportunities on both sides of the Laramie Range. Black and Veatch (1994) narrowed the
BOPU’s focus to four potential development sites along the east side of the Laramie Range,
including Mesa Mountain, Granite Springs, Spottlewood Creek, and Horse Creek. Because it
was the highest prioritized site, the BOPU initially pursued development of the Casper Aquifer at
the Mesa Mountain site between 2003 and 2004, but did not complete test wells in the area
(States West Water Resources Corporation, 2004). Due to the high cost of drilling access at
Mesa Mountain, the BOPU shifted Casper Aquifer exploration efforts to the Ranch.

During the Paleozoic Ground Water Exploration Grant Project in 2005-2006, the completion of
two 8 5/8-inch diameter test wells, Lone Tree No. 1 and Duck Creek No. 1, and one 4-inch
diameter test well, Kennedy No. 2, demonstrated that the Casper Aquifer at the Ranch can yield
significant volumes of groundwater to wells. Completing high capacity wells, however, is
complicated by the complexity of the hydrogeology of the Casper Aquifer. Lone Tree No. 1
yielded up to 782 gallons per minute (gpm) of high quality groundwater (144 mg/L total
dissolved solids (TDS)) during drilling and subsequent test pumping. In contrast, Duck Creek
No. 1 yielded only 24 gpm during development and was not test pumped. The locations of these
wells are shown on Figure 1.1 along with the bedrock geology. Details on these three test wells
are included in Table 1.1. The success of the Lone Tree No. 1 well, contrasted with the low
yield of the Duck Creek No. 1 well, confirmed that the development of high capacity Casper
Aquifer wells depends in part upon drilling through highly permeable, water bearing features on
geologic structures. Locating the right spot on the structure is complicated by the fact that the
Casper Aquifer is covered by overlying sedimentary rock units. As a result of the hydrogeologic
differences LA observed within the Casper Aquifer between these wells, the full development
potential of the aquifer remained uncertain at the conclusion of the 2005-2006 Groundwater
Grant Project.

1.1  History and Project Background

The City of Cheyenne purchased the Ranch in June of 2003 with the intent to utilize the
property for a variety of purposes, including the development of its water resources from both
the High Plains and Casper Aquifers. Since 2004, the WWDC with the BOPU as the sponsor
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has completed three studies to evaluate the water resources of the Ranch. These studies
include:

Cheyenne Belvoir Ranch Level Il Study, 2004-2007.

Belvoir Ranch High Plains Aquifer — White River Aquifer Ground Water Exploration
Grant Project, 2006-2008.

3. Belvoir Ranch Paleozoic Ground Water Exploration Grant Project, 2005-2006.

In addition to the water available from the High Plains Aquifer, groundwater from the Casper
Aquifer could help meet future water demand for the BOPU. This development could potentially
be accomplished without adversely impacting downstream water users. For example, test
pumping of the Lone Tree No. 1 well revealed no quantifiable impacts on the flow of nearby
Granite Springs (Lidstone and Associates, 2008). Groundwater from the Casper Aquifer is also
far removed from adjacent groundwater rights connected to the High Plains Aquifer, as well as
surface water rights on the eastern end of the Ranch. Development of the Casper Aquifer
demonstrates the city’s good faith effort to find additional supplies beyond the Stage | and I
surface water diversions from sources located on the western slope. Because it is hydrologically
isolated from the former Atlas Site “D” Missile facility, groundwater from the Casper Aquifer is
free of trichloroethene (TCE), which appears to be affiliated with the former missile site and has
been migrating eastward through the High Plains Aquifer towards the BOPU’s Borie Well Field
(States West Water Resources Corporation, 2006; U.S. Army Corps of Engineers, 2006).

1.2  Authorization and Purpose

This Level Il feasibility study was undertaken to further evaluate the water resource potential of
the Casper Aquifer beneath the western third of the Ranch. With the geologic and hydrogeologic
information acquired to date through the groundwater grant project, the full development
potential of the Casper Aquifer at the Ranch had not been comprehensively assessed. The
BOPU needs to know how much additional groundwater may be obtained from this aquifer
south of the Lone Tree No. 1 well to make cost effective planning decisions.

The purposes of this project were to:

v' Evaluate the groundwater production capabilities of the Casper Aquifer on the
western side of Ranch.

v Identify potential drilling sites to develop the groundwater resources of this aquifer
using available well completion methods.

v Drill test wells to evaluate Casper Aquifer yield and water quality, and to produce
water for the BOPU.

v' Develop and/or refine potential transmission line alternatives to deliver water from
the Casper Aquifer to the BOPU'’s existing infrastructure.

v' Prepare conceptual designs, cost estimates, financing and economic analysis of
sufficient detail to move this project towards a Level Il Construction phase, as

warranted.
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Within the available funding, LA was able to evaluate the Casper Aquifer and complete four 8
5/8-inch diameter test wells. These wells included Duck Creek 3-1, Lone Tree Fault 1-2, Goose
Creek 2-2C, and Lone Tree Fault 1-5. A timeline of the exploration activities completed for this
project is included in Table 1.2.

Based on the data from the six completed Casper Aquifer test wells, LA has reevaluated the
geologic and hydrogeologic character of the aquifer on the Ranch. Alternatives for potential
Casper Aquifer well fields have been identified, and conceptual designs are presented for wells,
appurtenances, and transmission lines. Cost estimates in 2012 dollars are provided for the
alternatives along with current BOPU financial planning, and estimates for future financing of the
proposed alternatives.

1.3 Permitting and Environmental Authorization

To comply with state and federal law, LA acquired the necessary permits to drill the identified
test well sites. U.W. 5 applications for test well drilling were submitted to the Wyoming State
Engineer’s Office (SEO). LA also prepared and submitted a Permit to Construct application to
the Wyoming Department of Environmental Quality (DEQ) for all the test wells. Finally, an
application for a WYPDES discharge permit for aquifer testing was submitted to DEQ. Copies of
the approved permits are contained in Appendix A. Following completion of the wells, LA filed
the appropriate forms, notices, and as-built plans with the respective agencies.

While a formal environmental report was not completed, LA submitted letters describing the
proposed project to the appropriate agencies to gain National Environmental Policy Act
clearance in case the BOPU chooses to pursue federal sources of funding for the project in the
future. The letters were submitted to U.S. Fish and Wildlife, Wyoming State Historic
Preservation Office, U.S. Army Corps of Engineers, DEQ-Air Quality Division, U.S. Department
of Agriculture-NRCS, SEO, Laramie County Public Works, and DEQ—Water Quality Division. To
address U.S. Fish and Wildlife concerns, a threatened and endangered species investigation
was completed. For the Wyoming State Historic Preservation Office, a Class Il cultural resource
inventory was completed. Copies of the letters, agency responses, species report, and
archeological reports are included in Appendix B.
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2.0 Hydrogeologic Investigation and Well Siting

Based on the previous results of drilling and testing of the Lone Tree No. 1, Duck Creek No. 1,
and Kennedy No. 2 wells, LA hypothesized that the Casper Aquifer at the Ranch was comprised
of at least two hydraulically isolated hydrostructural compartments with different hydrogeologic
properties and water quality characteristics. The first compartment, Lone Tree, was believed to
extend roughly from Middle Crow Creek on the north to Lone Tree Creek Fault on the south.
The second compartment, Duck Creek, extended from Lone Tree Creek Fault on the north to
Spottlewood Fault on the south (States West Water Resources Corporation, 2006).

Within this hydrostructural context, the project team sought to identify well site locations that
would yield significant quantities of Casper Aquifer groundwater to the test wells. Building upon
the geologic data acquired in 2005, geologic and hydrogeologic field reconnaissance methods
were utilized to determine the locations of geologic structures that could enhance the
permeability and water transmitting capacity of the Casper Formation. With these features
identified, the project team finalized the locations and orientations of surface exploratory
geophysical lines. The geophysical exploration was intended to help develop a more thorough
conceptual hydrogeologic model of the area, including the locations of concealed faults and
folds, and to target areas on these structures that had the best potential for yielding large
volumes of groundwater from the Casper Aquifer.

2.1 Belvoir Ranch Stratigraphy

Interpretation of the stratigraphy of the Ranch is complicated because the geologic formations
and stratigraphic units of interest are largely covered by the Tertiary Ogallala and White River
Formations. Below these two units, formations ranging from the Cretaceous Pierre Shale
through the Precambrian Sherman Granite are present. The lithologic and hydrogeologic
characteristics of these units are summarized in Table 2.1 along with their average mapped
thickness in the local area. Comparison of Figure 1.1 with Table 2.1 reveals that only the
Tertiary cover, Casper and Cloverly Formations are exposed at land surface on the Ranch.
Changes in the lithology of a few formations complicate the stratigraphic interpretation as
different names are applied to several formations in this area along the Wyoming-Colorado state
line. Correlative formation names are identified in Table 2.1 for pertinent units.

Of the units listed in Table 2.1, the Triassic-Permian redbed sequence of the Chugwater, Goose
Egg, and Satanka Formations plays a critical role at the Ranch. These units overlie the Casper
Formation and generally act as confining layers that hydraulically separate the Casper Aquifer
from the overlying High Plains Aquifer. All three of these units are composed of dark red
siltstone, shale, and clayey siltstone, but can have relatively thick interbeds of either anhydrite
or gypsum which can pinch out over short distances. The Forelle member of the Goose Egg
Formation is the only marker bed in the redbed sequence and varies in its lithology. Due to
conflicting reports in the published literature, the presence of the Satanka Formation and the
variability in the lithology of this redbed section at the Ranch were not known prior to drilling.

The Casper Formation consists of two sequences that vary widely in lithology and thickness. As
noted in Table 2.1, the upper Casper Formation consists of an interbedded sandstone and
dolomitic limestone sequence correlative with the Ingleside Formation of northern Colorado.
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Based on the literature, this unit varies in thickness locally from 198 to 895 feet, and is best
highlighted by McGookey’s (1952) measured sections between Granite Canyon in Wyoming
and Boxelder Canyon in Colorado. This sequence is established in outcrops shown on Figure
1.1, and is best exposed in the watergap where Goose Creek crosscuts the formations and
along the southern Union Pacific railroad line in Section 12, T12N, R70W. In contrast, the lower
sequence of the Casper Formation consists primarily of dark reddish brown siltstone and is
correlative with the Fountain Formation of northern Colorado. The lower Casper tends to be
arkosic. Ver Ploeg and Boyd (2007) noted that it interfingers with the upper Casper, and such
interfingering beds were observed in the Lone Tree No. 1 well. The thickness of this lower unit
ranges from 100 to 725 feet in the area, and generally increases to the south across the state
line. Based on geologic field reconnaissance, this lower unit is only exposed in the Union Pacific
railroad cut of Section 11 of T12N, R70W.

2.2 Casper Aquifer Geologic and Hydrogeologic Setting

Within the larger framework of the Laramie Range, Blackstone (1996) noted that these
mountains are “a large, faulted, eastward verging double-plunging asymmetrical foreland uplift”
whose east flank is bounded by a series of westward dipping thrust faults and asymmetric folds.
South of the Ranch in T11 and 12N, R69 and 70W of northern Colorado, Blackstone (1996)
indicates that thrust faulting of the Precambrian severs the Casper Formation approximately six
miles east of the mountain front. Near the range front, he showed some minor backthrust
faulting and associated folding. North of The Ranch, Blackstone (1996) presented two cross
sections. His cross section through the Borie Oilfield in T13N, R68W included a westward
dipping thrust fault underlying the oilfield, approximately seven miles east of the mountain front,
and some minor range parallel folding near the mountain front. Farther north at Mesa Mountain
in T15N, R70W, Blackstone (1996) and Brady (1949) reported the mountain is underlain by
range front, westward dipping, imbricate thrust faults that have severed the Casper Formation
across both faults. This interpretation was based upon oil test well drilling because there is no
surface expression of one of the two thrust faults due to Tertiary cover.

The Casper Formation on the west end of the Ranch lies between Blackstone’s southern and
northern cross sections, and outcrops between Precambrian igneous and metamorphic rocks to
the west, and the Tertiary Ogallala Formation to the east, as shown on Figure 1.1. In this area,
the project team identified several major structural features that could have enhanced the
permeability of the Casper Formation. Field geologic mapping of the Casper Formation revealed
this unit has been folded by the Granite Springs Anticline, Duck Creek Anticline, and
Spottlewood Anticline, and faulted transversely by the Lone Tree Creek Fault and Spottlewood
Fault. These faults had been mapped into the Precambrian to the west by Houston and Marlatt
(1997). While these features are evident in outcrop, their eastward down dip expression is
concealed by the overlying Ogallala Formation. Based on evidence from the Cloverly Formation
outcrop in Section 30, T13N, R69W, LA hypothesized that a north-south trending structure,
Goose Creek Anticline, may be present in this area as depicted on Figure 1.1 and Figure 16 of
the groundwater exploration grant report (States West Water Resources Corporation, 2006).
Courtright and Braddock (1989) mapped a similar range front parallel structure in Section 31 of
T12N, R69W just a few miles south of the Ranch.
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The hydrogeology of the Casper Aquifer is a function of lithology; geologic structure; the
intensity, alignment, timing, and manifestation of structural deformation; and recharge
conditions. The Casper Aquifer consists of saturated portions of the upper Casper Formation.
Based on the data obtained from 2005 through the Level Il field investigation, the Casper
Aquifer appeared to have been compartmentalized by faulting, and primarily discharged
groundwater (rejected recharge) through Granite Springs (States West Water Resources
Corporation, 2006). As observed in the drilling and 30-day test pumping of Lone Tree No. 1
(Lidstone and Associates, 2008), the permeability of the aquifer appears to have been
enhanced along the crests of anticlinal or monoclinal folds through extensional fracturing and
dissolution tube development. Low permeability of the Casper Aquifer is encountered in areas
where intergranular permeability is predominant, such as at Duck Creek No. 1 which yielded
only 24 gpm during development. The Casper Aquifer also has been affected by the
permeability and locations of boundary structures, such as Lone Tree Creek Fault or the thrust
fault east of Lone Tree No. 1 that may represent an impermeable boundary (States West Water
Resources Corporation, 2006).

With respect to recharge, the aquifer is replenished through infiltrating precipitation, and
significantly, by stream losses over Casper Formation outcrops. The surface flows of Lone Tree,
Goose, and Duck Creeks on the Ranch disappear into, or are significantly diminished by, the
Casper Formation at sinks. The sinks are permeable caverns of sufficient size and can accept
all or significant stream flow. Based on stream gaging up and downstream of the sink on Lone
Tree Creek, Lidstone and Associates (2008) noted that the Lone Tree Creek Sink can accept a
flow of approximately 1.7 cubic feet per second (cfs). Lowry and Crist (1967) documented that
Duck Creek and Goose Creek recharged the aquifer at least 0.22 and 0.06 cfs, respectively, but
without measurable flow downstream of the sink, the total amount these sinks could accept was
not quantified. Based on analysis of the stream catchments above the respective sinks, the
Casper Aquifer within the Lone Tree hydrostructural compartment receives the most recharge
from its 17,853 acre drainage area. Within the Duck Creek hydrostructural compartment, the
aquifer receives recharge from both 8,133 acres upstream of Duck Creek Sink and 3,393 acres
upstream of Goose Creek Sink. An ephemeral drainage, Spottlewood Creek has a very limited
catchment area of only 968 acres, and as such is hypothesized to provide only minimal
recharge.

2.3 Geophysical Analysis

Based on the hydrogeologic fieldwork, the following structures appeared to have enhanced the
permeability and yield potential of the Casper Aquifer: Granite Springs Anticline, Lone Tree
Creek Fault, Goose Creek Anticline, Duck Creek Anticline, and Spottlewood Anticline. With
these areas identified, the project team developed a geophysical alignment rationale to
establish a basis for completing a series of seismic reflection and electrical resistivity surveys.
The surveyed locations of these lines are shown on Figure 2.1. Initially interpreted seismic and
resistivity data for each line are presented in Appendix C. The rationale for the orientation of
each line was as follows:

Lone Tree Creek Fault (Line 1)

Aligned slightly oblique to Lone Tree Creek Fault, this line was intended to:
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Assess the offset, dip, and direction/orientation of the Lone Tree Creek Fault.

v Identify potential drilling depths to fully penetrate the Casper Aquifer on the
interpreted hanging wall side of the fault.

v' Assess potential fracture enhancement due to flexure and faulting.
v Evaluate the north end of the Goose Creek structure as well as its flexure and trend.

Goose Creek Structure (Line 2)

Set approximately perpendicular to the axis of the inferred Goose Creek Anticline, Line 2 was

intended to:
v' Evaluate folding and extensional fracture development along the inferred Goose
Creek Anticline and Syncline pair.

v Identify, if possible, the location, orientation, and offset along potential sub-fold
faulting and its hydrogeologic impact.

v Identify potential drilling depths to fully penetrate the Casper Aquifer on Goose Creek
Anticline.

Duck Creek Structure (Line 3)

Aligned obliquely to the axis of Duck Creek Anticline, the intent of this line was to:
v' Evaluate folding and extensional fracture development across the Duck Creek
structural axes near the Duck Creek No. 1 well.

v Identify potential drilling depths to fully penetrate Casper Aquifer and delineate areas
of enhanced permeability.

Spottlewood Structure (Line 4)
Set perpendicular to the axis of Spottlewood Anticline, this line was intended to:
v' Evaluate extensional fracture development, deformation, and folding across the
Spottlewood Anticline and Syncline pair.

v Identify potential drilling depths to fully penetrate the Casper Aquifer and delineate
structural permeability enhancement near these structures.

v' Assess the impact of Spottlewood Fault, if present, and its potential hydrogeologic
role.

Lone Tree Creek (Line 5)
Set parallel to the axis of Granite Springs Anticline, the Lone Tree Creek line was intended to:

v' Define the eastern limit of the Lone Tree hydrostructural compartment and identify, if
possible, the location, orientation, and offset along a potential range bounding and
underlying thrust fault.

v Identify potential drilling depths to fully penetrate the Casper Aquifer on the hanging
wall side of the potential fault.

v' Assess potential fracture enhancement associated with Granite Springs Anticline.
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2.3.1 Geophysical Data Acquisition

The geophysical investigation and data acquisition on these five lines were conducted in two
phases. In order to image subsurface structures that contained groundwater, Zonge acquired a
combination of seismic reflection and electrical resistivity data. The intent of combining seismic
and electrical techniques was to: 1) provide a degree of confidence on where to place test wells
based on structures identified by the geologic and geophysical data; and 2) to identify and
estimate target drilling depths to intersect water-bearing strata based on the electrical data.

2.3.2 Seismic Reflection

Phase 1 of the data acquisition incorporated existing geologic information, available deep oil
exploration seismic data, and additional field geologic mapping. These historic data were
integrated with published structural and stratigraphic information and were ultimately used to
design a high-resolution seismic reflection survey. The seismic budget provided for acquisition,
processing, and interpretation of approximately 7.5 miles of reflection data. Reflection data were
acquired over the five specific geologic structures shown on Figure 2.1 to further identify
unknown structural elements and locate deformation zones within the Casper Formation that
would indicate potential fracturing.

Drilling and geologic data from the Lone Tree No. 1, Kennedy No. 2, and Duck Creek No. 1, as
well as the available geophysical logs from the area, were used for calibration and verification
purposes prior to acquisition. Based on the geologic setting, structural style and objective of
identifying specific drill targets, the reflection survey was conducted using a very tight
source/receiver spacing of approximately 33 feet (10m). Normal spacing for oil and gas
exploration is 200 feet or 66m. Reflection data were collected utilizing a rolling-receiver
recording array in a split-spread configuration with lines sourced on the half station (i.e.,
between the receivers). A Seistronix ES-6 seismograph was used for recording, and deployed
an efficient radio-triggered, environmentally sensitive source truck, the Digipulse 1180. No
explosives were used for this acquisition. All receiver (i.e., geophone) points were surveyed
using a Leica RTK GPS system for sub-meter accuracy. The selected field configuration of
source and receiver points, as well as the impulsive source, yielded good resolution of faults
(i.e., location and attitude) and structure (e.g., folding) along the west side of the Ranch.

2.3.3 Electrical Resistivity - CSAMT

Phase 2 of the geophysical data acquisition deployed a deep electrical resistivity method to
identify water-bearing structures and refine drill targets. The Phase 2 survey design was based
on the results of Phase 1 preliminary processing, as well as previous results from time-domain
electromagnetics (TDEM) and electrical resistivity tomography (ZETA) performed by Zonge in
2005 at the former Atlas Site “D” Missile facility. Phase 2 acquisition consisted of 7.5 line miles
of resistivity data collected along each of the five seismic reflection lines. Additionally, data
along two short lines (Lines 6 & 7) were acquired to evaluate and enhance the area south of the
Lone Tree Creek Line 5.

Resistivity data were acquired using the Controlled Source Audio-frequency MagnetoTellurics
(CSAMT) technique. CSAMT is a high-resolution electromagnetic sounding technique that used
fixed grounded dipoles located about 2.5 to 3 miles from the artificial (controlled) source. The
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electric field was acquired on several dipoles simultaneously along each line, producing 2-
dimensional profiles. The CSAMT investigation at the Ranch utilized a dipole (station) spacing
of 25 feet, and the signal source was a Zonge GGT-10 transmitter, which is a current-controlled
transmitter capable of 10kW output.

Observed resistivity values obtained from the CSAMT method relate to geology, hydrology and
chemistry of the formations beneath the area of investigation. Primary factors affecting resistivity
include rock or sediment porosity, pore fluids, the presence of certain mineral assemblages, and
the presence of unique groundwater chemistry (e.g., alkali or high-TDS water). For hydrological
investigations, CSAMT data may provide critical information about geologic structure, lithology,
water table trends, and trends in pore fluid salinity or contaminant concentrations.

2.3.4 Initial Hydrogeophysical Interpretation

The interpretation of the processed seismic lines factored in the complex local and regional
structural style of folding and faulting presented in Section 2.2. The integration of seismic
reflection and electrical resistivity data identified discrete structural features and associated
conductive zones, respectively. Potential, prospective Casper Aquifer targets were identified by
combining existing hydrogeologic field mapping with the subsurface geophysical interpretations.
Each line is discussed in the context of that integration in the following sections. The surveyed
locations of the geophysical lines are shown on Figure 2.1. Initially interpreted seismic and
resistivity data for each line are presented in Appendix C.

The project team developed a decision matrix that provided the basis for selecting initial drilling
prospects along each of the five lines. After results from the combination of the two geophysical
techniques were merged and interpreted, the potential prospects were ranked on the basis of
their geologic structure, fractured character, and their low resistivity. In addition to structural
deformation, “bright spots” in the seismic sections (interpreted areas of intense fracturing) and
low resistivity areas within the resistivity sections within the interpreted Casper Formation
section were considered the key to developing large volumes of water from the Casper Aquifer.
Geologic and hydrogeologic data, particularly water levels measured in the existing Casper
Aquifer test wells, were also factored in the matrix.

2.3.4.1 Lone Tree Creek Fault (Line 1)

Approximately 6,725 feet long, the Lone Tree Creek Fault line succeeded in imaging the Lone
Tree Creek Fault around CSAMT station 650, and provided indications of potential geologic
structures on the northeast end of the line. Both the electrical resistivity and seismic reflection
sections for this line are included in Appendix C. These structures did not appear to be related
to the inferred Goose Creek Anticline and were interpreted to represent local faulting within the
section. Overall, the seismic interpretation indicated that the top of the Casper Formation was
substantially deeper in the middle of this line than on each end, and indicated the structure in
the area is complex. The seismic and CSAMT data for this line exhibited less correlation than
they did on other lines.

West of Lone Tree Creek Fault, the interpreted thrust fault (black line) that approaches the
surface near the southwestern end of the line does not appear anomalously conductive, but a
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conductive anomaly is evident in the shallow data where that fault should intersect the surface
at approximately CSAMT station 225.

The left lateral, strike-slip Lone Tree Creek Fault at CSAMT station 650 does not have a
corresponding conductivity anomaly at depth beneath this area. This condition is either due to
the highly resistive basement granite not being saturated, or the width of the fault structure not
being significant enough to be resolved with the field parameters used for the CSAMT survey.
The CSAMT field procedures were designed to image deep, and as such may have been too
wide to see a narrow conductive feature that would be associated with a structure like this
strike-slip fault.

Northeast of Lone Tree Creek Fault, the line exhibits several low resistivity zones particularly on
the northeast end where they are associated with potentially multiple faults (orange and black
lines). The low resistivities in this area suggested that the Casper Formation, which appeared to
shallow on that end, may be very fractured, perhaps containing more groundwater.

As shown on Figure 2.1, five prospective Casper Aquifer targets were identified on this line.
Lone Tree Fault 1-1 (CSAMT station 375, Appendix C) would test the steep easterly dips in the
hanging wall of the Lone Tree Creek Fault on the southwesterly third of the line. Lone Tree Fault
1-2 (CSAMT station 650) would test the highly fractured, strike-slip Lone Tree Creek Fault zone.
Lone Tree Fault 1-3 (CSAMT station 975) and 1-4 (CSAMT station 1275) were projected to test
low resistivity areas and “bright spots” within the interpreted Casper Formation section. Lone
Tree Fault 1-5/1-6 (CSAMT station 1775-1925) was designed to test the low resistivity area, and
potentially fractured and faulted northeastern end of the line.

2.3.4.2 Goose Creek Structure (Line 2)

Approximately 8,550 feet long, the Goose Creek structure line revealed no evidence of a Goose
Creek Anticline/Syncline pair, but did reveal evidence of backthrusting adjacent to the range
front along with basinward faulting and areas of low resistivity within the interpreted Casper
Formation section. Both the electrical resistivity and seismic reflection sections for this line are
included in Appendix C. Similar to the Line 1 CSAMT data, the thrust fault (purple/dark blue
line) imaged in the seismic section is not anomalously conductive itself, but there is a
conductive anomaly associated with it at the location where it would intersect the surface
(centered at approximately CSAMT station 375). A second significant fault (red line, CSAMT
station 1925) is interpreted to the east. This feature or one along the very end of the section
(CSAMT station 2475) may be a southeastward expression of the Lone Tree Creek Fault.

In general, the CSAMT data on this line show higher conductivity material on the eastern end of
the line relative to the west. This is consistent with other lines, which indicate that the formations
above the Casper are generally higher conductivity than the Casper Formation. The thin,
conductive horizontal layer (in the material above the Casper) that is seen in the upper 250 feet
on all of the other lines is only seen on this line east of CSAMT station 1425. With the exception
of the eastern part of Line 5, the eastern half of Line 2 has high conductivities extending deeper
than on any other line. The more conductive zones observed above the interpreted Casper
Formation top are interpreted to be due to the high salinity water present in overlying
formations.
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As shown on Figure 2.1, five prospective Casper Aquifer targets were also identified on this
line. Goose Creek 2-1 (CSAMT station 675) and 2-2 (CSAMT station 1275) were proposed to
test the productivity of the interpreted Casper Formation section in the hanging wall of the
backthrust fault in areas of seismic “bright spots” and low resistivity. Goose Creek 2-3 (CSAMT
station 1800) and 2-4 (CSAMT station 1925) would target deep, associated low resistivity zones
and seismic “bright spots” adjacent to the interpreted strike-slip fault zone. Goose Creek 2-5
(CSAMT station 2125) would test the Casper Formation east of the large fault and its lowest
resistivity feature.

2.3.4.3 Duck Creek Structure (Line 3)

Approximately 10,350 feet long, the Duck Creek structure line revealed both the Duck Creek
Anticline and its syncline. Both the electrical resistivity and seismic reflection sections for this
line are included in Appendix C. This line intersects Line 2 near the northeastern end of the
line, and the data at the intersection show good agreement. Based on the almost-horizontal
orientation of the layering in the seismic, this line and Line 4 are very similar with respect to the
seismic data. In the CSAMT, however, there are several differences. The material above the
Casper is very similar in conductivity on both lines, but the Casper has noticeably higher
conductivity on Line 3 when compared to Line 4.

Line 3 CSAMT data demonstrate a weak change toward higher conductivities in the Casper
toward the center of Line 3, and this change seems to correlate with the fact that the
stratigraphy identified in the seismic data beneath this line has the appearance of a shallow
anticline. The base of the top unit of the Casper and the base of the second unit of the Casper
are both deepest near the middle of the line; coincidentally, this is where higher conductivities in
the Casper are observed from the CSAMT data along with several faults that may have
fractured the Casper. This central, higher conductivity part of Line 3 may be correlative to the
higher conductivities observed beneath the eastern part of Line 2, discussed above.

Based on the CSAMT data, and like Lines 1 and 2, the thrust fault itself is not anomalously
conductive, but higher conductivities are seen at the surface at the location where the thrust
fault should intersect the surface. The higher conductivities obtained here are not as strong as
beneath Lines 1 and 2, but are evident.

Four prospective Casper Aquifer targets were identified on this line, as shown on Figure 2.1.
Duck Creek 3-1 (CSAMT station 1525, Appendix C) would test the low resistivity, seismic
“bright spot” or fractured feature in the center of the line. Duck Creek 3-2 (CSAMT station 1125)
and 3-3 (CSAMT station 775) would investigate the fractured, conductive features associated
with the small antithetic horse-tail thrust faults seen on the southeast side of the line on the flank
of Duck Creek Anticline. Duck Creek 3-4 (CSAMT station 350) would test a fractured,
conductive feature along the interpreted Duck Creek anticlinal crest on the end of the line.

2.3.4.4 Spottlewood Structure (Line 4)

Approximately 7,750 feet long, the Spottlewood structure line revealed both the Spottlewood
Anticline and Syncline, as well as numerous associated faults. However, it did not appear that
the Spottlewood Fault was present along this line. Both the electrical resistivity and seismic
reflection sections for this line are included in Appendix C. Very little significant change in
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conductivity is seen laterally beneath this line. Like the other lines, decreasing conductivities are
seen at depth into the Casper Formation. The four faults on this line do not have significant
offset of layers within the Casper and none of the faults appear anomalously conductive. Only
the northernmost fault (below station CSAMT 2175) looks to have an increase in conductivity,
although even this is not a strong anomaly. In general, the Spottlewood structure appeared less
attractive for groundwater development.

Nevertheless, three prospective Casper Aquifer targets were identified on the Spottlewood line,
as shown on Figure 2.1. Spottlewood 4-1 (CSAMT station 2175, Appendix C) targeted the
northernmost fault, and was the location that looked the best of the three based on the CSAMT
data. Spottlewood 4-2 (CSAMT station 300) and 4-3 (CSAMT station 25) would test two
conductive features on the southeast end of the line.

2.3.4.5 Lone Tree Creek (Line 5)

Approximately 7,100-feet long, the Lone Tree Creek line imaged the westward dipping, range
bounding thrust fault; minor faults in the hanging wall; and possibly a large backthrust fault
adjacent to the range front. Both the electrical resistivity and seismic reflection sections for this
line are included in Appendix C. This ‘dip’ line shows good correlation between the seismic
structures, the CSAMT conductivity data, and the previous geologic interpretation based on
Lone Tree No. 1 and Kennedy No. 2 test well data. In general, it is also consistent with both
seismic and electrical data seen on the other four geophysical lines. The western part of the
line, where the Casper is quite shallow, displays lower conductivity than the eastern part of the
line; this is consistent with conductivities on the other lines. Near the center of the line
(approximately CSAMT station 1025), the geologic interpretation and the seismic data indicate a
thinning of the Tertiary formation cover, and the CSAMT data do show the conductive material
thinning in that location. East of station 1025, the Casper is probably too deep to be detected
with the CSAMT, and the higher conductivities extend very deep on this half of the line. This
condition appears to be due to the presence of the thick sequence of formations overlying the
Casper Formation, including the Satanka, Goose Egg, and Chugwater Formations.

Line 5 was also located near Lone Tree No. 1 to assess the geophysical character of the
Casper Formation to assist in identifying areas of similar permeability and yield elsewhere on
the Ranch. CSAMT lines 6 and 7 were added in the vicinity to geophysically assess how local
resistivity features might extend to the south, parallel to outcrop. Near CSAMT station 350, Lone
Tree No. 1 is associated with a seismic “bright spot” or fractured Casper Formation section, as
well as a deep low resistivity feature. Similar features are located in the vicinity of several small
faults (black lines) from approximately CSAMT station 525 to 925. While no seismic data were
obtained along Lines 6 and 7, it was observed that conductivities on Line 7 correlate with the
increasing or higher conductivities on the eastern portion of Line 5. The lower conductivities of
Line 6 share a similar range of conductivity when projected into Line 5.

As shown on Figure 2.1, five prospective Casper Aquifer targets were delineated on Line 5.
Lone Tree 5-1 (CSAMT station 225-375) is essentially an offset of Lone Tree No. 1. Lone Tree
5-2 (CSAMT station 550) and 5-3 (CSAMT station 725) target the Casper Formation where
small faults appeared to have enhanced permeability and are associated with low resistivities.
Lone Tree 5-4 (CSAMT station 975) and 5-5 (CSAMT station 1075-1125) target the Casper
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Formation on the eastern margin of the hanging wall where the Casper has a very low resistivity
signature. Kate stop here on Monday.

2.4 Potential Test Well Sites

Following presentation of the geologic and geophysical interpretation to the WWDC and the
BOPU at the scoping meeting in November 2009, the project team selected eight potential test
well sites from those that had been identified and ranked through the geologic and geophysical
analysis. These sites, listed in Table 2.2, were selected to explore the yield potential of the
Casper Aquifer on the Ranch. The project team had presented five potential sites during the
scoping meeting, but added three others to include additional sites that warranted consideration,
and to provide drill site flexibility during the permitting and environmental reporting phases. The
locations of these eight sites are shown relative to the geophysical line locations on Figure 2.1,
and include two sites on four of the five geophysical lines. Based upon geophysical data,
perceived limited recharge, and budgetary constraints, no test well sites were originally
proposed along the Spottlewood Anticline (Line 4) on the south end of the Ranch. The drilling
sequence was intended to be an iterative process based on results of drilling each test well,
progressive acquisition of hydrogeologic and geologic data, reinterpretation of geophysical data,
and remaining drilling budget.

Given the mandate to explore the aquifer across the western part of the Ranch, the plan was to
drill and complete three, 8 5/8-inch diameter test wells at the sites as they were prioritized in
Table 2.2, and to focus exploration on the Duck Creek hydrostructural compartment, specifically
along the Duck Creek (3-1 and 3-3) and Goose Creek (2-2 and 2-3) geophysical lines. Previous
drilling in the area at Duck Creek No. 1 indicated the Casper Formation was saturated, but did
not encounter significant permeability to yield water to the well. Proving out the permeability and
yield potential of this area remained critical to the overall development of a Casper Aquifer well
field in this area. The Duck Creek 3-1 site was to be drilled first to test what was thought to be
the best seismic prospect on this line, and to calibrate the geophysical/hydrogeologic data for
drilling at either Goose Creek 2-2 or 2-3.

After completing the Duck Creek 3-1 test well, it was the intention of the project team to move to
a site on the Goose Creek structure regardless of the results of the initial test well. Geophysical
interpretation of the data for the Goose Creek sites suggested the Casper Formation top might
be shallower than originally interpreted from outcrop relationships. The selection of either Goose
Creek 2-2 or 2-3 depended upon geophysical calibration and anticipated drilling depths. Either
site along this structure would allow for yield testing on this line, but it was thought that 2-2
might present a shallower target.

After drilling both the Duck and Goose Creek structures, the project team had recommended
drilling Lone Tree Fault 1-4 to evaluate the yield potential of the Casper Aquifer within the
southern portion of the Lone Tree Creek hydrostructural compartment. The Lone Tree No. 1
well proved that this portion of the aquifer is highly permeable, but little was known about how
far south this permeability extended. Drilling a test well at that location would allow for
evaluation on the southern half and provide additional information on the potential extent and
sustainability of a well field in this compartment.

Lidstone and Associates, Inc. 2-10 Cheyenne Belvoir Ranch
June 2012 Groundwater Level Il

K:\OPEN\WYWDC109\FINAL REPORT\GW Level Il.docx



The location and drilling of additional test wells beyond these first three would be dictated by the
remaining drilling budget, and hydrogeologic data collected from the two hydrostructural
compartments. If drilling on both the Goose and Duck Creek structures had yielded wells that
produced little groundwater (i.e., less than 100 gpm), the project team would have
recommended drilling another test well along either the Lone Tree Creek or Lone Tree Creek
Fault structures. Lone Tree 5-2 and 5-4 were identified for such worst case drilling results. If
drilling on either the Goose or Duck Creek structures identified areas of higher permeability, the
project team was positioned to drill an additional test well along that respective structure.
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3.0 Casper Aquifer Test Well Drilling

Relying upon the initial geologic, hydrogeologic, and geophysical interpretation of the site, the
test wells were designed to be completed in a telescoped fashion, similar to the completions of
Lone Tree No. 1 and Duck Creek No. 1 shown on Figures 3.1 and 3.2, respectively. The well
casing would be placed to a sufficient depth through the overlying formations to accommodate a
high capacity test pump, and cemented into the top of the Casper Formation. Water level data
from Duck Creek No. 1 and Lone Tree No. 1 were used to estimate depths to groundwater in
the aquifer, and to target locations such that groundwater levels in the casing remained above
the pump with sufficient head for aquifer testing purposes. Below the casing, each well was to
be completed as an open borehole through the Casper Formation to maximize exploration of
the aquifer and minimize cost. In the event that the BOPU chose to utilize the well later for
production, the open borehole was of sufficient diameter to accommodate a 4-inch diameter well
screen. In this fashion, the well design balanced the objectives of exploration with the idea that
the wells could be used later for production, or as monitoring wells.

Following the public bidding period, LA contracted Weston Engineering, Inc. (Weston) of Upton,
Wyoming, to complete the test wells. Bids were received from seven drilling contractors and
opened on March 31, 2010. Project bids ranged from approximately $843,600 to $1,800,700 to
complete three test wells in the Casper Formation to depths anticipated to range from 1,635 to
3,135 feet. Weston was the low bidder, and was deemed to be both responsive and qualified to
complete the wells.

Given the available drilling budget and their low bid, Weston was asked to complete four, rather
than three test wells on the western portion of the Ranch. The wells were completed in the
following order: Duck Creek 3-1, Lone Tree Fault 1-2, Goose Creek 2-2C, and Lone Tree Fault
1-5. Details on the completion of these four and the original two Casper Aquifer test wells are
summarized in Table 3.1. Of these six test wells, only Lone Tree No. 1 was drilled through the
Casper Formation and into the underlying Precambrian rocks.

The rationale for drilling each of the four test wells varied. Duck Creek 3-1 was drilled first for
the reasons listed in Section 2.4. Based on an August 16, 2010, meeting between AMEC,
WWDC, and LA, Lone Tree Fault 1-2 was selected as the second drill site. This site was drilled
to assess the hydrogeologic role of the Lone Tree Creek Fault, which given its surface
expression and geophysical signature was thought to be a potentially significant conveyor of
recharge to the Duck Creek area. Following the completion of these two wells and revision of
the geologic and geophysical interpretations for the geophysical lines, the project team sited
and permitted two additional drilling locations, Goose Creek 2-1E and Lone Tree Fault 1-5. The
location of Goose Creek 2-2 was revised westward to 2-2C near the Cloverly Formation outcrop
in Section 30, T13N, R69W. These changes were made to take advantage of what were
interpreted to be more permeable zones within the Casper Formation on the geophysical lines.
Goose Creek 2-2C was drilled third to test out the yield potential of the Goose Creek line at a
potentially shallower drilling depth. Finally, Lone Tree Fault 1-5 was drilled to further explore the
yield potential of the southern portion of the Lone Tree hydrostructural compartment.
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3.1 Drilling Conditions and Well Completion

Weston completed each test well in general accordance with the design presented in the drilling
specifications. Well completion summaries, including lithologic data, geophysical logs, and well
completion details, for each of the four new test wells are included on Figures 3.3 through 3.6.
Following the installation of 13 3/8-inch diameter API H-40 surface casing, the annular space at
each well was pressure cemented with neat cement. Once the cement had cured, Weston
drilled each 12 Ys-inch production borehole utilizing direct circulation rotary techniques with
bentonitic drilling fluids at least 19.5 feet into the top of the Casper Formation. Within these
boreholes, Weston installed a sufficient length of 8 5/8-inch diameter, APl J-55 casing with
centralizers, and Basic Energy Services pressure cemented the annular space. Below the
casing, Weston drilled 7 7/8-inch diameter production boreholes through the upper Casper
Formation utilizing direct circulation air-based drilling techniques, and terminated the borehole
below the contact with the lower Casper Formation. The use of air rotary drilling methods
allowed for evaluation of Casper Aquifer productivity during drilling.

Weston encountered several difficulties in drilling and completing the wells, including borehole
sloughing, slow penetration rates, and borehole deviation. At the first well, Duck Creek 3-1,
Weston had difficulty advancing the 12 ¥-inch production borehole because fine gravel from the
Ogallala Formation below the surface casing readily sloughed into the hole. After raising their
viscosity, Weston was able to advance the hole. Weston also experienced difficulty with slow
drilling conditions as well as borehole deviation. Drilling penetration rates slowed dramatically
below a depth of 979 feet and were consistently 2 feet per hour or less from this point into the
Casper Formation. In addition and concurrently, the borehole deviated up to 10 degrees from
vertical before Weston was able to reduce the deviation to 4 1/2 degrees at a depth of 1,255
feet.

On the three subsequent test wells, Weston counteracted these difficulties in different ways, and
also had to deal with lost circulation problems. First, Weston drilled a 7 7/8-inch diameter pilot
hole in advance of setting and cementing the surface casings. Second, Weston either drilled
and reamed 7 7/8-inch diameter pilot holes or used a 12 Ys-inch diameter PDC bit to counteract
the slow drilling conditions. Neither of these techniques were successful in counteracting their
borehole deviation issues, however, as the 12 ¥-inch diameter boreholes deviated in excess of
14 degrees for both Goose Creek 2-2C and Lone Tree Fault 1-5. Despite the borehole deviation
issues, Weston had no difficulty either setting the 8 5/8-inch diameter casing to the appropriate
depth or placing and retrieving their test pump in the wells. With regard to lost circulation
conditions while drilling with bentonitic drilling fluids, Weston had issues on both the Goose
Creek 2-2C well in the Cloverly Formation and on the Lone Tree Fault 1-5 well in the Satanka
Formation, approximately 12 feet above the Casper Formation contact. In both instances,
Weston was able to regain circulation using approved lost circulation materials and successfully
completed the wells.

Weston also experienced lost circulation during the pressure cementing on the 8 5/8-inch
diameter casing at Lone Tree Fault 1-5. After Basic Energy Services had displaced cement to
the mud pit, they lost circulation in the annular space while using water to displace the cement
from inside the casing. Consequently, Weston topped off the annular cement with an additional
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55 sacks of neat cement and ran a cement bond log on the casing prior to drilling out the
cement and float shoe inside the casing. The cement bond log revealed good cement bond to
the casing such that Weston continued drilling.

3.2 Geologic and Hydrogeologic Logging

Based on the cuttings obtained from the four test wells along with the data from Lone Tree No. 1
and Duck Creek No. 1, the project team made several discoveries with regard to the Permian-
Triassic redbed formations on the Ranch.

v Significantly, more redbed formations were present above the Casper Formation than
were originally anticipated. During previous test well drilling in 2006, only 40 feet of
redbeds were drilled in the Lone Tree No.1 well, and 685 feet were drilled in Kennedy
No. 2. However, no definitive marker bed was encountered during the drilling of these
test wells.

v' The red siltstone and shale of the Chugwater, Goose Egg, and Satanka Formations
have no distinguishing characteristics and therefore cannot be readily differentiated
apart from the complete redbed sequence. Originally interpreted as the Goose EgQg
Formation (States West Water Resources Corporation, 2006), the redbed section in
Lone Tree No. 1 has been reinterpreted as the Satanka Formation as noted on Figure
3.1.

v' The Forelle member of the Goose Egg Formation is a marker bed for the redbed
sequence, but varies in its lithology over short distances. The continuity and lithologic
variability of this bed can be seen when comparing the Forelle section that was drilled in
all four recent test wells, and is summarized on Figures 3.3 through 3.6.

v' The redbed sequence effectively confines and isolates the Casper Aquifer from the High
Plains Aquifer. The hydrogeologic role of these units is highlighted by the fact that the
Casper Aquifer water level in the five wells that encountered redbeds stands above that
contact (artesian).

The investigation demonstrated that concealed localized geologic structure has a profound
influence on the subsurface location of the Casper Formation top. Drilling revealed that neither
geologic surface dip projections into the subsurface, nor geophysical interpretations of the
seismic reflection and electrical resistivity data were completely reliable. The depth to the
Casper Formation top varied from what was geologically or geophysically anticipated across the
site. The project team had anticipated that the Casper Formation top at Duck Creek 3-1 could
be as shallow as 525 feet based on the geophysical interpretation, or as deep as 650 to 800
feet based on down dip projections from outcrop. When Weston hit the Casper top at 1,492 feet,
as noted in Table 3.1, it became apparent that concealed subsurface structure had significantly
repositioned the sedimentary rock sequence. Despite efforts to reinterpret the geophysical data
and refine drilling depths prior to each subsequent test well, this difficulty in predicting Casper
Formation tops persisted on the subsequent three test wells. Table 3.1 highlights how the
Casper Formation tops at the respective test wells varied from what was geologically and
geophysically anticipated.
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Based on the exploratory drilling, the project team discovered several things about the geology
and hydrogeology of the Casper Formation.

v Not only does the thickness of the Casper Formation vary, but the thicknesses of the
upper and lower sequences of the unit vary as well. As shown in Table 3.1, while the
apparent thickness of the Casper Formation varies from approximately 826 to 1,686
feet, the apparent thickness of the upper portion of the formation varies from 721 to
1,188 feet. These apparent thicknesses are a function of dip as well as potentially
changing depositional environments or underlying Precambrian formation
topography across the property.

v" The upper and lower portions of the Casper Formation vary both in lithology and
water yield potential. The upper part of the Casper consists of interbedded dolomitic
limestone and sandstone that may readily yield water from fractures or dissolution
tubes. The lower part of the Casper consists primarily of siltstone, has low
intergranular permeability, is of poor structural integrity, and did not readily yield
water.

v' While the lithology of the upper portion of the Casper Formation has some influence
on specific well yield, the type of permeability is the most significant factor in
completing a high capacity well. As noted in Table 3.1, the yields of the Casper
Aquifer wells completed to date range from 24 to 600 gpm, and are highest where
the permeability has been enhanced through fracturing of the interbedded sandstone
or dissolution tube development within limestone as at Lone Tree No. 1.

3.3 Video and Geophysical Logging

Following drilling of the 12 ¥4- and 7 7/8-inch diameter boreholes, Weston's geophysical logging
subcontractors, Goodwell, Inc. and Colog, Inc., collected downhole geophysical logs on each
test well to obtain additional stratigraphic and hydrogeologic information. These data were also
used to calibrate and iteratively reinterpret the surface geophysical data. The geophysical
logging suite on the 12 %-inch boreholes typically consisted of the following logs: caliper, natural
gamma, 16-inch resistivity, 64-inch resistivity, point resistivity, spontaneous potential, and full
wave form compensated sonic. For the 7 7/8-inch boreholes, density and neutron logs were
also run to qualitatively assess water yielding characteristics of the Casper Formation. At Duck
Creek 3-1, a full wave form compensated sonic log was obtained on the 7 7/8-inch borehole to
guantify sonic velocities on the Casper Formation. With the exception of the sonic logs, data
from these geophysical logging runs are included on the well completion record documents
shown on Figures 3.1 through 3.6. To the extent that fluid levels would allow, sonic logs were
also run through the 8 5/8-inch diameter casings on each test well to assess the cement bond to
the casing. A sonic log was not run through the cased portion of Lone Tree Fault 1-2. A
complete set of the geophysical logs for each test well is included in the Project Notebook.

With respect to the geophysical logs summarized for the test wells on Figures 3.1 through 3.6,
several unique characteristics of the Casper Formation were observed.

v' The upper portion of the Casper Formation is more resistive than the lower portion.
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v' The upper part of the Casper appears to consist of more limestone or higher
resistivity beds than were logged from the drill cuttings, and the difference in
resistivity of the sandstone and limestone interbeds gives the formation its sawtooth
resistivity character observed in all six test wells.

v' The sawtooth resistivity character of the upper Casper Formation is muted in Duck
Creek 3-1, likely attributable to faulting in that portion of the section.

v The caliper log highlights the washouts and structural instability of the lower portion
of the Casper Formation.

v' The sandstones of the upper Casper typically have higher gamma signatures, but
the general gamma signature of the lower Casper is consistently higher than the
majority of the upper Casper.

v' The neutron and density signatures highlight differences in porosity and rock bulk
density, and can indicate the presence of water filled fractures or dissolution tubes.
Figure 3.3 is characterized by a neutron porosity spike around 1,886 feet, which
corresponds to increased groundwater production at Duck Creek 3-1.

The video logs of the test wells reveal that the most significant permeability associated with the
Casper Aquifer is due to cavities, dissolution tubes, large vertical fractures, horizontal fractures,
and vugs. Video logs were completed on five of the six Casper Aquifer test wells. The video of
Lone Tree No. 1 shows two, 5-foot tall cavities at depths of 464 and 574 feet, and indicates that
the Casper Formation in this well is fractured both horizontally and vertically, particularly at
depths of 780 to 811 feet. These features are also revealed by the caliper and density logs on
Figure 3.1, and appear to be associated with limestone beds in the upper Casper section. With
respect to Duck Creek 3-1, the video of this well revealed the presence of a 3 foot cavity in
limestone at a depth of 1,888 feet. This cavity is also evident from the caliper and neutron logs
as shown on Figure 3.3, and corresponds to increased water flow during drilling. The video log
of Lone Tree Fault 1-2 revealed the Casper Formation has many horizontal fractures and vugs,
and also identified a small cavity at a depth of 1,344 feet. In Goose Creek 2-2C, the video
indicated that the Casper section in this well contains many vugs, small cavities, and both
vertical and horizontal fractures. The well video for Lone Tree Fault 1-5 revealed similar
features. The video logs also confirm that the lower portion of the Casper Formation has
collapsed in the test wells.

3.4 Well Development

Weston developed each of the test wells utilizing airlifting and surging techniques. Their airlifting
package typically consisted of open ended drill pipe and their air compressor and pressure
booster equipment. Weston completed the development process by airlifting from several
different depths in each well, including the bottom of the well and bottom of the casing. Because
Weston drilled the Casper Formation section with air-based drilling fluids, the wells cleaned up
quickly.

With regard to yields during development, LA and Weston found airlifting yields to be good initial
estimates of what the wells might yield with downhole submersible pumping equipment. Airlifting
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yields from the test wells varied, Duck Creek 3-1 yielded approximately 280 gpm; Lone Tree
Fault 1-2 yielded 30-53 gpm; Goose Creek 2-2C yielded 40-170 gpm; and Lone Tree Fault 1-5
yielded 101-149 gpm. With the exception of Lone Tree Fault 1-2, aquifer tests were completed

on the test wells to determine what the wells would yield under standard pumping conditions for
longer durations.
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4.0 Hydrogeologic Evaluation of the Casper Aquifer

In collaboration with Weston and AMEC, LA completed aquifer tests on three of the four new
test wells, Duck Creek 3-1, Goose Creek 2-2C, and Lone Tree Fault 1-5. Aquifer tests on all the
wells consisted of both stepped and seven day constant rate tests. Duck Creek 3-1 was tested
between August 21-29, 2010, while Goose Creek 2-2C and Lone Tree Fault 1-5 were tested
between March 11-19, 2011, and May 26-June 3, 2011, respectively. Because the yield during
well development was less than 100 gpm, LA decided not to perform an aquifer test on Lone
Tree Fault 1-2.

The remaining wells were test pumped to improve our understanding of the hydrogeology of the
Casper Aquifer on the Ranch. Based on individual well yields observed during drilling, step tests
were designed to assess drawdown conditions associated with a variety of discharge
conditions. The constant rate tests were completed for seven days using both pumping and
observation wells in order to see how the aquifer responded to long term pumping and to
assess how the test wells were hydraulically connected. The results of the tests were used to
assess the hydraulic conductivity, transmissivity, and storage coefficient of the aquifer, as well
as any associated boundary conditions that would either help or hinder discharge. The tests
were also used to estimate the sustainable yields of individual wells, and to provide a basis for
well spacing and well field pumping considerations.

For test pumping purposes, Weston installed the pump and all necessary appurtenances, and
assisted in data collection. Weston utilized a submersible electric Goulds 7CHC pump equipped
with a variable frequency drive to complete the tests on all three wells. The pump intake position
was not adjusted between the stepped and constant rate test. During the tests, groundwater
was lifted from the pump through 4-inch diameter steel column pipe, and routed through a 2-
inch discharge manifold at ground surface that typically consisted of a 2-inch totalizing Cameron
flowmeter, pressure gage, sample port, Rossum sand tester, and a gate valve. Below the gate
valve, a 4-inch flexible hose was used to discharge the water to ground surface. Discharge rates
were monitored with both the in-line Cameron flowmeter and a Parshall flume. The flowmeter
was used to record both total gallons pumped and instantaneous flow. An orifice plate was also
used to gage discharge for the Goose Creek 2-2C test. During the stepped and constant rate
tests, water level changes were monitored with pressurized airline, and In-Situ pressure
transducers. Manually obtained water level tape data were used to calibrate the transducer
data. Observation well water levels were collected either manually with a water level tape or
with In-Situ pressure transducers that were calibrated via water level tape measurements.

Water quality samples were collected toward the middle and end of the constant rate aquifer
tests on each well to evaluate water quality differences between wells, and each well’s ability to
meet U.S. Environmental Protection Agency (EPA) drinking water standards. Analytical results
for the wells are summarized in Section 5.0.

4.1 Stepped Rate Testing

LA evaluated the range in yields obtained from each of the test wells through stepped rate
testing. The wells were pumped at successively higher rates without interruption, and the
highest discharge rate for each well corresponded to the maximum rate it would yield due to
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either hydrogeologic conditions or pumping equipment limitations. Discharge rates during each
step were held constant and tested for approximately 60 minutes. At the end of the final step,
the pump was disengaged and the water level was allowed to recover prior to the start of the
constant rate test.

Water level and discharge data were collected during the test to evaluate well yields for the
constant rate tests. Water levels for each step were measured and recorded on a logarithmic
time scale. Drawdown in the well was plotted versus time for each step, and specific capacities
were calculated at the end of each step. Results of the stepped rate tests, including those from
2006 and 2007 for Lone Tree No. 1, are summarized in Table 4.1. Time drawdown data for
each new well are presented graphically with respect to depths to water in Figures 4.1 through
4.3. Figure 4.4 illustrates how the specific capacity curves of the three new test wells compare
with Lone Tree No. 1. Original aquifer test data and analyses are included in the Project
Notebook.

Stepped rate testing of the three test wells indicated that yields vary with location and in relation
to geologic structure. As noted on Figure 4.4, the highest yielding wells are Lone Tree No. 1
located along Granite Springs Anticline, and Duck Creek 3-1 located along Duck Creek
Anticline. In contrast, Goose Creek 2-2C and Lone Tree Fault 1-5 yielded less water from areas
that appear to be less affected by structural deformation. Of all the wells tested, Lone Tree No.
1 yields water most efficiently, as its specific capacity is over 10 gallons per minute per foot
(gpm/ft) of drawdown. The specific capacities of all three new tested wells as shown in Table
4.1 were observed to be less than one gpm/ft, or significantly less efficient than Lone Tree No.
1. Hydrogeologic conditions affecting well production were further evaluated through analysis of
the constant rate test data.

4.2 Constant Rate Testing

Seven day constant rate tests were completed on the three test wells to assess both the
sustainability of prolonged pumping from each well, and the degree of hydraulic communication
between wells through the aquifer. Each well was pumped separately and nearby wells were
used as observation wells to record water level measurements. During the testing of Duck
Creek 3-1, Duck Creek No. 1 was used as an observation well. During the testing of Goose
Creek 2-2C, Duck Creek 3-1, Lone Tree Fault 1-2, and Duck Creek No. 1 were used as
observation wells. During the testing of Lone Tree Fault 1-5, Lone Tree No. 1, Lone Tree Fault
1-2, and Goose Creek 2-2C were used as observation wells. Target discharge rates for each
well were selected based on analysis of the respective stepped rate test data. Prior to starting
the constant rate test, each test well was allowed to recover overnight. A summary of the
constant rate tests, including those for Lone Tree No. 1 from 2006 and 2007, is presented in
Table 4.2. Along with hydrographs of the observation well data that include distance from the
pumping well, time drawdown and recovery data are shown graphically with respect to depth to
water for all the tests on Figures 4.5 through 4.13. Original aquifer test data and analyses are
included in the Project Notebook.

Analyses of the time drawdown, recovery, and observation well data from all the constant rate
tests are summarized in Table 4.2. These data indicate that the transmissivity and hydraulic
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conductivity of the Casper Aquifer at Duck Creek 3-1, Goose Creek 2-2C, and Lone Tree Fault
1-5 are typical of those associated with sandstone. In contrast, the hydrogeologic parameters
obtained from Lone Tree No. 1 are more typical of those associated with karst limestone
(Driscoll, 1986). Using Aquifer Test Pro 2010.1, LA estimated that the transmissivity and
hydraulic conductivity of the Casper Aquifer ranges from 160 to 81,000 gallons per day per foot
(gpd/ft) and 0.21 to 95.5 gallons per day per square foot (gpd/ft®), respectively. Because several
of the pumping wells lowered water levels in their respective observation wells, LA calculated a
storage coefficient of 0.0002 to 0.0003 for the Casper Aquifer, clearly indicating the aquifer is
confined. Sand production from all the test wells was determined to be less than one part per
million. The design pumping rates noted on the right side of Table 4.2 are a direct reflection of
these hydrogeologic conditions.

4.3 Hydrogeologic Evidence from Testing

Aquifer testing completed during the 2006 groundwater grant project and this Level Il project
revealed that the Casper Aquifer at the Ranch responds to pumping conditions differently in
different areas. This is evident when comparing the Lone Tree hydrostructural area between
Granite Springs and the Lone Tree Creek Fault, and the Duck Creek hydrostructural area
between Lone Tree Creek Fault and Spottlewood Fault. In the north along Granite Springs
Anticline, Lone Tree No. 1 yielded 600 gpm of groundwater with far less drawdown than was
observed in the other test wells. Pumping of this well appeared to intercept an impermeable
boundary condition (Lidstone and Associates, 2008). The source of this hydrologic boundary
appears to be faulting of the aquifer east of the test well. At Lone Tree Fault 1-5 on the far
southern flank of Granite Springs Anticline, the Casper Aquifer yielded only 74 gpm, but it
responded as if it were leaky, being recharged, or had fracture and intergranular permeability
based on constant rate test analysis. While pumping from this well did not draw water levels
down in its observation wells, it also did not encounter any impermeable boundary conditions.
While Lone Tree Fault 1-2 was not tested, the limited available yield of this well indicated either
that Lone Tree Creek Fault is not a significant conduit for transmitting groundwater to the south,
or that the test well missed significant water transmitting fractures or conduits.

Similar hydrogeologic conditions are present south of Lone Tree Creek Fault. The constant rate
test of Goose Creek 2-2C appeared to intersect an impermeable hydrologic boundary as the
discharge rate had to be cut from 200 to 100 gpm after 14 hours so that the water level would
not be drawn down to the pump intake. Despite the flow rate reduction, the change in water
levels appeared to mimic its trend before the flow rate was dropped. At the same time, this test
drew down water levels in Duck Creek 3-1, which is located more than 0.5 miles south. The
impermeable boundary could be a clay lined portion of Lone Tree Creek Fault or a backthrust
fault to the west toward Goose Creek Sink. Without encountering a boundary condition, the
constant rate test of Duck Creek 3-1 revealed through drawdown of the water level in Duck
Creek No. 1 that it was in hydrologic communication. Given the drawdowns observed in the
observation wells during these two tests, it is clear that the Casper Aquifer is in hydraulic
communication across the Duck Creek Anticline area.
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5.0 Casper Aquifer Water Quality

During development or aquifer testing of the four test wells, LA collected and submitted water
samples to evaluate the quality of groundwater obtained from the Casper Aquifer. Field water
guality measurements were collected in conjunction with the water quality sampling. Field
measurements included pH, electrical conductivity, and temperature. Results for select
constituents detected during these analyses are summarized in Table 5.1 for comparison with
water quality results for other Casper Aquifer wells, recharge sources (Lone Tree Creek, Duck
Creek, and Goose Creek), and discharge points (Granite Springs). Complete analytical reports
for the four test wells are included Appendix D.

Along the western portion of the Ranch, the quality of groundwater obtained from the Casper
Aquifer is consistently good, and is free of TCE. Within the vicinity of Lone Tree Creek,
groundwater is typically calcium bicarbonate type, and is undersaturated with respect to calcite,
dolomite, and aragonite. Increases in the concentrations of calcium, magnesium, bicarbonate,
and TDS between the Lone Tree Creek Sink, Lone Tree No.1, and Granite Springs indicate that
these sites lies along the same flowpath and that Granite Springs is downgradient of the sink.
Despite the presence of TCE in the High Plains Aquifer in the vicinity of the former Atlas missile
site (U.S. Army Corps of Engineers, 2006), the Casper Aquifer has not been affected by this
contaminant.

South of Lone Tree Creek, Casper Aquifer water is similar in quality to areas near Lone Tree
Creek, and although slightly different, still meets drinking water standards. Groundwater from
the four test wells has slightly higher concentrations of magnesium, and therefore tends to be
calcium magnesium bicarbonate type water. This water is also undersaturated with respect to
calcite, aragonite, and dolomite. The higher magnesium concentration in these wells could be
due either to the quality of water recharged from Goose and Duck Creeks, or dissolution of
dolomite in the Casper Formation. Although uranium concentrations in Duck Creek No. 1,
shown in Table 5.1, were above EPA’s respective maximum contaminant level, subsequent
water quality testing of other wells in this area, particularly Duck Creek 3-1, found uranium
levels below the threshold. Additional water quality testing of Duck Creek No. 1 is warranted.

In summary, and with the exception of Duck Creek No. 1, groundwater from the Casper Aquifer
on the western portion of the Ranch meets both primary and secondary EPA drinking water
standards.
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6.0 Hydrogeologic Implications for Casper Aquifer Well Fields

The geologic and hydrogeologic data acquired to date on the western end of the Ranch have
led to significant discoveries about the structural configuration and development potential of the
Casper Aquifer. From the test well hydrogeologic parameter data collection and well videos, it is
clear that enhanced zones of permeability, including fractures, dissolution tubes, and small
caverns, convey larger volumes of water and are typically associated with the most structurally
deformed areas. Intergranular and matrix permeability predominate away from structures,
resulting in lower well yields.

6.1 Casper Aquifer Permeability Architecture

The interplay of the geologic structure and recharge of the Casper Formation directly bear on
the permeability architecture of the aquifer. The Casper Formation has been folded and faulted
in many ways that are observed in surface exposures of the formation, but are hidden across
much of the Ranch by the Tertiary Ogallala Formation. The presence and variable orientation of
such structures as Granite Springs Anticline, Duck Creek Anticline, and Spottlewood Anticline
along with Lone Tree Creek Fault and Spottlewood Fault indicate that the tectonic deformation
was intense and varied in its expression. Correlating outcrop and test well data, the structure
contour map shown on Figure 6.1 and the geologic cross sections presented on Figures 6.2
through 6.4 were constructed to understand how these structural features are expressed
through the Casper Formation east of the outcrop. The structural cross section shown on
Figure 6.5 presents a north-south regional interpretation of the Casper Formation structural
changes. As a result of recharge through Lone Tree, Goose, and Duck Creeks, the Casper
Formation is sufficiently saturated and permeable to yield significant volumes of water to
production wells. A potentiometric surface map of the Casper Aquifer, shown on Figure 6.6,
was prepared to illustrate groundwater flow patterns and to evaluate how those patterns relate
to the Casper structure contour. A hydrograph of Casper Aquifer water levels, shown on Figure
6.7, was prepared to understand recent water level trends in the aquifer.

Between Granite Springs and Lone Tree Creek Fault, the Casper Formation is folded by the
Granite Springs Anticline and thrust eastward, as shown on Figure 6.1. While Casper
Formation outcrop dips southeast of the anticlinal axis range from 41 to 55 degrees, geologic
data from Lone Tree Fault 1-5 indicate the formation dips less steeply between the well and the
outcrop. In contrast, the Casper Formation west of Lone Tree No. 1 dips from 20-24 degrees,
and appears to steepen eastwardly as evidenced by geologic data obtained from the Lone Tree
No. 1 and Kennedy No. 2 test wells. This tightening of the Casper Formation structure contours
is shown on Figures 6.1 and 6.2. This steepening is thought to be due to a range front thrust
fault that dies out to the south. This pair of geologic structures has resulted in an enhanced
zone of permeability due to fracturing and dissolution tube development that would produce
sufficient water to warrant a well field. This area is near Lone Tree No. 1 in Sections 17 and 20
of T13N, R69W where the Casper Formation strike changes from northeast to north. Structural
deformation has also reduced the drilling depths required to fully penetrate the producing zone
of the Casper Formation, thereby allowing the economic construction of more wells.
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Within this same area, Casper Aquifer potentiometric data suggest that Lone Tree Creek plays
a more significant role in recharging the aquifer than at just Lone Tree Creek Sink, and also
indicates that the Casper Aquifer is not locally compartmentalized. Water levels in this area
have risen approximately 40 feet between 2006 and 2011, as shown on Figure 6.7. As shown
on Figure 6.6, contoured water level data from Lone Tree No. 1, Lone Tree Fault 1-5, and Lone
Tree Fault 1-2 indicate that there is a groundwater divide in the Casper Aquifer northeast of
Lone Tree Fault 1-5. The potentiometric surface configuration suggests that Lone Tree Creek
recharges the aquifer along the length of the Casper Formation outcrop adjacent to the creek,
and that water from this area flows both north toward Granite Spring and south toward and
beyond Lone Tree Creek Fault. This substantiates the conclusion that the Lone Tree Creek
Fault is not a local impermeable boundary, and that Lone Tree and Duck Creek are not
separate hydrostructural compartments as previously conjectured. While structural permeability
enhancement appears best in Section 17, this configuration of the potentiometric surface
suggests that enhanced permeability conduits (i.e., fractures and/or dissolution tubes) in the
vicinity of Lone Tree Fault 1-2 and Lone Tree Fault 1-5 also convey groundwater southward.

Between Lone Tree Creek Fault and Duck Creek Anticline, the Casper Formation has been
folded across Duck Creek Anticline, and faulted southeastward along Lone Tree Creek Fault
(left lateral slip) with associated backthrust faulting, as shown on Figure 6.1. This structure
resulted in the development of several potential zones of enhanced permeability. Backthrust
faulting in Section 30, T13N, R69W is believed to be related to the eastward movement of the
Casper along the Lone Tree Creek Fault and northward steepening dips of the Casper
Formation outcrop to the west. The permeability of the Casper in the hanging wall of this fault
may have been enhanced through fracturing. The offset along this backthrust fault diminishes to
the south as shown on Figure 6.3. This cross section lies parallel to the Duck Creek synclinal
axis and incorporates data from Goose Creek 2-2C, the Casper outcrop to the west, and the
Vessels No. 1 oil test well to the east. In contrast to the gentle dip and relatively unbroken
section shown on Figure 6.3, the Duck Creek section shown on Figure 6.4 suggests that
structural deformation intensifies going southward toward Duck Creek Anticline. Using outcrop
attitudes and geologic data from Duck Creek No. 1 and Duck Creek 3-1, the dip of the Casper
Formation steepens dramatically northeastward. This dip change is attributed to folding and
faulting, which appears to be evident in the resistivity logs of the Duck Creek 3-1 well around a
depth of 2,000-2,100 feet, as shown on Figure 3.3. The folding and faulting is represented on
Figure 6.1 by the tightening of the structure contour lines across Duck Creek Anticline and by a
small offset in the Casper Formation surface. Though not fully realized in Duck Creek 3-1, the
permeability of the Casper Formation in this area is likely enhanced through extensional
fracturing and dissolution tube development. The permeability of the Casper Formation may
also be enhanced on the south side of the Lone Tree Creek Fault near its termination near the
end of geophysical Line 2.

Within this area, the water level contours for the Casper Aquifer shown on Figure 6.6 indicate
that Duck and Goose Creeks are recharge contributors, and that Lone Tree Creek plays a major
role in recharging the aquifer in this area. Groundwater generally flows southward past Lone
Tree Creek Fault toward Goose Creek 2-2C and Duck Creek 3-1. This water could be conveyed
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through the hanging wall of the backthrust fault in Section 30 or just through hydraulically
connected portions of the Casper on either side of Lone Tree Creek Fault. Water recharged
from Goose and Duck Creeks flows east and southeastward toward Duck Creek 3-1, the lowest
measured potentiometric surface point in the area. The configuration of the potentiometric
surface indicates that Duck Creek Anticline in Section 31 of T13N, R69W, and Section 6 of
T12N, R69W is the primary local means for transmitting groundwater eastward through the
Casper Aquifer. As such the permeability of this anticline has been sufficiently enhanced in this
area to warrant further exploration for a well field.

Between Duck Creek Anticline and the Spottlewood Fault, the Casper Formation has been
folded across Spottlewood Anticline and Syncline, and faulted westward along Spottlewood
Fault. Given the lack of potentiometric data on this structure, it is uncertain how groundwater is
locally moving through the Casper in this area. As shown on Figure 6.1, the Casper Formation
is thought to be unfaulted and continuous between the Duck Creek and Spottlewood structures.
However, there is some evidence in the difference in the general outcrop strike that suggests
the presence of a concealed left lateral strike slip fault below the Tertiary Ogallala Formation
cover in Section 1, T12N, R70W. This interpretation is not reflected on Figure 6.1. The most
likely location of permeability enhancement due to fracturing on this structure is along the crest
of Spottlewood Anticline. It appears that groundwater from this structure either flows eastward
or northeastward. If the orientation is northeastward, the Spottlewood structures may be
contributing water that would be captured in a well field at Duck Creek. If the orientation is
eastward, it may indicate that there is a strike slip fault present between the Duck Creek and
Spottlewood Anticlines that is acting as a local hydrologic boundary to flow.

6.2 Post Test Well Drilling Hydrogeophysical Interpretation

While the geophysical interpretation was iteratively updated between test wells, the project team
finished revising the geophysical interpretation upon completion of all test well drilling. The
revision included geologic information obtained from lithologic logging and borehole geophysical
data. This information was reviewed and infused into the processed seismic and CSAMT data.
The final sections that contain the electrical resistivity and seismic reflection data, as well as the
current interpretation on formation contacts and structural features, are included in Appendix E.
The locations of the geophysical lines are shown on Figure 2.1. The following sections discuss
the post drilling hydrogeophysical interpretation of each line.

6.2.1 Lone Tree Creek Fault (Line 1)

Geologic and downhole geophysical data from Lone Tree Fault 1-2 and 1-5 revealed the Casper
Formation top was deeper than initially interpreted, but higher than would be expected from
projection of Casper outcrop dips. The geophysical reinterpretation indicates there is significant
structural deformation along this line. That deformation includes Lone Tree Creek Fault as well
as faults southwest and northeast of this zone. Reinterpreted seismic reflection and electrical
resistivity data for this line are presented in Appendix E.

Along the southwestern third of the line, there are very steep easterly dips related to both strike
slip and thrust faulting. The dip is produced by a high angle reverse (thrust) fault. The apparent
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dip of this fault is approximately 70 degrees based on known well velocity data in the area. The
vertical offset on this fault is likely more than 300 feet. A very shallow back-thrust (black line) is
present in this seismic section. This back-thrust has a vertical offset of about 100 feet. Lone
Tree Creek Fault, a strike-slip fault zone, occurs at the base of the steep dip, and exhibits
vertical offset downward on the northeast side across the zone.

At least three faults are observed on the northeastern part of the line. These faults dip at
approximately 60 degrees to the northeast. An unusual roll-over, or drag feature is seen above
the black normal fault, which may indicate lateral movement as well as normal fault deformation.
The northeastern end of the line has moderately high conductivities suggesting that the Casper
Aquifer is very fractured, and perhaps contains abundant groundwater.

Despite the relatively low yield of Lone Tree Fault 1-2 and 1-5, there are two areas on this line
that warrant further exploration based on their seismic and electrical resistivity character; and
potentiometric data. These sites include CSAMT stations 1275 (Appendix E) near the natural
gas pipelines, and 1925 on the northeastern end of the line near Lone Tree Fault 1-5.

6.2.2 Goose Creek Structure (Line 2)

Similar to Line 1, geologic data obtained from Goose Creek 2-2C revealed the Casper
Formation top was lower than originally interpreted, and confirmed the structural complexity of
the line. A large reverse fault (black line) is interpreted beneath the western portion of Line 2.
The apparent dip of this fault is about 65 degrees based on known well velocity data in the area.
Most of the sediments dip strongly to the east along this line. This seismic section clearly
reveals the offset and geometry of this fault. The vertical offset on this fault is more than 500
feet. A shallow back-thrust (black line) off this fault is also apparent in the section. This back-
thrust has a vertical offset of about 200 feet. Reinterpreted seismic reflection and electrical
resistivity data for this line are presented in Appendix E.

Two strike-slip fault zones are interpreted beneath the eastern portion of the line (violet and red
lines). These fault zone features appear to be nearly vertical and may be related to the Lone
Tree Creek Fault zone imaged beneath Line 1. However, the seismic coverage is not adequate
to connect these faults from line to line with confidence, and therefore additional data would be
needed.

Despite the fact that several of the targeted seismic “bright spots” were not actually within the
Casper Formation, there remain several prospective drilling targets within the Casper Formation
on this line. These include CSAMT station 675, which presents a shallow drilling opportunity to
test the Casper in the hanging wall of the large reverse fault closer to the range front; CSAMT
station 1800, which targets deep low resistivity and seismic “bright spots” adjacent to the
interpreted purple strike slip fault; and CSAMT station 2125 that would answer questions about
the hydrogeologic role and condition of the Casper Aquifer between the two faults on the east
end of the line. The latter two prospects would require very deep test wells.
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6.2.3 Duck Creek Structure (Line 3)

Drilling of the Duck Creek 3-1 well indicated the initially targeted seismic “bright spots” on Line 3
were actually above the Casper Formation top. Despite the misinterpretation, the well yielded a
significant volume of water (200 gpm) from the Casper Aquifer along Duck Creek Anticline
where previous drilling had yielded little at Duck Creek No. 1 (24 gpm). This yield appears to be
related to structural deformation in the reinterpreted Casper Formation, and low resistivities in
this area.

The Duck Creek line is oriented roughly parallel to structural strike based on surface geologic
mapping. This line ties the western end of Line 2, and the data at the intersection show good
correlation. The same reverse fault system and back-thrust that were seen on Line 2 are
present beneath this line. Since the line crosses the faults obliquely, they are not as well imaged
as if crossing them more perpendicularly as at Line 2. The apparent dip of the reverse fault is
approximately 25 degrees. The vertical offset along the main fault appears to be small, but the
back-thrust fault shows over 500 feet of vertical displacement. The seismic section also
indicates three faults in this central part of the line; it is possible that this central part of Line 3 is
broadly more fractured than other parts of the line. Reinterpreted seismic reflection and
electrical resistivity data for this line are presented in Appendix E.

The reinterpretation of this line also highlights a shallowing of the Casper Formation top to the
south. This interpretation differs from that presented on the Casper Formation structure contour
map on Figure 6.1. This difference could be due to a northwest-southeast strike-slip fault, which
lies between the Duck Creek and Spottlewood lines, but is concealed by Tertiary formation
cover.

Given the success of the Duck Creek 3-1 well, the project team believes other opportunities to
develop Casper Agquifer groundwater from this structure exist. These opportunities include
prospects both on Line 3 and offset from the line across the anticline. Within the reinterpreted
Casper Formation section on Line 3, the following CSAMT stations appear favorable for drilling
potential production wells given their seismic “bright spots” or fractured character, low resistivity,
and/or geologic structure: 1400, 1125, 775, and 325.

6.2.4 Spottlewood Structure (Line 4)

Lacking any on line test well data, Line 4 was reinterpreted on the basis of the geologic and
downhole geophysical data acquired on the other lines, particularly Duck Creek 3-1 on Line 3.
This line across Spottlewood Anticline and Syncline exhibits northward dipping thrust faulting,
which has significantly deformed the rocks in this area. As a result, the target Casper Formation
is only locally well depicted on this line. Three reverse faults (black) show between 100 and 300
feet of vertical displacement. These faults have apparent dips between 30 and 80 degrees. The
two interpreted 70 degree dipping normal faults (violet) on the southern end of the line have 50
to 150 feet of vertical offset. Reinterpreted seismic reflection and electrical resistivity data for
this line are presented in Appendix E.
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While the initial interpretation was not generally favorable toward drilling, there does appear to
be one potential exploration prospect on this line. That prospect lies at CSAMT station 1950
along the potential crest of Spottlewood Anticline. This location is associated with a moderate
resistivity signature and a significant “bright spot” in the interpreted Casper section.

6.2.5 Lone Tree Creek (Line 5)

Despite the presence of Kennedy No. 2 and Lone Tree No. 1 along this section, neither well had
data that could be used to test the current structural interpretation of this line. The Chugwater
and Goose Egg Formations were absent in Lone Tree No. 1, and the Kennedy No. 2 well was
not deep enough to tie the Casper and verify the thrust faulting. Line 5 is primarily a dip line that
exhibits both east and west dipping thrust faults (black lines). The largest interpreted fault is the
eastward dipping shallower thrust fault, which dips about 40 degrees. The sediments above this
fault are also dipping steeply (>40 degrees). Above the westward dipping thrust fault, there are
also several small normal faults (violet) on the western half of this line that dip about 80 degrees
to the west. These faults show less than 100 feet of vertical displacement. The eastern end of
the line has a complex feature interpreted as a vertical strike-slip fault zone (red line), similar to
that seen beneath Line 1. Reinterpreted seismic reflection and electrical resistivity data for this
line are presented in Appendix E.

While the Casper Formation is well imaged on the western half of this line, it has not been
identified beneath the eastern half. This trouble in observing the Casper could be due to
displacement along the west dipping thrust fault. However, there is a weak suggestion that the
Casper may continue to plunge downward further to the east below the east-dipping thrust fault
and the reflectivity of that area has been diminished for some unknown reason.

Because of the success of the Lone Tree No. 1 well and given the structural configuration of the
area, the project team believes there are opportunities here both on the line and off the line to
develop additional Casper Aquifer groundwater. In addition to a production size offset of Lone
Tree No. 1, these options include CSAMT stations 550 and 975. At both of these locations, the
permeability and yield potential of the Casper Aquifer appears to have been enhanced and is
reflected in low resistivities and seismic “bright spots.”

6.3 Potential Well Sites for Well Field Development and Future Exploration

Based on the geologic and hydrogeologic interpretation of the data obtained and reinterpretation
of the seismic and CSAMT resistivity survey data, two well fields and a number of locations for
exploratory wells have been identified. This proposed development includes 13 production wells
and six exploratory wells. The conceptual Lone Tree Creek Well Field consists of seven wells,
and the conceptual Duck Creek Well Field consists of six wells. The locations of the proposed
wells are shown on Figure 6.8, and conceptual details about individual wells are included in
Table 6.1. The key to successful development of the well fields is locating wells where
permeability enhancement of the upper Casper Formation will lend itself to increased well
yields. In some instances, especially at the Duck Creek well field, predictions based on geologic
interpretations vary from predictions based on revised geophysical interpretations. The costs
presented in Table 6.1 reflect the geologic interpretation. It should be noted that drilling depths

Lidstone and Associates, Inc. 6-6 Cheyenne Belvoir Ranch
June 2012 Groundwater Level Il

K:\OPEN\WYWDC109\FINAL REPORT\GW Level Il.docx



and costs associated with the proposed wells may vary depending on actual subsurface
conditions encountered.

The geologic and geophysical interpretations for the top of the Casper Formation differ for
several reasons. The geologic interpretation was developed from outcrop bedding attitudes,
observed geologic structure, test well drilling data, and aquifer test results. In contrast, the
geophysical interpretation is based on the seismic reflection, CSAMT resistivity, test well drilling
data, and formation velocities. Lines 1, 2, and 3 have been calibrated with test well data, but
Lines 4 and 5 have not. Line 5 was calibrated to a limited degree with test well data from the
2006 groundwater grant project. Differences in the interpretation of depths to the Casper
Formation top arise from the uncertainties associated with the different approaches. These
uncertainties include, but are not limited to, changing formation velocities, variable formation
thickness and lithology, concealed or unrecognized geologic structure, and changing formation
dip away from outcrop. Any or all of these could account for the differences in potential drilling
depths at any given location.

With two potential well fields and additional exploration areas identified, the Casper Aquifer
represents a significant groundwater development opportunity for the BOPU on the west end of
the Belvoir Ranch. Significant questions still remain, however, regarding details of the complex
geologic structure and its impact upon Casper Aquifer hydrogeology. These questions include
the following:

1. How much water is recharged to the Casper Aquifer annually from Lone Tree, Goose,
and Duck Creeks via their respective stream sinks?

2. Where are the permeable conduits in the Casper Aquifer below the groundwater divide
near the former Atlas missile site, and how much additional water might they yield?

3. Why is the Casper Formation along the Lone Tree Creek Fault line so shallow based on
test well drilling, and how does any geologic structure present in this area affect
recharge heading south toward Duck Creek Anticline?

4. What structure underlies the Duck Creek Anticline area that creates such dramatic dip
changes, and what impact will that have on future groundwater development in the
vicinity of this well field?

5. What permeability features exist across Duck Creek Anticline that result in lower Casper
Aquifer water levels across this area, and will they yield water more efficiently than Duck
Creek 3-17?

6. What type of structure, if any, lies between Duck Creek Anticline and Spottlewood
Anticline and what is its hydrogeologic impact?

7. What vyield potential does Spottlewood Anticline have given its apparent low recharge,
but complex geologic structure?

8. What other geologic structures are present that affect the Casper Formation subsurface
configuration and potential aquifer yield?
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To address these questions, the project team recommends a phased approach that combines
further geophysical exploration with test well drilling prior to completing the proposed wells as
municipal water supply wells. Production size test wells would be initially completed with open
boreholes through the upper part of the Casper Formation. If subsequent aquifer testing results
in adequate vyield, then the wells would be fully completed with screen and gravel pack in the
Casper Aquifer. Details of the proposed phased approach, and associated costs are presented
in Section 7.1.

6.3.1 Potential Well Field Aquifer Yield Assessment

To evaluate the amount of groundwater potentially available to the BOPU on an annual basis,
LA combined a surface water hydrologic with a hydrogeologic assessment of the Casper Aquifer
on the western part of the Ranch. The evaluation process included two analyses. The first
analysis involved estimating the amount of groundwater stored within and recharged to the
aquifer. This process included reviewing available precipitation and snow water equivalent
records in the Crow Creek drainage area (the next major drainage to the north), and stream
gaging data on Lone Tree and Crow Creeks in order to calculate the amount of water potentially
recharged to the system through stream losses on Lone Tree Creek. This recharge volume was
compared to spring gaging data on Granite Springs. The second analysis utilized the Theis
eqguation to analytically model drawdown on the aquifer over a 20 year period.

Recognizing the Casper Aquifer consists of sandstone and dolomitic limestone interbeds, the
amount of groundwater in storage was estimated on the basis of specific yield, aquifer
thickness, and areal aquifer extent. Calculations were made with respect to the areas near the
Lone Tree Creek and Duck Creek Well Fields. For the analysis, a specific yield of 5% was
assumed, which is low for sandstone and high for limestone (Driscoll, 1986). The assumed
aquifer thickness was based on the drilled or average drilled thickness of the upper Casper
Formation at the test wells (Table 3.1). The assumed aquifer area was developed on the basis
of geologic outcrop (Figure 1.1), potentiometric mapping (Figure 6.6), and assumed boundary
conditions (faults, groundwater divides, etc.). Given these assumptions, LA estimated the
amount of groundwater in storage in the Casper Aquifer to be approximately 18 billion and 48
billion gallons in the Lone Tree Creek and Duck Creek Well Field areas, respectively.

Along with stream gage records on both Lone Tree and Crow Creeks, precipitation and snow
water equivalent records in the Crow Creek drainage area were reviewed to identify water year
conditions relative to stream flows specifically on Lone Tree Creek. Stream flow on Lone Tree
Creek has only been gaged during a couple periods historically. The U.S. Geological Survey
(2012) gaged the flow of this stream between 1933 and 1938, and States West Water
Resources Corporation (2006; Lidstone and Associates, 2008) gaged its flow between 2005 and
2007. The most complete annual streamflow records for Lone Tree Creek are from the following
years: 1934, 1935, 2005, and 2007. Based on Western Regional Climate Center (2012) records
from 1915 through 2012 for the gage at the Cheyenne airport, the average precipitation for the
city is 15.22 inches per year, but has ranged from approximately 6 to almost 24 inches per year
over this timeframe. The Natural Resources Conservation Service (2012) maintains a SNOTEL
site in the North Crow Creek drainage. Based on records from 2003 through 2012, the average
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maximum snow water equivalent has been approximately 7.2 inches, but has ranged from 5.6 to
11.5 inches. Given these precipitation data, 1934 was a below average water year, 1935 and
2005 were above average water years, and 2007 was an average water year.

Given this hydrologic context, the amount of water recharged to the Casper Aquifer through
stream losses along Lone Tree Creek were estimated and compared to the estimated discharge
of Granite Springs. The recharge volumes were calculated for the four most complete annual
stream gaging record years: 1934, 1935, 2005, and 2007. Assuming that any gaged flows less
than 1.7 cfs directly recharged the aquifer, and any flows greater than this bypassed the aquifer,
the annual volume of recharge to the Casper Aquifer was estimated. The recharge volume was
calculated to be approximately 160 million gallons in 1934, 280 million gallons in 1935, 225
million gallons in 2005, and 200 million gallons in 2007. By comparison, Granite Springs is
estimated to have discharged between 330 million gallons in 2006 and 354 million gallons in
2007 based on limited gaging data (States West Water Resources Corporation, 2006; Lidstone
and Associates, 2008) and assuming static discharge year round.

Based on the volume of water potentially stored in the Casper Aquifer, the amounts of water
recharged through Lone Tree Creek and discharged from Granite Springs, the Casper Aquifer
may be able to support development of 2,000 gpm from the Lone Tree Creek Well Field (1,060
acre feet per year) and 600 gpm from the Duck Creek Well Field (318 acre feet per year) on a
seasonal basis, or 120 day annual summer pumping season.

To assess the overall impact of these pumping rates and periods on the Casper Aquifer, LA
analytically modeled this scenario using Aquifer Test Pro 2010.1 and the Theis equation. This
approach is conservative because this equation assumes that groundwater is derived from
storage and there is no recharge. Although the aquifer is not infinite in areal extent, this
simplistic approach yields a reasonable estimation of how groundwater levels in the area could
be impacted through well field pumping. The Lone Tree Well Field was modeled with four
production wells (Figure 6.8) each pumping 500 gpm for 120 days (approximately 345 million
gallons) during the summer months annually for 20 years. Similarly but separately, the Duck
Creek Well Field was modeled with three production wells each pumping 200 gpm for 120 days
(approximately 104 million gallons) during the summer months annually for 20 years. These
scenarios were modeled using the transmissivity and storage coefficients (Table 4.2) that were
calculated from the aquifer tests completed in these areas.

With this analysis, the water level declines in the vicinity of the Lone Tree Creek and Duck
Creek Well Fields were predicted. It was estimated that static water levels in the Lone Tree
Creek Well Field would be lowered approximately 9 feet after 20 years of production. At the
Duck Creek Well Field, static water levels could be lowered as much as 100 feet after 20 years
of production. Figures illustrating the predicted drawdown during both pumping and non-
pumping periods in the vicinity of the well fields over this 20 year timeframe are included in
Appendix F.
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6.3.2 Potential Casper Aquifer Well Fields

As shown on Figure 6.8, the proposed Lone Tree Creek Well Field consists of seven production
wells, LTC 1 — LTC 7, that are located along Lone Tree Creek in the northwestern corner of the
Ranch. This field may be capable of yielding approximately 2,000 gpm with only four of these
wells pumping at any given time. Assuming this production occurred over a 120 day
summertime operational period, the well field would deliver approximately 1,060 acre feet
annually. The 2007 test of the Lone Tree No. 1 well revealed no quantifiable impacts on Granite
Springs over the 30 day test period (Lidstone and Associates, 2008). This field owes its
productivity to the recharge of Lone Tree Creek, and permeability enhancement associated with
the intense southeastward folding along Granite Springs Anticline, cavity formation, and
eastward faulting. Individual wells in this field may be capable of yielding 400 to 500 gpm, and
well depths may range from 1,280 to 2,760 feet. Within the vicinity of this well field, LA’s
geologic and Zonge's geophysical interpretations of the Casper Formation top differ by up to
600 feet of each other.

The proposed Duck Creek Well Field consists of six production wells, DC 1 — DC 6, that are
located along Duck Creek in the west central portion of the study area, as shown on Figure
6.8. Based on the hydrogeologic parameters derived from the Duck Creek 3-1 aquifer tests, this
field may be capable of yielding 600 gpm from three wells that would be pumping
simultaneously. Assuming this production occurred over a 120 day summertime operational
period, the well field would deliver approximately 318 acre feet annually. The production of this
field is due to recharge from Duck and Goose Creeks, and permeability enhancement of the
Casper Formation associated with structural deformation along the Duck Creek Anticline.
Individual wells in this field may be capable of yielding 200 gpm, and the permeability and yield
potential may increase with wells drilled along the anticlinal axis south of Duck Creek 3-1.
Differences in the geologic and geophysical interpretations of the Casper Formation top are
significant in this area. While the difference is only 100 feet at DC 1, that difference is estimated
to be approximately 2,200 feet at DC 4, as shown in Table 6.1. While LA anticipates drilling
depths range from 1,925 to 3,870 feet, those depths could be shallower and drilling costs could
be less if the geophysical interpretation proves to be more representative of actual conditions.

6.3.3 Potential Exploration Areas

Additional exploratory well locations are proposed along several of the geophysical lines,
including Lines 1, 2, and 4, as shown on Figure 6.8. The two locations along Line 1, PE 1 and
PE 2, were selected to look for conduits carrying recharged groundwater from Lone Tree Creek
southward through the Casper Aquifer. Both of these locations have deep seated low resistivity
signatures and associated bright spots in the interpreted Casper Formation section of the
geophysical line. Considering the relatively high water elevations but less than 100 gpm yields
of Lone Tree Fault 1-2 and Lone Tree Fault 1-5, these locations may be carrying larger volumes
of groundwater than were encountered in previous drilling efforts on this line.

Three exploratory well locations are proposed along Line 2 around the location of Goose Creek
2-2C. These locations are associated with lower resistivity signatures and seismic bright spots
in the reinterpreted Casper Formation section as well as geophysical indications of faulting. PE
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3 targets recharged groundwater that may be moving southward from Lone Tree Creek through
a zone of enhanced permeability along the crest of the backthrust fault, shown on Figure 6.1.
PE 4 and PE 5 target deep permeability enhancement potentially associated with strike slip
movement and associated faulting along the Lone Tree Creek Fault. Collectively, these sites are
referred to as Goose Creek.

Located in the vicinity of Spottlewood Anticline, PE 6 targets enhanced permeability associated
with the development of this anticline, and represents the best opportunity identified in the
Spottlewood Creek area based on the geophysical data. This site is considered a wildcat given
the lack of exploration completed in this area to date, and potentially limited recharge. Again
differences between the geologic and geophysical interpretations on the top of Casper, which
are noted in Table 6.1, will play a significant role in costs and actual drilling depths at this
location.

6.4 Conceptual Well Design

The proposed production wells are designed to maintain well integrity for a long serviceable life,
and the costs presented in Table 6.1 reflect that. Set inside a 14 3-inch minimum borehole, the
production wells would be completed with 10 %-inch diameter casing that would be cemented
approximately 20 feet into the top of the Casper Formation. This casing provides adequate room
for 6 or 8-inch pumping equipment to yield the discharge anticipated for each well. The borehole
for this section could be drilled using direct rotary with either water or air-based drilling fluids. To
maintain the integrity of the well within a 9 7/8-inch borehole through the upper Casper
Formation, a 6-inch diameter, wire wrapped rod or pipe based well screen with 0.030-inch slots
would be placed across this section and gravel packed with 12X20 silica sand. Costs could be
reduced by selectively screening sections of the Casper Aquifer exhibiting enhanced
permeability. The borehole would be drilled with air-based drilling fluids to minimize the potential
for lost circulation, and to minimize development time requirements. Deeper production wells
could be further telescoped to potentially reduce drilling and completion costs. For these wells,
10 ¥-inch diameter casing could be set to a depth of approximately 1,200 feet, with 7-inch
diameter casing set 20 feet into the Casper Formation top, and 4-inch pipe based well screen
and gravel pack set through the Casper Formation. In order to complete these wells in this
manner, it will be important to control drillhole deviation.

With regard to maintaining the integrity of the Casper Formation, there are alternatives to the
proposed design. These alternatives include mill slotted screen and Johnson Screen’s Muni-
Pak™. Mill slotted screen represents a capable less expensive alternative, but in either an open
annular or gravel pack completion, the open area of the screen may adversely impact well yield
and will reduce hydraulic efficiency. Muni-Pak™ includes both the screen and gravel pack and
is installed together in one installation step. It also offers a high efficiency system that will not
adversely impact well yield or hydraulic efficiency. The cost of this option and the impracticality
of setting it to some of the depths listed in Table 6.1 are the two primary deterrents to using this
Muni-Pak™ screen.
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7.0 Well Field and Transmission Line Development

Based upon the positive results of the exploration effort to date, but also deep drilling depths,
outstanding questions, and costs to complete the well fields, the development of this resource in
a phased approach is warranted. The following sections provide details on this approach to
completing the exploration and development of the Casper Aquifer on the Ranch.

7.1 Phased Well Field Development

The project team recommends that each phase of Casper Aquifer well field development consist
of further exploration in advance of full build out. To detail the costs of this proposed well field
development, two phases are presented that are each subdivided into a geophysical exploration
and test well drilling phase, and a well completion and transmission line phase.

7.1.1 Phase 1 - Lone Tree Creek Well Field

Exploration and development of the Lone Tree Creek Well Field is proposed as the first phase
development of the Casper Aquifer. Subphase (1A) involves additional surface geophysical
exploration, and completing test production wells at the Lone Tree Creek Well Field. This phase
also includes further exploration of the potential expansion areas identified northeast of Lone
Tree Creek Fault and beneath the former missile site. The geophysical data acquisition would
consist of 2D seismic reflection and CSAMT resistivity. Subphase (1B) involves completing the
wells with screen and gravel pack, and constructing the associated infrastructure to deliver this
water to the BOPU water system.

Additional surface geophysical data acquisition and interpretation is recommended in Subphase
(1A) to integrate previous geophysical and test well drilling data in advance of drilling production
sized test wells. Figure 7.1 illustrates the approximate locations of where these lines would be
placed in the Lone Tree Creek Well Field area. Zonge has indicated the additional dip lines
(oriented roughly perpendicular to Casper Formation strike) are intended to finalize the
understanding of the structural configuration of the unit east and southeast of the outcrop. The
additional strike lines are intended to tie the Casper Formation depth and structural
configuration together across the Lone Tree Creek Well Field area. Because these lines tie into
previous test well information, they should provide a high degree of confidence in test well
placement.

The rationale for completing the additional lines in the Lone Tree Creek area is as follows:

v' Tie into the geologic and geophysical information obtained during the 2005 and 2009
Zonge geophysical surveys and subsequent test well drilling;

v Define geologic structure and permeable pathways along Granite Springs Anticline;

v Identify permeability pathways for recharge from Lone Tree Creek to Casper Aquifer
northeast of Lone Tree Creek Fault; and

v" Refine drilling locations and depths for production sized test wells to be drilled for Lone
Tree Creek Well Field and in potential exploration areas beneath and south of the former
Atlas missile site.
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Following the geophysical acquisition and reinterpretation, the locations of the test production
well sites would be refined. The test wells would be completed with 10 %-inch diameter casing
and an open borehole in the Casper Aquifer without screen and gravel pack. Initially completing
the wells in this fashion allows for further exploration of the aquifer, and provides a suitable well
diameter for screen installation and appropriate pumping equipment placement after the field
has been proven successful. If suitable production is obtained, the number of wells in the field
could be adjusted along with the associated infrastructure and costs.

Assuming the test production well completions are successful, subphase 1B is to complete the
test wells at the Lone Tree Creek Well Field as production wells along with the associated
infrastructure and transmission pipelines. This subphase would include a 24-inch diameter
transmission main that would provide the necessary capacity for additional well fields as they
are developed to the south. For this phase of construction, the transmission pipeline to the
south would extend to the vicinity of PE 1.

7.1.2 Phase 2 - Duck Creek Well Field

The second phase involves exploration and development of the Duck Creek Well Field and
associated exploration areas. Subphase (2A) involves additional surface geophysical
exploration, and completing test production wells at the Duck Creek Well Field. It also includes
further exploration of the potential expansion area along Goose Creek. The geophysical data
acquisition would consist of 2D seismic reflection and CSAMT resistivity. Subphase (2B)
involves completing the wells with screen and gravel pack, and constructing the associated
infrastructure to tie these wells into the transmission line extending south from the Lone Tree
Creek Well Field.

As with the Lone Tree Creek Well Field, additional surface geophysical data acquisition and
interpretation is recommended in phase 2A to integrate previous geophysical and test well
drilling data in advance of drilling production sized test wells. Figure 7.2 illustrates the
approximate locations of where these lines would be placed in the Duck Creek Well Field area.
Zonge has indicated the additional dip lines are intended to finalize the understanding of the
structural configuration of the unit east of the outcrop across the Duck Creek Anticline. The
additional strike lines are intended to tie the Casper Formation depth and structural
configuration together across the Duck Creek Well Field area. These lines will also tie in the
data obtained from the development of the Lone Tree Creek Well Field and will overlap with the
geophysical exploration previously conducted on Spottlewood. Because these lines will use
previous test well information, they should provide a high degree of confidence in test well
placement.

The rationale for completing the additional lines in the Duck Creek area is as follows:

v Tie into the geophysical and geologic information obtained from previous and future
Lone Tree Creek exploration work;

v' Define the structural configuration of the Casper Formation along the crest of Duck
Creek Anticline;
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v" Determine the hydrogeologic impact, if any, of a possible strike slip fault between Duck
Creek Anticline and Spottlewood Anticline; and

v" Refine drilling locations and depths for production sized test wells to be drilled for the
Duck Creek Well Field and potential expansion areas along Goose Creek.

Following the geophysical acquisition and reinterpretation, the locations of the test production
well sites would be refined. As at the Lone Tree Creek Well Field, the test wells would be
completed with 10 ¥-inch diameter casing and an open borehole in the Casper Aquifer without
screen and gravel pack. If suitable production is obtained, the number of wells in the field could
be also be adjusted along with the associated infrastructure and costs.

Assuming the test production well completions are successful, the final Subphase (2B) is to
complete the test wells at the Duck Creek Well Field as production wells along with the
associated infrastructure and transmission pipelines. This subphase would include extending
transmission south from the Lone Tree Creek Well Field. For this phase of construction and for
cost estimation purposes, the transmission pipeline to the south would extend to the vicinity of
DC 4, or the southernmost production well. Future geophysical exploration may tie in the
Spottlewood Anticline area, although it is currently considered a wildcat prospect based upon
the information gathered to date. For that reason, it has not been included in the cost estimates
for this project at this time.

7.2 Conceptual Transmission Pipeline Design

As part of the Tertiary Belvoir Ranch Level Il study, JR Engineering (2007) provided preliminary
designs and cost estimates for construction of transmission pipelines to convey water from well
sites located on both the eastern and western portions of the Ranch to the existing Sherard
water treatment plant. At the time of that study, some groundwater exploration work had been
completed on the eastern portion of the Ranch, but the quantity of future water production from
the western portion of the Ranch was largely unknown, especially from the Casper Aquifer. For
preliminary design purposes at that time, it was assumed that the largest flow available from the
Ranch would be 6,000 gpm (8.6 million gallons per day (MGD)), with 3,000 gpm coming from
the eastern portion of the Ranch and 3,000 gpm coming from the western portion. Some excess
capacity options were also included with the new pipeline to accept flows from the BOPU'’s
Borie Well Field.

This study includes a more detailed evaluation for the development of the proposed Lone Tree
Creek and Duck Creek Well Fields on the western portion of the Ranch. Conceptual designs are
presented for a transmission pipeline to deliver the water from the two well fields. Potential well
locations and pipeline alignments are shown on Figure 7.3.

As part of this conceptual design, LA evaluated the pipeline capacity for each proposed well
field and potential expansion area to provide a conservative transmission pipeline concept. The
project team has identified several potential water supply areas, including the Lone Tree Creek
Well Field and expansion area, and the Duck Creek Well Field. LA is also recommending the
Goose Creek expansion area be further explored. Spottlewood Creek remains a potential
expansion area, but not in the near term. With allowances for additional capacity in these areas
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the total volume of water that may be developed from the well fields and potential expansion
areas is detailed in Table 7.1. For well fields of this size, the wells should not be operated
continuously or all at the same time. The Lone Tree Creek Well Field may produce 2,000 gpm
and the Duck Creek Well Field may produce 600 gpm, pending results of drilling and testing
future production wells. Yields for the Spottlewood and Goose Creek areas are more
speculative given the production to date in those areas, and will need to be determined through
further drilling and testing.

To estimate the total flow that could be delivered from the maximum build out scenario for the
western Ranch, it was assumed that the transmission pipeline will need to convey at least 75%
of the well field flow. Including additional well field capacity for potential expansion as warranted,
the conceptual design flows are presented in Table 7.1. Most of the pipelines will be able to
accommodate 100% of the estimated well field yield. This results in a conservative conceptual
design and cost estimate that provides some flexibility for planning purposes.

Shown on Figure 7.3, the pipeline route was developed to minimize the pipeline length to the
north end of the Lone Tree Creek Well Field. The conceptual well field transmission line begins
at the Lone Tree Creek area and then heads south where it ties in with the wells located at the
Duck Creek Field and southern expansion area. The maximum ground surface elevation is
7,330 feet, and is located between Goose Creek and the Lone Tree Creek Well Field. After this
point the elevation decreases to 7,060 feet at Lone Tree Creek. At the north end of the Lone
Tree Creek Well Field, the well field transmission line ties into the transmission main that will
parallel Lone Tree Creek and head east to eventually convey the groundwater to the Sherard
water treatment plant. The alignment of this transmission main was not modified from JR
Engineering’s (2007) design. A copy of the map illustrating the alignment of the proposed JR
Engineering transmission main is included in Appendix G.

Conceptual design analyses were completed to determine the pipeline sizes that are required to
deliver the flows listed in Table 7.1 from the various potential well fields or expansion areas.
Pipe sizes were selected to efficiently carry an estimated quantity of water that could be
developed from the areas. This analysis results in a conceptual pipeline with a 10-inch diameter
pipe at the Spottlewood Creek area should future development occur there. Pipeline sizes
increase in diameter northward to a 12-inch line to accommodate yields from the Duck Creek
Well Field and potentially Goose Creek. A 16-inch diameter line is proposed between areas
along the Lone Tree Creek Fault geophysical line and the Lone Tree Creek Well Field where the
diameter increases to 24 inches for conveyance to the Sherard water treatment plant. This
proposed pipeline could deliver 70% of the well field flow for the maximum buildout scenario.
This sizing plan for the transmission main will also limit the headloss through the pipeline. The
anticipated headloss for the pipeline from the Duck Creek Well Field to the south end of the
Lone Tree Creek Well Field will not exceed 50 feet. At Lone Tree Creek, the main transmission
line heads east to connect with the pipeline from the eastern portion of the Ranch. The junction
where the pipelines would connect is in Section 15 of T13N and R68W, as shown on the map in
Appendix G. The transmission main pipeline is just over 8-miles long, and 24-inches in
diameter yielding a capacity of 3,750 gpm (5.4 MGD).
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7.3 Phased Well Field and Transmission Line Costs

Based on 2012 dollars, cost estimates were developed for the geophysical exploration, well
construction, infrastructure and transmission system to convey the water from the Casper
Aquifer well fields located at the western portion of the Ranch to the Sherard water treatment
plant. In addition to the costs of drilling and constructing the wells, other components that were
considered for developing the cost estimates are the pumps, electrical equipment, well building,
piping and SCADA system. Shown on Figure 7.3, most of the proposed supply wells lie at
similar elevations, typically around 7,200 to 7,250 feet. Since the wells are at similar elevations
and have similar pumping rates for each well field, the pumping units will be approximately the
same size at each well field. This will result in much of the piping systems and components
installed in the well buildings also being similar in size. For planning purposes, cost estimates
are presented for each of the potential well field areas and correspond to the phases presented
in Section 7.1. In addition to the costs of drilling and completing the wells, one of the primary
cost components will be the installation of the PVC transmission pipeline. Table 7.2 details the
total installed pipe costs per foot that were utilized for the cost estimates. Costs presented in
Table 7.2 include materials, trench excavation, backfill, bedding material and an allowance for
additional fittings for the pipeline.

Another major component of the cost estimate is the installation of three-phase power for the
well sites, and upgrading the access roads for the site area. High West Energy was contacted to
determine where the closest existing three-phase power line is located. There is three-phase
power on the north side of [-80 along the western portion of the Ranch. At this time the line is
not adequately sized to handle the large capacity power draw that would occur from 15 or more
deep water supply wells. High West Energy did indicate that they are planning to upgrade this
power line within the next four to five years so that it could then provide the needed electrical
power to the proposed wells. Power line costs are presented with the assumption that the
upgraded power line will be available at the time the well fields are constructed. The
Spottlewood Creek area, however, is serviced by Cheyenne, Light, Fuel & Power. The
availability of three phase power could affect costs for developing water there in the future.

There are some existing access roads located in close proximity to the proposed well fields and
most of these roads will be adequate to service the proposed well fields. Cost estimates were
developed to construct secondary access roads to each individual well. Where no roads are in
close proximity to the proposed well field, an estimate was developed for constructing a primary
road, specifically for the Spottlewood and Duck Creek areas. It was assumed that the access
road to the Lone Tree Creek would require some upgrading and a cost estimate was included
for upgrading this road as it will be the primary access to most of the wells in the Lone Tree
Creek Well Field.

7.3.1 Lone Tree Creek Well Field Costs

Costs associated with the exploration, development, and completion of the Lone Tree Creek
Well Field have been broken into phases 1A and 1B, and include those for proposed test well
sites identified in this report. Seven potential well sites in this field are identified, along with two
exploration well sites. Given the additional geophysical exploration recommended prior to
drilling, it is entirely possible that some of these drill sites will be relocated, or drilled to different
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depths than anticipated. Costs associated with the exploration of the proposed Lone Tree Creek
Well Field are presented in Table 7.3. These costs include the Phase 1A geophysical data
acquisition, processing, and interpretation, along with the costs for drilling production sized test
wells that would be completed without screen and gravel pack. The estimated costs are
presented in 2012 dollars.

Phase 1B costs associated with the completion of the well field are presented in Table 7.4.
These costs include those associated with completing the wells with screen and gravel pack,
placing pumping equipment, constructing transmission lines, and installing power lines and
roads. The additional costs to install the screen and gravel pack and complete each well as a
municipal production well would be approximately $180,000 per well. This phase also includes
the construction of the approximately 8-mile long, 24 inch diameter transmission pipeline from
the Lone Tree Creek Well Field to the eastern Ranch junction.

7.3.2 Duck Creek Well Field Costs

The Duck Creek Well Field would be completed under the second phase. This phase was also
broken into phases, 2A and 2B, that mimic the approach taken to develop the Lone Tree Creek
Well Field. In this area, six potential well sites are identified, along with three potential
exploration drill sites along Goose Creek. Costs are presented to drill and complete all of these
wells. The ultimate location of those wells will be determined through the next round of
geophysical exploration. Provided they can yield sufficient groundwater, shallower drill sites
would be preferred to minimize development and operations costs.

Table 7.5 includes the exploration and test well drilling costs associated with phase 2A. As with
the Lone Tree Creek Well Field, these costs include the additional geophysical data acquisition,
processing and interpretation, along with the costs for drilling production sized test wells that
would be completed without screen and gravel pack.

Costs associated with the completion of the well field are presented in Table 7.6. These costs
include those associated with completing the wells with screen and gravel pack, placing
pumping equipment, constructing transmission lines, and installing power lines and roads. This
phase also includes the construction of the additional transmission line needed to connect to the
Lone Tree Creek Well Field transmission line to the north.

7.4 Well Field Financing, Operation and Maintenance Costs

A financial evaluation was conducted for developing the proposed Lone Tree Creek and Duck
Creek Well Fields. This included estimating the financial obligations for costs that would be
incurred by the BOPU for developing the new well fields and the costs associated with operating
and maintaining the well fields. For planning purposes, the analysis is divided into developing
the Lone Tree Creek Well Field, and the Duck Creek Well Field as separate projects.

Information was obtained from the BOPU for their number of billing customers and the current
residential water rate billing schedule. Cost estimates were developed for operating the well
fields and then determining the cost to water users for operating the well field for the summer
season. The operation costs for each of the well fields are detailed in Table 7.7. The costs are
based on the average size well for each of the fields that are identified in Table 6.1. This
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information was utilized to determine the average monthly power cost for the wells. Electrical
rate information was obtained from High West Energy. Based on discussion with the BOPU, it
was determined that the annual operating cost should be based on a 120-day pumping season
(i.e., providing additional water during the higher use summer time period). In addition it was
assumed that during a monthly time period, each well would operate 75% of the time.

The exploration and construction costs detailed in Section 7.3 were evaluated to determine the
pay back costs for the well fields. For this analysis it is assumed that the well field development
project would be eligible for a 67% grant from the WWDC, and it is anticipated that the loan
portion of the project would be obtained from the State Land and Investment Board (SLIB). For
the financing evaluation, it was estimated that the loan funds would be obtained at an interest
rate of 2.5%. Using the anticipated water yield from the well fields for the anticipated 120-day
operation period, the user cost and operation costs were determined for the two well fields. This
information is detailed in Table 7.8. It is estimated that the Lone Tree Creek wells will have a
higher yield and the pumping levels are shallower than the Duck Creek wells. This analysis
results in the Lone Tree Creek well field providing lower operational costs and user costs per
1,000 gallons of water provided.

Based on discussions with BOPU personnel, LA understands the BOPU maintains a self
sustaining water enterprise fund. Table 7.9 summarizes information from the BOPU FY2013
Budget Book and includes projections through 2018 for major water construction projects, water
expenditures including debt service, water revenue, and operating capital. The projections
include provisions for extending transmission lines to the eastern portion of the Belvoir Ranch in
FY 2015, and the western end of the ranch in FY 2016. The Debt Service Expenditures in FY
2016 and beyond shown in Table 7.9 include anticipated service of SRF loans for those water
construction projects. The five year financial projection of revenue and expenditures presented
in Table 7.9 indicates the BOPU obtains sufficient revenue from water sales and fees to
adequately cover projected debts, capital improvements, and major construction projects.
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8.0 Permitting and Environmental Issues

For this project to proceed with construction, the BOPU will be required to obtain certain
permits, rights-of-way, and easements. State, county, and federal agencies must be contacted
as part of the Level Ill process. In most instances, these initial contacts have been made and
copies of that correspondence related to wells drilled under this project is included in the Project
Notebook. The following issues must be addressed during the final design.

State Land Easements. While generally on BOPU property, the transmission main alignment
crosses state land in several sections. The BOPU will need to obtain an access agreement with
the Office of State Lands and Investments. All other well and associated infrastructure is located
on BOPU-owned land.

SEO Permits. All wells, either production or exploration, will require permits from the SEO.

DEQ/WQD Permit to Construct. DEQ will need to be contacted with regard to construction of the
wells and transmission pipelines. All system improvements will require a Permit to Construct
from the DEQ. They will also require a discharge permit for all aquifer testing completed on
either exploration or production wells.

USACE 8404 Permit. The transmission main along Lone Tree Creek may be subject to 404
permitting depending upon whether or to what extent the line crosses the creek or lies within
wetlands identified within the National Wetland Inventory. Activities in an area classified as a
Jurisdictional Wetland will require a Nationwide or possibly, a 8404 Permit from the USACE and
8401 authorization from the State of Wyoming.
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9.0 Recommendations

Based on the results of the Belvoir Ranch Groundwater Level 1l Study, the project team offers
these recommendations for the WWDC and the BOPU related to the development of the Casper
Aquifer on the west end of the Ranch.

v/ Obtain additional hydrologic and hydrogeologic data as follows to understand how
the Casper Aquifer can be sustainably developed:

o0 Install data logging pressure transducers in all six Casper Aquifer test wells to
record water level and temperature data six times daily year round;

o Install stream gaging stations equipped with data logging pressure
transducers up and downstream of the sinks on Lone Tree, Goose, and Duck
Creeks to record streamflow six times daily year round;

o Construct a gaging station on Granite Springs to record spring discharge six
times daily year round; and

o0 Based on well, stream, and spring discharge data, assess the volume of
water that recharges the aquifer on an annual basis, and evaluate how
recharge conditions affect water levels in the aquifer and potential changes in
aquifer storage.

With regard to this recommendation, there are certain associated costs that must be
taken into account. Based on quotes from In-Situ, Inc., the six wells could be
equipped with Level Troll 300 pressure transducers for approximately $20,000, which
includes installation. Approximately $15,000 would be required to equip Granite
Springs, not including access costs, and $25,000 would be required to equip each
stream. States West Water Resources Corporation previously identified and rated
sections of these creeks above their respective sinks, but long term data collection
was not initiated. Those points were observed during LA’s geologic reconnaissance.
An overall cost savings in future exploration work would likely be realized as a result
of updating and building upon this previously completed work. The BOPU will also
need to obtain consent from Union Pacific to gage the flow of Granite Springs. All
streamflow measuring devices will need to be protected from livestock. This
monitoring will require semiannual maintenance and monitoring of the gaging
stations, and/or annual data review and analysis to refine the overall hydrogeologic
picture.

v" Conduct further exploration and test well drilling of the Casper Aquifer in the various
well fields in advance of production well completion and full scale development.

0 Obtain additional local seismic reflection and CSAMT geophysical data to
better tie together the geologic and hydrogeologic framework of the aquifer in
this area and refine well site locations and drilling depths; and

0 Conduct further test production well drilling at sites identified from the
geophysical and geologic exploration.

Given differences between geologic and geophysical interpretations, uncertainty
remains regarding potential drilling depths, costs, and the identification of the best
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areas of permeability enhancement in the Casper Aquifer. The understanding of the
structural configuration of the Casper Formation could be enhanced through
additional, seismic reflection and CSAMT data acquisition. The project team has
provided a conceptual layout of potential future geophysical data acquisition lines.
Within the missile site area specifically near the Lone Tree Creek Well Field, the
strategy would involve combining the existing data with strategically placed strike
and dip lines taking into account that the survey design could include previous
results from TDEM and ZETA performed by Zonge in 2005 at the former Atlas Site
“D” Missile facility. The resultant survey would refine the understanding of the area,
thereby increasing the reliability of well site selections and reducing drilling
uncertainty in the Lone Tree Creek Well Field vicinity.

v' Complete production wells prior to constructing pipeline or associated infrastructure
at either identified well field.

0 Complete production wells without screen and gravel pack at the Lone Tree
Creek Well Field first;

o Finish successful production wells at Lone Tree Creek with screen and gravel
pack;

o Complete production wells without screen and gravel pack at the Duck Creek
Well Field; and

0 Finish successful production wells at Duck Creek with screen and gravel
pack.

While the project team has completed two high yielding Casper Aquifer test wells
to date, the full yield of the Casper Aquifer well fields is yet to be determined. The
wells could be screened and packed as needed once a sufficient number of high
capacity wells have been completed at each well field. A high capacity
transmission line would only be extended following development of the Lone
Tree Creek Well Field. The main transmission line must be sized appropriately to
accommodate whatever additional production will be obtained from areas to the
south.

Lidstone and Associates, Inc. 9-2 Cheyenne Belvoir Ranch
June 2012 Groundwater Level Il

K:\OPEN\WYWDC109\FINAL REPORT\GW Level Il.docx



10.0 References

Black and Veatch, 1994, Cheyenne Water Supply Master Plan Level I. Consultant’'s report
prepared for the Cheyenne Board of Public Utilities and the Wyoming Water Development
Commission.

Blackstone, D.L., 1996, Structural Geology of the Laramie Mountains, Southeastern Wyoming
and Northeastern Colorado: Wyoming State Geological Survey, Report of Investigations No.
51.

Brady, R.T., 1949, Geology of the East Flank of the Laramie Range in the vicinity of Federal and
Hecla, Laramie County, Wyoming: M.A. thesis, University of Wyoming, Laramie, 41 p., map
scale approximately 1:24,000.

Chronic, J., 1955, Owl Canyon Colorado Measured Section: Rocky Mountain Association of
Geologists.

Courtright, T.R., and Braddock, W.A., 1989, Geologic Map of the Table Mountain Quadrangle
and Adjacent Parts of the Round Butte and Buckeye Quadrangles, Larimer County,
Colorado and Laramie County, Wyoming: U.S. Geological Survey Miscellaneous
Investigations Map 1-1805, scale 1:24,000.

Driscoll, F.G. 1986, Groundwater and Wells, Second Edition: Johnson Filtration Systems, Inc.,
St. Paul, Minnesota.

Earth Technology Corporation, 1984, Reconnaissance Evaluation of the Water-Supply
Development Potential of the Paleozoic Aquifer near Cheyenne, Wyoming: Consultant’s
report prepared for the U.S. Air Force.

Houston, R.H., and Marlatt, 1997, Proterozoic Geology of the Granite Village area, Albany and
Laramie Counties, Wyoming, compared with that of the Sierra Madre and Medicine Bow
Mountains of Southeastern Wyoming: U.S. Geological Survey Bulletin 2159, 25p., plate 1,
scale 1:24,000.

JR Engineering, Inc., 2007, Cheyenne Belvoir Ranch Level Il Study: Phase 1lI-V Final Report:
Consultant’s report prepared for the Wyoming Water Development Commission.

Libra, R.D., Collentine, M., and Feathers, K.R., 1981, Occurrence and Characteristics of Ground
Water in the Denver-Julesberg Basin, Wyoming: Water Resources Research Institute
Report to the U.S. Environmental Protection Agency.

Lidstone and Associates, Inc., 2008, Belvoir Ranch Lone Tree Well Test Report: Consultant’s
Report prepared for States West Water Resources Corporation.

Lowry, M.E., and Crist, M.A., 1967, Geology and Ground-Water Resources of Laramie County,
Wyoming: U.S. Geological Survey Water Supply Paper 1834, 71p., plate 1, scale
1:125,000.

Lidstone and Associates, Inc. 10-1 Cheyenne Belvoir Ranch
June 2012 Groundwater Level Il

K:\OPEN\WYWDC109\FINAL REPORT\GW Level Il.docx



McGookey, D.P., 1952, Pennsylvanian and early Permian Stratigraphy of the Southeast Portion
of the East Flank of the Laramie Range, Wyoming and Colorado: M.A. thesis, University of
Wyoming, Laramie, 45p., map scale approximately 1:30,000.

Natural Resources Conservation Service, 2012, National Water and Climate Center data for the
Crow Creek SNOTEL site in Laramie County, Wyoming: accessed from the internet, at
http://www.wcc.nrcs.usda.gov/nwcc/site?sitenum=1045&state=wy.

Richter, H.R., and Huntoon, P.W., 1982, Ground-water Development Potential for the Paleozoic
Aquifer along the Flanks of the Laramie Range and Hartville uplift, Southeastern Wyoming:
Consultant's report prepared for the Wyoming Water Development Commission by Western
Water Consultants, Inc., Laramie, Wyoming, 88 p.

States West Water Resources Corporation, 2004, Preliminary Design Report for the Mesa
Mountain Ground Water Exploration Project: Consultant’s report prepared for the City of
Cheyenne and the Wyoming Water Development Commission.

States West Water Resources Corporation, 2006, Final Report for the Belvoir Ranch Paleozoic
Ground Water Exploration Grant: Consultant's Report prepared for the Cheyenne Board of
Public Utilities and the Wyoming Water Development Commission.

Swenson, A.L., 1980, Mechanics of Laramide Deformation along the East Flank of the Laramie
Range, Wyoming and Front Range, Colorado: Ph.D. dissertation, University of Colorado-
Boulder, 132p., plate 1, scale 1:24,000.

U.S. Army Corps of Engineers, 2006, Final Remedial Investigation Report, Former Atlas “D”
Missile Site 4, Laramie County, Wyoming, F.E. Warren Air Force Base: Report prepared by
the Omaha District for the Wyoming Department of Environmental Quality.

U.S. Geological Survey, 2012, National Water Information Data System: Accessed from the
internet at http://wdr.water.usgs.gov/nwisgmap/.

Ver Ploeg, A.J., and Boyd, C.S., 2007, Geologic Map of the Laramie 30" X 60’ Quadrangle,
Albany and Laramie Counties, Southeastern Wyoming: Wyoming Geological Survey, Map
Series 77, scale 1:100,000.

Western Regional Climate Center, 2012, Precipitation records for the CHEYENNE WSFO AP,
WYOMING (481675): Accessed from the internet, at http://www.wrcc.dri.edu/cgi-
bin/cliMAIN.pl?wy1675.

Weston Engineering, 1993, Cheyenne Board of Public Utilities Casper Aquifer Study: Technical
Memorandum prepared for the Board.

Wyoming Oil and Gas Conservation Commission, 2010, Oil and Gas Well Database: Accessed
from the Internet, at http://wogcc.state.wy.us/.

Lidstone and Associates, Inc. 10-2 Cheyenne Belvoir Ranch
June 2012 Groundwater Level Il

K:\OPEN\WYWDC109\FINAL REPORT\GW Level Il.docx



Figure 1.1
Figure 2.1
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8
Figure 4.9
Figure 4.10
Figure 4.11
Figure 4.12
Figure 4.13
Figure 6.1
Figure 6.2
Figure 6.3
Figure 6.4
Figure 6.5
Figure 6.6
Figure 6.7
Figure 6.8
Figure 7.1
Figure 7.2
Figure 7.3

Figures

Bedrock Geology Map

Test Well Locations Map with Geophysical Lines
Lone Tree No. 1 Well Completion

Duck Creek No. 1 Well Completion

Duck Creek 3-1 Well Completion

Lone Tree Fault 1-2 Well Completion

Goose Creek 2-2C Well Completion

Lone Tree Fault 1-5 Well Completion

Duck Creek 3-1 Stepped Rate Test

Goose Creek 2-2C Stepped Rate Test

Lone Tree Fault 1-5 Stepped Rate Test

Specific Capacity Curve Comparison

Duck Creek 3-1 Constant Rate Test

Duck Creek 3-1 Constant Rate Test Recovery
Duck Creek 3-1 Observation Wells

Goose Creek 2-2C Constant Rate Test

Goose Creek 2-2C Constant Rate Test Recovery
Goose Creek 2-2C Observation Wells

Lone Tree Fault 1-5 Constant Rate Test

Lone Tree Fault 1-5 Constant Rate Test Recovery
Lone Tree Fault 1-5 Observation Wells

Casper Formation Structure Contour Map

Lone Tree Creek Geologic Cross Section, A-A’
Goose Creek Geologic Cross Section, B-B’

Duck Creek Geologic Cross Section, C-C’
Western Belvoir Geologic Cross Section, D-D’
Casper Aquifer Potentiometric Surface Map
Casper Aquifer Hydrographs

Potential Production and Exploratory Well Locations
Lone Tree Creek Additional Geophysical Lines
Duck Creek Additional Geophysical Lines
Transmission Line to Duck Creek and Lone Tree Creek Well Fields

Lidstone and Associates, Inc.

June 2012

Cheyenne Belvoir Ranch
Groundwater Level Il



v/

I

% N 0 5 N \ —
EDUCK CREEK NOM1 \&

Anficline

QI

=

= : ‘/{%-,l‘ -
‘V’y —lpitT

zozaT

Y
T .

8

\"T‘“;-r«n.f

TN} *}‘e [T 111
zi J
/g

i

-e-

&
o SR

5

LEGEND
mmmmmmmi  Belvoir Ranch Boundary _ _ _$_ ——-  Anticline i
4 2006 Test Well
u’ Bedding Strike/Dip - _* T Sl
i ARl S = -2 Strike- Slip Fault Left Lateral
o |
BEDROCK GEOLOGY
DESCRIPTION/COLOR [ PIPcf, Casper and Fountain Formations o
(] Qa, Alluvial Deposits [ Ys, Sherman Granite i
[ To, Ogallala Formation [ Ysd, Sherman Granite and Basalt mixed
[ Twr, White River Formation [ Ysb, Sherman Granite border facies
[ Kcv, Cloverly Formation [ Xg, Granite Rocks
I TrPc, Chugwater Formation [ Xsv, Metasedimentary and Metavolcanic Rock
[ Pfs, Forelle Limestone and Satanka Shale

43

NOTES:

MODIFIED FROM:
LARAMIE 100K QUADRANGLE
GEOLOGIC MAP, VER PLOEG AND BOYD, 2007

o~ Lidstone and
Associates, Inc.

Bgineerivg Gealogy, & Water
Resours Consling

4025 Automation Way, Bdg. E
Tort Collins, CO 80525

CHEYENNE BELVOIR RANCH

Groundwater Level Il Study
Wyoming Water Development Commission

@ Trusted Geophysics

Wyoming Water De;lempment Commissiol

n

DESIGN: MES

DRAWN: JHF/AMEC

FIGURE 1.1
BEDROCK GEOLOGY MAP

CHECKED/APPR: MES

FILE:Lawywbc109 - BelvoinGIS\WYWDC109_BELVOIR_RANCH_BEDROCK_ GEOLOGY_ MAP.mxd

REVISED:

DATE: 4/30/12




.

EEK STRUCTURE (LINE

T ST

Legend

Potential Well Sites*

O *Highlighted sites listed in Table 2.2, were prioritized for drilling.
&

2006 Test Wells Strike - Slip Fault

@ Qil Exploration Test Well Lone Tree Creek Fault Zone
Fracture Zone
‘*_L Syncline Paleozoic Conductive Zones

Seismic Bright Zones
T Anticline CSAMT Points

—— Fracture Seismic Points
—— Normal Fault Spring

—~4~ Shear Zone Bedding Strike/Dip
—A__ Thrust Fault

=emmmmmmsmms=== Bel|yoir Ranch Boundary

~——»—PDipping Beds

NOTES:

DESCRIPTIONS ON GEOPHYSICAL LINES REFLECT
INITIAL GEOPHYSICAL INTERPRETATION.

CHEYENNE BELVOIR RANCH

Groundwater Level Il Study
P m— Wyoming Water Development Commission

Fort Cnﬂins, CO 80525

DESIGN: MES FIGURE 2.1
TEST WELL LOCATION MAP
DRAWN: JHF/AMEC WITH GEOPHYSICAL LINES
e % . CHECKED/APPR: MES FILE: L\WYWDC109 - Belvoi\GIS\WYWDC_BELVOIR_TEST_WELL_LOCATION.mxd
Wyoming Water Development Com\missios; REVISED: DATE: 4/30/




<+~ Lidstone and
Associates, Inc.

Engineering, Geology, & Water
Resource Consulting

Project:  Belvoir Ranch Casper Aquifer Test Wells
Location: T13N, R69W, Sec. 177SWNE

Drilled by: Layne Western

Date started:  1/21/2006

Date completed: 2/4/2006

Lidstone and Associates, Inc.

Well Name: Lone Tree No. 1

Drilling Method: Direct Air Hammer
Logged by: M. Stacy

Total depth: 1,348 Ft.

Ground Elev.: 7,105 Ft.

e Caliper 16" Normal Resistivity Density
@ 5 in 220 Ohm-M 500| 0.0 (g/cc) 3.0
2
s Well Construction Lithology Remarks
3 Gamma 64" Normal Resistivity Neutron
0 GAPI 250 (0 Ohm-M 550| (0.0 (pu) 80.0
Spon. Potential
0 mV 200
0— ; -
. 3‘35 hF ti' 1712 0-27 Ft.: ALLUVIUM: tan, white, pink, black clayey sand with _
E orenole gravel and cobbles; granitic sand is fine to medium grained; Cuttings removal poor due
50 — advanced using reworked Ogallala sediments to moisture, Layne
] 2 direct air rotary switched to air foam @ 85
- gl 81%%'1%?5 14" Steel 27-342 Ft.: WHITE RIVER FORMATION: interbedded tan sandy feet
n N - 14 olee siltstone, silty mudstone, and clayey sandstone; fine grained LA d depth t
surface casing ! ! § > measured depth to
100 — =3 0-35 Ft.- Neat quartz sand; poorly cemented with calcite; moist; balls easily; water of 64.00 feet on May
] o) a - Nea sticky when hydrated; 300-342 feet consists of reddish brown 25, 2011. Including stickup
= cement " B f . §
u F D 35396 Ft: 12 1/4" sandy siltstone with some reddish brown clgys and coarse of 2.55 feet, groundwater
150 — 8 Borehole - sand/fine gravel Casper(?) sandstone and limestone fragments elevation for the Casper
] x advanced using Aquifer is 7,044 feet.
b S direct air hammer
200 _: % methods
] ]
a N 0-387 Ft.: 8 5/8"
B = steel casing;
250 — g 0.312" thiCE; Deviation @ 246 Ft.: Out 0
] © placed with degrees
] centralizers every - "
. = Drilling rates for the 12 1/4
300 i [ == ;IOOtfest and a borehole ranged from 29.1
N — oat shoe to 120.0 feet per hour.
u N 0-396 Ft.: 460+
350 — % Sacks cement, — || 342-382 Ft.. SATANKA FORMATION: dark red siltstone with thin || 380 Ft.: Borehole yielding
b = pressure — 77| sandstone, limestone, and dolomite interbeds; siltstone has approximately 2 gpm
1L D — cemented in place |———| gypsum inclusions; sandstones are medium grained quartz sand; || 382 Ft.: Yield increased to
400 — by Cementers sl | Well cemented w/ calcite approximately 50 gpm.
T ‘_ Energy, Inc. 460 .
7 — sacks raised M | *
450 — — cement level in I 382-1,343 Ft.. CASPER FORMATION: upper part (Ingleside 430 Ft.: Yield
- _ annular space to I Fm.) from 382-1,230 consists of reddish brown, tan, buff approximately 10 gpm.
n r 122 feet below sandstone and light gray, white, pink limestone interbedded with || EC=831 us/cm; pH=11.62
4 = surface. Layne . dolomitic limestone, siltstone, and arkosic sandstone; sandstone || Temp=10.8 C
500 — filled the annular *.° .|| consists of fine to medium grained quartz sand, calcite cement infuenced.
] space to land *.".|| cemented, oxidized, iron rich, calcite lined fractures (560-570, o
7 surface with neat | 595-615, 720-740, 830-850 feet); limestone is crystalline but Deviation @ 440 Ft.: Out -
550 — cement. I ranges from micritic to sandy, vuggy with latice work in some 1/2 degree
. = <"« «|| cuttings (382-385 feet), calcite lined/open fractures (400-405, 443 Ft.. Yield increased
u — 1 430-460, 570-580, 820-830, 850-920, 1,155-1,230 feet), crinoids, || dramatically
E —— I"" || manganese dendrites; few arkosic sandstone interbeds (670- Deviation @ 566 Ft.: Out -
600 ] » + || 720 feet) appear similar to lower part of Casper Formation 1 degree
i .. .|| sediments 590 Ft.: Measured flume
] | discharge at 475 gpm
650 — L. 610 Ft.: Measured flume
n | discharge at 550 gpm
] == P Deviation @ 680 Ft.: Out -
700 — _ } Lt 1 1/2 degrees
-1 _—\ - —. o o o
: -‘ ‘. . .
] P I °5%0°
750 __ , ‘ . . . . .
-1 “: o= = *..e
B ? ] Lt 765 Ft.: Measured flume
800 ] ® o oo discharge at 780 gpm
i !‘ ° e« e . EC=286 us/cm
7] S | Temp=8.1C
7 5 Lt pH=7.52
850 — o |
N c
- o |
] y— & [
900 — "j_ 5\0 [ Drilling rates for the 7 7/8"
7 — N~ production borehole ranged
] { = ~ Lt from 5.8 to 29.1 feet per
950 -] ‘ — E_ | hour.
- S |
] == — |
1000 — ' 387-1,348 Ft.: 7 [
] 7/8" Borehole
a = advanced using P
1050 — ‘, = direct air hammer |
] F — methods |
] —— I
1100 — é ———— |
- = — . ° . : .
1150 — I _-‘ -
- i —_— I 1,159 Ft.: Measured flume
- < discharge at 742 gpm
1200 1 g- S‘ | EC=277 us/cm
] = 1,184-1,348 Ft.: [ Temp=9.7 C
. = L Borehole [ pH=8.25
1250 ] = = ﬁolgz)?:gtlﬁ%va “ "] lower part (Fountain Fm.) from 1,230-1,343 feet consists of dark
- . 2/29/08 *."."|| reddish brown and purplish brown sandstone and siltstone; fine
. = °."."|| to very fine grained quartz sand, arkosic, ferruginous; oxidized
1300 - | £ —
1P 5
1350 — — : ,
i 1,343-1,348 Ft.: PRECAMBRIAN: black, foliated schist; hard
7] drilling; disintegrates to clay from chips.
1400 —

Notes: The test well was drilled under Wyoming State Engineer's Office Permit No. U.W. 168921 near CSAMT Station 325 on the Lone Tree Creek geophysical line. This figure presents
the well completion details for Lone Tree No. 1, an 8 5/8 inch diameter test well that was drilled on the Belvoir Ranch along Granite Springs Anticline. Layne Western drilled this well with
direct air hammer techniques through the overlying formations and the Casper Formation to evaluate well yield and water quality conditions. The well was developed via airlifting
techniques for approximately 8 hours following well completion. Final water quality parameters upon completion of development included the following: pH = 7.99; temperature = 9.0C;
electrical conductivity = 267 uS. Subsequent stepped and constant rate testing of the well in 2006 and 2007 indicated it would yield up to 702 gpm. The first constant rate test was
conducted for 2 days in 2006 at a discharge rate of 600 gpm, and a second constant rate test was conducted for 30 days in 2007 at a discharge rate of 600 gpm.

FIGURE 3.1 LONE TREE NO. 1 WELL COMPLETION
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<+~ Lidstone and
Associates, Inc.

Engineering, Geology, & Water
Resource Consulting

Lidstone and Associates, Inc.

Project:
Location: T13N, R69W, Sec. 31INWSW
Drilled by: Layne Western
Date started:
Date completed: 2/23/2006

Belvoir Ranch Casper Aquifer Test Wells

2/12/2006

Well Name: Duck Creek No. 1

Drilling Method: Direct Air Rotary
Logged by: M. Stacy

Total depth: 1,130 Ft.

Ground Elev.: 7,197 Ft.

. Caliper 16" Normal Resistivity Density
@ 5 in 20(]|0 Ohm-M 500| 0.0 (g/cc) 3.0
Q
£ Well Construction Lithology Remarks
3 Gamma 64" Normal Resistivity Neutron
0 GAPI 550 (0 Ohm-M 550| (0.0 (pu) 80.0
Spon. Potential
0 mV 170
0— : TR ==
7 a_i g—SO :tl 17112 0-12 Ft.: ALLUVIUM: dark brown sandy silt; organic rich;
] | agc(;ng:d using calcareous; some coarse sand/fine gravel; dry
o - "
. £ direct air rotary 4| 12-50 Ft.: WHITE RIVER FORMATION: tan, white silty Drilling rates for the 12 1/4
50 — [} — i : . h . . borehole ranged from 10.8
i © methods mudstone and pinkish gray siltstone; some fine grained sand; to 18.0 feet per hour.
B (@] 0-30 Ft.: 14" Steel L |\ calcareous; mottled; calcite cemented ’ P ’
E =< surface casing N
100 7 < 0-30 Ft.: Neat D 50-1,130 Ft.: CASPER FORMATION: upper part (Ingleside Fm.)
] E cement from 50-940 consists of light red, brownish red sandstone and
. 8 ) R - |\_ pinkish gray, pink, white, light gray limestone interbedded with - )
- & 30-207 Ft.:12.1/4" | — 1| dolomitic limestone, siltstone, and silty sandstone; sandstone Deviation @ 122 Ft.: Out
150 y - Borehole || consists of very fine to medium grained quartz sand, calcite or 1/3 degree
] % advanced using + .+ .|| silica cemented, oxidized, iron rich, friable, calcite lined fractures
_ o direct air rotary .« || (350-380 and 500-510 feet); limestone is micritic to sandy,
- methods .°. .|| vuggy, calcite lined/open fractures (510-520 feet), manganese
200 T M 0-207 Ft.: 8 5/8" | dendrites, iron stained, oxidized; white, light green siltstone at
] 1 A4=r steel casing; I 120-150 feet may be fault gouge(?); intervals contain a waxy 233 Ft.: Water in hole at
] 0.312" thick; .. .|| green or green and white spotted clay at the following depths: connection
- placed with ) 120-130, 310-350, 580-600, 620-630, 690-710, and 750-760 feet || LA measured depth to
250 ] centralizers every 5 | water of 222.76 feet on
7 100 feetand a - | — May 25, 2011. Including
B float shoe stickup of 2.25 feet,
- o a g | groundwater elevation for
300 0-207 Ft.: Neat I the Casper Aquifer is 6,976
] cement, pressure | feet.
o cemented in place [ | .
| by Cementers 280 Ft.: Borehole yielding
350 ] Energy, Inc. C | less than 5 gpm
R g = SR
] ot Deviation @ 360 Ft.: Out
4 e 7/10 degree
400 — .
450 1 ea — 469 Ft.: Water sample
_ — parameters: Ec=317 us/cm,
- o o . Temp=14.4 C, pH=8.35
500 1 Lt Deviation @ 473 Ft.: Out
4 3/10 degree
550 — 59505
] c 600 Ft.: Water sample
600 — parameters: Ec=323 us/cm,
207-1,130 Ft.: 7 = =
E ) , oo e = =
] E 7/8" Borehole e Temp=8.3 C, pH=8.3
. ] gidr;(a:?gierdr;salryg R Deviation @ 631 Ft.: Out 1
— ) . .
650 . cg methods S 1/2 degrees
T o) "6%0"
- o o e e
_ o . ° . ° .
700 — o o
. 2 S
. ™~ I Deviation @ 725 Ft.: Out 1
7 . . 1/2 degrees
750 — . Drilling rates for the 7 7/8"
- °0°0" production borehole ranged
- L. from 8.7 to 30.4 feet per
800 — . . hour.
850 e Deviation @ 849 Ft.: Out 1
N P 4/10 degrees
] 270" 900 Ft.: Visually estimated
900 — 270" discharge = 30-40 gpm;
- Measured flume discharge
] . at 8 gpm, not capturing all
. <. flow
950 — - —1| lower part (Fountain Fm.) from 940-1,130 feet consists of dark gifa'r:rfét\é\::-t?zrciasrgglﬁs/cm
] . . .|| reddish brown siltstone and reddish brown, purplish red 'FI)'em =10 3.C H=8.11 ’
. .*.* .|| sandstone with silty sandstone and thin limestone interbeds; fine p=10.9%.p ’
1000 = ‘1 I to coarse grained quartz sand, arkosic, ferruginous; oxidized Deviation @ 974 Ft.: Out 2
4 R 1/2 degrees
] 1,011-1,130 Ft.. [+ -
- Borehole LR
1050 — collapsed below 2700
] 1,011 feet as of
i 2/23/06 Lt
_ . . 1,130 Ft.: Water sample
1100 — LT parameters: Ec=353 us/cm,
- Lt Temp=9.0 C, pH=8.36
1150 —
1200 —

Notes: The test well was drilled under Wyoming State Engineer's Office Permit No. U.W. 168918 at the mouth of Duck Creek Canyon. This figure presents the well completion details for
Duck Creek No. 1, an 8 5/8 inch diameter test well that was drilled on the Belvoir Ranch along the Duck Creek Anticline. Layne Western drilled this well with direct air rotary techniques
through the overlying formations and the Casper Formation to evaluate well yield and water quality conditions. The well was developed via airlifting techiques for approximately 1.5 hours
following well completion, and yielded approximately 24 gpm. LA collected a formation water sample near the end of development, and submitted it for analysis. Final water quality
parameters upon completion of development included the following: pH = 8.25; temperature = 7.7C; electrical conductivity = 441uS. Due to the low yield of this well from a depth of 997
feet, LA chose not to conduct aquifer testing on this well.

FIGURE 3.2 DUCK CREEK NO. 1 WELL COMPLETION
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Lidstone and Associates, Inc.

<+~ Lidstone and
Associates, Inc.

Engineering, Geology, & Water
Resource Consulting

Project:  Belvoir Ranch Casper Aquifer Test Wells
Location: T13N, R69W, Sec. 31SWNE

Drilled by: Weston Engineering, Inc.

Date started:  5/21/2010

Date completed: 8/6/2010

Well Name: Duck Creek 3-1

Drilling Method: Direct Air/Mud Rotary

Logged by: M. Stacy
Total depth: 3,178 Ft.
Ground Elev.: 7,296 Ft.

Depth (feet)

50
100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900
950

1000
1050
1100
1150
1200
1250
1300
1350
1400
1450
1500
1550
1600
1650
1700
1750
1800
1850
1900
1950
2000
2050
2100
2150
2200
2250
2300
2350
2400
2450
2500
2550
2600
2650
2700
2750
2800
2850
2900
2950
3000
3050
3100
3150
3200

Well Construction

Caliper 16" Resistivity Density
5 in 20 Ohms 100| (0.0 (g/cc) 3.0
Gamma 64" Resistivity Neutron

0 cps 150

100| 0.0 (% Porosity) 100.0

Lithology

Remarks

Spon. Potential

-60 mVs 200

Pt. Resistivity
h 100

e g’f’fé:éi;” 172" < || 0-108 Ft.: OGALLALA FORMATION: red, black, white, pink, and
_ i " || yellow conglomerate and sandstone; conglomerate is arkosic, L i
, :;} advanced using calcite or silica cemented; sandstone is medium grained, quartz (IjDeev:Zgon @66 Ft: Out1/4
= direct rotary and granitic in composition; unit is porous and permeable; 9
= om?3t1hc|;(tjs 13 3/8" coarse sand from 98-108 interval readily sloughed into borehole
. API H-40 Steel || 108-331 Ft: WHITE RIVER FORMATION: tan and pinkish brown || >°Viation @ 245 Ft.: Out
i surface casing — || siltstone and clayey siltstone with thin interbedded yellow, white, 9
= 0-33 Ft.: Neat __ . .|| and orange sqndstone; siltsto_ne_ contains very fine grajned Deviation @ 330 Ft.: Out
}E cement ——— | quartz sand with trace black lithics, clayey beds are sticky; 1/4 degree
LS .. ]| sandstone composed of fine to medium grained quartz sand, o
Ei- v — __|| oxidized, possibly iron cemented, goethite coatings, permeable, Deviation @ 393 Ft.: Out
3 E ] Pl water bearing? 1/4 degree
E‘; 331519 Ft:-12 | — | 331-710 Ft.. CHUGWATER FORMATION: dark red and reddish || LA measured depth to
£ 4 ) - o K - L X water of 412.33 feet on
" orange sandy siltstone, siltstone, shale, and clayey siltstone; non .
1/4" Borehole oo = Msto 4 i May 25, 2011. Including
advanced using — - || to very calcareous; contains light gray iron reduction spots or stickup of 2.42 feet
= direct rotar — - - || thin calcareous gray siltstone beds; oxidized; ferruginous; P y !
£ y . : f ’ S S T groundwater elevation for
7] methods and — gypsum intermixed at various depths, fracture linings; sticky; ihe C Aquifer is 6.886
S itic drilli d is fine to very fine grained in size ¢ Lasper Aquiteris o,
o bentonitic drilling sand s y 9 feet.
s fluids Deviation @ 671 Ft.: Out 7
B ) 710-1,098 Ft.. GOOSE EGG FORMATION: dark red silty shale, degrees .
3 0-1,518.5Ft.: 8 siltstone, and clayey siltstone interbedded with dark gray Drilling rates for the 12 1/4
o 5/8" API J-55 dolomite, tan limestone, and anyhydrite; siltstone, shale, and borehole ranged from 0.9 to
o threaded and clayey siltstone are non to very calcareous, include very fine 23.3 feet per hour, and
) collgrefj steel grained sand, thin limestone and purplish siltstone interbeds, were consistently less than
e} casing; 24 Ibs./ft gypsum, and iron reduction spots; dolomites are crystalline in 2 feet per hour below a
o (0.264" thick); || texture, vuggy, and often associated with gypsum or anhydrite; depth of 979 feet.
placed with —_ 77| Forelle Member (marker bed from 865-903 feet) includes four
centralizers every |-+ —| feet of tan or white crystalline to sandy limestone (865-869 Ft.)
200 feetand a overlying 24 feet of dark red clayey siltstone (2 ft.) and massively
float shoe bedded anhydrite (22 ft.) with thin limestone interbeds, and 10
___ || feet of light to yellowish gray sandy to crystalline dolomite Deviation surveyed on
0-1,519 Ft.: 580 e almost all pipe connections
Sacks Extreme . || 1,098-1,492 Ft.: SATANKA FORMATION: dark red and maroon between 700 and 1.290 Ft.:
Lite cement — || sandy siltstone, shale, and sandstone; indurated siltstone with Maximum deviation’ was
followed by 150 — .|| fine grained sand and sandstone interbeds, thin anhydrite and out 10 degrees at a depth
sacks Type G, — - - || dolomite beds, iron reduction spots; non to slightly calcareous; of 945 feet before coming
pressure _ : ferruginous; 0>'(idized;l trace gypsum; reddish orange sandstone back to 4 1/2 degrees out
cemented in place | —— || composed of fine grained well sorted quartz sand at 1.255 feet.
by Basic Energy P
Services with good | 7 ]
cementreturnsat | 7 __|
surface — I : Possible paleokarst in
— .. "]| 1,492-3,178 Ft.: CASPER FORMATION: upper part (Ingleside ?as%aef’ "’:‘95‘0”‘3 at1,501-
1 Fm.) from 1,492-2,680 feet consists of light gray, white, pinkish ’ eet.
. . - .
1 gray and light red dolomitic limestone and light red sandstone - "
interbedded with limestone, occasional dark red sandy siltstone Drilling |_'ates for the 7 7/8
f . o production borehole ranged
*.°%.° || beds, and several arkosic sandstone beds; dolomitic limestone
' A ; o . o . from 2.5 to 16.3 feet per
o o reaction with HCl increases in intensity with time, crystalline to hour
~|| sandy in texture, quartz sand in matrix, vuggy, few calcite lined S
N fractures, manganese dendrites, few interbedded white ;.’73: Ft.: Mteéa;ured flume
L sandstone and siltstones, few thin oolitic beds; sandstone ischarge a gpm
. | + || consists of fine to medium grained subrounded, well sorted 1,872 Ft.: Measured flume
I quartz sand that is calcite cemented, silica cemented beds, discharge at 58-101 gpm
[ oxidized, iron rich, some calcite lined fractures, few dark red and 1,886-1,889 Ft.: Weston
""" purplish brown siltstones; gypsum near top indicative of drilled interval with virtually
paleokarst surface; black sand produced from 1,886-1, 00 i i
] D leokarst surf; black sand produced fi 1,886-1,889 foot no weight on bit
zone (cavity); arkosic sandstones present at 2,330-2,380, an i ?
K ity); arkosi dst t at 2,330-2,380, and (cavity/fracture?), and
~ 2,460-2,496 foot intervals appear to be intertongues of the lower || water flow increased.
1| Casper, and consist of calcite or silica cemented medium to 1,889 Ft.: Measured
*+|| coarse grained quartz and granitic sand with fine to medium average flume discharge at
*.*.°|| granitic gravel, gravels are subrounded to angular in shape, 260 gpm
* + || poorly cemented
)
E 1,518.5-3,178 Ft.: _I ]
o :dggn(?eﬁihs?r!e | 2,250 Ft.: Measured flume
8 . 9 . e e discharge at 252 gpm
- direct rotary
i cmo%twr;)?gzsir:idair 0 ot 2,350 Ft.: Measured flume
=C) drilling fluids LI discharge at 233-292 gpm
% I
~ (A
™~ EEs 2,520 Ft.: Measured flume
oy discharge at 272 gpm
o o Deviation @ 2,529 Ft.: Out
| 4 1/2 degrees
— 2,667 Ft.: Measured flume
" || lower part (Fountain Fm.) from 2,680-3,178 feet consists of dark discharge at 135-292 gpm
*** —|| reddish brown siltstone, dark reddish brown and white arkosic
_____ sandstone, and dark reddish brown shale; arkosic sandstone
——=| consists of quartz and feldspar fine to coarse grained highly 2,795 Ft.: Drill foam and
.. calcareous sand, conglomeratic in some beds, few thin light red water turned red in color
- - - - - || shale and dark reddish brown siltstone interbeds, sand is 2,870 Ft.: Measured flume
2,637-3,178 Ft.: =5 predominantly quartz that is angular in shape; siltstone is discharge at 314-324 gpm
Borehole * * *|| predominant and contains abundant fine to medium grained
collapsed below —. || quartz sand grains, ferruginous, light gray iron reduction spots or
2,637 feet as of . || beds, few thin arkosic sandstone and limestone interbeds 3,007 Ft.: Measured flume
9/11/2010 i discharge at 314-358 gpm
E— 3,158 Ft.: Measured flume
R discharge at 292-358 gpm

Notes: The test well was drilled under Wyoming State Engineer's Office Permit No. U.W. 191981 at CSAMT Station 1525 on the Duck Creek geophysical line. This figure presents the
well completion details for Duck Creek 3-1, an 8 5/8 inch diameter test well that was drilled on the Belvoir Ranch along Duck Creek Anticline. The well was drilled with direct mud rotary
techniques through the overlying formations and into the Casper Formation. Following geophysical logging and 8 5/8 inch casing installation, Weston drilled through the Casper
Formation with direct air rotary techniques to evaluate well yield and water quality conditions. The well was developed via airlifting techiques for 8 hours following well completion, and
yielded approximately 280 gpm. Final water quality parameters upon completion of development included the following: pH = 7.65; temperature = 18.6C; electrical conductivity = 280 uS.
Subsequent stepped and constant rate testing of this well indicated it would yield up to 300 gpm. The constant rate test lasted 7 days, and was completed at a discharge rate of 200

gpm.

FIGURE 3.3 DUCK CREEK 3-1 WELL COMPLETION
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<+~ Lidstone and
Associates, Inc.

Engineering, Geology, & Water
Resource Consulting

Lidstone and Associates, Inc.

Project:

Date started:

Belvoir Ranch Casper Aquifer Test Wells
Location: T13N, R69W, Sec. 3S0NENW
Drilled by: Weston Engineering, Inc.

8/19/2010

Date completed: 9/27/2010

Well Name:Lone Tree Fault 1-2
Drilling Method: Direct Air/Mud Rotary

Logged by: M. Stacy
Total depth: 2,042 Ft.
Ground Elev.: 7,349 Ft.

Depth (feet)

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

900

950

1000

1050

1100

1150

1200

1250

1300

1350

1400

1450

1500

1550

1600

1650

1700

1750

1800

1850

1900

1950

2000

2050

2100

Well Construction

Lithology

Remarks

Caliper 16" Resistivity Density
5 in 20(]|0 Ohms 100 | 0.0 (g/cc) 3.0
Gamma 64" Resistivity Neutron
0 cps 150 |0 Ohms 100| 0.0 (% Porosity) 100.0
Spon. Potential Pt. Resistivity
20 mvVs 130|(Q Ohms 100

!

Wiy qmnmm

A I Ak
Wy Ny

il lmv |

B
[l

ki

8 5/8" Production Casing

7 7/8" Open Borehole

105-1,115 Ft.: 12
1/4" Borehole
advanced using
direct rotary
methods and
bentonitic drilling
fluids

0-1,115 Ft.: 8 5/8"
API J-55 threaded
and collered steel
casing; 24 Ibs/ft
(0.264" thick);
placed with
centralizers every
200 feetand a
float shoe

0-1,115 Ft.: 150
Sacks Extreme
Lite cement
followed by 200
sacks Type G,
pressure
cemented in place
by Basic Energy
Services with good
cement returns at
surface

N
)
N
|
|
p
N
|
I
1,115-2,042 Ft.: 7 |
7/8" Borehole |
advanced using c ot
direct rotary !
methods and o le
compressed air L.
drilling fluids s
1
D
N
N
N

1,861-2,042 Ft.:
Borehole NN
collapsed below .
1,861 feet as of R
5/25/11 5 o o

308-480 Ft.: CHUGWATER FORMATION: dark red siltstone and
clayey siltstone; slightly to very calcareous; trace mica; contains
light gray iron reduction spots; oxidized; ferruginous; some
gypsum

480-765 Ft.: GOOSE EGG FORMATION: dark red siltstone and
clayey siltstone with interbedded limestone and dolomitic
limestone; siltstone and claystone are calcareous, include very
fine grained sand, trace mica, gypsum, and iron reduction spots;
with exception of Forelle Limestone member, limestones are thin
and sandy to crystalline in texture; Forelle Member (marker bed
from 592-640 feet) includes five feet of light gray crystalline
limestone (592-597 Ft.) overlying 17 feet of dark red clayey
silstone and 36 feet of gray, pink, and yellowish gray dolomitic
limestone, shaly

765-1,085 Ft.: SATANKA FORMATION: dark red and orangy red
siltstone and clayey siltstone; hard, indurated siltstone with fine
grained sand, trace mica, iron reduction spots; non to very
calcareous; trace gypsum; few thin limestone and reddish
orange sandstone interbeds

1,085-2,042 Ft.: CASPER FORMATION: upper part (Ingleside
Fm.) from 1,085-1,850 feet consists of light gray, white, pinkish
gray and light red dolomitic limestone and light red sandstone
interbedded with occasional sandy limestone and sandy siltstone
beds; dolomitic limestone reaction with HCl increases in
intensity with time, crystalline to sandy in texture, quartz sand in
matrix, vuggy, few calcite lined fractures, manganese dendrites,
oolitic in some beds, fracture at 1,295 feet(?); sandstone
consists of fine to medium grained subrounded quartz sand that
is calcite cemented and well sorted, silica cemented beds,
oxidized, iron rich;

lower part (Fountain Fm.) from 1,850-2,042 feet consists of dark
reddish brown sandy siltstone and dark reddish brown and white
sandstone interbedded with some light gray dolomitic limestone;
sandy siltstone is predominant and consists of very fine grained
calcareous sand in siltstone matrix, ferruginous, light gray iron
reduction spots or beds; sandstones consist of fine to medium
grained quartz sand that are angular to subangular in shape,
moderately well sorted, calcite cemented

LA measured depth to
water of 337.14 feet on
May 25, 2011. Including
stickup of 1.76 feet,
groundwater elevation for
the Casper Aquifer at this
location is 7,014 feet.

0-128 Ft: 17 172" [T ]| 0126 Ft.: OGALLALA FORMATION: red, black, white For the surface casing,
3 Borehole O +|| conglomeratic sandstone interbedded with tan and white sandy We-"ston initially piloted a 7
i advanced using % mudstone; conglomerate and sandstone composed of pink 7/8" borehole using direct
~ direct rotary O feldspar, quartz, mica schist, and black metamorphic rocks, rotary methods with
) | methods with \\_/4|| cemented with calcite, arkosic, dense; mudstone is extremely bentonitic drilling fluids to a
i 2 I i | bentonitic drilling —— .|| calcareous and contains fine to medium grained sand depth of 271 feet. This
= Eaa fluids S — hole was reamed to 17 1/2"
== 0-105Ft.:133/8" |~ | to a depth of 128 feet.
= 3 API H-40 Steel || 126-308 Ft.: WHITE RIVER FORMATION: tan clayey siltstone
2 surface casing overlying white, yellow, and pink basal sandstone; calcareous; Deviation @ 210 Ft.: Out 1
% 0-105 Ft.: 150 sandstone is arkosic and medium to coarse grained in size 1/2 degrees
Sacks neat
. 3 cement

Deviation @ 400 Ft.: Out 2
1/4 degrees

Deviation @ 580 Ft.: Out 2
degrees

Deviation @ 771 Ft.: Out 2
1/2 degrees

Drilling rates for the 12 1/4"
borehole ranged from 1.5 to
15.5 feet per hour. Due to
slow drilling condtions in
the Satanka Formation,
Weston elected to drill a 7
7/8" pilot hole to the Casper
top from a depth of 904
feet. LA directed Weston to
stop drilling the pilot hole

at a depth of 1,135 feet.
Drilling rates for the 7 7/8"
pilot hole ranged from 4.8
to 7.5 feet per hour.
Deviation @ 915 Ft.: Out 4
1/4 degrees

Deviation @ 1,010 Ft.: Out
6 1/4 degrees

1,145 Ft.: Measured flume
discharge at 9 gpm (added
water)

1,300 Ft.: Measured flume
discharge at 15 gpm

Deviation @ 1,383 Ft.: Out
9 degrees

1,478 Ft.: Measured flume
discharge at 15 gpm

Drilling rates for the 7 7/8"
production borehole ranged
from 4.1 to 11.9 feet per
hour.

1,705 Ft.: Measured flume
discharge at 45 gpm

1,840 Ft.: Measured flume
discharge at 58 gpm

2,035 Ft.: Measured flume
discharge at 67 gpm

Notes: The test well was drilled under Wyoming State Engineer's Office Permit No. U.W. 191987 at CSAMT Station 650 on the Lone Tree Creek Fault geophysical line. This figure
presents the well completion details for Lone Tree Fault 1-2, an 8 5/8 inch diameter test well that was drilled on the Belvoir Ranch along the Lone Tree Creek Fault trace. The well was
drilled with direct mud rotary techniques through the overlying formations and into the Casper Formation. Following geophysical logging and 8 5/8 inch casing installation, Weston drilled
through the Casper Formation with direct air rotary techniques to evaluate well yield and water quality conditions. The well was developed via airlifting techiques for 12 hours following
well completion. LA collected a formation water sample near the end of development, and submitted it for analysis. Final water quality parameters upon completion of development
included the following: pH = 8.54; temperature = 13.5C; electrical conductivity = 224 uS. As the test well yielded between 30 and 53 gpm from depths of 1,104 and 2,040 feet,
respectively, during development, LA chose not to conduct aquifer testing on this well.

FIGURE 3.4 LONE TREE FAULT 1-2 WELL COMPLETION
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<~ Lidstone and

Associates, Inc.

Engincering Geology, & Water

Project:  Belvoir Ranch Casper Aquifer Test Wells
Location: T13N, R69W, Sec. 30SESE

Drilled by: Weston Engineering, Inc.

Date started: ~ 10/7/2010

Date completed: 2/19/2011

Lidstone and Associates, Inc.

Well Name: Goose Creek 2-2C

Drilling Method: Direct Air/Mud Rotary
Logged by: M. Stacy

Total depth: 2,764 Ft.

Ground Elev.: 7,189 Ft.

Depth (feet)

100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900
950
1000
1050
1100
1150
1200
1250
1300
1350
1400
1450
1500
1550
1600
1650
1700
1750
1800
1850
1900
1950
2000
2050
2100
2150
2200
2250
2300
2350
2400
2450
2500
2550
2600
2650
2700
2750
2800

16" Resistivity Density
Ohms

100 | 0.0 (g/cc) 3.0

Well Construction

64" Resistivity Neutron

Ohms 100| (0.0 (% Porosity) 100.0

Lithology

Remarks

Spon. Potential Pt. Resistivity

-400 mVs 200

Ohms 100

0-126 Ft.: 17 1/2"
Borehole
advanced using
direct rotary —
methods with —
bentonitic drilling  [f—— =
fluids e
0-124 Ft.: 13 3/8" [=—
AP| H-40 Steel —
surface casing —
0-126 Ft.: 100 —
Sacks Lite cement |, -, -

il

124-1,873 Ft.: 12
1/4" Borehole -
advanced using . .

direct rotary L.

methods and 0 oo
bentonitic drilling LRI
fluids

e

0-1,873 Ft.: 85/8" | ™
API| J-55 threaded | ]
and collered steel |- —]
casing; 24 Ibs/ft C—
(0.264" thick); 500 —
placed with -
centralizers every | —
200 feetand a
float shoe S

i

el

8 5/8" Production Casing
I

A i
iyl

0-1,873 Ft.: 350 —
Sacks Extreme —
Lite cement T
followed by 200 —
sacks Type G,
pressure
cemented in place
by Basic Energy
Services with good —
cementreturnsat | ... —
surface _

1,873-2,764 Ft.. 7 |

0-28 Ft.: ALLUVIUM: dark brown, black silty sand and black, red,
white sandy gravel; sand is dry, loose; coarse gravel

28-108 Ft.: CLOVERLY FORMATION: light gray sandstone and
dark red, yellow, light gray shale; sandstone is fine to medium
grained, well sorted, quartz, well cemented with silica, fractured
at 67 and 96 feet, trace hydrocarbon staining; shale is
variegated, dry, soft, with fine grained sand intermixed

108-467 Ft.: MORRISON FORMATION: dark gray shale and
greenish gray sandy shale with minor light gray silty sandstone;
shale is variegated (red, yellow, greenish gray, light green,
purple), well consolidated, waxy, with a few thin limestone and
red sandstone interbeds

467-634 Ft.: SUNDANCE FORMATION: tan sandstone and silty
sandstone; sandstones are calcite cemented, well sorted, fine to
very fine grained, 98% quartz, subrounded, oxidized, iron
stained; below 505 feet, sandstone is silty and slightly
carbonaceous with gray sandstone or sandy shale near base

634-1,220 Ft.. CHUGWATER FORMATION: dark red, orangy
red sandy siltstone and silty sandstone with minor sandstone,
sandy shale, and dolomitic limestone; silty sandstone is fine to
very fine grained, well sorted, oxidized, ferruginous, calcite
cemented, some hydrocarbon staining, few iron reduced beds;
sandy siltstone is similar and contains trace mica and thin
gypsum beds and vein fillings

1,220-1,516 Ft.. GOOSE EGG FORMATION: dark red sandy
siltstone and silty shale with interbedded gypsum, dolomite, and
anhydrite; shale is soft and sticky with trace fine grained sand;
siltstone contains fine to very fine grained sand silt matrix, trace
mica, few greenish gray iron reduction spots, gypsum; Forelle
Member (marker bed from 1,300-1,392 feet) includes three feet
of light gray crystalline dolomite (1,300-1,303 Ft.) overlying 15
feet of dark red sandy siltstone with gypsum bed and 74 feet of
light gray and dark gray crystalline dolomite

1,516-1,849 Ft.: SATANKA FORMATION: dark red and orangy
red sandy siltstone and silty shale; siltstone consists of fine to
very fine grained sand in silt matrix, gypsum and anhydrite, non
to slightly calcareous, trace mica, few thin orangy red, well
sorted sandstone interbeds, greenish gray iron reduction spots,
ferruginous, oxidized; shale is very calcareous, sticky, few sandy
siltstone interbeds, trace gypsum

1,849-2,764 Ft.: CASPER FORMATION: upper part (Ingleside
Fm.) from 1,849-2,633 feet consists of light gray, white, and
pinkish gray dolomitic limestone, and light red and orangy red
sandstone interbedded with limestone, sandy limestone, and
minor siltstone beds; dolomitic limestone reaction with HCI

7/8" Borehole

advanced using R —
direct rotary |

methods and

compressed air e e
drilling fluids °L°

2,602-2,764 Ft.:
Borehole
collapsed below

WWWWWWWW

2,602 feet as of —
5/26/2011 Co—

incr in intensity with time, crystalline in texture, vuggy,
manganese dendrites, some calcite lined fracture surfaces,
some oxidized iron spots, sandy in some interbeds; sandstone
consists of fine to very fine grained subrounded to subangular
quartz sand that is calcite cemented and well sorted, silica
cemented beds, oxidized, iron rich, fractured and permeable in
some intervals;

lower part (Fountain Fm.) from 2,633-2,764 feet consists of dark
reddish brown siltstone and sandstone with light gray sandy
limestone; siltstone consists of fine to very fine grained sand in
siltstone matrix, ferruginous, light gray iron reduction spots or
beds give mottled appearance, oxidized; sandstone consists of
fine to medium grained quartz sand that is angular to subangular
in shape, moderately sorted, calcite cemented

For the surface casing,
Weston initially piloted a 7
7/8" borehole using direct
rotary methods with
bentonitic drilling fluids to a
depth of 147 feet. This
hole was reamed to 17 1/2"
to a depth of 126 feet.

LA measured depth to
water of 245.00 feet on
May 25, 2011. Including
stickup of 1.70 feet,
groundwater elevation for
the Casper Aquifer at this
location is 6,946 feet.

Drilling rates for the 12 1/4"
borehole ranged from 3.7 to
13.6 feet per hour.

Weston encountered lost
circulation conditions at 67
and 96 foot depths. Due to
slow drilling condtions in
the Chugwater Formation,
Weston elected to drilla 7
7/8" pilot hole to the Casper
top from a depth of 731
feet. LA directed Weston to
stop drilling the pilot hole

at a depth of 1,873 feet.
Drilling rates for the 7 7/8"
pilot hole ranged from 3.8
to 12.0 feet per hour.

Deviation between 203 and
1,165 Ft.: Increased from
3/4 to 9.5 degrees over this
interval, Out 3 1/2 degrees
@ 760 Ft.

Deviation @ 1,200 Ft.: Out
14+ degrees

Deviation @ 1,385 Ft.: Out
14+ degrees

Deviation @ 1,700 Ft.: Out
14+ degrees

Drilling rates for the 7 7/8"
production borehole ranged
from 3.9 to 17.6 feet per
hour.

2,117 Ft.: Measured flume
discharge at 30 gpm
(adding ~5 gpm)
2,136-2,196 Ft.: Possible
fractured zone indicated by
faster drilling rates
2,258-2,288 Ft.: Possible
fracture zone indicated by
faster drilling rates

2,336 Ft.: Measured flume
discharge at 90-140 gpm
2,445 Ft.: Measured flume
discharge at 272 gpm

2,536 Ft.: Measured flume
discharge at 233 gpm,
pink/cream in color

2,633 Ft.: Discharge turned
dark red at this point,
Weston air package less
than full strength

Notes: The test well was drilled under Wyoming State Engineer's Office Permit No. U.W. 191983 near CSAMT Station 1275 on the Goose Creek geophysical line. This figure presents
the well completion details for Goose Creek 2-2C, an 8 5/8 inch diameter test well that was drilled on the Belvoir Ranch in the Goose Creek drainage. The well was drilled with direct mud
rotary techniques through the overlying formations and into the Casper Formation. Following geophysical logging and 8 5/8 inch casing installation, Weston drilled through the Casper
Formation with direct air rotary techniques to evaluate well yield and water quality conditions. The well was developed via airlifting techiques for 16 hours following well completion, and
yielded between approximately 40 and 170 gpm. Final water quality parameters upon completion of development included the following: pH = 8.31; temperature = 18.1C; electrical
conductivity = 277 uS. Subsequent stepped and constant rate testing of the well indicated it would yield up to 250 gpm. The constant rate test lasted 7 days, and while started at 200
gpm, the discharge rate had to be reduced to 100 gpm after 14 hours.

FIGURE 3.5 GOOSE CREEK 2-2C WELL COMPLETION
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Well Name:Lone Tree Fault 1-5

Drilling Method: Direct Air/Mud Rotary
Logged by: M. Stacy

Total depth: 2,441 Ft.

Ground Elev.: 7,272 Ft.

Project:  Belvoir Ranch Casper Aquifer Test Wells
Location: T13N, R69W, Sec. 20SWSW

Drilled by: Weston Engineering, Inc.

Date started:  3/6/2011

Date completed: 4/19/2011

<+~ Lidstone and
Associates, Inc.

Engineering, Geology, & Water
Resource Consulting

Lidstone and Associates, Inc.

. Caliper 16" Resistivity Density
@ 5 in 20(]|0 Ohms 100 | 0.0 (g/cc) 3.0
Q
£ Well Construction Lithology Remarks
=% " Lo
3 Gamma 64" Resistivity Neutron
0 cps 120 |0 Ohms 100| (0.0 (% Porosity) 100.0
Spon. Potential Pt. Resistivity
20 mVs 125|(Q Ohms 100
0 -
0-154 Ft: 17 1/2" N 41| 0-131 Ft: OGALLALA FORMATION: red, black, white For the surface casing,
50 Borehole g | COnglomerate and sandstone interbedded with light gray siltstone || Yeston initially piloted a 7
advanced using * * *|| and mudstone; conglomerate and sandstone are arkosic, 7/8" borehole using direct
100 direct rotary granitic, and well cemented with silica rotary methods with
methods with . bentonitic drilling fluids to a
150 bentonitic drilling | ==~ | 131.340 Ft.. MORRISON FORMATION: medium to dark gray depth of 235 feet. This
fluids — || shale, sandy siltstone, and siltstone; variegated (purplish gray, hole was reamed to 17 1/2
200 000 = f ; f to a depth of 154 feet
0-151 Ft.: 13 3/8" ___ || greenish gray, light red, orange, tan); calcareous; reduced; thin .
250 AP| H-40 Steel — interbedded limestone beds LA measured depth to
surface casing — 3 water of 210.59 feet on
300 == 0-151 Ft.: 115 E—— May 25, 2011. Including
= Sacks neat — stickup of 1.40 feet,
= ( cement U roundwater elevation for
350 340-480 Ft.: SUNDANCE FORMATION: yellowish tan and white ?he Casper Aquifer is 7,063
400 sandstone and silty sandstone; calcite cemented; fine to medium feet. ’
151-1,636 Ft.: 12 grained quartz sand, moderately sorted, oxidized; few anhydrite
450 ;fj‘t/aaggzhﬁls?ng beds or vein fillings; some hydrocarbon staining; permeable 385 Ft.: Weston losing
h circulation
500 - drect rotary | 480-1,020 Ft.: CHUGWATER FORMATION: dark red silty Deviation @ 435 Ft.: Out 2
’i; bentonitic drillin sandstone, sandy siltstone, sandstone, and shale; ferruginous; 1/4 degrees
550 —— fluids 9 calcareous; sand is fine to very fine grained; well cemented;
600 ‘= oxidized; few greenish gray iron reduction spots and/or beds;
a 0-1634.5Ft.: 8 trace mica and black lithic material; anhydrite vein fillings; some
650 e 5/8"‘ APi J-Sé hydrocarbon staining; gypsum; some thin limestone/dolomite
= interbeds; stick
700 = = *hf”eadzd tam: Y Deviation @ 655 Ft.: Out 7
=— D collered stee degrees
= © casing; 24 Ibs/ft
750 i © (0.264" thick);
c ;
o placed with
800 — S centralizers every [—_—
3 _g 200 feet and a 7 Deviation @ 810 Ft.: Out 6
850 = o float shoe T degrees
= o T Drilling rates for the 12 1/4"
900 = = .
== © C— borehole ranged from 1.8 to
=1 0 0-1,634.5 Ft.: 265 | 17.2 feet per hour.
950 = ® Sacks Extreme [ o] Weston utilized a PDC bit
-4 Lite cement 7] on this well between depths
1000 _E—: followed by 230 —— of 878 and 948, and 1,014
1050 = sacks Type G, —— | 1,020-1,332 Ft.: GOOSE EGG FORMATION: dark red shale and || and 1,608 feet.
. pressure N\ siltstone interbedded with white gypsum and anhydrite, and light
1100 cemented in place | === 5| gray limestone; shale and siltstone are non to very calcareous, Deviation @ 1,086 Ft.: Out
by Basic Energy N\ \| ferruginous, sticky, oxidized, gypsiferous, and include greenish 14+ degrees
1150 Services. After I_ | gray iron reduction spots; massive gypsum and anhydrite beds
displacing cement NN (1,060-1,084; 1,110-1,131; and 1,174-1,200 feet), chalky,
1200 to thg pit, B_aSIC sl [ sucrosic, gritty; Forelle Member (marker bed from 1,131-1,200
1250 lost circulation | — — 1| feet)includes 20 feet of light gray, hydrocarbon stained
prior to finishing —— | limestone (1,131-1,151 Ft.) overlying 23 feet of dark gray/white
ﬂje cement ___ || gypsiferous shale, and 26 feet of reddish brown gypsiferous Deviation @ 1,272 Ft.: Out
1300 displacement " ~| shale and white/light gray gypsum and anhydrite beds 14+ degrees
through the —
1350 casing. Afterthe = =—| 1,332-1,615 Ft.. SATANKA FORMATION: dark red shale and
1400 initial cement had 7= =7 | siltstone; sticky; ferruginous; oxidized; slightly to very calcareous;
set, Weston greenish gray iron reduction spots; gypsum; few thin sandstone
1450 pressure interbeds; some hydrocarbon staining; fracture at 1,603 feet
cemented the -
1500 upper 100 feetof | 222 Deviation @ 1,488 Ft.: Out
the annular space | —— ’
. — — 14+ degrees
1550 with 55 sacks of [ ——=
neat cement,and [ —— 4
1600 had good returns  f———1
at surface. T ) 1,603 Ft: Lost circulation in
1650 PN u 1,615-2,441 Ft.. CASPER FORMATION: upper part (Ingleside Satanka Fm.
N Fm.) from 1,615-2,336 feet consists of light gray, pink, purplish
1700 N gray, light red dolomitic limestone and light red, orange, white
o sandstone interbedded with limestone, siltstone, and silty
1750 || sandstone; dolomitic limestone reaction with HCl increases in
| intensity with time, crystalline to sandy in texture, manganese
1800 | dendrites, few calcite lined fractures and crystals, few iron 1,783 Ft.: Measured flume
... || oxidized spots, vuggy, oolitic in some beds; sandstone consists discharge at 37 gpm
1850 | of well sorted, fine to very fine grained subrounded quartz sand
| that is calcite cemented, silica cemented beds, oxidized, iron
1900 o e rich, some fine grained arkosic gravel in some beds;
1950 2 T 1,938 Ft.: Measured flume
2000 g [ discharge at 73-215 gpm
a 1,634.5-2,441 Ft.:
c "
7 7/8" Borehole . .
2050 o - o e e
@) gﬁéi?&?tgrusmg | 2,065 Ft.: Measured flume
2100 P methods ar):d L discharge at 128-164 gpm
2150 ',: compressed air |
drilling fluids i
2200 !
d 2,209 Ft.: Measured flume
2250 | | discharge at 149-157 gpm
2300 C | Drilling rates for the 7 7/8"
2350 2,324-2,441 Ft.: R production borehole ranged
Borehole .. .|| lower part (Fountain Fm.) from 2,336-2,441 feet consists of dark from 4.6 to 9.7 feet per
2400 collapsed below .*." .|| reddish brown silty sandstone and sandy siltstone; fine to very hour.
2,324 feet as of fine grained quartz sand, ferruginous, light gray iron reduction
2450 - 5/25/11 spots or beds; oxidized; few thin limestone and coarse 2,425 Ft.: Measured flume
sandstone beds discharge at 128-172 gpm
2500

Notes: The test well was drilled under Wyoming State Engineer's Office Permit No. U.W. 193944 at CSAMT Station 1875 on the Lone Tree Creek Fault geophysical line. This figure
presents the well completion details for Lone Tree Fault 1-5, an 8 5/8 inch diameter test well that was drilled on the Belvoir Ranch northeast of the Lone Tree Creek Fault. The well was
drilled with direct mud rotary techniques through the overlying formations and into the Casper Formation. Following geophysical logging and 8 5/8 inch casing installation, Weston drilled
through the Casper Formation with direct air rotary techniques to evaluate well yield and water quality conditions. The well was developed via airlifting techiques for 8 hours following well
completion. Final water quality parameters upon completion of development included the following: pH = 8.23; temperature = 15.3C; electrical conductivity = 234 uS. Subsequent
stepped and constant rate testing of the well indicated it would yield up to 125 gpm. The constant rate test was conducted for 7 days at a discharge rate of 75 gpm.

FIGURE 3.6 LONE TREE FAULT 1-5 WELL COMPLETION



jhf
Group

jhf
Line

jhf
Line


Depth to Water (ft)

Figure 4.1
Wyoming Water Development Commission
Duck Creek 3-1 Stepped Rate Test, 8/21/10
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Figure 4.2

Wyoming Water Development Commission
Goose Creek 2-2C Stepped Rate Test, 3/11/2011
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Figure 4.3

Wyoming Water Development Commission
Lone Tree Fault 1-5 Stepped Rate Test, 5/26/11
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Figure 4.4

Wyoming Water Development Commission
Belvoir Ranch Casper Aquifer Wells
Specific Capacity Curve Comparison
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Wyoming Water Development Commission
Duck Creek 3-1 Constant Rate Test, 8/22-29/2010

Figure 4.5
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Wyoming Water Development Commission

Figure 4.6

Duck Creek 3-1 Constant Rate Test Recovery, 8/29-9/8/2010
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Water Level Elevation (Ft. AMSL)

Figure 4.7
Wyoming Water Development Commission
Duck Creek 3-1 Testing, Observation Well
Water Level Elevation 8/21-29/10

6980

: ____.‘Hllh---l—|h\.‘k\ﬁ.-\
6979 -

~

6978 \\\

6977

(o))
V]
~
(o))

—&— Duck Creek #1 (2,370 feet)

6975

6974

8/20/10 8/21/10 8/22/10 8/23/10 8/24/10 8/25/10 8/26/10 8/27/10 8/28/10 8/29/10 8/30/10
Date




Depth to Water (ft)

Figure 4.8

Wyoming Water Development Commission

Goose Creek 2-2C Constant Rate Test, 3/12-19/2011
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Wyoming Water Development Commission

Figure 4.9

Goose Creek 2-2C Constant Rate Test Recovery, 3/19-25/2011
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Figure 4.10
Wyoming Water Development Commission
Goose Creek 2-2C Testing, Observation Wells
Water Level Elevations 3/3-25/2011
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Wyoming Water Development Commission
Lone Tree Fault 1-5 Constant Rate Test, 5/27-6/3/11
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Figure 4.12
Wyoming Water Development Commission
Lone Tree Fault 1-5 Constant Rate Test Recovery, 6/3-6/10/11
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Water Level Elevation (Ft. AMSL)
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Figure 4.13
Wyoming Water Development Commission
Lone Tree Fault 1-5 Testing, Observation Wells
Water Level Elevations 5/25-6/10/11
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Table 1.1 Existing Casper Aquifer Test Wells at Belvoir Ranch

5 . Surface Well Depth to Casper Casper Depth to Well
Permit Well Location . . A .
No.t Well Name (T, R, Sect.) Elevation Depth Formation Top Formation Water Yield
) s T SR (ft. AMSL) (ft) (ft) Thickness (ft)* (ft)* (gpm)’
T13N, R69W,
P168921W Lone Tree No. 1 Sect. 17 SWNE 7105 1348 382 961 64.00 600
T13N, R69W,
P168918W | Duck Creek No. 1 Sect. 31 NWSW 7197 1130 50 1080+ 222.76 24
T13N, R69W,
P168920W Kennedy No. 2 Sect. 17 NESW 7065 985 - -- - -
Notes:
1. Permit number on file with the Wyoming State Engineer’s Office.
2. Surface elevation estimated from Cheyenne Board of Public Utilities 5-foot contour interval data for Belvoir Ranch.
3.  +indicates Casper Formation was not fully penetrated, and is therefore thicker than this number shown.
4.  Depth based on 5/25/11 water level measurements.

5.  Well yield based on aquifer testing of Lone Tree No. 1 and airlift development of Duck Creek No. 1
-- Indicates Casper Formation was not encountered, nor was well completed into the Casper Formation.
Table compiled from data contained in Lidstone and Associates, Inc. 2008, and States West Water Resources Corporation 2006.

Table 1.2 Casper Aquifer Exploration Timeline

Timeframe Exploration Activities

6/2009 Received Notice to Proceed and initiated work on the project.
Completed reconnaissance level geologic and hydrogeologic fieldwork, and delivered compiled

7/2009 2005 and 2009 field data to AMEC and Zonge for inclusion, overlay, and planning on geophysical
data acquisition.

8/2009 Identified and finalized the geophysical line locations, and Zonge completed the seismic
reflection survey of the lines.

9/2009 Zonge completed the CSAMT resistivity survey of the lines, and LA distributed environmental
reporting letters to appropriate state and federal agencies.

11/2009 Presented results of geologic and geophysical work to WWDC and the BOPU, along with

potential test well site options.

Finalized test well site options and delivered test program development letter to WWDC and the
BOPU. Submitted U.W. 5 applications for the test well sites to the Wyoming SEO, Permit to
Construct applications to DEQ, and WYPDES applications to DEQ for aquifer test discharge.
Obtained and submitted wildlife and archaeological reports for test well sites to appropriate
agencies.

Finalized well bidding documents, advertised for bids, and opened bids. Contracted Weston
Engineering to complete the test wells.

Drilled, completed, geophysically logged, developed, and test pumped Duck Creek 3-1. LA and
Zonge revised drilling depth projections and geophysical interpretation on other seven potential
test well sites and geophysical lines. Met with WWDC to finalize location of second test well site.
Drilled, completed, geophysically logged, and developed Lone Tree Fault 1-2. Obtained
archaeological clearance and filed U.W. 5 applications on two additional drill sites. Revised
geophysical interpretations and met to finalize location of third test well site. Added completion
of one additional well to Weston’s contract.

Drilled, completed, geophysically logged, developed, and test pumped Goose Creek 2-2C.
Revised geophysical interpretations and met to finalize location of the fourth test well site.

12/2009-2/2010

3/2010-4/2010

5/2010-8/2010

8/2010-10/2010

10/2010-3/2011

Drilled, completed, geophysically logged, developed, and test pumped Lone Tree Fault 1-5.
Developed and presented list of options and costs to WWDC and the BOPU for further
exploration work given remaining budget. Obtained downhole video surveys of test wells.
Obtained water levels on all Casper Aquifer wells on the ranch on May 25, 2011.

3/2011-6/2011

10/2011 Weston completed restoration of the test well sites.

Lidstone and Associates, Inc. Tables
June 2012 1
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Table 2.1 Stratigraphic Column

System GeJrl‘?tg'c Symbol1 Thl(cfl:;Izess Lithologic Description3 H\/cdhr:ii(:(l;:sglc Remarks
Quaternary Alluvium Qa 0-27 lenticular beds in drainages that consist of dark brown, black Minor Aquifer Areal extent limited to
silty sand and black, red, white sandy gravel; sand is loose; major drainages.
coarse gravel
Ogallala To 0-131 red, black, white, pink, and yellow conglomerate and Major Aquifer Predominant geologic
Formation sandstone; conglomerate is arkosic, calcite or silica cemented; cover of post-Casper
sandstone is medium grained, quartz and granitic in Formation bedrock at
composition Belvoir Ranch.
Tertiary White River | Twr 0-315 tan and pinkish brown siltstone and clayey siltstone with thin Aquitard with Outcrops at Belvoir
Formation interbedded yellow, white, and orange sandstone; siltstone discontinuous major Ranch, but subcrop is
contains very fine grained quartz sand, clayey beds are sticky; Aquifers discontinuous.
sandstone composed of fine to medium grained quartz sand,
possibly iron cemented, goethite coatings
Pierre Kp 4,430+ dark gray shale with thin to moderately thick, sometimes Major Aquitard No outcrop on Belvoir
Shale persistent sandstone beds Ranch.
Niobrara Kn 340 black or gray calcareous shale, and light colored limestone and Aquitard No outcrop on Belvoir
Formation chalk Ranch.
Frontier Kf 575 dark gray to black shale with interbedded thin, lenticular, tan to | Aquitard with minor No outcrop on Belvoir
Formation gray sandstone and thin bentonite beds discontinuous Ranch.
Aquifers
Mowry Kmr 80 dark gray to black siliceous shale, weathers silver gray, contains | Aquitard No outcrop on Belvoir
Shale bentonite beds and fish scales Ranch.
Newcastle Knc 40 tan to gray sandstone, crossbedded, fine to coarse grained Minor Aquifer Limited outcrop in
Sandstone Section 30 of T13N,
Cretaceous ;
R69W. With Skull
Creek and Cloverly,
correlates to Dakota
Group in northern
Colorado.
Skull Creek | Ksc 140 dark gray to black fissile shale with thin bentonite and Aquitard Poor outcrop at
Shale sandstone, ironstone concretions Belvoir Ranch.
Cloverly Kev 110 light gray sandstone and dark red, yellow, light gray shale; Minor Aquifer Limited outcrop in
Formation sandstone is fine to medium grained, well sorted, quartz, well Section 30 of T13N,

cemented with silica, fractured, trace hydrocarbon staining;
shale is variegated, dry, soft, with fine grained sand intermixed

R69W.

Lidstone and Associates, Inc.

June 2012
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Table 2.1 Stratigraphic Column

System GeJrl‘?tg'c Symbol1 Thl(cfl:;Izess Lithologic Description3 H\/cdhr:ii(:(l;:sglc Remarks
Morrison Jm 270 dark gray shale and greenish gray sandy shale with minor light Aquitard No outcrop on Belvoir
Formation gray silty sandstone; shale is variegated (red, yellow, greenish Ranch.
gray, light green, purple), well consolidated, waxy, with a few
Jurassic thin limestone and red sandstone interbeds
Sundance Js 140 tan sandstone and silty sandstone; calcite cemented, well Minor Aquifer No outcrop on Belvoir
Formation sorted, fine to very fine grained, 98% quartz, subrounded, iron Ranch.
stained; silty in some beds and slightly carbonaceous with gray
sandstone or sandy shale near base
Triassic Chugwater | Trc 540 dark red and reddish orange sandy siltstone, siltstone, shale, Aquitard with No outcrop on Belvoir
Formation and clayey siltstone; non to very calcareous; contains light gray | discontinuous minor Ranch. With Goose
iron reduction spots or thin gray siltstone beds; ferruginous; Aquifers Egg Formation,
gypsum intermixed or lining fractures; sticky; sand is fine to correlative with Lykins
very fine grained Formation in northern
Colorado.
Triassic Goose Egg TrPg 270 dark red silty shale, siltstone, and clayey siltstone interbedded Aquitard No outcrop on Belvoir
Permian Formation with dark gray dolomite, tan limestone, and anhydrite; non to Ranch.
very calcareous, very fine grained sand intermixed, gypsum,
and iron reduction spots; dolomites are crystalline in texture,
vuggy, and often associated with gypsum or anhydrite; Forelle
Member is a marker bed and consists of interbedded
limestone, dolomite, siltstone, gypsum, and/or anhydrite beds.
Permian Satanka Ps 340 dark red and maroon sandy siltstone, shale, and sandstone; Aquiclude Limited outcrop in
Formation indurated siltstone with fine grained sand and sandstone Sec. 30, T13N, R69W.

interbeds, thin anhydrite and dolomite beds, iron reduction
spots; non to slightly calcareous; ferruginous; gypsum; thin
reddish orange well sorted quartz sandstone interbeds

Correlative with Owl
Canyon Formation of
northern Colorado.

Lidstone and Associates, Inc.

June 2012
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Table 2.1 Stratigraphic Column

System GeJrl‘?tg'c Symbol1 Thl(cfl:;Izess Lithologic Description3 H\/cdhr:ii(:(l;:sglc Remarks
Permian Casper PIPcf 895 Upper part consists of light gray, white, and pinkish gray Major Aquifer. Yields Upper and lower
Pennsylvanian | Formation dolomitic limestone, and light red sandstone interbedded with up to 700 gpm to portions correlative
limestone, sandy limestone, and minor siltstone beds; dolomitic | wells completed on with Ingleside and
limestone is crystalline, vuggy, manganese dendrites, calcite Belvoir Ranch, and up Fountain Formations,
lined fracture surfaces; sandstone consists of fine to very fine to 875 gpm to Granite | respectively, in
grained subrounded to subangular quartz sand that is calcite Springs. northern Colorado.
cemented and well sorted, silica cemented beds, iron rich,
fractured. Thickness of upper unit varies from 198 to 895 feet.
Lower part consists of dark reddish brown siltstone and
sandstone with sandy limestone; siltstone contains fine to very
fine grained sand, ferruginous, light gray iron reduction spots or
beds; sandstone consists of fine to medium grained quartz sand
that is angular to subangular, moderately sorted, calcite
cemented; interfingers with upper portion and pinches out to
the north. Thickness of lower unit varies from 100 to 725 feet.

Precambrian Sherman Ys, Xsv Unknown Pink to orange, medium to coarse grained, biotite hornblende Minor Aquifer Only encountered in

Granite granite, syenogranite, quartz monzonite, and granodiorite with one borehole drilled

metasedimentary and metavolcanic rocks including schist, felsic
gneiss, granite gneiss, and layered amphibolites.

to date at Belvoir
Ranch.

Notes: ' — Symbols used either on geologic maps or cross sections included with this report.
% _ Thickness shown is considered to be the average of measurements mapped in the local area. Along with test well data, these were used to prepare geologic cross sections at Belvoir Ranch.
Thicknesses observed in the test wells reflect nonhorizontal bedding conditions, as well as varying unit thicknesses across the site.
3_ In addition to data obtained during this study, this table was compiled from the following references: Brady, 1949; Chronic, 1955; Courtright and Braddock, 1989; Houston and Marlatt, 1997; Libra
and others, 1981; Lidstone and Associates, 2008; Lowry and Crist, 1967; McGookey, 1952; States West Water Resources Corporation, 2006; Swenson, 1980; Ver Ploeg and Boyd, 2007; and Wyoming
Oil and Gas Conservation Commission, 2010.

Lidstone and Associates, Inc.

June 2012
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Table 2.2

Prospective Casper Aquifer Test Well Drilling Sites, December 2009

Prospect Name Lone Tree 5-4 Lone Tree 5-2 Lone Tree Fault 1-2 Lone Tree Fault 1-4 Goose Creek 2-2 Goose Creek 2-3 Duck Creek 3-1 Duck Creek 3-3
Location (T, R, & Section) T13N, R6SW, Sec. 1I6NWSW T13N, R6SW, Sec. 17NESE T13N, R6SW, Sec. 30NENW T13N, R6SW, Sec. 19SESE T13N, R69W, Sec. 30SESE T13N, R69W, Sec. 29SWSW T13N, R6SW, Sec. 31SWNE T13N, R69W, Sec. 31SESE
Location (Latitude, Longitude) 41.095398; -105.134891 41.095266; -105.139951 41.072592;-105.164142 41.075106; -105.157503 41.062557; -105.158069 41.062162; -105.153037 41.054088; -105.161585 41.048293; -105.157356
|Resistivity Station 975 550 650 1275 1375 1800 1525 775
Surface Elevation (Ft. AMSL) 7060 7075 7350 7335 7195 7200 7295 7285
Structural Compartment Lone Tree Lone Tree Lone Tree/Duck Creek Lone Tree Duck Creek Duck Creek Duck Creek Duck Creek
Relative

GEOLOGIC RANKING CRITERIA Rating (R) Importance (RI) Rating (R) Product =R*RI Rating (R) Product =R*RI Rating (R) Product =R*RI Rating (R) Product =R*RI Rating (R) Product =R*RI Rating (R) Product =R*RI Rating (R) Product =R*RI Rating (R) Product =R*RI
Structural Permeability Enhancement 1,3,5 1 1 1 1 1 1 1 3 3 3 3 1 1 3 3 3 3
Geophysical Seismic Signature (bright spot) 1,3,5 1 1 1 1 1 3 3 1 1 1 1 1 1 1 1 3 3
Geophysical Resistivity Signature (low) 1,3,5 1 1 1 3 3 3 3 1 1 3 3 1 1 3 3 1 1
Depth to Water 1-3 2 1 2 1 2 3 6 2 4 2 4 2 4 3 6 3 6
Depth to Top of Casper 1-3 2 2 4 1 2 2 4 2 4 1 2 3 6 1 2 1 2
Anticipated Drilling Depth through Casper Formation 1-3 3 1 3 1 3 1 3 1 3 1 3 3 9 1 3 1 3
Hydrologic Sustainability, recharge 1-3 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2
Cumulative Rating 8 9 14 11 13 13 14 14
Hydrogeologic/Geophysical Rating 3 5 7 5 7 3 7 7
DRILLING PRIORITIZATION 4A 3 2A 2B 1 4B
Weighted ranking system = sum(R*RI)

QUALITATIVE SCORE Score = 13 Score = 13 Score = 21 Score = 17 Score = 18 Score = 24 Score = 20 Score = 20
COST RANKING CRITERIA Units Units Amount Units Amount Units Amount Units Units Amount Units Amount Units Amount Units Amount
Capital costs for test well driIIing1 S S $342,400 S $270,400 S $299,200 S $326,400 S $262,400 S $500,000 S $260,000 S $220,000
Capital costs for production well driIIingz S S $535,000 S $422,500 S $467,500 S $510,000 S $410,000 S $781,250 S $406,250 S $343,750
Estimated test well/production well completion depth Ft Ft 2,140 Ft 1,690 Ft 1,870 Ft 2,040 Ft 1,640 Ft 3,125 Ft 1,625 Ft 1,375
Estimated per well production rate GPM GPM 500 GPM 500 GPM 500 GPM 500 GPM 500 GPM 500 GPM 500 GPM 500

Lower rating for better alternative: 1=Best, 5=Worst

Relative Importance: 1=Most, 5=Least

Maximum Score= 55
Minimum Score = 11

Lidstone and Associates, Inc.
June 2012

Notes: ‘Estimated test well drilling costs ($160/ft) include 6 3/4" diameter hole through Casper Formation, geophysics, well development, and aquifer testing. Based on recent 2,800' Wamsutter No. 9 bid (8.625" Casing, May 2009).

%Estimated production well drilling costs ($250/ft) include 9 7/8" diameter hole through Casper Formation, geophysics, well development, and aquifer testing. Based on recent 2,400' Bighorn Regional bid (10.75" casing; October 2009).

Estimated costs are for drilling contractor only and do not include any associated engineering expenses.
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Table 3.1
Summary of Casper Aquifer Test Wells on Belvoir Ranch

L ) , | Line/csamT Surface |\ il Casing | Well Depth | Aticipated Depth | Anticipated Depthto | Actual Depthto | Top of Casper Casper Upper Casper | LowerCasper |\ oo | pate/Time prw | C2sPerAquifer | Well
Permit No. Well Name Well Location (T, R, Sect.) station® Elevation sticku (ﬂ)5 () to Casper Fm. Top - Casper Fm. Top - Casper Formation Formation Formation Formation Formation Water (ft)w Measured™® Water Level Yield
(f)* P Geologic (ft) Geophysical (ft) Top (ft)° Elevation (ft)’ | Thickness (ft)® | Thickness (ft) | Thickness (ft)’ Elevation (ft)" | (gpm)"
P168921W Lone Tree No. 1 T13N, R69W, Sect. 17 SWNE - 7105 2.55 1348 - - 382 6723 961 848 113 64.00 5/25/11; 18:30 7044 600
P168918W Duck Creek No. 1 T13N, R69W, Sect. 31 NWSW - 7197 2.25 1130 - - 50 7147 1080+ 890 190+ 222.76 5/25/11; 17:43 6976 24
P191981W Duck Creek 3-1 T13N, R69W, Sect. 31 SWNE 3/1525 7296 2.42 3178 650-800 525 1492 5804 1686+ 1188 498+ 412.33 5/25/11; 17:29 6886 200
P191987W Lone Tree Fault 1-2 T13N, R69W, Sect. 30 NENW 1/650 7349 1.76 2042 2456 1546 1085 6264 957+ 765 192+ 337.14 5/25/11; 16:01 7014 30
P191983W [Goose Creek 2-2C T13N, R69W, Sect. 30 SESE 2/1275 7189 1.70 2764 2053 1030 1849 5340 915+ 784 131+ 245.00 5/25/11; 17:16 6946 100
P193944W Lone Tree Fault 1-5 T13N, R69W, Sect. 20 SWSW 1/1875 7272 1.40 2441 1020 570 1615 5657 826+ 721 105+ 210.59 5/25/11; 15:47 7063 75
Notes:

1 - Permit number on file with the Wyoming State Engineer's Office.

2 - Well locations shown on Figure 2.1, relative to geophysical line locations.

3 - Line and CSAMT station number from original Zonge 2009 geophysical data collection. Line and station locations shown on Figure 2.1 and in Appendix C. -- Symbol indicates site located off geophysical line.
4 - Surface elevation estimated from Cheyenne Board of Public Utilities five foot contour interval data for Belvoir Ranch. Elevation above mean sea level.

5 - Height of casing sticking above ground level.

6 - Depth to top of the upper part of the Casper Formation.

7 - Elevation calculated from unsurveyed surface elevation at respective wellhead and depth to Casper Formation top. Used to prepare Casper Formation structure contour map shown on Figure 6.1.
8 - + indicates Casper Formation was not fully penetrated, and is therefore thicker than this number shown due to changing formation thicknesses, bedding attitudes, or both.

9 - + indicates lower portion of the Casper Formation was not fully penetrated, and is therefore thicker than this number shown.

10 - These data were used along with stream sinks and Granite Springs to prepare the Casper Aquifer potentiometric surface map shown on Figure 6.6.

11 - Well yield based either on aquifer testing or airlift development of well.

In addition to data obtained during this investigation, this table was compiled from data contained in Lidstone and Associates, 2008, and States West Water Resources Corporation, 2006.

Lidstone and Associates, Inc. Tables Cheyenne Belvoir Ranch
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Table4.1  Casper Aquifer Test Well Stepped Rate Test Summaries, Belvoir Ranch

Date Discharge | Depth t01Water Drawd?wn Sc , pH Electrical Conductivity | Temperature
(gpm) (ft) (ft) (gpm/ft) (1S/cm) (°c)
Lone Tree No. 1
3/1/2006 99 110.02 1.72 58.1 8.22 270 10.3
3/1/2006 200 111.95 3.65 54.7 7.86 271 10.2
3/1/2006 300 113.80 5.50 54.5 7.95 264 10.2
3/1/2006 400 116.12 7.82 51.1 7.95 266 9.3
3/1/2006 500 119.03 10.73 46.6 7.95 270 9.3
3/1/2006 600 122.43 14.13 42.5 7.96 267 9.1
3/1/2006 663 124.56 16.26 40.8 7.92 268 8.9
5/31/2007 411 116.90 24.85 16.5 - - -
5/31/2007 504 127.70 35.65 14.1 - - -
5/31/2007 600 141.50 49.45 12.1 - - -
5/31/2007 702 159.23 67.18 10.4 - - -
Duck Creek 3-1
8/21/2010 75 469.86 51.06 1.47 7.3 - 20
8/21/2010 150 571.69 152.89 0.98 7.8 - 20.0
8/21/2010 225 731.84 313.04 0.72 7.8 - 20.1
8/21/2010 300 914.78 495.98 0.60 7.8 -- 20.3
Goose Creek 2-2C
3/11/2011 100 423.33 146.67 0.68 7.78 286 17
3/11/2011 150 552.31 275.65 0.54 7.85 261 19.8
3/11/2011 200 702.95 426.29 0.47 7.85 264 19.9
3/11/2011 250 877.29 600.63 0.42 7.93 262 20.2
Lone Tree Fault 1-5
5/26/2011 50 406.01 196.72 0.25 8.35 223 14.8
5/26/2011 100 696.83 487.54 0.21 7.80 235 16.5
5/26/2011 125 895.19 685.91 0.18 7.85 235 16.6
Notes:
1. Depth to water represents dynamic water level conditions at the end of each step during the test.
2.  Drawdown at the end of each step, generally 60 minutes.
3. Specific capacity for the well at the end of each step. Equal to discharge divided by drawdown.
-- Symbol indicates data either not available or not estimated.
Both Duck Creek No. 1 and Lone Tree Fault 1-2 were not aquifer tested due to their relatively low yield during well development.
In addition to data collected during this study, this table includes data from the following references: States West Water Resources
Corporation, 2006; and Lidstone and Associates, Inc., 2008.

Lidstone and Associates, Inc. Tables Cheyenne Belvoir Ranch
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Table 4.2 Casper Aquifer Test Well Constant Rate Test Summaries, Belvoir Ranch

Discharge® Detgth Cased Pump Drawdown s’ Transmissivity® Hydraulic 6 Storage Sand Plzf:;gi:g
Well No. Date (gom) Water Deptgh Depth (ft)" (gpm/ (gpd/ft) Conductivzity Coefficient® Production Rate
()’ (ft) Setting (ft)a ft) (gpd/ft’) (ppm) (gom)
gpm
Lone Tree No. 1 3/2-4/2006 600 108.45 387 378 17.15 35.0 81,000 95.5 - 0.37 600
Lone Tree No. 1 6/1-7/1/2007 600 92.05 387 378 71.28 8.4 43,900 51.8 - 0.07 600
Duck Creek 3-1 8/22-29/2010 200 418.83 1,518.5 967 437.05 0.45 860 0.72 0.00035 0.56 200
Goose Creek 2-2C 3/12-19/2011 200/100 276.66 1,873 967 521.73 0.19 1,190 1.1 0.00021 0.01 100
Lone Tree Fault 1-5 5/27-6/3/2011 74 209.59 1,634.5 907 572.15 0.13 160 0.21 - Trace -
Notes:
1. Discharge for Goose Creek 2-2C test had to reduced from 200 to 100 gpm after 14 hours to avoid drawing the water level down to the pump intake prior to test completion.
2.  Depth to water represents static water level conditions at the time of testing.
3. Amount of 8 5/8 inch diameter test well casing, shown relative to depth to water, drawdown, and pump setting depth.
4.  Drawdown at the end of each test period (approximately 48 hours, 7 days, or 30 days after the start).
5.  Specific capacity for the well at the end of the test period. Equal to discharge divided by drawdown.
6.  Hydrogeologic parameters derived from pumping or recovery data for pumping well, or observation well. Hydraulic conductivities based on thickness of upper portion of Casper
Formation. Storage coefficients calculated from observation well data.
A. Pump settings were the same for both the stepped and constant rate tests.
-- Symbol indicates data either not available or not estimated.
Both Duck Creek No. 1 and Lone Tree Fault 1-2 were not aquifer tested due to their relatively low yield during well development.
In addition to data collected during this study, this table includes data from the following references: States West Water Resources Corporation, 2006; and Lidstone and Associates, Inc., 2008.
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Table 5.1

Casper Aquifer Water Quality Summary

Analyte EP:::LT:;{:M Granite Springs Lone Tre.e Creek Lone Tree No. 1 Lone Tree Fault 1-2 Lone Trt.ee Fault 1-5 Lone Tre.e Fault 1-5 Goose Crf!ek Goose Freek 2-2C | Goose (Ereek 2-2C L-F #1 Well Duck Cre.ek (Before | Duck Creek No. Duck Freek 3-1 | Duck (Ereek 3-1
A (At Sink) (Midway) (Final) (Before Sink) (Midway) (Final) (W. of Quarry) Sink) 1* (Midway) (Final)
Standards
Water Source - Casper Aquifer Surface Water Casper Aquifer Casper Aquifer Casper Aquifer Casper Aquifer Surface Water Casper Aquifer Casper Aquifer Casper Aquifer Surface Water Casper Aquifer Casper Aquifer Casper Aquifer
T13N, R69W, Sec. 8| T13N, R69W, Sec. | T13N, R69W, Sec. 17 | T13N, R69W, Sec. 30 | T13N, R69W, Sec. 20 | T13N, R69W, Sec. 20 | T13N, R70W, Sec. 25 | T13N, R69W, Sec. 30 | T13N, R69W, Sec. | T13N, R70W, [ T13N, R70W, Sec. 36 [ T13N, R69W Sec. | T13N, R69W, Sec. | T13N, R69W,
Location - NWSE 17 NWSW SWNE NENW SWSW SWSW NESE SESE 30 SESE Sec. 36 NWSW NWSW 31 NWSW 31 SWNE Sec. 31 SWNE
Sample Date - 2/4/2006 2/4/2006 3/3/2006 9/28/2010 5/31/2011 6/2/2011 2/17-24/05 3/15/2011 3/17/2011 1938 2/17-24/05 2/23/2006 8/23/2010 8/26/2010
Water Temp® - - - 9.7 13.5 18.3 18.3 1.5 20.0 17.9 - 2 10.3 20.1 20.1
pH? 6.5-8.5 8.25 8.17 8.43 8.29 7.90 8.02 7.85 7.98 8.08 - 8.35 8.61 7.93 7.95
Conductivity® - 268 190 247 238 224 223 80 265 267 - 145 405 299 308
Calcium - 39.4 26.5 37 29 28 28 37.95 32 30 - 49.52 55.4 35 37
Magnesium - 6.5 4.1 6 9 10 10 6.17 15 13 - 9.95 15.8 14 14
Sodium - 5.7 4.8 6 5 5 5 8.66 5 5 20 14.15 50.4 5.1 5.1
Potassium - 1.8 1.7 2 2 2 2 1.37 1 1 - 3.1 2.2 1.4 1.5
Chloride 250 7 5 7 2 2 2 4.32 - 2 - 4.26 8 3 2
Nitrate 10 - - 0.5 0.4 - 0.4 0.41 - 0.5 1.3 - 0.9 - 0.9
Sulfate 250 18 17 18 7 8 8 19.81 - 7 24 19.27 41 6 7
Fluoride 4 - - 0.9 0.9 - 0.9 0.87 - 0.6 - 0.78 0.9 - 0.6
Carbonate - <1 <1 2 <1 <1 <1 - <5 <1 -- - 5 <1 <1
Bicarbonate - 128 88 117 150 134 135 - 167 169 - - 200 197 199
TDS 500 150 110 144 197 111 143 - 145 147 280 - 252 160 173
Alkalinity - - - 98 123 - 111 - - 138 - - 170 161 163
Iron Related Bacteria® - - - 2300 - 630 3200 - 4300 8600 - - - 170 10000
Hardness - 125 83.1 119 112 111 110 120 142 129 - - 203 145 149
Silica - - - 15 15.8 - 15.6 - - 14.0 - - 15.1 - 15.1
Aluminum, Total 0.2 - - <0.1 <0.1 - <0.1 - - <0.1 - - 0.6* <0.1 <0.1
Arsenic, Total 0.01 - - <0.005 0.002 - 0.002 - - 0.003 - - 0.003* 0.002 0.002
Barium, Total 2 - - <0.1 <0.1 - <0.1 - - <0.1 - - 0.1* <0.1 <0.1
Boron, Total - - - <0.1 <0.1 - <0.1 - - <0.1 - - 0.1* <0.1 <0.1
Copper, Total 1.0 - - <0.01 <0.01 - <0.01 - - <0.01 - - 0.02* <0.01 <0.01
Iron, Total 0.3 - - 0.07 0.1 0.19 0.18 - 0.17 <0.03 - - 0.45* 0.12 <0.03
Lead, Total 0.015 - - <0.001 <0.001 - <0.001 - - <0.001 - - <0.05 0.003 <0.001
Manganese, Total 0.05 - - <0.01 <0.01 - 0.01 - - 0.02 - - 0.12* <0.01 <0.01
Selenium, Total 0.05 - - <0.005 <0.001 - <0.001 - - 0.001 - - 0.002* <0.001 <0.001
Thallium, Total 0.002 - - 0.00004 <0.0004 - <0.0004 - - 0.001 - - - <0.0004 <0.0004
Uranium, Total 0.03 - - <0.001 0.0018 0.0013 0.0013 - 0.0024 0.0026 - - 0.0428* 0.0023 0.0021
Zinc, Total 5 - - <0.01 <0.01 - <0.01 - - <0.01 - - 0.08* 0.01 0.03
Trichloroethene 0.005 - - <0.0005 - - <0.0005 - - <0.0005 - -- - - <0.0005
Gross Alpha5 15 -- -- <3.0 3.2 0.3 2.7 -- 19 1.1 -- -- -- <1 <1
Gross Beta® 50 - - 7.5 3.4 <1 16 - 17 18 - - - 0.9 0.6
Radium 226° - - - <0.2 0.2 0.09 0.08 - 0.36 0.5 - - 0.5 0.2 0.09
Radium 226+228° 5 - - <1.0 2.3 0.6 2.0 - - 0.3 - - - 0.1 0.3
States West
States West Water | States West Water | States West Water States West Water Richter and States West Water | Water Resources,
Source - Resources, 2006 Resources, 2006 Resources, 2006 This Study This Study This Study Resources, 2006 This Study This Study Huntoon (1982) Resources, 2006 2006 This Study This Study
Notes:
A Primary standards shown in bold
Bold and italicized results indicate results exceeds EPA primary standard.
Results listed in mg/l unless noted otherwise.
-- Indicates not applicable or no analytical data available.
< Symbol indicates analyte concentration was below laboratory method detection limit shown.
1 - Temperature in degrees centigrade.
2 - pH reported in standard units.
3 - Conductivity reported in uS/cm.
4 - Reported in terms of CFU/ml.
5 - Reported in terms of pCi/L.
*Sample collected during initial development, metals concentrations reflect acidification of formation material.
Tables Cheyenne Belvoir Ranch
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Table 6.1

Potential Casper Aquifer Well Sites, December 2011

Zonge Casper LA Casper Estimated Well Casper Aquifer
Well Name'! Well Location (T, R, Sect.) Line/CSAMT Station> Surface Eleva:ion (Ft. Formgation E)I'op Formatiorr: Top Depth t'o LA Caspe: Cased WeLI Completion Depth Wat:r Ele?lation Depth tos A.nticipatec:' Estimalt: d Remarks
AMSL) Elevation (ft)* Elevation (ft)° Formation Top (ft) Depth (ft) (") (Ft. AM SL)s Water (ft) Yield (gpm) Cost
Production Wells
LTC1 T13N, R69W, Sect. 17 SWNE - 7100 - 6720 380 400 1280 7044 56 500 $532,000 |Offset from Lone Tree No. 1 well
LTC 2 (5-2) T13N, R69W, Sect. 17 NESE 5/550 7075 6600 6490 585 605 1485 7040 35 500 $588,375
LTC 3 (5-4) T13N, R69W, Sect. 16 NWSW 5/975 7060 5800 5200 1860 1880 2760 7000 60 500 $939,000
LTC4 T13N, R69W, Sect. 17 NESW - 7140 - 6720 420 440 1320 7075 65 500 $543,000
LTC5 T13N, R69W, Sect. 17 SESE - 7185 - 6000 1185 1205 2085 7040 145 500 $753,375
LTC6 T13N, R69W, Sect. 20 NWNW - 7300 - 6600 700 720 1600 7110 190 400 $620,000 |Production may diminish to south
LTC7 T13N, R69W, Sect. 20 NWNE -- 7255 -- 5900 1355 1375 2255 7060 195 400 $800,125 Production may diminish to south
DC1 T13N, R69W, Sect. 31 SWNE 3/1400 7310 5900 5800 1510 1530 2410 6870 440 200 $842,750  |Offset from Duck Creek 3-1 well
DC2 (3-2) T13N, R69W, Sect. 31 NESE 3/1125 7300 6000 5000 2300 2320 3200 6850 450 200 $1,060,000
DC 3 (3-3) T13N, R69W, Sect. 31 SESE 3/775 7285 6100 4500 2785 2805 3685 6815 470 200 $1,193,375
DC 4 (3-4) T12N, R69W, Sect. 6 NENE 3/325 7220 6400 4250 2970 2990 3870 6800 420 200 $1,244,250
DC5 T13N, R69W, Sect. 31 SWSE - 7170 - 6500 670 690 1570 6880 290 200 $611,750
DC6 T12N, R69W, Sect. 6 NENW - 7225 - 6200 1025 1045 1925 6900 325 200 $709,375
Exploratory Wells
PE 1 (1-4) T13N, R69W, Sect. 19 SESE 1/1275 7335 5500 5800 1535 1555 2435 7050 285 100+ $438,300
PE 2 (1-6) T13N, R69W, Sect. 20 SWSW 1/1925 7275 6250 5650 1625 1645 2525 7060 215 100+ $454,500 |Offset from Lone Tree Fault 1-5
PE 3 (2-1) T13N, R69W, Sect. 30 SESW 2/675 7230 6600 6100 1130 1150 2030 6975 255 100+ $365,400
PE 4 (2-3) T13N, R69W, Sect. 29 SWSW 2/1800 7200 3400 4550 2650 2670 3550 6925 275 100+ $639,000
PE 5 (2-5) T13N, R69W, Sect. 29 SWSW 2/2125 7235 3100 4000 3235 3255 4135 6900 335 100+ $744,300
PE 6 (4-2) T12N, R69W, Sect. 7 SENW 4/1950 7285 6050 5000 2285 2305 3185 7050 235 50? $573,300
Notes:

1 - Well name corresponds to that shown on Figure 6.8.

2 - Line and CSAMT station number from original Zonge 2009 geophysical data collection. Line and station locations shown on Figure 2.1 and Appendix B, respectively. -- Symbol indicates site located off geophysical line.
3 - Surface elevation estimated from Cheyenne Board of Public Utilities five foot contour interval data for Belvoir Ranch.

4 - Casper Formation top estimated from post Lone Tree Fault 1-5 geophysical cross sections from Appendix B.
5 - Depth estimate based on LA's cross sectional analysis and structure contour mapping. Drilling depths could be shallower or deeper if Zonge interpretation is more accurate.

6 - Depth to be cased to seal off overlying formations from the Casper Aquifer, assumed to be 20 feet below the Casper Formation top.
7 - Depth reflects completion through the upper part of the Casper Formation, which is approximately 900 feet thick on average based on test wells drilled to date. Wells may be terminated either in lower portion of the Casper Formation or underlying Precambrian rocks.
8 - Depths to water based on 5/25/11 water level data measurements and potentiometric surface mapping shown on Figure 6.6.
9 - Individual well yields based on historic aquifer yields in the area, queried where uncertain.

10 - Costs, in 2012 dollars, based on the following for either production or exploratory wells:

-- Production wells completed with 10 3/4 inch diameter production casing, and six inch pipe or rod based well screen through the Casper Formation with gravel pack. Cost per foot = $275/ft + $180,000 for screen and gravel pack.
Costs include well drilling, well completion, downhole geophysical logging, well development, and aquifer testing. Completions could be telescoped on deeper wells to potentially reduce costs. Does not include construction observation or design/permitting fees.

-- Exploratory wells completed with 8 5/8 inch diameter casing, 7 7/8 inch open borehole through the Casper Formation. Cost per foot = $180/ft, based on March 2010 bid tab for this project.
Costs include well drilling, well completion, downhole geophysical logging, well development, and aquifer testing. Does not include construction observation or design/permitting fees.

Lidstone and Associates, Inc.
June 2012
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Table 7.1 Well Field Composite Yields for Pipeline Capacity

Well Field or Potential Indnvndfxal Well Field Estimated Total Flow Pipeline Capacity
Expansion Area Composite Y'elld “Total From Well Fields (gpm)2 (gpm)3
(gpm)
Spottlewood Creek 200 200 500
Duck Creek 900 1,100 1,000
Goose Creek 400 1,500 1,500
Lone Tree Creek 3,100 4,600 3,750
Notes:
1.  Anticipated discharge rate of developed groundwater by potential well field.
2. Anticipated aggregate well field yield coming north along the pipeline route.
3.  Discharge rate the conceptual pipeline can accommodate.
Table 7.2 Pipeline Costs Used for Estimates
PVC Pipeline Size Cost per Linear Foot Installed
8 inch $66
10 inch $72
12 inch $83
16 inch $100
24 inch $140
Table 7.3 Phase 1A - Lone Tree Creek Well Field Exploration Costs
Item | Unit | Estimated Quantity | Unit Price | Cost
Surface Geophysics1
Data Compilation Lump Sum 1 $25,000 $25,000
Mob/Demob Lump Sum 1 $25,000 $25,000
Seismic Reflection Mile 8.6 $11,500 $98,900
CSAMT Survey Mile 8.6 $6,000 $51,600
Reporting Lump Sum 1 $10,000 $10,000
Wells®
LTC1 Feet 1,280 $275 $352,000
LTC 2 (5-2) Feet 1,485 $275 $408,375
LTC 3 (5-4) Feet 2,760 $275 $759,000
LTC4 Feet 1,320 $275 $363,000
LTC5 Feet 2,085 $275 $573,375
LTC6 Feet 1,600 $275 $440,000
LTC7 Feet 2,255 $275 $620,125
PE 1 (1-4) Feet 2,435 $275 $669,625
PE 2 (1-6) Feet 2,525 $275 $694,375
Subtotal 1 $5,090,375
Engineering @ 10% of Subtotal 1 $509,038
Subtotal 2 $5,599,413
Contingency @ 15% of Subtotal 2 $839,912
Total Construction Costs $6,439,324
Hydrogeology/Well Design $10,000
Permitting $9,000
Final Plans and Specifications $20,000
Reporting $25,000
Total Costs $6,503,324
Note: Costs are based on 2012 dollars.
1.  Includes 2D seismic reflection and CSAMT resistivity surveying.
2.  Cost does not include screen and gravel pack. Open hole completions.

Lidstone and Associates, Inc.

June 2012
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Table 7.4 Phase 1B — Lone Tree Creek Well Field Exploration Costs

Item | Unit | Estimated Quantity | Unit Price | Cost
Wells*
LTC1 Well 1 $180,000 $180,000
LTC 2 (5-2) Well 1 $180,000 $180,000
LTC 3 (5-4) Well 1 $180,000 $180,000
LTC 4 Well 1 $180,000 $180,000
LTC5S Well 1 $180,000 $180,000
LTC 6 Well 1 $180,000 $180,000
LTC7 Well 1 $180,000 $180,000
PE 1 (1-4) Well 1 $180,000 $180,000
PE 2 (1-6) Well 1 $180,000 $180,000
Pumping Equipment
Mobilization EA 9 $10,000 $90,000
Pymp and.Motor, 500 gpm Pump w/Column Pipe and EA 7 $95,000 $665,000
Pitless Unit
P}Jmp and.Motor, 200 gpm Pump w/Column Pipe and EA ) $100,000 $200,000
Pitless Unit
Well Building and Piping EA 9 $37,500 $337,500
Electrical Components, VFD and Telemetry, and SCADA EA 9 $110,000 $990,000
Miscellaneous Costs/Testing EA 9 $10,000 $90,000
Well Field Transmission Pipeline System
Transmission Main; 24 inch LF 2,000 $140 $280,000
Transmission Main; 16 inch LF 12,500 $100 $1,250,000
Well Field Pipe; 8 inch LF 5,000 $66 $330,000
Powerline
Primary Line Miles 2.1 $75,000 $157,500
Secondary Line Miles 1 $50,000 $50,000
Access Roads
Main Access Route to the Well Field Lump Sum 2.1 $210,000 $210,000
Primary Road Miles 2.25 $75,000 $168,750
Secondary Road Miles 1.25 $40,000 $50,000
Transmission Main Pipeline
Transmission Main from Lone Tree Creek to Eastern
Belvoir Ranch Junction; 24 inch LF 43,000 5140 36,020,000
Subtotal 1 $12,508,750
Engineering @ 10% of Subtotal 1 $1,250,875
Subtotal 2 $13,759,625
Contingency @ 15% of Subtotal 2 $2,063,945
Total Construction Costs $15,823,570
Surveying $60,000
Geotechnical $40,000
Legal Costs $15,000
Easements $20,000
Permitting $50,000
Final Plans and Specifications $250,000
Total Costs | $16,258,570

Note: Costs are based on 2012 dollars.

1.  Includes costs to complete production wells with screen and gravel pack.

Lidstone and Associates, Inc.
June 2012
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Table 7.5 Phase 2A — Duck Creek Well Field Exploration Costs

Item | Unit | Estimated Quantity | Unit Price | Cost
Surface Geophysics1
Data Compilation Lump Sum 1 $25,000 $25,000
Mob/Demob Lump Sum 1 $25,000 $25,000
Seismic Reflection Mile 9.1 $11,500 $104,650
CSAMT Survey Mile 9.1 $6,000 $54,600
Reporting Lump Sum 1 $10,000 $10,000
Wells?
DC1 Feet 2,410 $275 $662,750
DC2 (3-2) Feet 3,200 $275 $880,000
DC3(3-3) Feet 3,685 $275 $1,013,375
DC 4 (3-4) Feet 3,870 $275 $1,064,250
DC5 Feet 1,570 $275 $431,750
DC6 Feet 1,925 $275 $529,375
PE 3 (2-1) Feet 2,030 $275 $558,250
PE 4 (2-3) Feet 3,550 $275 $976,250
PE 5 (2-5) Feet 4,135 $275 $1,137,125
Subtotal 1 $7,472,375
Engineering @ 10% of Subtotal 1 $747,238
Subtotal 2 $8,219,613
Contingency @ 15% of Subtotal 2 $1,232,942
Total Construction Costs $9,452,554
Hydrogeology/Well Design $10,000
Permitting $9,000
Final Plans and Specifications $20,000
Reporting $25,000
Total Costs $9,516,554
Note: Costs are based on 2012 dollars.
1.  Includes 2D seismic reflection and CSAMT resistivity surveying.
2.  Cost does not include screen and gravel pack. Open hole completions.

Lidstone and Associates, Inc. Tables Cheyenne Belvoir Ranch
June 2012 13 Groundwater Level Il



Table 7.6 Phase 2B — Duck Creek Well Field Exploration Costs

Item | Unit | Estimated Quantity | Unit Price | Cost
Wells'
DC1 Well 1 $180,000 $180,000
DC2(3-2) Well 1 $180,000 $180,000
DC3(3-3) Well 1 $180,000 $180,000
DC 4 (3-4) Well 1 $180,000 $180,000
DC5 Well 1 $180,000 $180,000
DC6 Well 1 $180,000 $180,000
PE 3 (2-1) Well 1 $180,000 $180,000
PE 4 (2-3) Well 1 $180,000 $180,000
PE 5 (2-5) Well 1 $180,000 $180,000
Pumping Equipment
Mobilization EA 9 $10,000 $90,000
P.ump and. Motor, 200 gpm Pump w/Column Pipe and EA 9 $100,000 $900,000
Pitless Unit
Well Building and Piping EA 9 $30,000 $270,000
Electrical Components, VFD and Telemetry, and SCADA EA 9 $92,000 $828,000
Miscellaneous Costs/Testing EA 9 $10,000 $90,000
Well Field Transmission Pipeline System
Transmission Main; 12 inch LF 9,500 $83 $788,500
Transmission Main; 10 inch LF 2,750 $72 $198,000
Well Field Pipe; 8 inch LF 6,000 $S66 $396,000
Powerline
Primary Line Miles 2.3 $75,000 $172,500
Secondary Line Miles 2.2 $50,000 $110,000
Access Roads
Primary Road Miles 2.5 $80,000 $200,000
Secondary Road Miles 2 $40,000 $80,000
Subtotal 1 $5,743,000
Engineering @ 10% of Subtotal 1 $574,300
Subtotal 2 $6,317,300
Contingency @ 15% of Subtotal 2 $947,595
Total Construction Costs $7,264,895
Surveying $35,000
Geotechnical $25,000
Legal Costs $15,000
Easements $20,000
Permitting $50,000
Final Plans and Specifications $100,000
Total Costs $7,509,895

Note: Costs are based on 2012 dollars.

1.  Includes costs to complete production wells with screen and gravel pack.

Lidstone and Associates, Inc.
June 2012
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Table 7.7 Belvoir Ranch Well Field Monthly Operation Costs
Lone Tree Creek Duck Creek
Number of Wells and Capacity 7 wells = 500 GPM 6 wells = 250 GPM
2 wells =150 GPM 3 wells =150 GPM
Monthly Operation Information
Monthly Water Volume 164.3 M Gal 84.3 M Gal
Monthly Power Use 985,000 KW 591,850 KW
Power Cost
Base Rate $18.85 $18.85
First 500 KW Hr $61.50 $61.50
Over 500 KW Hr $90,160.00 $53,990.20
Total $90,240.35 $54,070.55
Maintenance $5,400.00 $5,400.00
Total $95,640.35 $59,470.55
Wells to be Operated 75% of the Time for 120-day Period
Monthly Cost $71,730.26 $44,602.91
Number of Wells 9 9
Seasonal Total $286,921 $178,412
Total All Wells $465,333
Table 7.8 Construction Cost Summary and Financial Analysis
item Well Field
Lone Tree Creek Well Field Duck Creek Well Fields
Construction Cost $21,138,445 $14,763,020
67% WWDC Grant $14,099,343 $9,846,934
Loan Source SLIB SLIB
33% Loan $7,039,102 $4,916,086
Interest Rate 2.50% 2.50%
Annual Payment $451,538 $315,353
Annual O&M Cost $286,921 $178,412
Total Cost $738,459 $493,764
Project Cost: Per Tap/Month* $.267 $1.78
Volume of Water Produced’ (M Gal) 493 253
Project Cost: Per 1,000 Gallons $1.49 $1.95

Notes:
1. Number of users/taps is 23,000.

2. For 120-day operation season. Well rotation operation will have each well operating 75% of the time

Lidstone and Associates, Inc.
June 2012
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Table 7.9 Cheyenne BOPU Water Enterprise Fund

[tem # Explanation Projection Projection Projection Projection
FY 2015 FY 2016 FY 2017 FY 2018
Water Expenditures
a Debt Service — New $715,483 $715,483 $1,164,583 $1,677,783
b Debt Service — Existing $3,532,659 $3,321,674 $3,210,459 $2,962,484
c Early Retirement of Debt 891,838 $737,067
d Distribution Main Projects $1,400,000 $1,400,000 $2,000,000 $2,000,000
e Well Field Improvements $400,000 $400,000 $400,000 $400,000
f Special Water Projects $400,000 $400,000 $400,000 $400,000
g Other Construction Projects -- -- -- --
h Capital Additions/Replacements $950,000 $950,000 $950,000 $950,000
i Operation and Maintenance Expenses $10,566,346 $10,830,504 $11,101,267 $11,378,799
Estimated Expenditures $17,964,488 $18,017,661 $20,118,147 $20,506,133
Water Revenue
j Water Sales Revenue $18,673,856 $19,234,071 $19,811,094 $20,405,426
k Other Revenue $424,890 $437,637 $450,766 $464,289
| System Development/Pump Station Fees $1,337,795 $1,377,929 $1,419,267 $1,461,845
m Grants/City Transfers - - - -
Total Water Revenue $20,436,541 $21,049,637 $21,681,126 $22,331,560
Lidstone and Associates, Inc. Tables Cheyenne Belvoir Ranch

June 2012
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State Engineer's Office R Ve

HERSCHLER BUILDING, 4-E  CHEYENNE, WYOMING 82002
(307) 777-7354 FAX (307) 777-5451
http://seo.state.wy.us

PATRICK T. TYRRELL
STATE ENGINEER

o & 2010
January 25, 2010

Wyoming Water Development Commission/City of Cheyenne, Board of Public Utilities
6920 Yellowtail Road
Cheyenne, Wyoming 82002

Dear Applicant or Agent:

You are advised that the State Engineer approved the following application(s) to appropriate ground
water for MONITOR/TEST on January 21, 2010. A copy of each permit is enclosed. Also enclosed
are forms and instructions for submitting data to the State Engineer relating to the completion of the

well, as required by law.

PERMIT FILE NUMBER
U.W. 191981-191988
WELL LOCATION -SW1/4NE1/4 31-013N-069W

By Statute the well must be completed by -DECEMBER 31, 2011. IF THE REQUIRED NOTICES ARE
NOT RETURNED TO THIS OFFICE WITHIN THE STATUTORY TIME LIMITS SET FORTH, THE PERMIT(S)
WILL BE SUBJECT TO CANCELLATION, WHICH ACTS AS A FORFEITURE OF THE WATER RIGHT
GRANTED BY THIS PERMIT.

An extension of time may be requested for completion of work when good reason is provided. A
request for such extension must be received in the State Engineer's Office prior to the expiration
date shown on the permit. Requests for extension of time must indicate due diligence on the part of
the applicant to comply with the time limits imposed by this permit.

Lisa Lindemann
Ground Water Division

xc: DIV 1 (1)

Surface Water Ground Water Board of Control
(307) 777-6475 (307) 777-6163 (307) 777-6178



!
romuuw.s STATE OF WYOMING  * % .« ..
FILING FEE SCHEDULE OFFICE OF THE STATE ENGINEER
ON REVERSE SIDE HERSCHLER BLDG., 4-E  CHEYENNE, WYOMING 82002
(307) 777-6163

APPLICATION FOR PERMIT TO APPROPRIATE GROUND WATER

APPLICATION FOR WELLS AND SPRINGS
Note: Only springs flowing 25 galions per minute or less, where the proposed use is

Domestic and/or Stock Watering. will be considered as ground water appropriatigns.
FOR OFFICE USE ONLY Temporary Filing No. U.W. ﬁ '5 'é?)q
PERMIT NO. U.W. NOTE: Do not f5ld this form, Use typewriter or print neatly
with black ink.
WATER DIVISION NO.L D'STRICTJ—“ ALL ITEMS MUST BE COMPLETED BEFORE
uw. oisTRICTChegnng, Grovad water Dighich APPLICATION IS ACCEPTABLE

NAME AND NUMBER OF WELL or SPRING ~ DuckCreek 3-1

1. Name of applicant(s) Wyoming Water D C Cily of Chey , Board of Public Uiliities Phone _307-777-7626/307-637-6460

2. Address of applicant(s) 6920 Yellowtail Road, Cheyenne, WY 82002/ 2100 Ploneer Avenus, Cheyenne, WY 82003-1469
(MAILING ADDRESS) (city) (STATE) @P)

3. Name & address of agent to receive correspondence and notices ~ Mark Stacy. C/O Lidslane and Associates, inc.

4025 Automation Way, Bldg. € Forl Collins Cco Phone 970-223-4705
(MAILING ADDRESS) (CITY) (STATE) (ZIP)

4. Use to which the water will be applied

I_ ] Domestic Use of water in 3 single family dwellings or less, noncommercial watering of lawns and gardens
totaling one acre or less. Number of houses served?.

I:__] Stock Watering Normal livestock use at four tanks or less within one mile of well or spring. Stock-watering pipelines
and comimercial feedlots are a Miscellaneous use. Number of stock tanks?____.

I, _] Irrigation Watering of any lands for agricultural purposes not covered by the definition of domestic use (large-
scale lawn watering of golf courses, cemeteries, recreation areas, etc., are Miscellaneous uses).

[ 1 Municipal Use of water in incorporated Towns and Cities. Note 1: use of water in unincorporated towns, sub-
divisions, Improvement districts, mobile home parks, etc. are Miscellaneous uses. Note 2:
a permit may be required by the Wyoming Department of Environmental Quality (WDEQ) if the well
will be classified as a public water supply under the WDEQ's rules and regulations.

l‘, ] Industrial Long term use of water for the manufacture of a product or production ol oil/gas or other minerals
(oil field water flood operations, power plant water supply, etc.). (Describe in REMARKS)

l J Miscellaneous Any use of water not defined under previous definitions such as stock-watering pipelines, subdivisions,
mine dewatering, mineral/oil exploration drilling, potable supplies in office, etc. (Describe in REMARKS).
Note: a permit may be required by the WOEQ if the well will be classified as a public water supply
under the WDEQ's rules and regulations.

r—l Coalbed Methane Water produced in the production of coal bed methane gas. Note: wells used in the production of coal bed
methane gas will require a permit from the Wyoming Oil and Gas Conservation Commission.

] Monitor, Observation Note: a WDEQ permit may be required. [:] Test Well (Describe in REMARKS)

5. Location of the well or spring: (NOTE: Quarter-quarter (40 acre subdivision) MUST be shown. EXAMPLE: SE 1/4 NW 1/4 of Sec.
12, Township 14 North, Range 68 West.)

Losamie County, SW__1/4 NE___ /4 ofSec.3'__ ,T.13__N,R.8%___ _ W. of the 6th PM. (W.R.M.),
Wyoming. if located in a platted subdivision, also provide Lot/Tract ___Block ___ of the
Subdivision (orAdd'n)of — . Resurvey Location: Tract , {or Lot)
6. Estimated depth of the well or springis 1625 ft. Estimated production interval is 525 ft. to 1625 ft.
7. (a) MAXIMUM instantaneous flow of water to be developed and beneficially used: 9 gallons per minute.

NOTE: If for Domestic and/or Stock-watering use, this application will be processed for a maximum of 25 gallons per minute. For a
spring, after approvai of this application, some type of artificial diversion or improvement must be constructed to qualify for a water right.

(b) MAXIMUM volumetric quantity of water to be developed and beneficially used per calendar year: 2 .
Circle appropriate units:  (Gallons) (Acre Feet) NOTE: A four person family utilizes approximately one (1) acre-foot of water per year
or 325,000 galions.

8. Mark the point(s) or area(s) of use in the tabulation box below. Note: Upper row refers to the quarter of the section. Next row
refers to the quarter of the quarter section.
TABULATION BOX

NE? NWY, SWY, SE' TOTAL
TWP |RNG |SEC Y A i 1
NEY, [NWY, [ SWY ] SE ¥, | NEY, [NWY, | SWY, [SEY, |NEY, [NWY, [SWY, [SE |NEY, [NWY,[SWY]SEY,

1 9 1 9 8 1 SEE REVERSE SIDE 1 3 8 5 8 1

Permit No. U.W. Book No. Page No.




8. I for Irrigation use:
a. Describe MAXIMUM acreage to be irrigated in each 40 acre subdivision in the tabulation box above.
b. {7} Land will be irrigated from this well only.
¢. [J Land is irrigated from existing water right(s) with water from this well to be additiona! supply. Describe existing water right(s)
under REMARKS.

10. if for Irrigation use, describe method of irrigation, i.e. center pivot sprinkler, flood, etc.:

11. The well or spring is to be constructed on lands owned by City of Cheyenne, Wyoming
(The granting of a permit does not constitute the granting of a right-of-way. If any easement or right-of-way is necessary in connection
with this application, it should be understood that the responsibility is the applicant's. A copy of the agreement should accomparny this
application, if the Jand is privately owned and the owner is not the co-applicant.)

12. The water is to be used on lands owned by City of Cheyenne, Wyoming
(!f the landowner is not the applicant, a copy of the agreement relating to the usage of the appropriated water on the land
shouid be submitted to this office. If the landowner is included as co-applicant on the application, this procedure need
not be followed.) NOTE: Water rights attach to the area(s) and/or point(s) of use.

REMARKS:

Belvoir Ranch The well quI be dnlled geophysucally Iogged and aqunfer tested The well may be

used for municipal supply in the future, depending upon results of all testing.

Under penalties of perjury, | declare that | have examined this application and to the best of my knowledge and belief it is
true, correct and complete.

/’za o, % .20 OF

Signature of Applicant or Authorized Agent Date

THE LEGALLY REQUIRED FILING FEE MUST ACCOMPANY THIS APPLICATION

DOMESTIC AND/OR STOCK WATERING USES $50.00
(Domestic use is defined as use ot water in 3 single family dwellings or less,
noncommercial watering of lawns and gardens totalling one acre or less.)

COAL BED METHANE USE $50.00
IRRIGATION, MUNICIPAL, INDUSTRIAL, AND MISCELLANEOUS USES $75.00
MONITOR (For water level measurements or chemical quality sampling) or TEST WELL USES No Fee

IF WELL WILL SERVE MULTIPLE USES, SUBMIT ONLY ONE (THE HIGHER) FILING FEE.
THIS SECTION IS NOT TO BE FILLED IN BY APPLICANT

THE STATE OF WYOMING )
) ss.
STATE ENGINEER'S OFFICE )
This instrument was received and filed for record on the l4th day of December . AD.
20_09  at.__9:33 o'clock —_A_ M.

— A
Permit No. U.W. 1 9 l 98 I ﬁ"w‘»—-—
4 for State Engineer

THIS IS TO CERTIFY that I have examined the foregoing application and do hereby grant the same subject to the following limitations
and conditions:

This application is approved subject to the condition that the proposed use shall not interfere with any existing rights to ground water from
the same source of supply and is subject to regulation and correlation with surface water rights, if the ground and surface waters are
interconnected. The use of water hereunder is subject to the further provisions of Chapter 169, Session Laws of Wyoming, 1957, and any
subsequent amendments thereto.

Granting of a permit does not guarantee the right to have the water level or artesian pressure in the well maintained at any specific level.
The we!l should be constructed to a depth adequate to allow for the maximum development and beneficial use of ground water in the
source of supply.

If the well is a flowing artesian wel), it shall be so constructed and equipped that the flow may be shut off when not in use without loss of
water into sub-surface formations or at the land surface.

FOR ADDI%Tbﬁidf,“"?fﬂﬁﬁfff%%emﬁTﬁfﬂﬂ’i"fﬁﬁ?’ HpleiR A AT ERAPEY SHEET.

.Mmﬁpf \yg}ypgpa@ng@x ,bemnsiﬁered ‘as:autharization to prot:eedwnh sohstragtion of the proposediwel or spnng "A Statement
of Completion must be filed within thirty (30) days of completion of construction, dneluding-pump-instatetien.

Completion of construction ang led tthe-berefisiah +water for the purposes specified in Item 4 of this application will be

made by December 31, 20_4

Witness my hand this

{2PATRICK T. TYRRELL, State Engineer
This application is for test purposes only; no wat@ will be beneficially used. The

approval of this test well permit does NOT OBLIGATE the State Engineer to approve the
permanent production well permit. This permit will be automatically cancelled on Decembe
31, 2011 or upon receipt of an acceptable Statement of Completion. PROOF OF APPROPRIATIC
AND BENEFICIAL USE OF GROUND WATER (FORM U.W. 8) IS WAIVED UNDER THIS PERMIT.



FORM UW: C&L, D1
REV.5-97

PERMIT NO. UW. 191981
T.F. No. UW. 41-5-589

Priority Date December 14, 2009 Approval Date JAN 2 1 ZQ I"

ADDITIONAL CONDITIONS AND LIMITATIONS:

1. In the event that this well will be completed as a production well, the well shall
be completed in the Casper Formation. Multiple formation completion or
multiple formation water production from a production well at this location is
strictly prohibited.

2. In the event that this well will be completed as a production well, this well will

be cemented from the top of the Casper Formation to the land surface, to
eliminate the commingling of ground water from different aquifers.

) s 1

D4lte of Approval PATRICK T. TYRRELL, State Engineer



Rov.o0s STATE OF WYOMING /
FILING FEE SCHEDULE OFFICE OF THE STATE ENGINEER : &
ON REVERSE SIDE HERSCHLER BLDG., 4-E  CHEYENNE, WYOMING 82002

(307) 777-6163 .

APPLICATION FOR PERMIT TO APPROPRIATE GROUND WATER

APPLICATION FOR WELLS AND SPRINGS
Note: Only springs flowing 25 gallons per minute or less, where the proposed use is
Domestic and/or Stock Watering, will be considered as ground water appropriafjops.
a1 (989

FOR OFFICE USE ONLY Tecriorsry P Fo. LW,
PERMIT NO. UW. 1‘ _q 1 98 2 NOTE: Do not fold this form. Use typewrlter or print neatly
WATER DIVISION NO.! DISTRICT_' ALL r:;&;lﬁsg‘; BE COMPLETED BEFORE
U.W. DISTRICT Ctyenny (Gesv ninator Disr APPLICATION IS ACCEPTABLE
NAME AND NUMBER OF WELL or SPRING ~ DuckCreek3-3
1. Name of applicani(s) Wyoming Waler D [ ion/ City of Chey Board of Public Utililies Phone 307-777-7626/307-637-6460

2. Address of applt’cant(s) 6920 Yellowlail Roed, Cheyenne, WY 82002/ 2t00 Ploneer Avenue, Cheyenne, WY 82003-1469
(MAILING ADDRESS) (CITY) (STATE) (ZIP)

3. Name & address of agent to receive correspondence and notices  Mark Stacy, C/O Lidslone and Assoclates, Inc.

4025 Aulomallon Way, Bidg. E Fort Collins co Phone 970-223-4705
(MAILING ADDRESS) (CITY) (STATE) (ZIP)

4. Use to which the water will be applied

[ ] Domestic Use of water in 3 single family dwellings or less, noncommercial watering of lawns and gardens
totaling one acre or less. Number of houses served?.

[,] Stock Watering Normal livestock use at four tanks or less within one imile of well or spring. Stock-watering pipelines
and commercial feedlots are a Miscellaneous use. Number ol stock tanks?___.

' l Irrigation Watering of any lands for agricultural purposes not covered by the definition of domestic use (large-
scale lawn watering of golf courses, cemeteries, recreation areas, eic., are Miscellaneous uses).

[ j Municipal Use of water in incorporated Towns and Cities. Note 1: use of water in unincorporated towns, sub-
divisions, improvement districts, mobile home parks, etc. are Miscellaneous uses. Note 2:
a permit may be required by the Wyoming Department of Environmenial Quality (WDEQ) If the weli
will be classified as a public water supply under the WDEQ's rules and regulations.

[ -] Industrial Long term use of water for the manufacture of a product or production of oil/gas or other minerals
(oil field water flood operations, power plant waler supply, etc.). (Describe in REMARKS)

'_ J Miscellaneous Any use of water not defined under previous definitions such as stock-watering pipelines, subdivisions,
mine dewatering, mineral/oil exploration drilling, potable supplies in office, etc. (Describe in REMARKS),
Note: a permil may be required by the WDEQ if the well will be classified as a public water supply
under the WDEQ's rules and regulations.

[ —' Coalbed Methane Water produced in the production of coal bed methane gas. Note: wells used in the production of coal bed
methane gas will require a permit from the Wyoming Oil and Gas Conservation Commission.

] Monitor, Observation Note: a WDEQ permit may be required. @ Test Well (Describe in REMARKS)

5. Location of the well or spring: (NOTE: Quarter-quarter (40 acre subdivision) MUST be shown. EXAMPLE: SE 1/ 4 NW 1/4 of Sec.
12, Township 14 North, Range 68 Wesl.)

Lo Courly, S€__ 1/4 S€____1/4 of Sec.3' .13 N,R.88____  W.of the 61h PM. (W.R.M.),
Wyoming. i located in a platted subdivision, also provide Lot/Tract ___Block ____ of the
Subdivision (orAddn)of —____ . Resurvey Location: Tract . {or Lot)
6. Estimated depth of the well or springis 2375 ft. Estimated production interval is 375 f. 10 1375 ft.
7. (a) MAXIMUM instantaneous flow of water to be developed and beneficially used: ° gallons per minute.

NOTE: if for Domeslic and/or Stock-watering use, this application will be processed for a maximum of 25 gallons per minute. For a
spring, after approval of this application, some type of artificial diversion or improvement musi be constructed to qualify for a water right.

(b) MAXIMUM volumetric quantity of water 1o be developed and beneficially used per calendar year: 2 .
Circle appropriate units:  (Gallons) (Acre Feet) NOTE: A four person family utilizes approximately one (1) acre-fool of water per year
or 325,000 gallons.

8. Mark the point(s) or area(s) of use in the 1abulation box below. Note: Upper row refers to the quarter of the section. Next row
refers to the quarter of the quarter section.
TABULATION BOX

[TWP |RNG |SEC | NEY, NW, SW, SE'; TOTAL
P |RNG EV, [NWY, | SWY, ]| SEY, | NEY, [NWY, [SWY, [SEY, |NEY [NWi, [SWY, Eﬁ NEY, |NWY,| SWY,]SEY, |

191982 SEEREVERSE::iENo_ 1385 82

Permit No. U.W. Page No.




9. If for lrrigation use:
a. Describe MAXIMUM acreage to be irrigated in each 40 acre subdivision in the tabulation box above.
b. [ Land will be irrigated from this wall only. %
c. [J Landis irrigated from existing water right(s) with water from this well to be additional supply. Describe existing water nght(s)
under REMARKS.

10. If for Irrigation use, describe method of irrigation, i.e. center pivot sprinkler, flood, etc.:

11. The well or spring is to be constructed on lands owned by City of Cheyenne, Wyoming
(The granting of a permit does not constltute the granting of a right-of-way. If any easement or right-of-way is necessary in connection
with this application, it should be understood that the responsibility is the applicant's. A copy of the agreement should accompany this
application, if the land is privately owned and the owner is not the co-applicant.)

12. The water is to be used on lands owned by _City of Cheyenne, Wyoming
(If the landowner is not the applicant, a copy of the agreement relating to the usage of the appropriated water on the land
should be submitted to this office. If the landowner is included as co-applicant on the application, this procedure need
not be followed.) NOTE: Water rights attach to the area(s) and/or point(s) of use.

REMARKS:

Belvoir Ranch The well wnll be dnlled geophysncally logged and aquer tested The well may be

used for municipal supply in the future, dependlng_ upon results of all testing.

Under penalties of perjury, | declare that | have examined this application and to the best of my knowledge and belief it is
true, correct and complete.

/%.4 }27%., /%, 20 o
rized Agent /? 7

Signature of Applicant or Authori. Date

THE LEGALLY REQUIRED FILING FEE MUST ACCOMPANY THIS APPLICATION

DOMESTIC AND/OR STOCK WATERING USES $50.00

(Domestic use is defined as use of water in 3 single family dwellings or less,
noncommercial watering of lawns and gardens totalling one acre or less.)

COAL BED METHANE USE $50.00
IRRIGATION, MUNICIPAL, INDUSTRIAL, AND MISCELLANEOUS USES $75.00
MONITOR (For water level measurements or chemical quality sampling) or TEST WELL USES No Fee

IF WELL WILL SERVE MULTIPLE USES, SUBMIT ONLY ONE STHE HIGHER) FILING FEE.

THIS SECTION 1S NOT TO BE FILLED IN BY APPLICANT

THE STATE OF WYOMING )
) ss.
STATE ENGINEER'S OFFICE )
This instrument was received and ﬁled 1or record on the 14th day of Decembexr  ap.

20_09 , at 9:33___ o'clock
Permit No. U.W. 1 9 1 9 8 2 %
7 for State Engineer 7

THIS IS TO CERTIFY that | have examined the foregoing application and do hereby grant the same subject to the following limitations
and conditions:

This application is approved subject to the condition that the proposed use shall not interfere with any existing rights to ground water from
the same source of supply and is subject to regulation and correlation with surface water rights, if the ground and surface waters are
interconnected. The use of water hereunder is subject to the further provisions of Chapter 169, Session Laws of Wyoming, 1957, and any
subsequent amendments thereto.

Granling of a permit does not guarantee the right to have the water level or artesian pressure in the well maintained at any specific level.
The well should be constructed to a depth adequate to allow for the maximum development and beneficial use of ground water in the
source of supply.

if the well is a flowing artesian well, it shall be so constructed and equipped that the flow may be shut oft when not in use without loss of
waler into sub-surface formations or at the land surface.

FOR ADDITTONERY MoRFM e R A8 P A IR S S A P A A B SR PE* s HEE T .

Approval of this application may be considered as authorization to proceed with construction of the proposed well or spring. A Statement
of Completion must be filed within thirty (30) days of completion of construction, ineluding-pump-instatiation.

Completion of construction and-compietion-of-the-beneficial-use-ef-water for the purposes specified in ltem 4 of this application will be
made by December 31, 20_// .

T
Siciat
4 2/ A b
Witness my hand this z day of m;»/«;: _e 9. AD.20_ /D .
& P
This application is for test purposes only; no water wi A Ré%’é Hgni&ys‘t%ee%\gmeﬁe

approval of this test well permit does NOT OBLIGATE the State Engineer to approve the
permanent production well permit. This permit will be automatically cancelled on December
31, 2011 or upon receipt of an acceptable Statement of Completion. PROOF OF APPROPRIATION
AND BENEFICIAL USE OF GROUND WATER (FORM U.W. 8) IS WAIVED UNDER THIS PERMIT.



FORM UW: C&L, D1
REV.5-97

PERMIT NO. UW. 191382
T.F. No. U.W. 41-6-589

Priority Date December 14, 2009 Approval Date JAN 2 1 2010
ADDITIONAL CONDITIONS AND LIMITATIONS:

1. In the event that this well will be completed as a production well, the well shall
be completed in the Casper Formation. Multiple formation completion or
multiple formation water production from a production well at this location is
strictly prohibited.

2. In the event that this well will be completed as a production well, this well will

be cemented from the top of the Casper Formation to the land surface, to
eliminate the commingling of ground water from different aquifers.

o (0L (X

Datle of Approva TRICKT TYRRELL State Engineer



FORM UW. 5

Rev, 909 STATE OF WYOMING

FILING FEE SCHEDULE OFFICE OF THE STATE ENGINEER ;g

ON REVERSE SIDE HERSCHLER BLDG., 4-E = CHEYENNE, WYOMING 82002 ! .
(307) 777-6163

APPLICATION FOR PERMIT TO APPROPRIATE GROUND WATER

APPLICATION FOR WELLS AND SPRINGS
Note: Only springs flowing 25 gallons per minute or less, where the proposed use is

Domestic and/or Stock Watering, will be considered as ground water appropriﬂons. a
FOR OFFICE USE ONLY Temporary Fiiing No. U.W. \ ‘q 3 6 3 -‘r
PERMIT NO. U.W. 1 g 1 B 8 3 NOTE: Do not fold this form. Use typewriter or print neatly
with black ink.
WATER DIVISION NO.-L_DISTRICT_} ______ ALL ITEMS MUST BE COMPLETED BEFORE
U.W. DISTRICT. wdyeter Pisbrich APPLICATION IS ACCEPTABLE

NAME AND NUMBER OF WELL or SPRING ~ Gocse Creek 2-2

1. Name of applicant(s) Wyoming Waler D C ion/ City of Chey Board of Public Ulilities Phone 307-777-7626/307-837-6460

2. Address of applicant(s) 6920 Yetlowtail Road, Cheyenne, WY 82002/ 2100 Pioneer Avenue, Cheyenne, WY 82003-1469
(MAILING ADDRESS) (CITY) (STATE) (ZIP)

3. Name & address of agent to receive correspondence and notices Mark Stacy, C/O Lidstone and Associates, Inc.

4025 Automation Way, Bidg. E Font Collins co Phone 870-223-4705
(MAILING ADDRESS) {CITY) (STATE) (ZIP)

4. Use to which the water will be applied

[_J Domestic Use of water in 3 single family dwellings or less, noncommercial watering of lawns and gardens
totaling one acre or less. Number of houses served?.

[_ ] Stock Watering Normal livestock use at four tanks or less within one mile of well or spring. Stock-watering pipelines
and commercial teedlots are a Miscellaneous use. Number of stock tanks?____ .

I l Irrigation Watering of any lands for agricultural purposes not covered by the definition of domestic use (large-
scale lawn watering of golf courses, cemeteries, recreation areas, etc., are Miscellaneous uses).

| ] Municipal Use of water in incorporated Towns and Cities. Note 1. use of water in unincorporated towns, sub-
divisions, improvement districts, mobile home parks, etc. are Miscellaneous uses. Note 2:
a permit may be required by the Wyoming Department of Environmental Quality (WDEQ) if the well
will be classified as a public water supply under the WDEQ's rules and regulations.

(» ] Industrial Long term use of water for the manufacture of a product or production of oil/gas or other minerals
(oil field water flood operations, power plant water supply, etc.). (Describe in REMARKS)

l_ | Miscellaneous Any use ol water not defined under previous definitions such as stock-watering pipelines, subdivisions,
mine dewatering, mineral/oil exploration driling, potable supplies in office, etc. (Describe in REMARKS).
Note: a permit may be required by the WDEQ if the well will be classified as a public water supply
under the WDEQ's rules and regulations.

[ ] Coalbed Methane Waler produced in the production of coal bed methane gas. Note: wells used in the production of coal bed
methane gas will require a permit from the Wyoming Oil and Gas Conservation Commission.

! I Monitor, Observation Note: a WDEQ permit may be required. [.j Test Well (Describe in REMARKS)

5. Location of the well or spring: (NOTE: Quarter-quarter (40 acre subdivision) MUST be shown. EXAMPLE: SE 1/4 NW 1/ 4 of Sec.
12, Township 14 North, Range 68 West.)
Laramie

County, SE__ 1/4 SE 1/4 of Sec.30_ ,T.13 N, R.88 W. of the 6th P.M. (W.R.M.),
Wyoming. If located in a platted subdivision, also provide Lot/Tract ____Block____ of the
Subdivision (orAddn)of . Resurvey Location: Tract . {or Lot)
6. Estimated depth of the well or springis 1840 f. Estimated production interval is 590 ft. to 1640 ft
7. (a) MAXIMUM instantaneous flow of water to be developed and beneficially used: 2 gallons per minute.

NOTE: if for Domestic and/or Stock-watering use, this application will be processed for a maximum of 25 gallons per minute. For a
spring, after approval of this application, some type of artificial diversion or improvement must be constructed to qualify for a water right.

(b) MAXIMUM volumetric quantity of water to be developed and beneficially used per calendar year: 2 i
Circle appropriate units:  (Gallons) (Acre Feet} NOTE: A four person famify utilizes approximately one (1) acre-foot of water per year
or 325,000 gallons.

8. Mark the point(s) or area(s) of use in the tabulation box below. Note: Upper row refers to the quarter of the seclion. Next row
refers to the quarter of the quarter section.

TABULATION BOX
TWP [RNG [SEC NEY, NW, SWih, SEY, TOTAL |

NEY, [NWY, [SWY, | SEY, | NEY, [NWY, [SWY, [SEY, [NEY, [NWY, [SWY, {SEY, [NEY, |NWY, | SWY,[SEY,

SEE REVERSE SIDE
Permit No. U.W. 1 9 1 9 8 3 Book No. -] 3 P‘ 5 Page No. 8 3




9. If for Irrigation use:
a. Describe MAXIMUM acreage to be irrigated in each 40 acre subdivision in the tabulation box above.
b.[[] Land will be irrigated from this well only.
c. [0 Land is imigated from existing water right(s) with water from this we!! to be additiona! supply. Describe existing waler right(s)
under REMARKS.

10. If for Irrigation use, describe method of irrigation, i.e. center pivot sprinkler, flood, etc.:

11. The well or spring is to be constructed on lands owned by City of Cheyenne, Wyoming

(The granting of a permit does not constitute the granting of a right-of-way. If any easement or right-of-way is necessary in connection
with this application, it should be understood that the responsibility is the applicant's. A copy of the agreement shou!d accompany this
application, if the land is privately owned and Ihe owner is not the co-applicant.)

12. The water is to be used on lands owned by City of Cheyenne, Wyoming
(if the landowner is not the applicant, a copy of the agreement relating to the usage of the appropriated water on the land
should be submitted to this office. If the landowner is included as co-applicant on the application, this procedure need
not be followed.) NOTE: Water rights attach to the area(s) and/or point(s) of use.

REMARKS:

Belvoir Ranch The well w:II be dnlled geophysucally Iogged and aqu:fer tested The weII may be

used for municipal supply in the future, depending upon results of all testing.

Under penalties of perjury, ! declare that | have examined this application and to the best of my knowledge and belief it is

true, correct and complete.
A T l2/z 20 77

Signature of Applicant or Authrized Agent Date

THE LEGALLY REQUIRED FILING FEE MUST ACCOMPANY THIS APPLICATION

DOMESTIC AND/OR STOCK WATERING USES $50.00
(Domestic use is defined as use of water in 3 single family dwellings or less,
noncommercial watering of lawns and gardens totalling one acre or less.)

COAL BED METHANE USE $50.00
IRRIGATION, MUNICIPAL, INDUSTRIAL, AND MISCELLANEOUS USES $75.00
MONITOR (For water level measurements or chemical quality sampling) or TEST WELL USES No Fee

IF WELL WILL SERVE MULTIPLE USES, SUBMIT ONLY ONE (THE HIGHER) FILING FEE.
THIS SECTION IS NOT TO BE FILLED IN BY APPLICANT

THE STATE OF WYOMING )

) ss.
STATE ENGINEER'’S OFFICE )
This instrument was received and filed for record on the 14th day of Decembexr ,AD.
2009, at_9:33 o'clock A_M.

Permit No. U.W. o M
e 191983 Bege o

THIS IS TO CERTIFY that | have examined the foregoing application and do hereby grant the same subject to the following limitations
and conditions:

This application is approved subject to the condition that the proposed use shall not interfere with any existing rights to ground water from
the same source of supply and is subject to regulation and correlation with surface water rights, if the ground and surface waters are
interconnected. The use of water hereunder is subject to the further provisions of Chapter 169, Session Laws of Wyoming, 1957, and any
subsequent amendments thereto.

Granting of a permit does not guarantee the right to have the water level or artesian pressure in the well maintained at any specific level.
The well should be constructed to a depth adequate to allow for the maximum development and beneficial use of ground water in the
source of supply.

If the well is a flowing artesian wel!, it shall be so constructed and equipped that the flow may be shut off when not in use without loss of
water into sub-surface formations or at the land surface.

rFor SRUSTHYSRAT LERS AR P LR LR HENE R E" APFARHE €raTUS sHEET.

Approval of this application may be considered as authorization to proceed with construction of the proposed well or spring. A Statement
of Completion must be filed within thirty (30) days of completion of construction, ineluding-pump-instaitation.

Completion of construction apd-eempletion-of-the-beneficiat-use-of-waterfor the purposes specified in item 4 of this application will be

made by December 31, 20

waterto-bensficlaluse.

sT
Witness my hand this 02/ - day of

fnﬁlcx T TYARELL, State Engineer

This application is for test purposes only; no wat will be beneficially used. The
approval of this test well permit does NOT OBLIGATE the State Engineer to approve the
permanent production well permit. This permit will be automatically cancelled on Decembe
31, 2011 or upon receipt of an acceptable Statement of Completion. PROOF OF APPROPRIATIC
AND BENEFICIAL USE OF GROUND WATER (FORM U.W. 8) IS WAILVED UNDER THIS PERMIT.



FORM UW: C&L, D1
REV. 5-97

PERMIT NO. UW. 191983
T.F. No. UW. 41-7-589

Priority Date December 14, 2009 Approval Date ‘JAN 2 1 20 I“
ADDITIONAL CONDITIONS AND LIMITATIONS:

1. In the event that this well will be completed as a production well, the well shall
be completed in the Casper Formation. Multiple formation completion or
multiple formation water production from a production well at this location is
strictly prohibited.

2. In the event that this well will be completed as a production well, this well will

be cemented from the top of the Casper Formation to the land surface, to
eliminate the commingling of ground water from different aquifers.

(.

4te of Approval _#ATRICK T. TYRRELL, State Engineer



Reipb e STATE OF WYOMING i
FILING FEE SCHEDULE OFFICE OF THE STATE ENGINEER i 9< e 09
ON REVERSE SIDE HERSCHLER BLDG., 4-E  CHEYENNE, WYOMING 82002

(307) 777-6163
APPLICATION FOR PERMIT TO APPROPRIATE GROUND WATER
APPLICATION FOR WELLS AND SPRINGS

Note: Only springs flowing 25 gallons per minute or less, where the proposed use is
Domestic and/or Stock Watering, will be considered as ground water appropriations.

FOR OFFICE USE ONLY Temporary Filing No. U.W. '*ﬂ - 8 '-58’q
PERMIT NO. U.W. 1 9 1 9 8 1 NOTE: Do not fold this form. Use typewriter or print neatly
with black ink.
WATER DIVISION NO._pistRicT | ALL ITEMS MUST BE COMPLETED BEFORE

uw. DisTRICTCheyenme Grovudwatey Tristrick APPLICATION IS ACCEPTABLE

NAME AND NUMBER OF WELL or SPRING ~ Goose Creek 2-3

t. Name of applicant(s) 'yoming Waler D C i City of Ch Board of Public Ulilities Phone 307-777-7626/307-837-6460

2. Address of applicanl(s) 6920 Yellowtail Road, Cheyenne, WY 82002/ 2100 Pioneer Avenue, Cheyenne, WY 82003-1469
(MAILING ADDRESS) (CITY) (STATE) (z1P)

3. Name & address of agent to receive correspondence and notices ~_Mark Stacy. C/O Lidstone and Associates, Inc.

4025 ion Way, Bldg. E Forl Collins co Phone 970-223-4705
(MAILING ADDRESS) (CITY) (STATE) (2IP)

4, Use to which the water will be applied

[ ] Domestic Use of water in 3 single family dwellings or less, noncommercial watering ol lawns and gardens
totaling one acre or less. Number of houses served?.

[ J Stock Watering Normal livestock use at four tanks or less within one mile of well or spring. Stock-watering pipelines
and commercial feedlots are a Miscellaneous use. Number of stock tanks?____.

f—l Irrigation Watering of any lands for agricultural purposes not covered by Ihe definition of domestic use (large-
scale lawn watering of golf courses, cemeteries, recreation areas, etc., are Miscellaneous uses).

[ .l Municipal Use of water in incorporated Towns and Cities. Note 1: use of water in unincorporated lowns, sub-
divisions, improvement districts, mobile home parks, etc. are Miscellaneous uses. Note 2:
a permit may be required by the Wyoming Department of Environmental Quality (WDEQ) if the well
will be classified as a public water supply under the WDEQ's rules and regulations.

l ] Industrial Long term use of water for the manufacture of a product or production of oil/gas or other minerals
(oil field water flood operations, power plant water supply, etc.). (Describe in REMARKS)

I_ | Miscellaneous Any use of water not defined under previous definitions such as stock-watering pipelines, subdivisions,
mine dewatering, mineral/oil exploration drilling, potable supplies in office. etc. (Describe in REMARKS).
Note: a permit may be required by the WDEQ if the well will be classified as a public water supply
under the WDEQ's rules and regulations.

l”] Coalbed Methane Water produced in the production of coal bed methane gas. Nole: wells used in the production of coal bed
methane gas will require a permit from the Wyoming Oil and Gas Conservation Commission.

[ | Monitor, Observation Note: a WDEQ permit may be required. i—.j Test Well (Describe in REMARKS)

5. Location of the well or spring: (NOTE: Quarter-quarter (40 acre subdivision) MUST be shown. EXAMPLE: SE 1/ 4 NW 1/4 of Sec.
12, Township 14 North, Range 68 West.)

Laamis County, SW_ 174 SW___ 1/4ofSec.22__,T.13_N,R8 ___ _ W. of the 6th PM. (W.RM.),
Wyoming. If located in a platted subdivision, also provide Lot/Tract __Block ___ of the
Subdivision forAdd'myof _______ Resurvey Location: Tract , (or Lot}
6. Estimated depth of the well or springis 3125 _ft. Estimated production interval is 240 it. t0 3125 ft.
7. (a) MAXIMUM instantaneous flow of water to be developed and beneficially used: 0 gallons per minute.

NOTE: if for Domestic and/or Stock-watering use, this application will be processed for a maximum of 25 gallons per minute. For a
spring, after approval of this application, some type of artificial diversion or improvement must be constructed to qualify for a water right.

(b) MAXIMUM volumetric quantity of water to be developed and beneficially used per calendar year: 2 .
Circle appropriate units:  (Gallons) (Acre Feet) NOTE: A four person family utilizes approximately one (1) acre-foot of water per year
or 325,000 gallons.

8. Mark the point(s) or area(s) of use in the tabulation box below. Note: Upper row refers to the quarter of the section. Next row
refers to the quarter of the quarter section.

TABULATION BOX
SEC NEY,_ NW, SW, [ SEY, TOTAL
[FHE [N NEY, [NWY, | SW ] SEY, | NEV, [NWY, [SWT, [SE Y, [NET, [NWY, [SWY, [SEV, |NEY, [NWY,[ SWi[SEY

1 9 1 9 8 4 SEE REVERSE SIDE 1 3 8 5 g “nb 8 4

Permit No. U.W. Book No.




9. If for lrrigation use:
a. Describe-MAXIMUM acreage to be irrigated in each 40 acre subdivision in the tabulation box above.
b.[J Land will be irrigated, from this well only. )
c. [0 Landis irrigated fiom existing water right(s) with water from this well to be additional supply. Describe existing water nght(s)
under REMARKS.

10. if for Irrigation use, describe method of irrigation, i.e. center pivot sprinkler, flood, etc.:

11. The well or spring is to be constructed on lands owned by City of Cheyenne, Wyoming
(The granting of a permit does not constitute the granting of a right-of-way. If any easement or right-of-way is necessary in connection
with this application, it should be understood that the responsibility is the applicant's. A copy of the agreement should accompany this
application, if the land is privately owned and the owner is not the co-applicant.)

12. The water is to be used on lands owned by City of Cheyenne, Wyoming
(If the landowner is not the applicant, a copy of the agreement relating to the usage of the appropriated water on the land
should be submitted to this office. If the landowner is included as co-applicant on the application, this procedure need
not be followed.) NOTE: Water rights attach to the area(s) and/or point(s) of use.

REMARKS:
Belvoir Ranch. The well will be drilled, geophysically logged, and aquifer tested. The well may be
used for municipal supply in the future, depending upon results of all testing.

Under penalties of perjury, | declare that | have examined this application and to the best of my knowledge and belief it is
true, correct and complete.

Ak, Fam ~ /7 .20 09

Signature of Applicant or Authorized Agent Date

THE LEGALLY REQUIRED FILING FEE MUST ACCOMPANY THIS APPLICATION

DOMESTIC AND/OR STOCK WATERING USES $50.00

{Domestic use is defined as use of water in 3 single family dwellings or less,
noncommercial watering of lawns and gardens totalling one acre or less.)

COAL BED METHANE USE $50.00
IRRIGATION, MUNICIPAL, INDUSTRIAL, AND MISCELLANEOUS USES $75.00
MONITOR (For water level measurements or chemical quality sampling) or TEST WELL USES No Fee

IF WELL WILL SERVE MULTIPLE USES, SUBMIT ONLY ONE (THE HIGHER) FILING FEE.
THIS SECTION IS NOT TO BE FILLED IN BY APPLICANT

THE STATE OF WYOMING )
) ss.
STATE ENGINEER'S OFFICE )
This instrument was received and filed for record on the lath day of Decembexr ,AD.
20_09 ,at_ 9233 o'clock A_M.

Permit No. UW. 19193 4 M M

P for State Engineer
THIS IS TO'CERTIFY that | have examined the foregoing application and do hereby grant the same subject to the following limitations
and conditions:
This application is approved subject to the condition that the proposed use shall not interfere with any existing rights to ground water from
the same source of supply and is subject to regulation and correlation with surface water rights, if the ground and surface waters are
interconnected. The use of water hereunder is subject to the further provisions of Chapter 169, Session Laws of Wyoming, 1957, and any
subsequent amendments thereto.
Granting of a permit does not guarantee the right to have the water level or artesian pressure in the well maintained at any specific level.
The well should be constructed to a depth adequate to allow for the maximum development and beneficial use of ground water in the
source of supply.
If the well is a flowing artesian well, it shall be so constructed and equipped that the flow may be shut off when not in use without loss of
water into sub-surface formations or at the land surface.

FOR A MRS R O Ry e A TR 8 B P R e B s TATUS SHEET.

Approval of this application may be considered as authorization to proceed with construction of the proposed well or spring. A Statement
of Completion must be filed within thirty (30) days of completion of construction, irsluding-pump-instaiation.

Completion of construction ane- plet +ihe-bensfisiause-al ""'57' for the purposes specified in ftem 4 of this application will be
made by December 31, 20 _£/.

Tha-armeunt-olspseptatienshallbs lmlied-tethe-guantity-to-whish-permiice-is-ertiled-as-detormined-at-time-ob-prest-ofappliention-of

,aD.20_20 .

sT
Witness my hand this 01/ = day of

ATRICK T. TYRRELL, State Engineer
This application is for test purposes only; no wayer will be beneficlally used. The

approval of this test well permit does NOT OBLIGATE the State Engineer to approve the
permanent production well permit. This permit will be automatically cancelled on Decemt
31, 2011 or upon receipt of an acceptable Statement of Completion. PROOF OF APPROPRIATI
AND BENEFICIAL USE OF GROUND WATER (FORM U.W. 8) IS WAIVED UNDER THIS PERMIT.



FORM UW: C&L, D1
REV.5-97

PERMIT NO. UW. 191984
T.F. No. U.W, 41-8-589

Priority Date December 14, 2009 Approval Date IJAN 2 1 2010

ADDITIONAL CONDITIONS AND LIMITATIONS:

1. In the event that this well will be completed as a production well, the well shall
be completed in the Casper Formation. Multiple formation completion or
multiple formation water production from a production well at this location is
strictly prohibited.

2. In the event that this well will be completed as a production well, this well will

be cemented from the top of the Casper Formation to the land surface, to
eliminate the commingling of ground water from different aquifers.

. (X

Date of Approval PATRICK T. TYRRELL, State Engineer



Rov 908 STATE OF WYOMING
FILING FEE SCHEDULE OFFICE OF THE STATE ENGINEER /Y4
ON REVERSE SIDE HERSCHLER BLDG., 4-E  CHEYENNE, WYOMING 82002 [ o )
(307) 777-6163
APPLICATION FOR PERMIT TO APPROPRIATE GROUND WATER

APPLICATION FOR WELLS AND SPRINGS
Note: Only springs flowing 25 gallons per minute or less, where the proposed use is
Domestic and/or Stock Watering, will be considered as ground water appropnallons

FOR OFFICE UiE Og% Temporary Filing No. U.W. q \33 01

PERMIT NO. U.W.

NOTE: Do not foid this form. Use typewriter or print neatly

with black ink.
WATER DIVISton N°~J— isTRICTL_____ ALL ITEMS MUST BE COMPLETED BEFORE
UW. DISTRICTCR ysun e Glovedwaker Disk e APPLICATION IS ACCEPTABLE
NAME AND NUMBER OF WELL or SPRING ~ Lone Tree 5-2
1. Name of applicant(s) Wyoming Waler Devel Commissiony City of Cheyenne, Boerd of Public Utitles Phone _307-777-7626/307-637-6450

2. Address of app"cam(s) 6920 Yellowlail Road, Cheyenne, WY 82002/ 2100 Pioneer Avenue, Cheyenne, WY 82003-1469
(MAILING ADDRESS) (CITY) (STATE) (ZtP)

3. Name & address of agenl to receive correspondence and notices ~_Mark Stacy. C/O Lidslone and Associalas, Inc.

4025 Automalion Way, Bldg. E Fort Collins co Phone 9870-223-4705
(MAILING ADDRESS) (CITY) (STATE) (ZiP)

4. Use to which the water will be applied

[_ ] Domestic Use of water in 3 single family dwellings or less, noncommercial walering of lawns and gardens
totaling one acre or less. Number of houses served?.

[_i Stock Walering Normal livestock use at four tanks or less within one mile of well or spring. Stock-walering pipelines
and commercial feedlots are a Miscellaneous use. Number of stock tanks?____

[, ] Irrigation Watering of any lands for agricultural purposes not covered by the definition of domestic use (large-
scale lawn watering of golf courses, cemeteries, recreation areas, etc., are Misceflaneous uses).

|_ —] Municipal Use of water in incorporated Towns and Cities. Note 1: use of water in unincorporated towns, sub-
divisions, improvement districts, mobile home parks, etc. are Miscellaneous uses. Note 2:
a permit may be required by the Wyoming Department of Environmental Quality (WDEQ) if the well
will be classified as a public water supply under the WDEQ's rules and regulations.

| -l Industrial Long term use of water for the manufacture of a product or production of oil/gas or other minerals
(oil field water flood operations, power plant water supply, etc.). (Describe in REMARKS)

|. | Miscellaneous Any use of waler not defined under previous definitions such as stock-watering pipelines, subdivisions,
mine dewatering, mineral/oil exploration drilling, potable supplies in office, etc. (Describe in REMARKS).
Note: a permit may be required by the WDEQ if the weil will be classified as a public water supply
under the WDEQ's rules and regulations.

[_] Coalbed Methane Water produced in the production of coal bed methane gas. Nole: wells used in the production of coal bed
methane gas will require a permit from the Wyoming Oil and Gas Conservation Commission.

{ 1 Monitor, Observation Note: a WDEQ permit may be required. [H] Test well (Describe in REMARKS)

5. Location of the well or spring: (NOTE: Quarter-quarter (40 acre subdivision) MUST be shown. EXAMPLE: SE 1/4 NW 1/ 4 of Sec.
12, Township 14 North, Range 68 West.)

Laramie County, N&_ 1/4 SE 14 ofSec. 7 __ T.13 N, ,RS____ W ofthe 6th PM. (W.R.M.).
Wyoming. If located in a platted subdivision, also provide Lot/Tract ____Block ___ of the
Subdlvision (orAdd'nyof . Resurvey Location: Tract . (or Lot)

6. Estimated depth of the well or springis 1890 . Estimated production interval is 560 ft. to 1680 ft

7. (a) MAXIMUM instantaneous flow of water to be developed and beneficially used: 2 gallons per minute.

NOTE: if for Domestic and/or Stock-watering use, this application will be processed for a maximum of 25 gallons per minute. For a
spring, after approval of this application, some type of artificial diversion or improvement must be constructed to qualify for a water right.

(b) MAXIMUM volumetric quantity of water to be developed and beneficially used per calendar year: %
Circle appropriate units: (Gallons) (Acre Feet) NOTE: A four person family utilizes approximately one (1) acre-foot of waler per year
or 325,000 gallons.

8. Mark the point(s) or area(s) of use in the tabulation box below. Note: Upper row refers to the quarter of the section. Next row
refers to the quarter of the quarter section.

TABULATION BOX

NE NWY, SWY, SEY, TOTAL
™I SEC Yy T
P | NEV, [NWY, | SWY, | SET | NEY, |NWY, [SWY, [SEY, |NEY, [NWY, |SW, [SEY, | NEY, [NWY,| SWY] SEY,

SEE REVERSE SIDE
Permit No. U.W. 1 9 1 9 8 5 Book No. ___l_B_B_S_ Page No. 8 5




9. |If for lrrigation use:
a. Describe MAXIMUM acreage to be irrigated in each 40 acre subdivision in the tabulation box above.

b. [J Land will be irrigated-from this we!l only.
c. [J Land is irrigated from existing walter right(s) with water from this well to be additional supply. Describe existing water right(s)

under REMARKS.

10. If for lrrigation use, describe method of irrigation, i.e. center pivot sprinkler, flood, ete.:

11. The well or spring is to be constructed on lands owned by City of Cheyenne, Wyoming
(The granting of a permit does not constitute the granting of a right-of-way. If any easement or right-of-way is necessary in connection
with 1his application, it should be understood that the responsibility is the applicant's. A copy of the agreement should accompany this
application, if the land is privately owned and the owner is not the co-applicant.)

12. The water is to be used on lands owned by City of Cheyenne, Wyoming
(if the landowner Is not the applicant, a copy of the agreement relating to the usage of the appropriated water on the land
should be submitted to this office. If the landowner is included as co-applicant on the application, this procedure need
not be followed.) NOTE: Water rights attach to the area(s) and/or point(s) of use.

REMARKS:
Belvoir Ranch. The well will be drilled, geophysically logged, and aquifer tested. The well may be

used for municipal supply in the future, depending upon results of all testing.

Under penalties of perjury, | declare that | have examined this application and to the best of my knowledge and belief it is
true, correct and complete.

%f- )zﬂi‘j /"/f 20 07

Signature of Applicant or Authorized Agent Date

THE LEGALLY REQUIRED FILING FEE MUST ACCOMPANY THIS APPLICATION

DOMESTIC AND/OR STOCK WATERING USES $50.00
(Domestic use is defined as use of water in 3 single family dwellings or less,
noncommercial watering of lawns and gardens totalling one acre or less.)

COAL BED METHANE USE $50.00
IRRIGATION, MUNICIPAL, INDUSTRIAL, AND MISCELLANECUS USES $75.00
MONITOR (For water level measurements or chemicat quality sampling) or TEST WELL USES No Fee

IF WELL WILL SERVE MULTIPLE USES, SUBMIT ONLY ONE (THE HIGHER) FILING FEE.
THIS SECTION IS NOT TO BE FILLED IN BY APPLICANT

THE STATE OF WYOMING )
) ss.
STATE ENGINEER'S OFFICE )
This instrument was received and fited for record on the 14th day o) December ,AD.
2009, at 9:33 _o'clock _A M.

Permit No. UW. 191985 M -Z‘-/‘———“B

tor State Engineer

THIS IS TO CERTIFY that | have examined the foregoing application and do hereby grant the same subject to the followmg limitations
and conditions:

This application is approved subject to the condition that the proposed use shall not interfere with any existing rights to ground water from
the same source of supply and is subject to regulation and correlation with surface water rights, if the ground and surface waters are
interconnected. The use of water hereunder is subject to the further provisions of Chapter 169, Session Laws of Wyoming, 1957, and any
subsequent amendments thereto.

Granting of a permit does not guarantee the right to have the water leve! or artesian pressure in the well maintained at any specific level.
The well should be constructed to a depth adequate to allow for the maximum development and beneficial use of ground water in the
source of supply.

if the well is a flowing artesian well, it shall be so constructed and equipped that the flow may be shut off when not in use without loss of
water into sub-surface formations or at the land surface.

oal Bed th wells have Additignal ondmons and lerta1 ns on anachment she .
Thg fcation 5: f\ e % iy water wi‘ll be beneficially used. The

ap roval of this test well emit: does NOT OBLIGATE the State Engineer to approve the

ER_THIS PERMIT.

Approval of this application may be considered as authorization to proceed with construction of the proposed wel! or spring. A Statement
of Completion must be filed within thirty (30) days of completion of construction -ineluding-pump-instaliation,

Completion of construction ard letior-ef-tha-benetisial -water for the purposes specified in ltem 4 of this application will be
made by December 31, 20_// .

P

ol o bbb £ £ "
ras-getermined-at-tme-otprootot Tot

The-al

AD. 20 lQ :

a7
Witness my hand this 92/ - day of

TRICK T. TY‘HRELL State Engineer




FORM UW: C&L, D1
REV.5-97

PERMIT NO. UW. 191985
T.F. No. U.W. 41-9-589

Priority Date December 14, 2009 Approval Date JAN 2 1 2010

ADDITIONAL CONDITIONS AND LIMITATIONS:

1. In the event that this well will be completed as a production well, the well shall
be completed in the Casper Formation. Multiple formation completion or
multiple formation water production from a production well at this location is
strictly prohibited.

2. In the event that this well will be completed as a production well, this well will

be cemented from the top of the Casper Formation to the land surface, to
eliminate the commingling of ground water from different aquifers.

ol n@(;@@ﬂ; /

Ddte of Approva >7’@;]’_ATRICK T. TYRRELL, State Engineer



Fow 905 STATE OF WYOMING

FILING FEE SCHEDULE OFFICE OF THE STATE ENGINEER . Dgl'
ON REVERSE SIDE HERSCHLER BLDG., 4-E  CHEYENNE, WYOMING 82002 ! By pod
(307) 777-6163 '
APPLICATION FOR PERMIT TO APPROPRIATE GROUND WATER
APPLICATION FOR WELLS AND SPRINGS
Note: Only springs flowing 25 gallons per minute or less, where the proposed use is
Domestic and/or Stock Watering, will be considered as ground water appropriations, ~
FOR OFFICE USE ONLY Temporary Filing No. U.W. q I -10 \J?{q
PERMIT NO. UW. 1 g 1 9 8 6 NOTE: Do not fold this form. Use typewriter or print neatly
WATER DIVISION NO._L_ DISTRIC e
c S T, — ALL ITEMS MUST BE COMPLETED BEFORE
UW. DISTRICT theant Gromdwaber Dist. APPLICATION IS ACCEPTABLE
NAME AND NUMBER OF WELL or SPRING ~ LoneTreeS:4
t. Name of applicanl(s) Wyoming Water O C ission/ Cliy of Ch Board of Public Ullfilies Phone 307-777-7626/307-637-6460
2. Address of applicant(s) 6920 Yellowlall Road, Cheyenne, WY 82002/ 2100 Ploneer Avenue, Cheyenne, WY 82003-1469
(MAILING ADDRESS) (CITY) (STATE) (2ZIP)
3. Name & address of agent to receive correspondence and notices ~ Mrk Siacy, C/O Lidsione and Associates, Inc.
4025 Aulomation Way, Bldg E Forl Collins co Phone 970-223-4705
(MAILING ADDRESS) (CITY) (STATE) (ZIP)
4. Use to which the water will be applied
[ ] Domestic Use of water in 3 single family dwellings or less, noncommercial watering of lawns and gardens
totaling one acre or less. Number of houses served?.
l“] Stock Walering Normal livestock use at four tanks or less within one mile of well or spring. Stock-walering pipelines
and commercial feedlots are a Miscellaneous use. Number of stock tanks?7___.
[ J Irrigation Walering of any lands for agricultural purposes not covered by the definition of domestic use (large-
scale lawn watering of golf courses, cemeteries, recreation areas, etc., are Miscellaneous uses).
{_ ] Municipal Use of water in incorporated Towns and Cities. Note 1: use of water in unincorporated towns, sub-
divisions, improvement dlistricts, mobile home parks, etc. are Miscellaneous uses. Note 2:
a permit may be required by the Wyoming Department of Environmental Quality (WDEQ) if the well
will be classified as a public water supply under the WDEQ's rules and regufalions.
[ J Industrial Long term use of water for the manufacture of a product or production of oil/gas or other minerals
{oil field water flood operations, power plant water supply, etc.). (Describe in REMARKS)
l_-] Miscellaneous Any use of water not defined under previous definitions such as stock-watering pipelines, subdivisions,

mine dewatering, mineral/oil exploration drilling, potable supplies in office. etc. (Describe in REMARKS).
Note: a permit may be required by the WDEQ if the well will be classified as a public water supply
under the WDEQ's rules and regulations.

[_7 Coalbed Methane Water produced in the production of coal bed methane gas. Note: wells used in the production of coal bed
methane gas will require a permit from the Wyoming Oil and Gas Conservation Commission.

[- ] Monitor, Observation Note: a WDEQ permit may be required. '[i) Test Well (Describe in REMARKS)

5. Location of the well or spring: (NOTE: Quarter-quarter (40 acre subdivision) MUST be shown. EXAMPLE: SE 1/4 NW 1/4 of Sec.
12. Township 14 North, Range 68 West.)

Lacumie County, MV _ 174 SW___ 1/4 ofSec. '8 T.13 _N,R.E_____ W.of the 6th PM. (W.R.M.),
Wyoming. tf located in a platted subdivision, also provide Lot/Tract _Block ___ of the
Subdivision (orAdd'njof . Resurvey Location: Tract . (or Lot)
6. Estimaled depth of the well or springis 240 ft. Estimated production interval is 120¢ ft. to 2140 ft,
7. (a) MAXIMUM instantaneous flow of water to be developed and beneficially used: 2 gallons per minute.

NOTE: if for Domestic and/or Stock-watering use, this application will be processed for a maximum of 25 gallons per minule. For a
spring, after approval of this application, some type of artificial diversion or improvement must be constructed to qualify for a water right.

(b) MAXIMUM volumetric quantity of water to be developed and beneficially used per calendar year: 2 .
Circle appropriate units: (Gallons) (Acre Feet) NOTE: A four person family utilizes approximalety one (1) acre-foot of waler per year
or 325,000 gallons.

8. Mark the point(s) or area(s) of use in the tabulation box below. Note: Upper row refers to the quarter of the section. Next row
refers to the quarter of the quarter section.

TABULATION BOX
TWP |ANG |SEC NEY, NWY, SW SE", TOTAL

—

NEY, [NWY, | SWY, ]| SEY, | NE, [NW, |SWY, [SEY, |NEY, [NWY, [SWY, [SEY |NEY, |NWY,| SWY,]SEY,

191986 SEE REVERSE SIDE 1385 86

Permit No. U.W. Book No.,




9. If for Irrigation use:
a. Describe MAXIMUM acreage to be irrigated in each 40 acre subdivision in the tabulation box above.

b. (J Land will be irrigated from:this well only.
c. [J Landis irrigated from existing water right(s) with water from this well to be additional supply. Describe existing water nght(s)

under REMARKS.

10. If for lrrigation use, describe method of irrigation, i.e. center pivot sprinkler, flood, etc.:

11. The well or spring is to be constructed on lands owned by City of Cheyenne, Wyoming
(The granting of a permit does not constitute the granting of a right-of-way. If any easement or right-of-way is necessary in connection
with this application, it should be understood that the responsibility is the applicant's. A copy of the agreement should accompany this
application, if the land is privately owned and the owner is not the co-applicant.)

12. The water is to be used on lands owned by City of Cheyenne, Wyoming
(if the landowner is not the applicant, a copy of the agreement relating to the usage of the appropriated water on the land
should be submitted to this office. If the landowner is included as co-applicant on the application, this procedure need
not be followed.) NOTE: Water rights attach to the area(s) and/or point(s) of use.

REMARKS:

Belvoir Ranch The well Wl|| be drllled geophysncally Iogged and aqulfer tested The well may be

used for municipal supply in the future, depending upon results of all testing.

Under penaities of perjury, | declare that | have examined this application and to the best of my knowledge and belief it is
true, correct and complete.

2/ ,20 d9
Signature of Applicant or Authorized Agent Date

THE LEGALLY REQUIRED FILING FEE MUST ACCOMPANY THIS APPLICATION

DOMESTIC AND/OR STOCK WATERING USES $50.00

(Domestic use is defined as use of water in 3 single family dwellings or less,
noncommercial watering of lawns and gardens totalling one acre or less.)

COAL BED METHANE USE $50.00
IRRIGATION, MUNICIPAL, INDUSTRIAL, AND MISCELLANEOUS USES $75.00
MONITOR (For water level measurements or chemical quality sampling) or TEST WELL USES No Fee

IF WELL WILL SERVE MULTIPLE USES, SUBMIT ONLY ONE (THE HIGHER) FILING FEE.
THIS SECTION IS NOT TO BE FILLED IN BY APPLICANT

THE STATE OF WYOMING )

) ss.
STATE ENGINEER'S OFFICE )
This instrument was received and filed for record on the 14th day of December ,AD.

20_09,at_ 9233 o'clock _A M.
Permit No. U.W. 1 9 1 9 8 B %. - ’

for State Engineer
THIS IS TO CERTIFY that | have examined the foregoing application and do hereby grant the same subject to the éjwing limitations
and conditions:
This application is approved subject to the condition that the proposed use shall not interfere with any existing rights to ground water from
the same source of supply and is subject to regulation and correlation with surface water rights, if the ground and surface waters are
interconnected. The use of water hereunder is subject to the further provisions of Chapter 169, Session Laws of Wyoming, 1957, and any
subsequent amendments thereto.
Granting of a permit does not guarantee the right to have the water level or artesian pressure in the well maintained at any specific level.
The well should be constructed to a depth adequate to allow for the maximum development and beneficial use of ground water in the
source of supply.
If the well is a flowing artesian well, it shall be so constructed and equipped that the flow may be shut off when not in use without loss of
water into sub-surface formations or at the land surface.

FoR AT MRS " SN N A R L A TR "8 BB RN B b raTUS_ sHEET.

Approval of this application may be considered as authorization to proceed with construction of the proposed well or spring. A Statement

of Completion must be filed within thirty (30) days of completion of construchon inoluding-prmp-

Completion of construction W for the purposes specified in item 4 of this application will be
made by December 31, 20 .

Witness my hand this

\TRICK T. TYRBELL, State Engineer
This application is for test purposes only; no wa@ger will be beneficially used. The

approval of this test well permit does NOT OBLIGATE the State Engineer to approve the
permanent production well permit. This permit will be automatically cancelled on Decemt
31, 2011 or upon receipt of an acceptable Statement of Completion. PROOF OF APPROPRIATI
AND BENEFICIAL USE OF GROUND WATER (FORM U.W. 8) IS WAIVED UNDER THIS PERMIT.



FORM UW: C&L, D1
REV. 5-97

PERMIT NO. UW. 191986
T.F. No. U.W. 41-10-589

Priority Date December 14, 2009 Approval Date 'JAN 2 1 201&

ADDITIONAL CONDITIONS AND LIMITATIONS:

1. In the event that this well will be completed as a production well, the well shall
be completed in the Casper Formation. Multiple formation completion or
multiple formation water production from a production well at this location is
strictly prohibited.

2. In the event that this well will be completed as a production well, this well will

be cemented from the top of the Casper Formation to the land surface, to
eliminate the commingling of ground water from different aquifers.

N (v

Ddlte of Approva #ATRICK T. TYRRELL, State Engineer



o 509~ STATE OF WYOMING

FILING FEE SCHEDULE OFFICE OF THE STATE ENGINEER bid B '
ON REVERSE SIDE HERSCHLER BLDG., 4-E  CHEYENNE, WYOMING 82002 | D&-( FY13
(307) 777-6163

APPLICATION FOR PERMIT TO APPROPRIATE GROUND WATER

APPLICATION FOR WELLS AND SPRINGS
Note: Only springs flowing 25 gallons per minute or less, where the proposed use is
Domestic and/or Stock Watering. will be considered as ground water appropriations.

FOR OFFICE USE ONLY Temporary Filing No. UW. L\l e ] N 6 q O
PERMIT NO. U.W. I 9 l 9 8 Z NOTE: Do not foid this form. Use typewriter or print neatiy
with biack ink.
WATER DIVISION NO.—L DISTRICT \_______ _ ALL ITEMS MUST BE COMPLETED BEFORE
UW. DISTRICT Cheyemue 6 rovmdw sbere Distid] APPLICATION IS ACCEPTABLE

NAME AND NUMBER OF WELL or SPRING ~ Lone Tree Fault 1-2

1. Name of applicant(s) Wyoming Water D P C Cily of Chey Board of Public Ulililles Phone 307-777-7626/307-637-6460

2. Address of applicant(s) 6920 Yellowlall Road, Cheyenne, WY 82002/ 2100 Pioneer Avenue, Cheyenne, WY 82003-1463
(MAILING ADDRESS) (CITY) (STATE) (ZIP)

3. Name & address of agent to receive correspondence and notices Mark Stacy, C/O Lidsione and Associates, Inc.

4025 Automation Way, Bidg. € Fori Collins co Phone 970-223.4705
(MAILING ADDRESS) (CITY) (STATE) (ZIP)

4. Use to which the water will be applied

[ ] Domestic Use of water in 3 single family dwellings or less, noncommercial watering of lawns and gardens
totaling one acre or less. Number of houses served?.

(J Stock Watering Normal livestock use at four tanks or less within one mile of well or spring. Stock-watering pipelines
and commercial feedlots are a Miscellaneous use. Number of stock tanks?____.

l. J Irrigation Watering of any lands for agricultural purposes not covered by the definition of domestic use (large-
scale lawn watering of golf courses, cemeteries, recreation areas, etc., are Miscellaneous uses).

[ _J Municipal Use of water in tncorporated Towns and Clties. Note 1: use of water in unincorporated towns, sub-
divisions, improvement districts, mobile home parks, etc. are Miscellaneous uses. Note 2:
a permit may be required by the Wyoming Department of Environmental Quality (WDEQ) if the well
will be classified as a public water supply under the WDEQ's rules and regulations.

[ —] Industrial Long term use of water for the manufacture of a product or production of oil/gas or other minerals
(oil field water flood operations, power plant water supply, etc.). (Describe in REMARKS)

[ J Miscellaneous Any use of water not delined under previous definitions such as stock-watering pipelines, subdivisions,
mine dewatering, mineral/oil exploration drilling, potable supplies in office, etc. (Describe in REMARKS).
Note: a permit may be required by the WDEQ if the well will be classified as a public water supply
under the WDEQ's rules and regulations.

[ -] Coalbed Methane Water produced in the production of coal bed methane gas. Note: wells used in the production of coai bed
methane gas will require a permit from the Wyoming Oil and Gas Conservation Commission.

[ ] Monitor, Observation Note: a WDEQ permit may be required. (W] Test Well (Describe in REMARKS)

5. Location of the well or spring: (NOTE: Quarter-quarter (40 acre subdivision) MUST be shown. EXAMPLE: SE 1/ 4 NW 1/4 of Sec.
12, Township 14 North, Range 68 West.)

Lacamis County, N 1/4N% __ 1/4 ofSec.3® T2 _N,R.8 W. of the 6th PM. (W.R.M.).
Wyoming. If located in a platted subdivision, also provide Lot/Tract ___Block ___ of the
Subdivision forAdd'n)of . Resurvey Location: Tract . {or Lot)
6. Estimated depth of the well or spring is 1870 ft. Estimated production interval is 579 ft. to 1870 ft.
7. (a) MAXIMUM instantaneous flow of water to be developed and beneficially used: g gallons per minute.

NOTE: if for Domestic and/or Stock-watering use, this application will be processed for a maximum of 25 gallons per minute. For a
spring, after approval of this application, some type of artlficial diversion or improvement must be constructed to qualify for a water right.

(b) MAXIMUM volumetric quantity of water to be developed and beneficially used per calendar year: ° .
Circle appropriate units:  (Gallons) (Acre Peet) NOTE: A four person family utilizes approximately one (1) acre-foot of water per year
or 325,000 gallons.

8. Mark the paint(s) or area(s) of use in the tabulation box below. Note: Upper row refers to the quarter of the section. Next row
refers to the quarter of the quarter section.
TABULATION BOX

TWP |RNG [SEC NEY, NWY, SWY, SEY, TOTAL
NEV, [NWY, | SWi,] SEV, | NEY, [NW1, [SW, [SEY, [NEY, [NWY [SWY, |SEY |NEY, [NWY,| SWi,JSEY,

1 9 1 98 7 SEE REVE-FISE SIDE 1 3 8 5 87

Book No. Page No.

Permit No. U.W.




9. If for Irrigation use:
a. Describe MAXIMUM acreage to be irrigated in each 40 acre subdivision in the tabulation box above.
b. [} Land will be irzigafed from this well only.
c. [] Landis irrigated from existing water right(s) with water from this well to be additional supply. Describe existing water nght(s)
under REMARKS.

o

10. If for Irrigation use, describe method of irrigation, i.e. center pivot sprinkler, flood, etc.:,

11. The well or spring is to be constructed on lands owned by City Of Cheyenne, Wyoming
(The granting of a permit does not constitute the granting of a right-of-way. If any easement or right-of-way is necessary in connection
with this application, it should be understood that the responsibility is the applicant's. A copy of the agreement should accompany this
application, if the land is privately owned and the owner is not the co-applicant.)

12. The water is to be used on lands owned by _City of Cheyenne, Wyoming
(if the landowner is not the applicant, a copy of the agreement relating to the usage of the appropriated water on the land
should be submitted to this office. If the landowner is included as co-applicant on the application, this procedure need
not be followed.) NOTE: Water rights attach to the area(s) and/or point(s) of use.

REMARKS:
Belvoir Ranch. The well will be drilled, geophysically logged, and aquifer tested. The well may be

used for municipal supply in the future, depending upon results of all testing.

Under penalties of perjury, | declare that | have examined this applicalion and to the best of my knowledge and belief it is
true, correct and complete.

// (2/9 ,20 ¢9

Signature of Applicant or Authonzed Agent Date

THE LEGALLY REQUIRED FILING FEE MUST ACCOMPANY THIS APPLICATION

DOMESTIC AND/OR STOCK WATERING USES $50.00

{Domestic use is defined as use of water in 3 single family dwellings or less,
noncommercial watering of lawns and gardens totalling one acre or less.)

COAL BED METHANE USE $50.00
IRRIGATION, MUNICIPAL, INDUSTRIAL, AND MISCELLANEOUS USES $75.00
MONITOR (For water level measurements or chemical quality sampling) or TEST WELL USES No Fee

IF WELL WILL SERVE MULTIPLE USES, SUBMIT ONLY ONE (THE HIGHER) FILING FEE.
THIS SECTION IS NOT TO BE FILLED IN BY APPLICANT

THE STATE OF WYOMING )

) ss.
STATE ENGINEER'S OFFICE )
This instrument was received and filed for record on the 14th day of Decemhex, AD.
2009 ,at__9:233  o'clock —_AM
Permit No. U.W. 1 9 1 9 8 7 g&r——wh__,

—~ for State Engineer
THIS IS TO CERTIFY that | have examined the foregoing application and do hereby grant the same subject to the following limitations
and conditions:
This application is approved subiject to the condition that the proposed use shall not interfere with any existing rights to ground water from
the same source of supply and is subject to regulation and correlation with surface water rights, if the ground and surface waters are
interconnected. The use of water hereunder is subject to the further provisions of Chapter 168, Session Laws of Wyoming, 1957, and any
subsequent amendments thereto.
Granting of a permit does not guarantee the right to have the water level or artesian pressure in the well maintained at any specific level.
The well should be constructed to a depth adequate to aliow for the maximum development and beneficial use of ground water in the
source of supply.
If the well is a flowing artesian well, it shall be so constructed and equipped that the flow may be shut off when not in use without loss of
water into sub-surface formations or at the land surface.

ForCRBBTTYBRAT tRIRDTE AONE AN RN PR BN CSEY FPIEY *¥raTUS SHEET.

Approval of this application may be considered as authorization to proceed with construction of the proposed well or spring. A Statement
of Completion must be filed within thirty (30) days of completion of construction, ineluding-purmp-instaliatien.

Completlon of construction and plet iho-benefinlial fwater for the purposes specified in Item 4 of this application will be
made by December 31, 204/ .
. -
mmmmmm&m@qmmﬁemmmm as-d ined-attime-of-proctetapalication-af
water-te-benofisial-use.
of
Witness my hand this J/ = day of ,mD.20_LB .

PATRICK T. TYRRELL, State Engineer

This application is for test purposes only; no wa will be beneficially used. The
approval of this test well permit does NOT OBLIGATE the State Engineer to approve the

permanent production well permit. This permit will be automatically cancelled on Decemb:
31, 2011 or upon receipt of an acceptable Statement of Completion. PROOF OF APPROPRIATI!

AND BENEFICIAL USE OF GROUND WATER (FORM U.W. 8) IS WAIVED UNDER THIS PERMIT.



FORM UW: C&L, D1

REV. 597
PERMIT NO. UW. 191987
T.F. No. UW. 41-1-590
Priority Date December 14, 2009 Approval Date JAN 2 1 2010

ADDITIONAL CONDITIONS AND LIMITATIONS:

1. In the event that this well will be completed as a production well, the well shall
be completed in the Casper Formation. Multiple formation completion or
multiple formation water production from a production well at this location is
strictly prohibited.

2. In the event that this well will be completed as a production well, this well will

be cemented from the top of the Casper Formation to the land surface, to
eliminate the commingling of ground water from different aquifers.

Z.me 2/, 010 @@ifu\ R

D@}e of Approval 47;EATRICK T. TYRRELL, State Engineer



FILING FEE SCHEDULE OFFICE OF THE STATE ENGINEER -

s it LR

T STATE OF WYOMING

ON REVERSE SIDE HERSCHLER BLDG., 4-E  CHEYENNE, WYOMING 82002

(307) 777-6163
APPLICATION FOR PERMIT TO APPROPRIATE GROUND WATER

APPLICATION FOR WELLS AND SPRINGS
Note: Only springs flowing 25 gallons per minute or less, where the proposed use is

Domestic and/or Stock Watering, will be considered as ground water appropriationi.A
FOR OFFICE USE ONLY Temporary Filing No. U.W. \ - 9'601 D
PERMIT NO. U.W. NOTE: Do not fold this form. Use typewriter or print neatly
WATER DIVISION NO._L__ DISTRICT g ik Ik
s — ALL ITEMS MUST BE COMPLETED BEFORE
UW. DISTRICT Cheyuse Groond Wider Diste: APPLICATION IS ACCEPTABLE
NAME AND NUMBER OF WELL or SPRING ~ Lone Tree Faull t-4
1. Name of appllcan((s) Wyoming Water Di Ci ion/ Cliy of Chey Board of Public Ulilities Phone 307-777-7626/307-637.6460

2. Address ol applicant(s) 6920 Yellowtall Road, Cheyenne, WY 82002/ 2100 Ploneer Avenue, Cheyenne, WY 82003-1469
(MAILING ADDRESS) (CITY) (STATE) (Z1P)

3. Name & address of agent to receive correspondence and notices ~_Mark Stacy. C/O Lidslone and Assaciates, Inc.

4025 Aulomallon Way, Bldg. € Fort Collins co Phone 970-223-4705
(MAILING ADDRESS) (CITY) (STATE) (ZIP)

4. Use to which the water will be applied

f ] Domestic Use of water in 3 single family dwellings or less, noncommercial watering of lawns and gardens
totaling one acre or less. Number of houses served?.

[ T stock Walering Normal livestock use at four tanks or less within one mile of well or spring. Stock-watering pipelines
and commercial feedlots are a Miscellaneous use. Number of stock tanks?___ .

J i } Irrigation N Watefing of any lands for agricultural purposes not covered by the definition of domestic use (large-
scale lawn watering of golf courses, cemeteries, recreation areas, etc., are Miscellaneous uses).

[ ] Municipal Use of water in incorporated Towns and Citles. Note 1: use of water in unincorporated towns, sub-
divisions, improvement districts, mobile home parks, etc. are Miscellaneous uses. Note 2:
a permit may be required by the Wyoming Department of Environmental Quality (WDEQ) if the well
will be classified as a public water supply under the WDEQ's rules and regulations.

|' I Industrial Long lerm use of water for the manufacture of a product or production of cil/gas or other minerals
(oil field water flood opérations, power plant water supply, etc.). (Describe in REMARKS)

[ | Miscellaneous Any use of water not defined under previous definitions such as stock-watering pipelines, subdivisions,
mine dewatering, mineral/oil exploration drilling, potable supplies in office, etc. (Describe in REMARKS).
Note: a permit may be required by the WDEQ if the well will be classified as a public water supply
under the WDEQ's rules and regulations.

‘ _] Coalbed Methane Water produced in the production of coal bed methane gas. Note: wells used in the production of coal bed
methane gas will require a permit from the Wyoming Oil and Gas Conservation Commission.

[‘ ] Monitor, Observation Note: a WDEQ permit may be required. [i] Test Well (Describe in REMARKS)

5. Location of the well or spring: (NOTE: Quarter-quarter (40 acre subdivision) MUST be shown. EXAMPLE: SE 1/ 4 NW 1/4 ol Sec.
12, Township 14 North, Range 68 West.)

Lacamie County, S 17458 1/4of Sec.® _ . T.13_N,RE_____ W. ofthe 6th PM. (W.R.M.),
Wyoming. If located in a platied-subdivision, also provide Lot/Tract _Block ____ of the
Subdivision (orAddn)of . Resurvey Location: Tract , (or Lot)
6. Estimated depth of the wellor springis 2240 f. Estimated production intervat is 1949 ft. to 2040 ft.
7. (a) MAXIMUM instantaneous flow of water to be developed and beneficially used: 2 gallons per minute.

NOTE: if for Domestic and/or Stock-watering use, this application will be processed for a maximum of 25 gallons per minute. For a
spring, after approval of this application, some type of artificial diversion or improverneni must be constructed 1o qualify for a water right.

(b) MAXIMUM volumetric quantity of water to be developed and beneficially used per calendar year: 2 .
Circle appropriale units: (Gallons) (Acre Feet) NOTE: A four person family utilizes approximately one (1) acre-foot of water per year
or 325,000 gallons.

o

. Mark 1he point(s) or area(s) of use in the tabutation box below. Note: Upper row refers to the quarter of the section. Next row
refers to the quarter of the quarter section.

TABULATION BOX

TWP [RNG |SEC NEY, = NWY, SWY SEY, TOTAL
NEY, [NWY, [SWY, | SEY, NEY, [NW?Y, SWY, (SEY, | NEY, [NWY, [SWY, [SEY, [NEY, [NWY,|SWY|SEY,

uminouw — 191988 et — 1385 e 88



9. If for Irrigation use:
a. Describe MAXIMUM acreage to be irrigated in each 40 acre subdivision in the tabulation box above.

b.[] Land will be irrigatéd from this well only. H e
c. [J Land is imigated from existing water right(s) with water from this well to be additional supply. Describe existing water nght(s)
under REMARKS.

1

o

. It for Irrigation use, describe method of irrigation, i.e. center pivot sprinkler, flood, etc.:

11. The well or spring is to be constructed on lands owned by City of Chieyenne, Wyoming
(The granting of a permit does not constitute the granting of a right-of-way. If any easement or right-of-way is necessary in connection
with this application, it should be understood that the responsibility is the applicant's. A copy of the agreement should accompany this
application, if the land is privately owned and the owner is not the co-applicant.)

12. The water is to be used on lands owned by _City of Cheyenne, Wyoming
(If the landowner is not the applicant, a copy of the agreement relating to the usage of the appropriated water on the land
should be submitted to this office. If the landowner is included as co-applicant on the application, this procedure need
not be followed.) NOTE: Water rights attach to the area(s) and/or point(s) of use.

REMARKS:

Belvoir Ranch The well will be dnlled geophysically Iogged and aquer tested The well may be

used for municipal supply in the future, depending upon results of all testing.

Under penalties of perjury, | declare that | have examined this application and to the best of my knowledge and belief it is
true, correct and complete.

%‘A Lt 4 /2/7 .20 07

Signature of Applicant or Authorized Agent Date

THE LEGALLY REQUIRED FILING FEE MUST ACCOMPANY THIS APPLICATION

DOMESTIC AND/OR STOCK WATERING USES $50.00

(Domestic use is defined as use of water in 3 single family dwellings or less,
noncommercial watering of lawns and gardens totalling one acre or less.)

COAL BED METHANE USE $50.00
IRRIGATION, MUNICIPAL, INDUSTRIAL, AND MISCELLANEOUS USES $75.00
MONITOR (For water level measurements or chemical quality sampling) or TEST WELL USES No Fee

IF WELL WILL SERVE MULTIPLE USES, SUBMIT ONLY ONE (THE HIGHER! FILING FEE.

THIS SECTION IS NOT TO BE FILLED IN BY APPLICANT

THE STATE OF WYOMING )
) ss.
STATE ENGINEER'S OFFICE )
This instrument was received and filed for record on the 1l4th day of December  AD.
2009 __, at 9-33 o'clock A M.

Permit No. U.W. 191988 W—W

for State Engineer
THIS IS TO CERTIFY that | have examined the foregoing application and do hereby grant the same subiject to (€ following limitations
and conditions:
This application is approved subject to the condition that the proposed use shall not interfere with any existing rights to ground water from
the same source of supply and is subject to regulation and correlation with surface water rights, if the ground and surface waters are
interconnected. The use of water hereunder is subject to the further provisions of Chapter 169, Session Laws of Wyoming, 1957, and any
subsequent amendments thereto.
Granting of a permit does not guarantee the right to have the water level or artesian pressure in the well maintained at any specific level.
The well should be constructed to a depth adequate to allow for the maximum development and beneficial use of ground water in the
source of supply.
If the well is a flowing artesian well, it shall be so constructed and equipped that the flow may be shut off when not in use without loss of
water into sub-surface formations or at the land surface.

FoR AT MESRRT. U RB N AR Rt P A Y RS B PR b raTus smEET.

This application is for test purposes only; no w

Approval of this application may be considered as authorization to proceed with construction of the proposed well or spring. A Statement
of Completion must be filed within thirty (30) days of completion of construction, iretuding-pump-installation,

Completion of construction and-eempletion-of-the-beneficial-use-of-weter for the purposes specified in item 4 of this application will be
made by December 31, ZO_ZL

2
e ¢ L H-betimited § . iee-is-entitied ermined-att ¢ LeLenriisaiion-of

T
Witness my hand this 22 day of

ATRICK T. TYRRELL. Stals E
w117 be benefieially used. The

approval of this test well permit does NOT OBLIGATE the State Engineer to approve the

permanent production well permit. This permit will be automatically cancelled on Decemt
31,
AND BENEFICIAL USE OF GROUND WATER (FORM U.W. 8) IS WAIVED UNDER THIS PERMIT.

2011 or upon receipt of an acceptable Statement of Completion. PROOF OF APPROPRIATI



FORM UW: C&L, D1
REV.5-97

PERMIT NO. UW. 191988
T.F. No. U.W. 41-2-590

Priority Date December 14, 2009 Approval Date JAN 2 1 2010

ADDITIONAL CONDITIONS AND LIMITATIONS:

1. In the event that this well will be completed as a production well, the well shall
be completed in the Casper Formation. Multiple formation completion or
multiple formation water production from a production well at this location is
strictly prohibited.

2. In the event that this well will be completed as a production well, this well will

be cemented from the top of the Casper Formation to the land surface, to
eliminate the commingling of ground water from different aquifers.

(o7 (]

Ddte of Approval ATRICK T. TYRRELL, State Engineer



State Engineer's Office T OVERNGR

HERSCHLER BUILDING, 4-E CHEYENNE, WYOMING 82002 PATRICKT -
(307) 777-7354 FAX (307) 777-5451 STATE éNI G| Il Nu Et ER
http://seo.state.wy.us

October 27, 2010

Wyoming Water Development Commission
6920 Yellowtail Road
Cheyenne, Wyoming 82002

Dear Applicant or Agent:

You are advised that the State Engineer approved the following application(s) to appropriate ground
water for MONITOR/TEST on October 26, 2010. A copy of each permit is enclosed. Also enclosed
are forms and instructions for submitting data to the State Engineer relating to the completion of the

well, as required by law.

PERMIT NUMBER
U.W. 193944-193945

By Statute the well must be completed by -DECEMBER 31, 2011. IF THE REQUIRED NOTICES ARE
NOT RETURNED TO THIS OFFICE WITHIN THE STATUTORY TIME LIMITS SET FORTH, THE PERMIT(S)
WILL BE SUBJECT TO CANCELLATION, WHICH ACTS AS A FORFEITURE OF THE WATER RIGHT
GRANTED BY THIS PERMIT,

An extension of time may be requested for completion of work when good reason is provided. A
request for such extension must be received in the State Engineer's Office prior to the expiration
date shown on the permit. Requests for extension of time must indicate due diligence on the part of
the applicant to comply with the time limits imposed by this permit.

Sincerely,

Lisa Lindemann
Ground Water Division
xc: DIV 1 (1)

Surface Water Ground Water Board of Control
(307) 777-6475 (307) 777-6163 (307) 777-6178



e-Pemit App
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. No Fee
Ry 10800 STATE OF WYOMING
FILING FEE SCHEDULE OFFICE OF THE STATE ENGINEER
ON REVERSE SIDE HERSCHLER BLDG., 4-E  CHEYENNE, WYOMING 82002

(307) 777-6163
APPLICATION FOR PERMIT TO APPROPRIATE GROUND WATER

APPLICATION FOR WELLS AND SPRINGS
Note: Only springs flowing 25 gallons per minute or less, where the proposed use is
domestic and /or stock watering, will be considered as ground water appropriations.

FOR OFFICE USE ONLY Temporary Filing No. U.W. 4 1- 2-2Zl b

PERMIT NO. U.W. 1 9 qg 4 4 NOTE: Do not fold this form. Use typewriter or print neatly
1 1 with biack ink.
WATER DIVISIONNO.— DISTRICT N Py ALL ITEMS MUST BE COMPLETED BEFORE
U.W. DISTRICT. jRave, G Distich APPLICATION IS ACCEPTABLE
LONE TREE FAULT 1-5
NAME AND NUMBER OF WELL or SPRING
1. Name of applicant(s) WYOMING WATER DEVELOPMENT COMMISSION Phone: 307-777-7626
6920 YELLOWTAIL ROAD CHEYENNE Wyoming 82002

2. Address of applicant(s)

(MAILING ADDRESS) (CITY) (STATE) (ZIP)

3. Name & address of agent to receive correspondence and notices MARK STACY, LIDSTONE AND ASSOCIATES, INC.

4025 AUTOMATION WAY,
BLDG. E FORT COLLINS Colorado 80525 Phone: 970-223-4705
(MAILING ADDRESS) (CITY) (STATE) (ZIP)

4. Use to which the water will be applied:

u Domestic: Use of water in 3 single family dwellings or less, noncommercial watering of lawns and gardens
totaling one acre or less. Number of houses served?.

U Stock Watering: Normal livestock use at four tanks or less within one mile of well or spring. Stockwatering pipelines
and commercial feedlots are a miscellaneous use. Number of stock tanks?___ .

[ ] Irrigation: Watering of any lands for agricultural purposes not covered by the definition of domestic use (large-
scale lawn watering of golf courses, cemeteries, recreation areas, etc., is miscellaneous use).

-] Municipal: Use of water in incorporated Towns and Cities. Note 1: use of water in unincorporated towns, sub-
divisions, improvement districts, mobile home parks, etc. is classified as miscellaneous use. Note 2:
a permit may be required by the Wyoming Department of Environmental Quality (WDEQ) if the well
will be classified as a public water supply under the WDEQ's rules and regulations.

[:] Industrial: Long term use of water for the manufacture of a product or production of oiligas or other minerals
(oil field water flood operations, power plant water supply, etc.). (Describe in REMARKS)

[_J Miscellaneous: Any use of water not defined under previous definitions such as stock water pipelines, subdivisions,
mine dewatering, mineral/oil exploration drilling, potable supplies in office, etc. (Describe in Remarks).
Note: a permit may be required by the WDEQ if the well will be classified as a public water supply
under the WDEQ's rules and regulations.

[ ] Coalbed Methane Water produced in the production of coal bed methane gas. Note: wells used in the production of coal bed
methane gas will require a permit from the Wyoming Oil and Gas Conservation Commission.

!'_] Monitor, Observation Note: a WDEQ permit may be required [Zl Test Well: (Describe in REMARKS)

5. Location of the well or spring: (NOTE: Quarter-quarter (40 acre subdivision) MUST be shown. EXAMPLE: SE 1/4 NW 1/4 of Sec.

12, TownshiE 14 North, Range 68 West.)
aramie County, SW_1/4_SW _1/4 ofSec._20_ T.018N | R_069W _  of the 6th P.M. (W.R.M.),
Wyoming. If located in a platted subdivision, also provide Lot/Tract _Block.___ of the
Subdivision (or Add'n) of Laramie . Resurvey Location: Tract , (or Lot)
6. Estimated depth of the well or springis 3000 feet, Estimated production interval is ft. to ft.
7. (a) MAXIMUM instantaneous flow of water to be developed and beneficially used: 0 gallons per minute.

NOTE: if for domestic and / or stock use, this application will be processed for a maximum of 25 gallons per minute. For a spring,
after approval of this application, some type of artificial diversion or improvement must be constructed to qualify for a water right.

0 gallons

(b) MAXIMUM volumetric quantity of water to be developed and beneficially used per calendar year: .
Circle appropriate units:  (Gallons)  (Acre Feet) A four person family utilizes approximately one (1) acre-foot of water per year

or 325,000 gallons.

8. Mark the point(s) or area(s) of use in the tabulation box below. Note: Upper row refers to the quarter of the section. Next row
refers to the quarter of the quarter section.

TABULATION BOX

NEY, NWY, SWi, SE TOTAL
£C =Yy
[PWE: [REE. 1B NET, [NWY, |SWY, [SET, | NET, [NWY, [SWT, |SEY, |NET, INWY, [SWY, [SEY, [NEY, [NWT, [SWY[SEY,

N/A

193944 e 1398 . 94

Permit No. UW.




If for irrigation use:

a. Describe MAXIMUM acreage to be irrigated in each 40 acre subdivision in the tabulation box above.

b. [1 Land will be irrigated from this well only.

c.[7] Landis irrigated from existing water right(s) with water from this well to be additional supply Describe existing water nght(s)
under REMARKS.

10. If for irrigation use, describe method of irrigation, i.e. center pivot sprinkler, flood, etc.:

11. The well or spring is to be constructed on lands owned by See Additional Applicants continued in Remarks.

(The granting of a permit does not constitute the granting of a right-of-way. If any easement or right-of-way is necessary in connection
with this application, it should be understood that the responsibility is the applicant’s. A copy of the agreement should accompany this
application, if the land is privately owned and the owner is not the co-applicant.)

12. The water is to be used on lands owned by NIA
(If the landowner is not the applicant, a copy of the agreement relating to the usage of the appropriated water on the land
should be submitted to this office. If the landowner is included as co-applicant on the application, this procedure need
not be followed.) NOTE: Water rights attach to the area(s) and/or point(s) of use.

REMARKS: _This test well will be drilled to evaluate the yield potential of the Casper Aquifer on Cheyenne's Belvoir Ranch. The well will
be drilled, geophysically logged, and aquifer tested. The well may be used for municipal supply in the future, depending upon results

of all testing.

Under penalties of perjury, | declare that | have examined this application and to the best of my knowledge and belief it is
true, correct and complete.

MARK STACY October 4 , 2010
Signature of Applicant or Authorized Agent Date

THE LEGALLY REQUIRED FILING FEE MUST ACCOMPANY THIS APPLICATION
DOMESTIC AND/OR STOCK WATERING USES $25.00
{Domestic use is defined as use of water in 3 single family dwellings or less,
noncommercial watering of lawns and gardens totalling one acre or less.)
IRRIGATION, MUNICIPAL, INDUSTRIAL, MISCELLANEOUS, COAL BED METHANE $50.00
MONITOR (For waler level measurements or chemical quality sampling) or TEST WELL No Fee

IF WELL WILL SERVE MULTIPLE USES, SUBMIT ONLY ONE (THE HIGHER) FILING FEE.
THIS SECTION IS NOT TO BE FILLED IN BY APPLICANT

THE STATE OF WYOMING )
} ss.
STATE ENGINEER'S OFFICE )
This instrument was received and filed for record on the 4th day of ___Qctober
2010 ,at__2:26  o'clock _B__ M.

Permit No. U.W. 193944 W

THIS IS TO CERTIFY that | have examined the foregoing application and do hereby grant the same subject to the following limitations
and conditions:

AD.

This application is approved subject to the condition that the proposed use shall not interfere with any existing rights to ground water from
the same source of supply and is subject to regulation and correlation with surface water rights, if the ground and surface waters are
interconnected. The use of water hereunder is subject to the further provisions of Chapter 169, Session Laws of Wyoming, 1957, and any
subsequent amendments thereto.

Granting ot a permit does not guarantee the right to have the water level or artesian pressure in the well maintained at any specific level.
The well should be constructed to a depth adequate to allow for the maximum development and beneficial use of ground water in the
source of supply.

It the well is a flowing artesian well, it shall be so constructed and equipped that the flow may be shut off when not in use without loss of
water into sub-surface formations or at the land surface.

oal Bedq Methane wells haye Additional Conditions and Limitations on attachment shest. 7. * .. .1 . W
This app catg.on .fs ¥or test purposes only; no water wi T ge beneficially used. The approval

of this test well permit does NOT OBLIGATE the State Engineer to approve the permanent producti
well permit. This permit will be automatically cancelled on December 31, 2011 or upon receipt
of an acceptable Statement of Completion. PROOF OF APPROPRIATION AND BENEFICIAL USE OF GROUND
WATER (FORM U.W. 8) IS WAIVED UNDER THIS PERMIT. FOR ADDITIONAL CONDITIONS AND LIMITATIONS
SERpARTACHRRs S3pAT3I8n SHBIBE considered as authorization to proceed with construction of the proposed well or spring. A Statement

of Completion will be filed within thirty (30) days of completion of construction, including pump installation.

Completion of construction and-sempletion-of-the-benefieiat-use-ef-water for the purposes specified in Item 4 of this application will be
made by

Ihe-amoum&app&opuamnshalwwmaw&quanwe-wmm-pe

+ ial-use

TH f
Witness my hand this Ab ‘= day of /C/ﬂ[DA‘A- LAD.20 (O .

(X

bl é _EATRTCK T. TYRRELL, State Engineer

: !




FORM UW: C&L, D1
REV. 5-97

PERMIT NO. UW. 193945
TF. No. UW, 42-3-216

Priority Date October 4, 2010 Approval Date _get 9 62019

ADDITIONAL CONDITIONS AND LIMITATIONS:

1. In the event that this well will be completed as a production well, the well shall
be completed in the Casper Formation. Multiple formation completion or
multiple formation water production from a production well at this location is
strictly prohibited.

2. In the event that this well will be completed as a production well, this well will
be cemented from the top of the Casper Formation to the land surface, to
eliminate the commingling of ground water from different aquifers.

we LU

Date of Approval ATRICK T. TYRRELL, State Engineer



REMARKS CONTINUATION

TF.No. H421-3-216
(APPLICANT INFORMATION CONTINUED)
CHEYENNE BOARD OF PUBLIC UTILITIES, 2100 PIONEER AVENUE, CHEYENNE,
Wyoming 82003.

Item 11 continuation
CHEYENNE BOARD OF PUBLIC UTILITIES, WYOMING WATER DEVELOPMENT COMMISSION

permITNO._ 193945 PAGENO. 9§



If for irrigation use:
a. Describe MAXIMUM acreage to be irrigated in each 40 acre subdivision in the tabulation box above.

]
b. [ Land will be irrigated from thiswell only. it
c.[] Landis irrigate(? from“exrsh’ﬁg water right(s) with water from this well to be addmonal supply. Describe existing water right(s)

under REMARKS.

10. If for irrigation use, describe method of irrigation, i.e. center pivot sprinkler, flood, etc.:

11. The well or.spring is to be constructed on lands owned by See Additional Applicants continued in Remarks.

(The granting of a permit does not constitute the granting of a right-of-way. If any easement or right-of-way is necessary in connection
with this application, it should be understood that the responsibility is the applicant's. A copy of the agreement should accompany this
application, if the land is privately owned and the owner is not the co-applicant.)

12. The water is to be used on lands owned by N/A
(If the landowner is not the applicant, a copy of the agreement relating to the usage of the appropriated water on the land
should be submitted to this office. If the landowner is included as co-applicant on the application, this procedure need
not be followed.) NOTE: Water rights attach to the area(s) and/or point(s) of use,

REMARKS: _The test well will be drilled to evaluate the yield potential of the Casper Aquifer on Cheyenne's Belvoir Ranch. The well will
be drilled, geophysically logged, and aquifer tested. The well may be used for municipal supply in the future, depending upon results

of all testing.

Under penalties of perjury, | declare that | have examined this application and to the best of my knowledge and belief it is
true, correct and complete.

MARK STACY October 4 , 2010
Signature of Applicant or Authorized Agent Date

THE LEGALLY REQUIRED FILING FEE MUST ACCOMPANY THIS APPLICATION
DOMESTIC AND/OR STOCK WATERING USES $25.00

(Domestic use is defined as use of water in 3 single family dwellings or less,
noncommercial watering of lawns and gardens totalling one acre or less.)

IRRIGATION, MUNICIPAL, INDUSTRIAL, MISCELLANEOUS, COAL BED METHANE $50.00

MONITOR (For water level or chemical quality pling) or TEST WELL No Fee

IF WELL WILL SERVE MULTIPLE USES, SUBMIT ONLY ONE (THE HIGHER,) FILING FEE.
THIS SECTION IS NOT TO BE FILLED IN BY APPLICANT

THE STATE OF WYOMING )

) ss.
STATE ENGINEER'S OFFICE )
This instrument was received and filed for record on the 4th day of _October ,A.D.
2010  at_ 2:41 o'clock _B___ M.

cecskti, . 193945 Logt

THIS IS TO CERTIFY that | have examined the foregoing application and do hereby grant the same subject to the following limitations
and conditions:

This application is approved subject to the condition that the proposed use shall not interfere with any existing rights to ground water from

the same source of supply and is subject to regulation and correlation with surface water rights, if the ground and surface waters are

interconnected. The use of water hereunder is subject to the further provisions of Chapter 169, Session Laws of Wyoming, 1957, and any

subsequent amendments thereto.

Granting of a permit does not guarantee the right to have the water level or artesian pressure in the well maintained at any specific level.

The well should be constructed to a depth adequate to allow for the maximum development and beneficial use of ground water in the

source of supply.

If the well is a flowing artesian well, it shall be so constructed and equipped that the flow may be shut off when not in use without loss of

water into sub-surface formations or at the land surface.

Coal Bed Methane wells have Addmonal Condmons and leltat;ons on attachment sheet. FOR ADDITIONAL CONDITIONS AND
A ’ 2 K 0 @ D nase on + DO wWare

PERPPVal of this appllcauon may be consxdered as authonzatxon to proceed wnth conslrucﬂon of the proposed we!l or spring. A Statement
of Completion will be filed within thirty (30) days of completion of construction, including pump installation.

Completion of construction and completion
made by

r for the purposes specified in Item 4 of this application will be

'Fhe-ameuai—et—appfepsiatienasha'u&JGmﬁemmmmmmemmeeJHMemmmmmwwmm
water-to-beneficiatuse—

’ H
Witness my hand this 92 (a 7-: day of

. fBATRICK T. TYRRELL, State Engineer



€-Peemt Agp
; 10-4-2010 pevpy 2: 4 ¢y
. STATE OF WYOMING  w. ¢ee
FILING FEE SCHEDULE OFFICE OF THE STATE ENGINEER

ON REVERSE SIDE HERSCHLER BLDG., 4-E  CHEYENNE, WYOMING 82002
(307) 777-6163

APPLICATION FOR PERMIT TO APPROPRIATE GROUND WATER

APPLICATION FOR WELLS AND SPRINGS
Note: Only springs flowing 25 gallons per minute or less, where the proposed use is
domestic and /or stock watering, will be considered as ground water appropriations.
his 42-%-210

FOR OFFICE USE ONLY Temporary Filing No. U.W.
PERMIT NO. U.W. 1 9 3 9 45 NOTE: Do not fold this form. Use typewriter or print neatly
1 with black ink.
WATER D'V'Slog‘; Hie—— DEIHICT —_l‘T_ ALL ITEMS MUST BE COMPLETED BEFORE
UW. DISTRICT oue Gy Pistelc APPLICATION IS ACCEPTABLE

GOOSE CREEK 2-1
NAME AND NUMBER OF WELL or SPRING

1. Name of applicant(s) WYOMING WATER DEVELOPMENT COMMISSION Phone: 307-777-7626
6920 YELLOWTAIL ROAD c ;
2. Address of applicant(s) HEVENNE Wyomiig Bago2
(MAILING ADDRESS) (CITY) (STATE) (ZiP)

MARK STACY, LIDSTONE AND ASSOCIATES, INC,

3. Name & address of agent to receive correspondence and notices

4025 AUTOMATION WAY,
BLDG. E FORT COLLINS Colorado 80525 - 970-223-4705

(MAILING ADDRESS) (CITY) (STATE) (2IP)

4, Use to which the water will be applied:

I Domestic: Use of water in 3 single family dwellings or less, noncommercial watering of lawns and gardens
d 9 ]
totaling one acre or less. Number of houses served?

u Stock Watering: Normal livestock use at four tanks or less within one mile of well or spring. Stockwatering pipelines
and commercial feedlots are a miscellaneous use. Number of stock tanks?7____ .

[_:] Irrigation: Watering of any lands for agricultural purposes not covered by the definition of domestic use (large-

scale lawn watering of golf courses, cemeteries, recreation areas, etc., is miscellaneous use).

i

l-j Municipal: Use of water in incorporated Towns and Cities. Note t: use of water in unincorporated towns, sub-
divisions, improvement districts, mobile home parks, etc. is classified as miscellaneous use. Note 2:
a permit may be required by the Wyoming Department of Environmental Quality (WDEQ) if the well
will be classified as a public water supply under the WDEQ's rules and regulations.

C.

f ] Industrial: Long term use of water for the manufacture of a product or production of oil/gas or other minerals
(oil field water flood operations, power plant water supply, etc.). (Describe in REMARKS)

[_I Miscellaneous: Any use of water not defined under previous definitions such as stock water pipelines, subdivisions,
mine dewatering, mineral/oil exploration drilling, potable supplies in office, etc. (Describe in Remarks).
Note: a permit may be required by the WDEQ if the well will be classifled as a public water supply
under the WDEQ's rules and regulations.

F l Coalbed Methane Water produced in the production of coal bed methane gas, Note: wells used in the production of coal bed
methane gas will require a permit from the Wyoming Oil and Gas Conservation Commission.

[’] Monitor, Observation Note: a WDEQ permit may be required [E Test Well: (Describe in REMARKS)

5. Location of the well or spring: (NOTE: Quarter-quarter (40 acre subdivision) MUST be shown. EXAMPLE: SE 1/ 4 NW 1/ 4 of Sec.
t2, TownshiE 14 North, Range 68 West.)

aramie County, SW_1/4 _SE 1/4 of Sec. 30, T.Q13N  R_0BSW _  of the 6th P.M. (W.R.M.),
Wyoming. if located in a platted subdivision, also provide Lot/Tract ___Block . of the
Subdivision (or Add'n) of Laramie . Resurvey Location: Tract , (or Lot)
6. Estimated depth of the well or spring is 2500  feet. Estimated production interval is ft. to ft.
0

7. (a) MAXIMUM instantaneous flow of water to be developed and beneficially used: gallons per minute.
NOTE: if for domestic and / or stock use, this application will be processed for a maximum of 25 gallons per minute. For a spring,
after approval of this application, some type of arificial diversion or improvement must be constructed to qualify for a water right,

(b) MAXIMUM volumetric quantity of water to be developed and beneficially used per calendar year: 0 gallons

Circle appropriate units:  (Gallons)  (Acre Feet) A four person family utilizes approximately one (1) acre-foot of water per year
or 325,000 gallons.

8. Mark the point(s) or area(s) of use in the tabulation box below. Note: Upper row refers to the quarter of the section. Next row
refers to the quarter of the quarter section.

TABULATION BOX

TWP |RNG |SEC

NEY, NW, SW1, SET, TOTAL
NET, [NWY, [SWY, [SEY, |NEY, [NW1Y, [SWY, [SEY, |NEY, [NWY, [SWT, [SE, | NEY, |NWY, [SWY,[SET,
N/A

193945 e 1898 95

Permit No. U.W.




FORM UW: C&L, D1
REV. 5-97

PERMIT NO. UW. 193944
T.F. No. UW. 42-2-216

Priority Date October 4, 2010 Approval Date __ QCT 2 § 2010

ADDITIONAL CONDITIONS AND LIMITATIONS:

1. In the event that this well will be completed as a production well, the well shall
be completed in the Casper Formation. Multiple formation completion or
multiple formation water production from a production well at this location is
strictly prohibited.

2. In the event that this well will be completed as a production well, this well will
be cemented from the top of the Casper Formation to the land surface, to
eliminate the commingling of ground water from different aquifers.

(ebee 2. 20 (oL

Date of Approval ??ATEICK T. TYRRELL, State Engineer



REMARKS CONTINUATION
TF.No.y2-2-lib

(APPLICANT INFORMATION CONTINUED)
CHEYENNE BOARD OF PUBLIC UTILITIES, 2100 PIONEER AVENUE, CHEYENNE,
Wyoming 82003.

Item 11 continuation
CHEYENNE BOARD OF PUBLIC UTILITIES, WYOMING WATER DEVELOPMENT COMMISSION

PERMITNO._ 193944 PAGENO.__9AY



WYOMING DEPARTMENT OF ENVIRONMENTAL QUALITY
WATER QUALITY DIVISION
PERMIT TO CONSTRUCT

PERMIT NO.10-046

BELVOIR RANCH EXPLORATION TEST WELLS
PWS WY5600011 2,

L L.

This permit hereby authorizes the applicant:

CHEYENNE BOARD OF PUBLIC UTILITIES
2100 PIONEER AVENUE
CHEYENNE, WY 82001

to construct, install or modify four Municipal Test Wells for Conversion to four Municipal Water Supply Wells
according to the procedures and conditions of the application number 10-046. The facility is located in
Sections 16, 17, 19 , 29, 30 and 31, T13N R69W, Laramie County, in the State of Wyoming. All
construction, installation, or modification allowed by this permit shall be completed February 24, 2012.

The issuance of this permit confirms that the Wyoming Department of Environmental Quality (DEQ) has
evaluated the application submitted by the permittee and determined that it meets minimum applicable
construction and design standards. The compliance with construction standards and the operation and
maintenance of the facility to meet the engineer’s design are the responsibility of the permittee, owner, and
operator.

Granting this permit does not imply that DEQ guarantees or ensures that the permitted facility, when
constructed, will meet applicable discharge permit conditions or other effluent or operational requirements.
Compliance with discharge standards remains the responsibility of the permittee.

Nothing in this permit constitutes an endorsement by DEQ of the construction or the design of the facility
described herein. This permit verifies only that the submitted application meets the design and construction
standards imposed by Wyoming statutes, rules and regulations. The DEQ assumes no liability for, and
does not in any way guarantee or warrant the performance or operation of the permitted facility. The
permittee, owner and operator are solely responsible for any liability arising from the construction or
operation of the permitted facility. By issuing this permit, the State of Wyoming does not waive its sovereign
immunity.

The permittee shall allow authorized representatives from DEQ to enter and inspect any property, premise
or place on or at which the facility is located or is being constructed or installed for the purpose of
investigating actual or potential sources of water pollution, and for determining compliance or non-
compliance with any rules, regulations, standards, permits or orders.

Nothing in this permit shall be construed to preclude the institution of any legal action or other proceeding to
enforce any applicable provision of law or rules and regulations. It is the duty of the permittee, owner and
operator to comply with all applicable federal, state and local laws or regulations in the exercise of its
activities authorized by this permit.

The issuance of this permit does not convey any property rights in either real or personal property or any
invasion of personal rights, nor any infringement of federal, state or local laws or regulations.

The permittee shall construct and operate the permitted facility in accordance with the statements,
representations, procedures, terms and conditions of the permit application, supporting documents and
permit. This permit does not relieve the permittee from any duty to obtain any other permit or authorization
that may be required by any provision of federal, state or local laws.



P
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In ;a’rr%mg out its activities authorized by this permit, the permittee, owner and operator shall comply with all

of the followirig permit conditions:

1

The applicant will provide immediate oral or written notice to the Southeast District, Water Quality
Division, Herschler Building 4 West, Cheyenne, WY, 82002, Phone 307-777-7075, FAX 307-777-
7610, in accordance with the provisions of Section 11, Chapter 3, Wyoming Water Quality Rules
and Regulations of any changes or modifications which are not consistent with the terms and
conditions of this permit.

Separate permits to construct will be required for the improvements necessary to the wells to supply
water to a public water system.

The casing must extend at least 18 inches above the ground surface.

Within sixty days of completion of construction of the authorized facility, the applicant will submit to
the Southeast District, Water Quality Division, Herschler Building 4 West, Cheyenne, WY, 82002 a
certification of completion signed by the Engineer of Record or the owner. A form titled "Certificate
of Completion" has been provided.

a. Date that construction of the facility was completed; and

b. Date that the facility was placed in operation; and

C. Certification the facility was constructed in accordance with the terms and conditions of the
permit; or

d. Certification the facility was completed with changes or modifications. Submittal of as-

constructed plans and specifications for the system as it was constructed, certified by an
engineer if appropriate is required. All modifications or deviations from the authorized plans
must be highlighted.

e. As a part of the certificate of completion, the Engineer must certify that all Test Wells have
been plugged and abandoned as required by Chapter 11, WQD Rules and Regulations.

The review and approval of this permit is based upon the items identified in the attached "Statement
of Basis".

AUTHORIZED BY:

Date of Issuance

) 7Ry -

John(X/. Corra
Director
Department of Environmental Quality

2 /o5

RRC/rm/10-0151



STATEMENT OF BASIS

1. Permit Number: 10-046

2. This application was reviewed for compliance with the applicable regulations ;

Chapters 3. 12

Does the permit comply with all applicable regulations identified above?

(93]

No

4. The permit approval is based upon a deviation from applicable regulations in accordance with Section 5. of Chapter_12.

a. Identify specific sections of the regulations for which a deviation is approved and briefly summarize the
regulation.

Chapter 12, Section 9(b)(iii) requires a 2” annular space between the casing and the borehole.

b. Briefly state the basis for the deviation.

Because technology advances and the use of pressure grouting, a variance allowing a 1 %” annular space

between the production casing, the surface casing. and the sealed borehole is granted.

5. A review to determine groundwater impacts in accordance with Section 17, Chapter 3 was not required.
Public water supplies are exempted from review by Chapter 3, Section 17.

6. Documentation of Statement of Basis: The archive file for this permit includes adequate documentation of all
sections of this Statement of Basis.

CERTIFICATION

The issuance of this permit is based upon a review of the application package submitted in accordance with the
requirements of Chapter 3, Section 6, Wyoming Water Quality Rules and Regulations. This review was performed by
Richard Cripe, Southeast District Engineer, Water and Wastewater Section, Wyoming Department of Environmental
Quality /Water Quality Division, and completed on February 24, 2010. Permit issuance is recommended based upon
statements, representations, and procedures presented in the permit application and supporting documents, permit
conditions, and the items identified in this “Statement of Basis.”
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WYOMING WATER QUALITY APPLICATION FORM [vaD USE ONL

"WGD USE ONLY : |

Use for Construction, Groundwater Monitoring, Groundwater Remediation, Subdivisions JDATE 4., ~
and Land Application of Wastewater JPROG. " 4

Qo

A complete application package must include three copies of each of the following:

Application Form; at least one copy must have original signatures.
Investigations, design reports, plans, specifications, and any other information as appropriate.

Submit to appropriate office http://deq.state.wy.us/wad/www/district Map.jpg
DEQ/Water Quality Division, 122 West 25th Street, Cheyenne, WY 82002 (307) 777-7781

DEQ/Water Quality Division, 510 Meadowview Drive, Lander, WY 82520 (307) 332-3144

DEQ/Water Quality Division, 1866 South Sheridan, Sheridan, WY 82801 (307) 673-9337

DEQ/Water Quality Division, 152 North Durbin Street, Ste 100, Casper, WY 82601 (307) 473-3465

NAME OF PROPOSAL

Belvoir Ranch Exploration Test Wells

DESCRIPTION OF PROJECT

Project will consist of the drilling, construction, development, and aquifer testing of up to four 8.625 inch
diameter test wells on Cheyenne's Belvoir Ranch.

LOCATION: /County: Laramie Latitude: 41.054088 Long.: 105.161585

Legal Description (1/4 Section, Section, Township and Range or Lot No. and Subdivision)

T13N, R69W, Sections 16, 17, 19, 29, 30 and 31 on western portion of Belvoir Ranch - see map.

SIGNATURES: All undersigned agree to comply with applicable Wyoming Statutes and

R?ulations and to allow the activities described in this application.

Real Estate Owner The real estate owner or the grantee of the applicable easement must sign this form

Cheyenne Board of Public Utilities

o j/Address: 12100 Pioneer Avenue
Py o il iCity: _Cheyenne
State: WY ZIP Code: ;82001

Sign Above {Phone Number: 307-637-6416

Printed Name: Herman Noe Title: [Engineering and Water Resources Manager |
if the owner or easement grantee is a public entity, partnership, or corporation, a legally binding authority must sign

Operator or Developer (If same as real estate owner this space may be left blank)

Wyoming Water Development Commission

/ . Address: 6920 Yellowtail Road
e City: Cheyenne
/ ; WWOC “State: WY ZIP Code: 82002

ign Above Phone Number: 307-777-7626

Printed Name:  Kevin Boyce Title: 1Project Manager

If the operator or developer is a public entity, partnership, or corporation, a legally binding authority must sign

Engineer or Geologist

Printed Name:  Mark Stacy Wy P.E# Jwy PG# 3440

Firm Name: Lidstone and Associates, Inc.

Address: 4025 Automation Way, Bidg. E ]
City: Fort Collins Please complete information on the second

State CO |Zip Code: 80525 page or the back of this form

Phone Number: 970-223-4705

Wyoming
6-0656.D0C.XLS Department of Environmental Quality
9/6/2006 Water Quality Division Page 1 of

2



WYOMING DEQ/WQD http://deq.state.wy.us/wqgd/index.asp Phone 307-777-7781
The Wyoming Environmental Quality Act, W.S. 35-11-101 and Wyoming Environmental Quality Act, Article 3,
W.S. 35-11-301 mandates that permits are required for construction or modification of public water supplies,
wastewater facilities, land application systems, and confined swine feeding operations. W.S. 18-5-306 requires
the review of the safety and adequacy of proposed sewage systems and water systems in new subdivisions by
the Department of Environmental Quality.

All Wyoming Water Quality Regulati.ons are available at http://deq.state.wy.us/wqd/WQDrules/index.asp
Chapter 3 of the Wyoming Water Quality Division Rules and Regulations defines the permitting process.
Specific chapters of the Wyoming Water Quality Rules and Regulations have been developed for each of the

areas that require a permit. The regulatory chapters for types of projects that this application is to be used for
are listed below. Please check all that apply to your project.

Design and Construction Standards for Sewerage Systems, Treatment Works, Disposal System of
X | 11 Jother Facilities Capable of Causing or Contributing to Pollution, includes septic tanks/leach fields,
monitoring wells, and road application of wastewater

Design and Construction Standards for Public Water Supplies, includes subdivision water supplies
and water line extensions

21 |Standards for the Reuse of Treated Wastewater

23 |Minimum Standards for Subdivision Applications

Describe briefly

&
§
Previous or Associated State of Wyoming Permits
WQD Permit to Construct ' 00-182 (WWDC former general welis permit)
WQD Subdivision Recommendation to County
Air Quality
Land Quality

Oil and Gas Commission
Solid and Hazardous Waste

State Engineers Surface Water Right or Well Permit In process
WQD Underground Injection Control
WYPDES (discharge permit) In process

US EPA Public Water Supply (PWS) Number

Wyoming
6-0656.00C.XLS Department of Environmental Quality
9/6/2006 Water Quality Division Page 2 of 2
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WQD USE ONL
WYOMING WATER QUALITY APPLICATION FORM |5y T
Use for Construction, Groundwater Monitoring, GroundwaterJRemediation, Subdivisions DATE
and Land Application of Wastewater [IPROG.
A complete application package must include three copies of each of the following:
Application Form; at least one copy must have original signatures.

investigations, design reports, plans, specifications, and any other information as appropriate.
Submit to appropriate office Ihttg:lldeg.statg.v__vx.gs/wgd/wwwldistrict Map.jpg

DEQ/Water Quality Division, 122 West 25th Street, Cheyenne, WY 82002 1(307) 777-7781
DEQ/Water Quality Division, 510 Meadowview Drive, Lander, WY 82520 {307) 332-3144
DEQ/W ater Quality Division, 1866 South Sheridan, Sheridan, WY 82801 (307) 673-9337
DEQ/Water Quality Division, 152 North Durbin Street, Ste 100, Casper, WY 82601 (307) 473-3465
{ NAME OF PROPOSAL
IBelvoir Ranch Exploration Test Wells
DESCRIPTION OF PROJECT

Project will consist of the drilling, construction, development, and aquifer testing of up to four 8.625 inch
diameter test wells on Cheyenne's Belvoir Ranch.

fLOCATION: |County: Laramie |Latitude: 41.054088|Long.: 105.161585
Legal Description (1/4 Section, Section, Township and Range or Lot No. and Subdivision)
T13N, R69W, Sections 16, 17, 19, 29, 30 and 31 on western portion of Belvoir Ranch - see map.

SIGNATURES: All undersigned agree to comply with applicable Wyoming Statutes and
: Regulations and to allow the activities described in this application.
Real Estate Owner iThe real estate owner or the grantee of the applicable easement must sign this form

fcheyenne Board of Public Utilities

Address:  [2100 Pioneer Avenue
City: |Cheyenne

State:|WY |ZIP Code: [82001
Sign Above Phone Number. 307-637-6416
Printed Name: Herman Noe [Title:[Engineering and Water Resources Manager
if the owner or easement grantee is a public entity, partnership, or corporation, a legaily binding authority must sign
Operator or Developer (If same as real estate owner this space may be left blank)

'Wyoming Water Development Commission

Address: {6920 Yellowtail Road
City: |Cheyenne

State: (WY 1ZIP Code: [82002
Sign Above Phone Number: 307-777-7626
Printed Name:  Kevin Boyce | Title: [Project Manager

If the operator or developer is a public entity, partnership, or corporation, a legally binding authority must sign

o e Engineeror Geologist ~

HPrinted Name: Mark Stacy fwyPE# _lwyPG# 3440
Firm Name: Lidstone and Associates, Inc.

Address: 4025 Automation Way, Bldg. E

City: Fort Collins Please complete information on the second
[State CO |Zip Code: 80525 page or the back of this form

IPhone Number: 970-223-4705

Wyoming
6-0656.D0C.XLS Department of Environmental Quality

9/6/2006 Water Quality Division Page 1 of 2



WYOMING DEQWQD http://deq.state.wy.us/wqd/index.asp Phone 307-777-7781
The Wyoming Environmental Quality Act, W.S. 35-11-101 and Wyoming Environmental Quality Act, Article 3,
W.S. 35-11-301 mandates that permits are required for construction or modification of public water supplies,
wastewater facilities, land application systems, and confined swine feeding operations. W.S. 18-5-306 requires
the review of the safety and adequacy of proposed sewage systems and water systems in new subdivisions by
the Department of Environmental Quality.

All Wyoming Water Quality Regulations are available at http://deq.state.wy.us/wqd/WQDrules/index.asp
Chapter 3 of the Wyoming Water Quality Division Rules and Regulations defines the permitting process.
Specific chapters of the Wyoming Water Quality Rules and Regulations have been developed for each of the

areas that require a permit. The regulatory chapters for types of projects that this application is to be used for
are listed below. Please check all that apply to your project.

Design and Construction Standards for Sewerage Systems, Treatment Works, Disposal System of
X I 11 lother Facilities Capable of Causing or Contributing to Pollution, includes septic tanks/leach fields,
monitoring wells, and road application of wastewater

Design and Construction Standards for Public Water Supplies, includes subdivision water supplies
and water line extensions

21 {Standards for the Reuse of Treated Wastewater

23 {Minimum Standards for Subdivision Applications

o, |Describe briefly
(2
$

Previous or Associated State of Wyomingf Permits
WQD Permit to Construct 00-182 (WWDC former general wells permit)
WQD Subdivision Recommendation to County
Air Quality
Land Quality
Qil and Gas Commission
Solid and Hazardous Waste

State Engineers Surface Water Right or Well Permit In process
fWQD Underground Injection Control
[WYPDES (discharge permit) In process

JUS EPA Public Water Supply (PWS) Number

Wycming
6-0656.00C.XLS Department of Environmental Quality
9/6/2008 Water Quality Division Page 20of 2



prominbih, LDstone and Assocrates, Inc.

Q—ﬁ' Engineening Geology and Water Resource Consultants o

.

January 20, 2010 ' AUTHORIZES ™ . Thi.. Y OF
Vi tfer t l‘.""-" 1o and

Mr. Rich Cripe Rew " opomn € I

Southeast District Engineer s L gl

Wyoming Department of Environmental Quality SR AN §

122 West 25th Street, 4W Denartmer of

Cheyenne. WY 82002 Departmert of Liviroamental Quality

PERMITNO, 10 -046

RE: Exploration Well Program Design ATE sl Wy
Permit to Construct Application D_.Al E X 211 ——
Belvoir Ranch Exploration Test Wells BY S A Kot f

Dear Mr. Cripe,

Introduction

Lidstone and Associates, Inc. (LA), is currently exploring the feasibility of developing ground
water from the Casper Aquifer on the western portion of Belvoir Ranch for the Cheyenne Board
of Public Utilities (BOPU). With this letter, the enclosed figures, and the attached Water Quality
Division permit application form, LA is applying to obtain a Permit to Construct for the test weils
that will be drilled under the Level Il Wyoming Water Development Commission (WWDC)
project. LA anticipates drilling up to four wells depending upon drilling depths at each site and
costs. For your reference and review, LA has also included draft technical drilling specifications
for the test wells.

Exploratory Drill Site Options/Drilling Sequence

Eight potential test well sites are listed in Table 1. The drill sites target areas of potentially
enhanced aquifer permeability associated with major structural deformation. Surface
geophysical exploration was employed to identify these areas in the Casper Aquifer. The
locations of these eight sites are shown on Figure 1, and inciude two sites on four of the five
geophysical lines. At this time, no test well sites have been proposed along the Spottlewood
Structure on the south end of the ranch. The drilling sequence will be an iterative process based
on results of drilling each test well, progressive acquisition of hydrogeologic and geologic data,
and remaining drilling budget.

LA intends to drill the sites as they are prioritized numerically in Table 1, and to focus
exploration on the Duck Creek hydrostructural compartment, specificaily along the Duck Creek
(3-1 and 3-3) and Goose Creek (2-2 and 2-3) geophysical lines. Previous drilling in the area
(Duck Creek No. 1) indicated the Casper Formation was saturated, but did not encounter
significant permeability. Proving out the permeability and yield potential of this compartment is
critical to the overall development of a Casper Aquifer well field in this area. The Duck Creek 3-1
site will be drilled first to test the best seismic prospect on this line, and to calibrate the
geophysical/hydrogeologic data for drilling at the Goose Creek sites (either 2-2 or 2-3).

— p—— ey e e o S— A — e A e ————— ——
—— —_— St

4025 Automation Way, Building E, Fort Collins, Colorado 80525-3448 (970) 223-4705 fax: (970) 223-4706 e-mail: water@lidstone.com



Mr Rich Cripe
January 20. 2010
Page 2

Geophysical data for the Goose Creek sites suggest the Casper Formation top may be
shallower than previously thought, but only drilling will confirm whether this is the case.

After completing the Duck Creek test well, LA plans to move to a site on the Goose Creek
structure. If drilling Duck Creek 3-1 proves successful, LA will move to Goose Creek 2-2 or 2-3
depending on geophysical calibration and drilling depths. Either site along this structure will
allow for yield testing on this geophysical line, but 2-2 may present a shallower target. If drilling
at Duck Creek 3-1 results in a low yielding well, it would still be worth drilling a test well on the
Goose Creek structure to evaluate whether poor vyield is problematic throughout the
compartment, or just localized on the Duck Creek structure.

After drilling both the Duck and Goose Creek structures, LA plans to dnll on the Lone Tree
Creek Fault structure (1-4) to evaluate the yield potential of the Casper Aquifer within the
southern portion of the Lone Tree Creek hydrostructural compartment. The Lone Tree No. 1
well proved that this portion of the aquifer is highly permeable, but little is known about how far
south this permeability extends. Drilling a test well at this location will allow for evaluation on the
southern half and provide additional information on the potential extent and sustainability of a
well field in this compartment.

The location and drilling of additional test wells beyond these first three will be dictated by the
remaining drilling budget, and hydrogeologic data collected within the two hydrostructural
compartments. If drilling on both the Goose and Duck Creek structures yields wells that produce
little ground water (i.e. less than 100 gpm), it may behoove the BOPU to drill another test well
along either the Lone Tree Creek or Lone Tree Creek Fault structures. Lone Tree 5-2 and 54
were identified for such worst case drilling results. If drilling on either the Goose or Duck Creek
structures, but not both, identified areas of higher permeability, LA may recommend drilling an
additional test well along that respective structure. In all cases, LA and its project team will work
with the WWDC and BOPU to devise an appropriate course of action given the hydrogeologic
knowledge obtained and available funds.

Exploratory Well Designs and Drilling Methods

Each test well will be completed in a telescoped fashion. Well casing will be placed to a
sufficient depth to accommodate a high capacity pump, and will be cemented into the top of the
Casper Formation. Limited available data on the potentiometric surface of the Casper Aquifer
have been used to estimate depths to ground water and to identify appropriate casing points
such that ground water levels in the casing remain above the pump for aquifer testing purposes.
Below the casing, the remainder of the well will be completed as open borehole through the
Casper Formation to maximize exploration of the aquifer and minimize cost. The borehole will
be left as an open hole in the event that it could be completed later with a wire wrapped or pre-
packed well screen if the well proves successful. In this fashion, the well design balances the
objectives of exploration with the reality that these wells may ultimately be used for production,
or as monitoring wells.

The test wells will be completed in general accordance with the design presented on Figure 2.
Following the installation of 30 feet of 13 3/8 inch diameter surface casing, the annular space
will be pressure cemented via tremie pipe with neat cement. Once the cement has cured, each
12 1/4 inch production borehole will be drilled utilizing either air percussion rotary or water-
based direct circulation rotary techniques at least 10 feet, if possible, into the top of the Casper
Formation. Depths to the top of the Casper Formation vary between the eight potential drill sites
listed in Table 1. Deviation surveys will be conducted once every 200 feet. The drilling
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contractor will install a sufficient length of 8 §/8 inch OD casing with centralizers placed every
200 feet into each production borehole, and will pressure cement the annular space with neat
cement grout. A 7 7/8 inch production borehole will then be drilled through the Casper
Formation and terminated below the contact with the underlying Precambrian granitic rocks.
Following well completion, the well will be developed via airlifting techniques utilizing the rig's air
compressor.

To balance drilling costs and exploration objectives, LA is requesting a waiver of WDEQ
Chapter 12, Section 9 guidelines requiring a minimum two inch thick annular seal, including
couplings. The annular seal within the cased portion of the borehole will be nominally 1.8 inches
thick. This waiver request is based on the following:

1. Previous successful test well completions with this proposed approach at the site (Lone
Tree No. 1 (Wyoming SEO Permit No. 168921) and Duck Creek No. 1 (Wyoming SEO
Permit No. 168918).

2. Adequate surface seal depth is achieved with both the production and surface casings
(30 feet minimum).

3. Centralizers will be placed on the well casing to ensure proper borehole placement.
4. Pressure grouting techniques will be used to complete each well.
5. Bond logs will be completed on each well to indicate full bond is produced.

To the extent practical, the test wells, particularly within the Casper Formation, will be
completed using direct air rotary drilling techniques with downhole hammers. The use of air
rotary drilling methods allows for evaluation of Casper Aquifer productivity during drilling, limits
the potential for lost circulation conditions, and may provide cost savings on development and
aquifer testing of low yielding wells, if encountered. Drilling contractors will have the option of
using water-based drilling fluids in formations encountered above the Casper Aquifer, but will be
required to use air-based fluids through the Casper Aquifer. Alternate water-based drilling fluids
may be allowed when drilling the Casper Aquifer depending upon drilling depths and costs, and
if conditions warrant their use.

Geophysical Logging Program

Each test well will be geophysically logged to obtain stratigraphic and hydrogeologic
information. These data will also be used to calibrate and iteratively reinterpret the surface
geophysical data the LA project team collected. This process will help refine drilling depths and
structural geoclogic interpretations. The geophysical logging suite will consist of the following
logs: caliper, natural gamma, 16 inch normal resistivity, 64 inch normal resistivity, spontaneous
potential, density, neutron, and sonic (full wave form). The sonic log will also be used to assess
the cement bond to the 8 5/8 inch casing.

With the exception of the sonic log, LA anticipates that geophysical logs will primarily be
collected from the open borehole portion of each test well. Geophysical log information may be
collected across the 12 1/4 inch production borehole in locations where the thicknesses of both
the overlying Tertiary sedimentary cover and post-Casper Formation rocks are sufficient to
provide surface geophysical data calibration (i.e. Goose Creek 2-3). In particular, a sonic log
through the post-Casper Formation rocks would provide information that could be used to better
understand the structures and stratigraphy observed on the east end of several surface
geophysical lines.
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Aquifer Testing Program

As warranted, LA will complete aquifer tests on each completed test well. The aquifer tests will
consist of both stepped and constant rate tests. The stepped rate test on each well will be
completed over a six to eight hour period, and constant rate tests will be conducted for at least
48 hours and may be conducted over a seven day period. The constant rate tests will be
completed following water level recovery from the step test, which will likely occur the following
day after step test termination. Water level data on all tests will be collected both manually and
electronically. LA will supervise all testing and will work with the drilling contractor to complete
the tests.

Based on the yield observed during air-based fluid drilling, LA will design the step test to assess
drawdown conditions associated with a variety of discharge conditions. Individual yields from
each well may be as much as 500 gpm. If the yield of any test well during drilling with air-based
drilling fiuids is less than 100 gpm, LA may not complete an aquifer test on the well. If water-
based fluid drilling masks yield from any test well, aquifer testing will be completed to assess
aquifer permeability at the site.

Closing

If you have any questions regarding this proposed approach, please do not hesitate to call me
at 970-223-4705. | would be happy to meet with you to clarify any questions you have, or to
facilitate your review of this permit application.

Sincerely,
LIDSTONE AND ASSOCIATES, INC.

Mark E. Stacy, P.G.
Senior Hydrogeciogist

MES:rce

Enclosures

cc w/Enclosures:
Kevin Boyce, WWDC
Tim Wilson, BOPU
Herman Noe, BOPU
Paul lvancie, AMEC

Sent via: E-mail and First Class Mail

KAOPENWYWDC108\Pemit to Construct\Letter Report.docx



Figures



Goosg‘ ng;vek Structyre (Line 2)

ol

1’@}’55 3

/

S

~wm NOTE: Highlighted wells are listed in
A Table 1.

CHEYENNE BELVOIR RANCH

Groundwater Level it Study
Wyoming Water Development Commission

Producten Well
ety 0 500 1,000 2,000

Suream Gagng Staton N
roees St Feet

Spring

Bodang Sukae

2008 Palsozoic Test Holes

> | Rstons awd,
Assochates, Inc

g gy 4
293 Asmerion Wiy 3 B

I Lone Trae Creek Fauk Zone
* > spping Beds

0 ram

— Fractien

ey PR

W omilig Wata Desglotrmen

FIGURE 1




Lidstone and Associates, Inc.

" Lidstone and

Associates, Inc:

Project:

BELVOIR RANCH
Location: T13N, R69W, Section 19

Drilled by: TBD
Date started:

Date completed:TBD

TBD

Logged by: MES
Total depth: 2,040 Ft.
Elev.: 7,335 Ft.

Well Name: Conceptual Casper Aquifer Well
Drilling Method: Direct Air Percussion Rotary

g
£ Well Construction Lithology Remarks
a
0 -
] 13 3/8" API Surface casing (0- 350) WHITE RIVER FORMATION: tan to yellowish brown Non-flowing artesian aquifer
- (48 Ib/ft) setin 17 1/2" siltstone, silty sandstone, and clayey siltstone; covers and conditions (confined) are
] borehole, pressure obscures underlying bedrock formations; thickness varies across anticipated at each drill site
. cemented V|alannular S site as it was unconformably deposited. with depths to water ranging
200 — tremie (0 - 307) = from 25 to 360 feet below
] ground surface.
- o LA anticipates the lithology and
1 - thickness of the formations
400 — © . i (350- 790) CHUGWATER FORMATION: interbedded dark red overlying the Casper Formation
—H© 8 5/8" APl Production sandstone, shale, and siltstone; typically a prominent ridge will vary between well sites.
15 casing (28 lo/ft) set inside former, but not exposed at surface on Belvoir Ranch. Formations and thicknesses
7 B 12 1/4" borehole, pressure presented here are estimates
— % ngUtEd from the bottom up o based on literature review.
600 e with neat cement (top of = Tertiary sedimentary cover,
- 9— Casper Aquifer to land which varies in thickness,
Jeo surface) masks underlying bedrock
- conditions.
o
800 ] /P (790- 1040) GOOSE EGG FORMATION: interbedded dark red
- siltstone, shale, sandstone, minor limestone, and gypsum beds;
] E,‘_’, principal confining layer for the Casper Aquifer.
1000 ¢
—f— Z
b 270 0] (1040- 2040) CASPER FORMATION: interbedded micritic to
] R sandy limestone (white to pink in color) and fine to medium
] R grained sandstone (tan to red); yields significant volumes of
1200 — . ) 0 o g ground water from cavernous voids and calcite-lined fractures.
B 7 7/8" Borehole drilled LR
7 through production zone o o o]
— ‘g__) . . . . . o
e 0 ol
T % P
1400 — . 0700 To yield sufficient water for the
o R project, the Casper Aquifer
- g R o must have permeable fractures
15 .01 a2 and/or caverns that yield water.
43 R R Air rotary drilling through this
1600 4|3 PR zone will allow for visual
i “aed estimation of ground water
J& Lt production and minimize
= LR problems with lost circulation
T~ © o o which can limit drilling depths.
1800 — 0700
2000 I o o e (2040- 2100) PRECAMBRIAN: predominantly granite, gneiss,
7 -— and schist; limited permeability and water.

Notes: This figure presents a conceptual well design to complete a test well into the Casper Aquifer. Actual well completion depths at each respective drill
site will vary depending upon Casper Formation attitudes, distance from outcrop, and topographic elevations at land surface. Proposed well locations are
shown on Figure 1. Our concept includes a telescoped well that consists of an open borehole through the Casper Aquifer with 8 5/8 inch diameter API
production casing set through the overlying formations.

FIGURE 2
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Table 1

Belvoir Ranch Prospective Casper Aquifer Drilling Sites

Prospect Name

Lone Tree 5-4

Lone Tree 5-2

Lone Tree Fault 1-2

Lone Tree Fault 1-4

Goose Creek 2-2

Goose Creek 2-3

Duck Creek 3-1

Duck Creek 3-3

Location (T, R, & Section)

T13N, R69W, Sec. 16NWSW

T13N, R69W, Sec. 17NESE

T13N, R69W, Sec. 30NENW

T13N, R69W, Sec. 19SESE

T13N, R69W, Sec. 30SESE

T13N, R69W, Sec. 29SWSW

T13N, R69W, Sec. 31SWNE

T13N, R69W, Sec. 31SESE

Location (Latitude, Longitude)

41.095398; -105.134891

41.095266; -105.139951

41.072592; -105.164142

41.075106; -105.157503

41.062557; -105.158069

41.062162, -105.153037

41.054088; -105.161585

41.048293; -105.157356

Resistivity Station 975 550 650 1275 1375 1800 1525 775
Surface Elevation (Ft. AMSL) 7060 7075 7350 7335 7195 7200 7295 7285
Structural Compartment Lone Tree Lone Tree Lone Tree/Duck Creek Lone Tree Duck Creek Duck Creek Duck Creek Duck Creek
Relative Product Product Product Product Product

GEOLOGIC RANKING CRITERIA Rating (R) Importance (RI)|] Rating (R) =R*RI Rating (R) =R*RI Rating (R) =R*RI Rating (R) Product =R*RI| Rating (R) =R*RI Rating (R) =R*RI Rating (R) Product =R*RI| Rating (R) Product =R*RI
Structural Permeability Enhancement 1,3,5 1 1 1 1 1 1 1 3 3 3 3 1 1 3 3 3 3
Geophysical Seismic Signature (bright spot) 1,3,5 1 1 1 1 1 3 3 1 1 1 1 1 1 1 1 3 3
Geophysical Resistivity Signature (low) 1,3,5 1 1 1 3 3 3 3 1 1 3 3 1 1 3 3 1 1
Depth to Water 1-3 2 1 2 1 2 3 6 2 4 2 4 2 4 3 6 3 6
Depth to Top of Casper 1-3 2 2 4 1 2 2 4 2 4 1 2 3 6 1 2 1 2
Anticipated Drilling Depth through Casper Formation 1-3 3 1 3 1 3 1 3 1 3 1 3 3 9 1 3 1 3
Hydrologic Sustainability, recharge 1-3 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2
Cumulative Rating 8 9 14 11 13 13 14 14
Hydrogeologic/Geophysical Rating 3 5 7 5 7 3 7 7
DRILLING PRIORITIZATION 4A 3 2A 2B 1 4B
Weighted ranking system = sum(R*RI)

QUALITATIVE SCORE Score = 13 Score = 13 Score = 21 Score = 17 Score = 18 Score = 24 Score = 20 Score = 20
COST RANKING CRITERIA Units Units Amount Units Amount Units Amount Units Units Amount Units Amount Units Amount Units Amount
Capital costs for test well drilling* $ $ $342,400 $ $270,400 $ $299,200 $ $326,400 $ $262,400 $ $500,000 $ $260,000 $ $220,000
Capital costs for production well drilling® $ $ $535,000 $ $422,500 $ $467,500 $ $510,000 $ $410,000 $ $781,250 $ $406,250 $ $343,750
Estimated test well/production well completion depth Ft Ft 2,140 Ft 1,690 Ft 1,870 Ft 2,040 Ft 1,640 Ft 3,125 Ft 1,625 Ft 1,375
Estimated per well production rate GPM GPM 500 GPM 500 GPM 500 GPM 500 GPM 500 GPM 500 GPM 500 GPM 500

Lower rating for better alternative: 1=Best, 5=Worst

Relative Importance: 1=Most, 5=Least

Maximum Score= 55
Minimum Score = 11

Estimated costs are for drilling contractor only and do not include any associated engineering expenses.

Notes: ‘Estimated test well drilling costs ($160/ft) include 6 3/4" diameter hole through Casper Formation, geophysics, well development, and aquifer testing. Based on recent 2,800' Wamsutter No. 9 bid (8.625" Casing, May 2009).

“Estimated production well drilling costs ($250/ft) include 9 7/8" diameter hole through Casper Formation, geophysics, well development, and aquifer testing. Based on recent 2,400’ Bighorn Regional bid (10.75" casing; October 2009).

Belvoir Ground Water Level Il Project
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PART 1

1.01

SECTION 02800

TEST WELL DRILLING AND CONSTRUCTION

GENERAL

TEST WELLS

A

This section outlines the requirements for the drilling, installation, and testing of
up to four (4) test wells to be constructed at the selected drill sites. The total
number of test wells drilled under this contract will depend upon actual drilling
depths through the Casper Formation, hydrogeologic conditions encountered, and
costs expended during the course of drilling. Test well depths are anticipated to
range from 1,375 to 3,125 feet to fully penetrate the Casper Formation.

The CONTRACTOR is to fumnish all materials, supplies, equipment, and
personnel necessary to successfully complete the test wells and any appurtenant
structures in a timely and professional manner. The wells shall be constructed in
general accordance with the American Water Works Association Standard for
Deep Wells (AWWA A100-06), EPA Manual of Water Well Construction
Practice (EPA 570/9-75-001), and the State of Wyoming DEQ and State
Engineer’s Office Regulations and Instructions for the Construction of Water
Wells.

The work shall be carried out in accordance with the following specifications and
any amendments or additions that may be attached by the OWNER or
ENGINEER. Work to be performed in the presence of the ENGINEER is so
indicated within these specifications.

1.02 RELATED SECTIONS

1.03

Section 02810 - Geophysical Logging
Section 02820 - Well Development
Section 02830 - Aquifer Testing

REFERENCES

1. “Manual of Water Well Construction Practice,” EPA-570/9-75-001.

2. American Water Works Association Standard for Water Wells, AWWA A100-06.

3 Wyoming State Engineer’s Office Regulations and Instructions for Water Well
Minimum Construction Standards.

4. Wyoming Department of Environmental Quality (DEQ) Well and Borehole
Abandonment Standards, Chapter 11.

5. Wyoming Department of Environmental Quality (DEQ) Design and Construction

Standards for Public Water Supplies, Chapter 12.



1.04 SUBMITTALS

The CONTRACTOR shall keep records providing the following information. The
following records will be presented to the ENGINEER during the course of the project or
following the completion of all operations at the drill site.

A.

PART 2

Driller’s Log. The driller’s log shall include all information pertinent to the test
well construction and the progress of work. The driller’s log shall be a running
account which includes: (1) drilling fluids and additives, including quantity of
materials used; (2) drilling fluid properties, including weight, fluid loss, and
viscosity; (3) type and diameter of bits used for drilling and total footage for each
bit; (4) penetration rate log using a single-pin Geolograph of ENGINEER-
approved equivalent; and (5) any remarks or comments concerning the drilling
characteristics of the borehole, including circulation loss, special or peculiar
events, etc. The forms shall be kept onsite during drilling for inspection by the
OWNER or ENGINEER.

Materials Log. The CONTRACTOR shall keep a record of the assembled order,
number, type, size, lengths and couplings of any applicable individual pieces of
casing, column pipe, blank, centralizers, and other items placed in the well.

Material Certificates. Manufacturers’ and suppliers’ certificates or invoices for
all materials delivered or services rendered to the job site shall be maintained.
The certificates or invoices shall describe the material delivered including weight,
class or grade, quantity and unit cost, etc. Copies of these certificates shall be
provided to the ENGINEER upon delivery of materials to the site.

MATERIALS & PRODUCTS

2.01 DRILLING FLUIDS

A.

Material. The selection of drilling fluids shall be at the discretion of the
CONTRACTOR, with the approval of the ENGINEER. Water from a source
approved by the ENGINEER, or air shall be used as the base for the drilling fluid,
whether used alone or in combination with ENGINEER-approved drilling fluid
additives. The drilling fluid may consist of water mixed with high-grade
bentonite and polymers, air mixed with appropriate fluid additives, or other
ENGINEER-approved materials. If there should be a conflict between the drilling
fluid requirements for ease of drilling and drilling fluid requirements for aquifer
protection, then the ruling requirements shail be those for aquifer protection. The
drilling fluid shall possess characteristics required to: (1) prevent caving as
drilling progresses; (2) permit recovery of representative drill cutting samples; (3)
maintain the structural integrity of the borehole during casing installation; and (4)
allow for visual assessment of water yield and quality from the Casper Formation.



If requested by the ENGINEER, the CONTRACTOR will employ a qualified
drilling fluids engineer onsite with more than two years experience to ensure the
viability of the drilling fluid. The CONTRACTOR shall bear the costs of the
drilling fluids engineer.

Lost Circulation. In the event of lost circulation conditions, the CONTRACTOR
shall notify the ENGINEER and OWNER for approval of using lost circulation
materials, and shall use micaceous flakes or other ENGINEER approved inert
materials to regain drilling fluid circulation. Upon completion of borehole
drilling, the CONTRACTOR must use appropriate procedures to remove most
drilling fluid additives and/or lost circulation materials to the maximum extent
possible during development.

2.02 CASING AND CEMENTING MATERIALS

A.

Surface Casings. The CONTRACTOR shall install at least thirty (30) linear feet
of a minimum thirteen and three-eighths (13 3/8) inch diameter surface casing at
each test well site. Casing shall be of steel construction, and at least one-quarter
(1/4) inch minimum wall thickness. The type and weight of API surface casing to
be used is at the option of the CONTRACTOR.

Test Well Casings. Between three hundred and eighty-five (385) and one-
thousand nine hundred and fifty (1,950) feet of eight and five-eighths (8 5/8) inch,
28 pound per foot blank steel well casing will be required to complete the
construction of the test well at each site. The well casing shall conform to the
physical and chemical properties of AWWA A100-06, API J-55 or K-55, or
equivalent approved by the ENGINEER. The casing shall be new. Rusted casing
will not be accepted. The casing shall be supplied with threads and couplings, or
beveled ends for welded joints. The well casing will extend to a final height of
two feet above ground surface at each site.

Centralizers. Centralizers manufactured to fit the casing will be used in the
installation of the 8 5/8 inch diameter casing in the borehole. To maintain the
casing in the center of the borehole, three (3) centralizers circumferentially spaced
60° apart will be installed at no less than 200-foot intervals as directed by the
ENGINEER. Three (3) centralizers shall also be spaced circumferentially within
the bottom five feet on each surface casing.

Cement Seals. (1) The selection of grout to cement the surface casings for the test
wells in place shall be at the option of the CONTRACTOR. (2) The 8 5/8-inch
well casings for the test wells shall be cemented in place with neat cement grout
conforming to ASTM C150, API Type G or H, or ENGINEER-approved
equivalent. The CONTRACTOR shall allow for at least 40 percent overrun on
cement to compensate for washout zones in the borehole. In the event more than
40 percent excess is required to completely cement the casings in place, then the
CONTRACTOR shall be paid for the excess at CONTRACTOR’s additional



invoice cost plus 10 percent for handling. The CONTRACTOR shall provide the
ENGINEER an estimate of the volume of cement required for each cementing
operation, inclusive of any required overage, prior to placing his order for cement.

2.03 WELLHEAD CONSTRUCTION

The CONTRACTOR shall extend the well casing two (2) feet above the ground surface
and install a weather tight locking security cover after all WORK associated with well
construction, development, and testing is completed. All above ground metal shall be
primed and painted with a brightly colored rust-resistant paint. If flowing well conditions
are encountered, the CONTRACTOR shall install a flange and an appropriately sized
gate valve atop the casing to control the water flow. The CONTRACTOR shall also
attach a two foot length of flanged casing equipped with one, four inch diameter port and
gate valve; two, two inch diameter ports with valves; and one, one inch diameter port
equipped with a valve and liquid filled pressure gage. A blind flange shall be also be
installed. All valving shall be insulated and/or protected from freezing conditions.

PART 3 EXECUTION
3.01 BOREHOLE DRILLING

A. The CONTRACTOR shall provide all necessary equipment that assures proper
and timely execution and completion of the project in accordance with these
CONTRACT DOCUMENTS. The CONTRACTOR is encouraged to suggest
modifications if such modifications will meet the project objectives, expedite
drilling and well construction, and save project costs. For each test well, the
ENGINEER anticipates the CONTRACTOR will drill the borehole utilizing
direct or reverse rotary water-based drilling fluid techniques to set casing into the
top of the Casper Formation. Once casing is set, the CONTRACTOR will
advance the borehole through the Casper Formation using a downhole hammer
with air and appropriate additives to the extent practical, or ENGINEER-approved
alternative as warranted, to allow for hydrogeologic assessment of the Casper
Formation during drilling. The CONTRACTOR shall indicate on the Bid Form
and in his submittals which circulation and drilling techniques he intends to use in
the respective intervals to drill these test wells.

B. The surface casings for the test wells shall be installed in @ minimum 17 1/2-inch
diameter borehole to a depth of at least 30 feet. The CONTRACTOR shall take
all measures necessary to protect the top portions of the borehole from caving or
raveling. The test wells will be completed in two stages. First, a minimum 12 1/4
diameter borehole shall be drilled through the surface casing to an anticipated
depth of approximately 385 to 1,950 feet, depending upon drilling location. The
exact depth of the borehole to be cased will be determined by the ENGINEER
during borehole drilling. Following installation and grouting of each 8 5/8-inch
diameter test well casing, the CONTRACTOR shall advance a minimum 7 5/8-



inch diameter borehole through the Casper Formation. The final depth of each
borehole will be specified by the ENGINEER, and is anticipated to range from
1,375 to 3,125 feet. Overall drilling depths will depend upon geologic conditions
encountered in the borehole at each location.

The drilling fluid properties shall be maintained in such a manner as to ensure the
structural integrity of the borehole, and to circulate drill cuttings representative of
the strata penetrated to the ground surface. While not anticipated at this location,
the CONTRACTOR shall be aware of the potential difficulties associated with
drilling a water well capable of discharging several hundred gallons per minute
under artesian pressure. Blow-out preventers and heavy muds containing mineral
additives may be required. All chemical or mineralogical additives must be
suitable for introduction into a potable water supply. The CONTRACTOR may
be required to retain or employ an experienced, qualified, and ENGINEER
approved drilling fluids engineer on the job during all drilling and completion
operations to supervise and maintain the drilling fluid characteristics. The use of
above-ground tanks or excavated mud pits is at the discretion of the
CONTRACTOR.

The CONTRACTOR shall make a recommendation to the ENGINEER when in
their opinion lost circulation conditions have been encountered.  The
CONTRACTOR shall also propose remedies for the situation. Thickening of the
drilling fluid and use of standard fluid additives are not considered remedial lost
circulation measures. The ENGINEER shall review lost circulation conditions
and CONTRACTOR methodologies to regain circulation, and approve, reject, or
propose a substitute. Lost circulation shall be at the approval of the ENGINEER.
Upon approval, the CONTRACTOR shall immediately implement remedial
measures to regain circulation using lost circulation materials listed in this
Contract. If after work .ng four (4) hours to re-establish circulation, the loss of
circulation is not overcome, the CONTRACTOR shall submit a written remedial
methodology to regain circulation. Upon ENGINEER approval of this written
plan, all additional CONTRACTOR work to regain circulation, including any
footage gained, shall be at the hourly rig time rate. All lost circulation materials
and mud used in attempting to restore circulation shall be paid at invoice cost plus
10 percent to cover transportation and handling.

The CONTRACTOR shall be aware that obtaining good quality and
representative soil, cuttings, rock flour, and formation water samples from the
borehole is an essential aspect of this drilling project. The CONTRACTOR shall
sample the drill cuttings as directed by the ENGINEER, at a minimum of 10-foot
intervals. Each sample shall be stored in insect- and mildew-proof oil well sand
sample bags. Each sample bag shall be labeled with depth interval, date, time,
well name, and location. Sample bags containing the drill cuttings shall be stored
in wooden crates or cardboard equivalent in a warm (above freezing), clean, dry
area near the well. All samples are to be submitted to the ENGINEER.



All drilling fluids shall be disposed of in accordance with State and Federal
regulations. Method and place of disposal shall be approved by the ENGINEER.
Costs incurred in connection with the disposal of drilling fluids and developed
water will be borne by the CONTRACTOR.

3.03 PLUMBNESS AND ALIGNMENT

A.

The CONTRACTOR shall construct the test wells sufficiently straight and plumb
to permit free installation and removal, without binding, of a test pump in each
well. The test wells shall be drilled to a depth designated by the ENGINEER with
a total deviation not to exceed one (1) degree per 200 feet from vertical with the
total deviation throughout the entire depth of the borehole not to exceed five (5)
degrees from vertical. It shall be the responsibility of the CONTRACTOR to see
that the well is being constructed straight and plumb within these limits at all
times, and the CONTRACTOR will be required by the ENGINEER to routinely
test for hole deviation at least every 200 feet. The tests will be completed during
the course of drilling using the plumbness and alignment requirements of AWWA
A100-06, or a wireline mechanical drift indicator device manufactured by
TOTCO, or equivalent. Any indications of inadequate plumbness or alignment
during drilling, casing, or pump setting operations shall be cause to require
measurement of plumbness and alignment by a method acceptable to the
ENGINEER. No payment shall be made for tests of alignment; any such tests
shall be included in the costs bid for other items in this contract.

If the well is of unacceptable plumbness and alignment, the CONTRACTOR shall
undertake remedial measures. Any alignment work required by the
CONTRACTOR in redrilling or straightening the well shall be at his sole
expense. If a well is deemed unacceptable following remedial measures, then as
much casing as can be removed from the well shall be salvaged by the
CONTRACTOR. The well shall be abandoned in accordance with Wyoming
state regulations at the CONTRACTOR’s expense. All repeated work, additional
materials, labor, and equipment required to drill and construct the replacement
well, satisfying the Plumbness and Alignment specifications outlined in Section
3.03A above, shall be furnished at the expense of the CONTRACTOR, and no
claim for additional compensation shall be made or be allowed except as
specifically provided within these CONTRACT DOCUMENTS.

3.04 INSTALLATION OF WELL CASINGS AND CEMENT SEALS

A.

Well Casings and Centralizers. The CONTRACTOR shall install the 13 3/8 and 8
5/8-inch diameter casings in accordance with the final designs furnished by the
ENGINEER for each test well. The CONTRACTOR shall assure that the
capacity of his equipment is adequate to hang the designed casing weight.
Individual lengths of casing shall be joined by either threads and couplings, or
welding. Any couplings used shall be made up power-tight in accordance with
the manufacturer’s recommendations. Any welding of the well casing shall be



3.05

performed by properly qualified operators and welders following the
manufacturer’s recommendations. The casing shall not be supported from the
bottom of the borehole at any time during installation. Centralizers shall be
installed on the 13 3/8 and 8 5/8 inch diameter casings at 200 foot intervals, as
directed by the ENGINEER.

B. Cement Seals. The test well casings shall be cemented in place. The 13 3/8-inch
diameter casings shall be suspended in the borehole and pressured cemented in
place via tremie by the CONTRACTOR. The 8 5/8-inch diameter casings shall
be suspended in the borehole and cemented in place by pressure circulation of
cement grout from' bottom to top. Cementing shall be performed by an
ENGINEER-approved cementing service company or the CONTRACTOR, if the
CONTRACTOR supplies sufficient evidence to the ENGINEER, in the
Information Required of Bidders, which will demonstrate his capability to
properly execute this task. The cement used shall conform to the specifications of
Article 2.02D above. The cement shall be allowed to cure a minimum of 18
hours, or more if directed by the cementing subcontractor, before further drilling
proceeds. Two samples of the cement installed in the annular space will be
collected by the CONTRACTOR in appropriate containers and presented to the
ENGINEER for inspection to ensure that the cement sets in a reasonable time
frame. The samples shall be collected at the beginning and at the end of each
pour, and labeled accordingly.

C If the casing string cannot be positioned according to the final well design
furnished by the ENGINEER, then the CONTRACTOR shall remove all casing
from the borehole and undertake remedial measures. Failed casing due to
collapse or breakage associated with installation, removal, or other construction
activity prior to well completion shall be withdrawn and replaced at the
CONTRACTOR’s expense. If remedial measures are insufficient to permit well
construction in accordance with the final well design, the CONTRACTOR shall
construct another well immediately adjacent to the original location in accordance
with these CONTRACT DOCUMENTS. The abandoned borehole shall be
abandoned and sealed in accordance with state regulations at the sole expense of
the CONTRACTOR. All repeated work, additional materials, labor, and
equipment required to rehabilitate or reconstruct the well prior to well completion
shall be furnished at the expense of the CONTRACTOR, and no claim for
additional compensation shall be made or be allowed except as specifically
provided within these CONTRACT DOCUMENTS.

WELLHEAD CONSTRUCTION

The CONTRACTOR shall extend the 8 5/8-inch diameter well casing two (2) feet above
the ground surface and install a weather tight locking security cover after all WORK
associated with well construction, development, and testing is completed. If a flowing
well is completed, valving to relieve pressure and evacuate water will be required. The
wellhead shall be insulated and protected from freezing conditions. All above ground



metal shall be primed and painted with a brightly colored rust-resistant paint. No
payment shall be made for this item; it shall be included in the unit price bid to furnish
and install the 8 5/8-inch diameter casing.

3.06 PLUGGING AND ABANDONMENT

A.

PART 4

Any well or borehole plugging and abandonment shall meet the Wyoming
DEQ/Water Quality Division’s Rules and Regulations for water wells in addition
to those available from the Wyoming State Engineer’s Office.

In the event that the CONTRACTOR fails to complete a well to the designed
depth, or should he abandon the well because of loss of his tools or equipment
downhole, or for any other cause related to deficiencies in his equipment or
performance, the CONTRACTOR shall plug and abandon the well in accordance
with Wyoming state regulations after removing as much casing as can be
salvaged. All plugging and abandonment work shall be done at the sole expense
of the CONTRACTOR. All salvaged materials furnished by the CONTRACTOR
shall remain his property.

Materials. Casings shall be cemented in place with neat cement, sand cement
grout or concrete, or ENGINEER-approved equivalent. If these formations
extend to considerable depth, alternate layers of coarse stone and cement grout or
concrete may be used to fill the well between total depth and 30 feet below grade.
Cement grout will be circulated up from the bottom up for the uppermost 30-foot
interval. The services of a cementing service company shall not be required for
this procedure if the CONTRACTOR can demonstrate competence in producing
the desired result.

Marker. For plugged wells, the top of the well casing shall be sealed with a
threaded or welded steel cap. The cap shall be water tight and primed and
painted. The CONTRACTOR shall label in capital (Upper Case) letters with the
legal location, the State Engineer’s Office permit number, well identification
number, “RELOCATED,” and the date of plugging. The label shall be legible.

MEASUREMENT AND PAYMENT

401 PAY ITEM MEASUREMENT

A.

Bid quantities are estimated only; the ENGINEER does not expressly or by
implication agree that the actual amount of work or material will correspond
therewith, and reserves the right after award to increase or decrease the quantity
of any unit price item of the work, without a change in the unit price, and shall
include the right to delete any bid item in its entirety. Payment for construction of
the wells shall be in accordance with unit price quantities, and will be made on
actual quantities of the work performed under construction.



Unit prices shall include all labor, equipment, tools, materials and all other items
necessary and incidental to the completion of work. Measurements of all linear
footage items shall be in agreement with the ENGINEER’s records, prior to
compensation. Payment shall constitute full compensation for all labor,
equipment, tools, materials, and all other items necessary and incidental to
completion of the work. There will be no payment for lost tools or materials
which are improperly installed or materials which are rejected by the ENGINEER
as faulty, broken or fail to meet specifications.

The ENGINEER and OWNER may terminate work on the project at any point if,
in the ENGINEER’s judgment, the OWNER’s best interests are not served by
continuation. Conditions which may lead to project termination include, but are
not limited to, inability to regain lost circulation and insurmountable drilling
problems, indications of low groundwater development potential as determined
during drilling, geophysical logging, and aquifer testing. In such event, the
CONTRACTOR shall be paid for the value of work completed at that time on the
basis of the Total Bid Price, modified in accordance with the unit price and lump
sum items listed on the Bid Schedule. If well construction is terminated by
decision of the ENGINEER, the CONTRACTOR may be required to properly
abandon the well. Materials used in abandonment shall be paid at invoice cost
plus 10 percent to cover transportation and handling. Payment for rig time shall
be at the bid unit price.

01 Drill, Furnish, Install, and Cement Surface Casings. Measurement and
payment for the casings shall be based on the linear footage emplaced in
the test wells. Payment for the casings shall include drilling the borehole
to allow emplacement of the surface casing, installing the cement seal, and
security cap. Payment shall be full compensation for the casing,
transpox;tation, labor, materials, rig, fuel, air compressors, and other
incidentals required to install it into the wells at the work sites.

02 Drill 12 1/4-Inch Minimum Diameter Boreholes. Measurement and
payment for drilling the borehole in accordance with these CONTRACT
DOCUMBENTS shall be based upon the linear footage actually drilled. All
drilling will be measured on an in-place completed linear foot basis as
called on the Bid Schedule. Payment for drilling shall be full
compensation for rig, fuel, air compressors, mud pumps, bits, labor,
drilling fluids, and incidentals necessary to complete the hole in
accordance with these CONTRACT DOCUMENTS. The respective unit
price will compensate the CONTRACTOR for all bits used and wear and
tear on equipment.

03 Fumish and Install 8 5/8-inch Casings. Measurement and payment for the
casings shall be based on the linear footage emplaced in each test well.
Payment for the casings shall serve as full compensation for the casing,



04

05

06

07

08

centralizers, transportation, installation costs and labor, and other
incidentals required to deliver it to the work site and install it in place.
Drilling, reaming, mud, bits and related costs associated with drilling shall
be incidental to production casing.

Fumish and Install Grout (8 5/8-inch Casings). Measurement and
payment for furnishing and installing the cement grout will be based on
the volume (cubic feet) emplaced in the annular space, all in accordance
with these CONTRACT DOCUMENTS. Payment for the grout at the unit
price listed on the bid schedule shall constitute full compensation for
furnishing all tools, rigs, equipment, tremie pipes, labor, materials, cement
and incidentals necessary to cement the well at the specified site in
accordance with these CONTRACT DOCUMENTS. The
CONTRACTOR shall allow for 40 percent overrun in materials to
compensate for any washouts in the borehole.

Drill 7 5/8-Inch Minimum Diameter Boreholes. Measurement and
payment for drilling the boreholes in accordance with these CONTRACT
DOCUMENTS shall be based upon the linear footage actually drilled. All
drilling will be measured on an in-place completed linear foot basis as
called on the Bid Schedule. Payment for drilling shall be full
compensation for rig, fuel, air compressors, mud pumps, bits, labor,
drilling fluids, and incidentals necessary to complete the hole in
accordance with these CONTRACT DOCUMENTS. The respective unit
price will compensate the CONTRACTOR for all bits used and wear and
tear on equipment.

Rig Time. Measurement for rig time will be measured and compensated
by the hour. Payment shall be full compensation for rig, fuel, air
compressors, labor, drill bits, and incidentals necessary to perform the
work. Rig time shall be paid only when authorized in writing by the
ENGINEER.

Standby Time. Standby time shall be the time when the drill rig is shut
down, although in readiness to begin or resume operations, while the
CONTRACTOR is waiting on orders of the ENGINEER or on materials
or services or other items to be furnished by the ENGINEER. The
CONTRACTOR shall be reimbursed for standby time at the unit price per
hour bid. Standby time shall not include such items as geophysical
logging, waiting for cement to cure, flow testing, or delivery of materials
to site, among other items. Standby shall be paid only when authorized in
writing by the ENGINEER.

OPTION: Plug and Abandon the Well. Measurement and payment for
fumnishing and installing the cement grout shall be based on the linear
footage of hole plugged, all in accordance with these CONTRACT




DOCUMENTS. Payment will be made at the unit price listed on the bid
schedule, which price shall constitute full compensation for furnishing all
tools, rigs, equipment, tremie pipes, labor, materials, cement and
incidentals necessary to cement the well at the specified site in accordance
with these CONTRACT DOCUMENTS. The CONTRACTOR shall
allow for 40 percent overrun in materials to compensate for any washouts

in the borehole.
4,02 PAY ITEMS

01 Drill, Furnish, Install, and Cement Surface Casing linear foot
02 Drill 12 1/4-Inch Minimum Diameter Borehole linear foot
03 Furnish and Install 8 5/8-inch Casing linear foot
04 Furnish and Install Grout (8 5/8 Inch Casing) cubic feet
05 Drill 7 5/8 Inch Minimum Diameter Borehole linear foot
06 Rig Time hour

07 Standby Time hour

08 OPTION: Plug and Abandon the Well linear foot

END OF SECTION 02800



Department of Environmental Quality

To protect, conserve and enhance the quality of Wyoming'’s
environment for the benefit of current and future generations.

Dave Freudenthal, Governor John Corra, Director

iw.f“.v
Authorization to Discharge Wastewater Associated with
Pump Testing of Water Wells and Disinfection of Potable Water Lines
Under the Wyoming Pollutant Discharge Elimination System

Authorization # WYG720218

Lidstone and Associates have requested that this general permit authorization being extended for one
year. The general permit for temporary discharges allows up to one year of discharges only. The facility
has discharged approximately 10 days with the authorization. It is therefore eligible to be extended for
up to 355 days. To allow for a margin of error, this renewed authorization will expire October 31, 2011.
The authorization currently held by Lidstone and Associates, must be replaced immediately with this
edition.

In compliance with the provisions of the Federal Water Pollution Control Act and the Wyoming
Environmental Quality Act,

Lidstone and Associates, Inc., Attn: Ms. Katherine Laudon, 4025 Automation Way, Building E,
Fort Collins, CO. 80525

is authorized to discharge wastewater associated with pump testing of water wells and for disinfection of
the water wells from

Belvoir Ranch Ground Water Development Level II

Outfall 001: SWNE Section 31, Township 13N, Range 69W, Latitude 41.054088, Longitude -
105.161585

Outfall 002: SESE Section 30, Township 13N, Range 69W, Latitude 41.062557, Longitude -105.158069
Outfall 003: SESE Section 19, Township 13N, Range 69W, Latitude 41.075106, Longitude -105.157503
Outfall 004: NWSW Section 16, Township 13N, Range 69W, Latitude 41.09539, Longitude -105.13489
Outfall 005: NESE Section 17, Township 13N, Range 69W, Latitude 41.095266, Longitude -105.139951
Outfall 006: NENW Section 30, Township 13N, Range 69W, Latitude 41.07259, Longitude -105.16414
Outfall 007: SWSW Section 29, Township 13N, Range 69W, Latitude 41.06216, Longitude -105.15806
Outfall 008: SESE Section 31, Township 13N, Range 69W, Latitude 41.048293, Longitude -105.157356

to surface waters of the State of Wyoming in accordance with the requirements of the enclosed general
permit for temporary discharges. Receiving waters:

Outfall 001: Goose Creek (class 2AB) via an unnamed ephemeral tributary (class 3B)

Outfalls 002 and 007: Goose Creek (class 2AB)

Outfalls 003 and 006: Goose Creek, via Willow Creek (class 2AB waters) via an unnamed ephemeral
tributary (class 3B)

Outfall 008: Duck Creek (class 2AB) via an unnamed ephemeral tributary (class 3B)

Outfalls 004 and 005: Lone Tree Creek (class 2AB).

Herschier Building * 122 West 25th Street « jCheyenne, WY 82002 « http://deq.state.wy.us
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All receiving streams and tributaries are in HUC 10190008 which is the same drainage and so all
outfalls are listed on the same authorization, South Platte River basin.

Permit limits and monitoring requirements for the Well Pump Test for all outfalls is as follows:

Effluent Limitation

Monthly Weekly Daily
Parameter Average Average | Maximum
Total Dissolved Solids, mg/L N/A N/A 5.000
Total Suspended Solids, mg/L 30 45 90
pH, su (standard units) N/A N/A 6.5-9.0
Monitoring Requirements
Parameter Measurement Frequency Sample Type
Flow, gpm Daily b ontﬁrﬁﬁ%llllss or
Total Dissolved Solids, mg/L Weekly Grab
Total Suspended Solids, mg/L Weekly Grab
pH su (standard units) Daily Grab
Permit limits and monitoring requirements for Chlorine Disinfection of the Wells for all outfalls is as follows:
Effluent Limitation
Monthly Weekly Daily
Parameter Average Average | Maximum
Total Suspended Solids, mg/l 30 45 90
pH, su (standard units) N/A N/A 6.5-9.0
Total Residual Chlorine, mg/I) N/A N/A 0.02®

(Chlorinated water must be detained until the chlorine residual reaches less than 0.02 mg/l (non-

detectable).




Monitoring Requirements, Disinfection
P —— -
Parameter ' Measurement Frequency Sample Type
Flow, gpm Daily g orgﬁ%%%%ss or
Total Suspended Solids, mg/1 Weekly Grab
pH, s.u. (standard units) Daily Grab
Total Residual Chlorine®, mg/l Daily Grab

(Chlorinated water must be detained until the chlorine residual reaches less than 0.02 mg/l (non-
detectable).

For outfalls 001 through 008:

If the duration of the discharge is shorter than the required sample frequency, a minimum of
one sample shall be taken for all parameters

If the discharge point is more than 0.5 miles from a perennial stream and the discharge flow is less
than 0.5 cfs, permittee may use a series of hay bales instead of a temporary sedimentation basin.

If the discharge point is more than 0.5 miles from a perennial stream but the discharge flow is
greater than 0.5 cfs, permittee must use a temporary sedimentation basin.

If the discharge point is less than 0.5 miles from a perennial stream and discharge potentially
reaches the perennial stream, permittee must use a temporary sedimentation basin.

For Outfalls 002, 004, 005, and 007: Any combination of hay bales, silt fence, waddles, sand-
bags, temporary sedimentation basin with sheet flow overflow; followed by upland overflow is
required.

For All Outfalls: The above mentioned measures shall be modified or augmented if ineffective in
preventing sedimentation or erosion.

Reporting is required quarterly, using the enclosed, DEQ-provided, “Discharge Monitoring Logs”, to be
submitted by the 28th day following the calendar quarter of discharge activity (e.g., January 28, April 28,
July 28, or October 28), to WYPDES Permits Section, DEQ/WQD, Herschler Building - 4 W, 122 West
25th Street, Cheyenne, WY 82002.

The discharge monitoring logs shall include this temporary authorization number (WY G720218); outfall
number, date and time of sampling, dates and times of analyses, and the person or persons performing
sampling and analyses.

For termination of this authorization, the enclosed Termination Notice (also available at

http://deq.state. wy.us/wqd/WYPDES _Permitting/downloads/TD_NOT_2_07.doc) must be completed and
submitted at the completion of the discharge, along with monitoring analytical results. Authorizations
cannot be terminated until the monitoring data and all completed “Discharge Monitoring Logs” have been
submitted to the WQD for review.




Once this permit has been issued, the permittee will be assessed a $100.00 per-year permit fee by the
Water Quality Division. The fee year runs from January 1st through December 3 1st. This permit fee will
continue to be assessed for as long as the permit is active, regardless of whether discharge actually occurs.
This fee is not pro-rated. If the permit is active during any portion of the fee year, the full fee will be
billed to the permittee for that fee year.

This facility has been assigned permit number WYG720218.

Coverage under this general permit for temporary discharges shall begin upon date of signature below,
and is authorized to continue no longer than October 31, 2011.

If you have any questions concerning the conditions of this general permit authorization, contact Marcia
Porter at 307-777-6081, or email mporte@wyo.gov.

Y,

Date of ggnatureT

Bl

Le afft
Department of Environmental Quality
Water Quality Division



TERMINATION NOTICE

INSTRUCTIONS: Submit this form with water quality monitoring results and any completed “Discharge
Monitoring Logs” not already submitted upon completion of discharge activity.

1. Name, address, and telephone number of the company, individual, or organization which
received authorization for a temporary discharge under the attached general permit.

Name:

Address:

Telephone:

2. Identification number assigned to this temporary discharge:
wWYG

3. Project Name:

4. Certification:
I certify under penalty of law that the temporary discharge identified above has been
completed and that the discharge locations have been returned to approximate pretest
conditions. I understand that by submitting this notice I am terminating coverage under
Wyoming's general NPDES permit for temporary discharges. I also understand that if, at a
later date, it is determined that the site was inadequately reclaimed and pollutant discharge
results, I may be liable for discharging pollutants without a permit.

Printed Name of Person Signing Title

Signature Date
Telephone

Section 35-11-901 of Wyoming Statutes provides that:
"Any person who knowingly makes any false statement, representation, or certification in any
application ... shall, upon conviction, be fined not more than $10,000 per day for each
violation or imprisoned for not more than one (1) year or both."
Upon completion, remove this notice from the permit and mail to:
WYPDES Permits Section
DEQ/WQD
Herschler Building - 4 W
122 West 25th Street
Cheyenne, WY 82002
BE SURE TO INCLUDE WATER QUALITY MONITORING RESULTS WITH THIS FORM
EVEN IF YOU HAVE PREVIOUSLY SUBMITTED THEM!
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Environmental Reporting
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Ll Lidstone and Associdtes, I
\"ﬂw Engineering Geoéyy and Water Resonrce Consultants

September 30, 2009

Mr. Brian T. Kelly

Field Supervisor

Ecological Services

U.S. Fish and Wildlife Service

5353 Yellowstone Road, Suite 308A
Cheyenne, WY 82009

Applicants:

Wyoming Water Development Commission Cheyenne Board of Public Utilities
6920 Yellowtail Road P.O. Box 1469

Cheyenne, WY 82002 Cheyenne, WY 82003-1469
Attn: Kevin Boyce, Project Manager Attn: Tim Wilson, Director
307-777-7626 307-637-6460

RE: Compliance with Federal Requirements to obtain a State Revolving Fund/Rural Utilities
Service Loan for the Belvoir Ranch Paleozoic Ground Water Supply Wells

Dear Mr. Kelly:

Lidstone and Associates, Inc. (LA) is preparing an Environmental Report pursuant to the
National Environmental Policy Act for the Cheyenne Board of Public Utilities’ (BOPU) Belvoir
Ranch Ground Water, Level Il Project. The Wyoming Water Development Commission is
funding the current project to drill two additional test wells and one production well to evaluate
the aquifer characteristics and yield potential of the Casper Aquifer on the western end of the
Belvoir Ranch Property in southern Laramie County. The wells may be drilled to depths of up to
approximately 4,000 feet, depending upon subsurface structural geologic conditions. If this
exploration effort encounters suitable quantities of good quality water, the BOPU may decide to
acquire the wells and incorporate them into the City’s municipal water supply. At that time, the
City may seek funding through the State Revolving Fund/Rural Utilities Service Loan programs
to help finance the well costs.

Under a previous ground water grant project for the BOPU, two Casper Aquifer test wells were
completed at the ranch in 2006. States West Water Resources Corporation (States West)
completed an Environmental Report for these wells in August 2005. Previous correspondence
for this project area can be found under WY9566. Please note that the test well locations
included herein are different from those previously identified. For your reference, | have
attached a copy of your letter dated June 23, 2005, in response to States West 2005 request for
site review. The issues raised in your June 2005 letter will be addressed in our Environmental

Report.

025 Automation Way, Building E, Fort Collins, Colorade 80525-3448 (970) 223-4705 fax: (970) 223-4706 e-mail: water@lidstone.com



Mr. Brian T Kelly
September 30, 2009
Page 2

As shown on the attached map, LA has identified five potential drill site areas, and is currently
working to identify specific drill site locations. The drill site areas are labeled on the attached
map, and include Lone Tree Creek, Lone Tree Fault, Goose Creek Structure, Duck Creek
Structure, and Spottiewood Structure. Final drill site locations will soon be selected based on
hydrogeologic information and geophysical data interpretation. Access to each drill site will be
limited to existing routes wherever possible. A short description and the legal locations of each
drill site area are presented in Attachment A. An area of approximately one-half acre may be
disturbed during drilling of each test/production well. Ground disturbance is anticipated to be
minimal with the exceptions of the borehole and any pits that are dug to contain drilling fluids,
drill cuttings, and/or formation water. We hope to begin drilling in the winter of 2010, depending
upon weather conditions and the drilling contractor's schedule. Drilling completion is anticipated
during the summer of 2010.

Based on your previous response under WY9566 and indentified species within the area, LA
plans to drill the test wells at locations in excess of 300 feet from streams and ephemeral draws,
and will use best management practices to limit sedimentation during well development and
aquifer testing activities. Disturbed areas will also be reseeded upon the completion of all onsite

activities.

The Wyoming State Revolving Fund Program and the federal funding agency, the USEPA
Region VIII, are committed to complying with federal requirements and Executive Orders that
apply in federal financial assistance. We are contacting you to ensure this project complies with
applicable authorities under your agency’s jurisdiction. Please review this project with respect to
your agency's concerns and provide us with a written response. Within your letter of response,
please indicate what form of permitting action, if any, will be required for each proposed drill site
area. If your agency has concerns and will not issue clearance, please contact me at your
earliest convenience concerning what steps must be taken to address your concerns.

If you require additional information, please contact Kate Laudon or me at (970) 223-4705.
Thank you for your attention to this matter.

Sincerely,
LIDSTONE AND ASSOCIATES, INC.

) At g

Mark E. Stacy, P.G.
Senior Hydrogeologist

MES:rce

Enclosures: Attachment A - Location Descriptions of Potential Well Drilling Areas
Map of proposed test drilling areas
USFWS Letter dated June 23, 2005
cc: w/out Enc. Brian Mark, WDEQ/WQD
Alana Cannon, RUS
Tim Wilson, Cheyenne Board of Public Utilities
Kevin Boyce, Wyoming Water Development Commission
Send By: Regular Mail

KAOPEN\WWYWDC109\ER Letters\USFWS.doc



United States Department of the Interior

FISH AND WILDLIFE SERVICE

Ecological Services
4000 Airport Parkway
Cheyenne, Wyoming 82001

JUN 2 3 2005

In Reply Refer To:
ES-61411/W.39/WY9566

Mr. Jack Meena
States West Water Resources Corporation
1904 East 15th Street
Cheyenne, Wyoming 82001
]

Dear Mr. Jack Meena:

Thank-you for your letter and environmental assessment (EA) of May 31, 2005 received in our
office on June 3 regarding the Belvoir Ranch Paleozoic Groundwater Exploration Project in
southern Laramie County, Wyoming. According to your letter and the EA four test wells will be
drilled at the Belvoir Ranch, which is located approximately 15 miles west of the City of
Cheyenne, and in Townships 12 and 13 North, Ranges 69 and 70 West. Approximately 0.5 acres
will be disturbed at each site, and drilling will take approximately three days to complete.

Drilling is expected to occur in late summer to early fall 2005. You have requested that the U.S.
Fish and Wildlife Service (Service) review this project.

The Service provided comments on this project to Lidstone and Associates, Incorporated in
correspondence dated November 24, 2004 (WY 8828). Further, Jessica Homyack of my staff
accompanied Bruce Brinkman of the Wyoming Water Development Commission and Kate
Laudon from Lidstone and Associates on a site visit to the Belvoir ranch on November 23, 2004.
Based on the EA and maps you provided, it appears that the locations for test wells have changed
since the Service’s November 2004 review of the project. Thus the Service is providing States

West Water Resources Corporation with updated comments on the Belvoir Ranch Paleozoic
Groundwater Exploration Project.

Federal Agency Responsibilities

The Service has responsibility, under a number of Federal laws, treaties, Executive Orders, and
memoranda of agreement, for the conservation and management of fish and wildlife resources.
Some of these same authorities also require other Federal agencies to consider, avoid, or prevent
adverse impacts to fish, wildlife, and wetland resources. To ensure resources are afforded
adequate consideration and protection, Federal agencies are often required to consult with the

- Service regarding potential impacts their actions may have on fish and wildlife resources.

If it is determined that any Federal agency program or project "is likely to adversely affect" any
listed species, formal consultation should be initiated with this office. Alternatively, informal
consultation can be continued so the Service can assist you to determine how the project could be



modified to reduce impacts to listed species to the “not likely to adversely affect” threshold. Ifit
is concluded that the project "is not likely to adversely affect" listed species, you should request

the Service to review the assessment and concur with the determination of not likely to adversely
affect.

In response to your request to review the proposed action, we are providing you with comments
on (1) threatened, endangered and candidate species, (2) migratory birds, and (3) wetlands and
riparian areas. The U.S. Fish and Wildlife Service (Service) provides recommendations for
protective measures for threatened and endangered species in accordance with the Endangered
Species Act of 1973 (Act), as amended (16 U.S.C. 1531 et seq.). Protective measures for
migratory birds are provided in accordance with the Migratory Bird Treaty Act (MBTA), 16
U.S.C. 703 and the Bald and Golden Eagle Protection Act (BGEPA), 16 U.S.C. 668. Wetlands.
are afforded protection under Executive Orders 11990 (wetland protection) and 11988
(floodplain management), as well as section 404 of the Clean Water Act. Other fish and wildlife
resources are considered under the Fish and Wildlife Coordination Act. '
In accordance with section 7 of the Act, we have determined that threatened or endangered
species may potentially occur within the permit area. We would appreciate receiving

information as to the status of each of these species within the permit area as well as your
determination of effects from this project.

SPECIES STATUS HABITAT

Preble's meadow Threatened Riparian habitats east of Laramie

jumping mouse Mits. and south of the N. Platte River
(Zapus hudsonius preblei)

Colorado butterfly plant Threatened

Wet meadows in floodplains
(Gaura neomexicana ssp. coloradensis)

If the proposed action may lead to consumptive use of water in the Platte River System, impacts

to threatened and endangered species inhabiting the downstream reaches of these systems should
be included in the evaluation.

Platte River species Endangered Downstream riverine habitat of the

Platte River in Nebraska

Preble’s meadow jumping mouse: The Preble’s meadow jumping mouse (Preble’s) is a small
rodent in the Zapodidae family and is 1 of 12 recognized subspecies of the species Z. hudsonius,
the meadow jumping mouse. The diet of the Preble’s consists of seeds, fruits, fungi and insects.
Hibernation occurs from October to May in small underground burrows. Nests are made of
grass, leaves or woody material in burrows the mouse excavates several centimeters
underground. Preble’s are primarily nocturnal or crepuscular, but have been observed during
daylight. They occur in low undergrowth consisting of grasses, forbs, or a mix of both, in wet
meadows and riparian corridors, or where tall shrubs and low trees provide adequate cover.
Additionally, Preble’s exhibits a preference for lush vegetation along watercourses or herbaceous
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understories in wooded areas with close proximity to water. In Wyoming, Preble’s has been
recently documented in Albany, Laramie, Platte and Converse Counties, and may occur in
Goshen County. If a proposed project will result in a disturbance to suitable habitat within any
of these five counties, surveys should be conducted prior to any action. Due to the difficulty in

identifying the Preble’s, surveys should be conducted by knowledgeable biologists trained in
conducting these surveys.

Colorado butterfly plant: The Colorado butterfly plant (Guara neomexicana ssp.
Coloradensis) is a perennial herb endemic to moist soils in wet meadows of flood plain areas in
southeastern Wyoming, north-central Colorado, and extreme western Nebraska between
elevations of 5,000 and 6,400 feet. These plants are often found in low depressions or along
bends in wide meandering stream channels a short distance upslope of the actual channel.
Threats to the plant include non-selective herbicide spraying, haying and mowing schedules that
inhibit the setting of seed, land conversion for cultivation and competition from noxious weeds.
The low numbers and limited distribution contribute to the plant’s vulnerability. Surveys should
be conducted during flowering season which normally occurs in August although some temporal
variability exists from site to site and from year to year depending on annual climatic conditions.
Surveys should be conducted by knowledgeable botanists trained in conducting rare plant
surveys. The Service does not maintain a list of "qualified" surveyors but can refer those

wishing to become familiar with the Colorado butterfly plant to experts who can provide
training/services.

Critical habitat was proposed for the Colorado butterfly plant (Gaura neomexicana ssp.
coloradensis) on August 6, 2004 in Laramie and Platte counties in Wyoming, Kimball County in
Nebraska, and Weld County in Colorado (69 FR 47834). For additional information see Federal
Register notice (69 FR 47834). Management considerations for the Colorado butterfly plant
include: maintaining surface and subsurface water flows that provide the essential hydrological
regime that supports the species; appropriate restraints on application of herbicides used to
control noxious weeds; preventing habitat degradation caused by plant community succession;
and preventing harmful habitat fragmentation from residential and urban development that
detrimentally affects plant-pollinator interactions, leads to a decline in species reproduction, and
increases susceptibility to non-native plant species. Should ground disturbing activities occur in
Sections 25 or 26 of Township 13 North, Range 68 West or Section 31 of Township 13 North,
Range 67 West, this office should be contacted to ensure that known populations of Colorado

butterfly plant within designated critical habitat or within areas covered by the conservation
agreement with the City of Cheyenne are protected.

Platte River water depletions: Water depletions to the Platte River system may affect the
federally listed whooping crane (Grus americana), interior least tern (Sterna antillarum), piping
plover (Charadrius melodus), pailid sturgeon (Scaphirhynchus albus), bald eagle (Haliaeetus
leucocephalus), Bskimo curlew (Numenius borealis), and westemn prairie fringed orchid
(Platanthera praeclara). In addition, depletions may contribute to the destruction or adverse
modification of designated critical habitat for the whooping crane and the northern Great Plains
breeding population of the piping plover. Depletions include evaporative losses and/or
consumptive use, often characterized as diversions from the Platte River or its tributaries less
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return flows. Project elements that could be associated with depletions to the Platte River system
include, but are not limited to, ponds (detention/recreation/irrigation storage/stock watering),
lakes (recreation/irrigation storage/municipal storage/power generation), reservoirs
(recreation/irrigation storage/municipal storage/power generation), created or enhanced
wetlands, hydrostatic testing of pipelines, wells, diversion structures, dust abatement, and water
treatment facilities. Any actions that may result in a water depletion to the Platte River system
should be identified. The document should include: an estimate of the amount and timing of
average annual water use (both historic and new uses) and methods of arriving at such estimates;
location of where water use or diversion occurs as specifically as possible; if and when the water
will be returned to the system; and what the water is being used for. Note that if the project has

peculiarities or oddities, the Service may have more specific questions regarding the potential
consumptive use of water.

In accordance with section 7, we have determined that the proposed project will occur within the
Platte River Watershed. Should the test wells be developed, this project will lead to water
depletions (consumption) in the Platte River System, and impacts to threatened and endangered
species inhabiting the downstream reaches of this system should be included in the evaluation.

Migratory birds: Please recognize that consultation on listed species may not remove your
obligation to protect the many species of migratory birds, including eagles and other raptors
protected under the MBTA or BGEPA. The MBTA, enacted in 1918, prohibits the taking of any
migratory birds, their parts, nests, or eggs except as permitted by regulations and does not require
intent to be proven. Section 703 of the MBTA states, "Unless and except as permitted by
regulations ... it shall be unlawful at any time, by any means or in any manner, to ... take,
capture, kill, attempt to take, capture, or kill, or possess ... any migratory bird, any part, nest, or
eggs of any such bird..." The BGEPA, prohibits knowingly taking, or taking with wanton

disregard for the consequences of an activity, any bald or golden eagles or their body parts, nests,
or eggs, which includes collection, molestation, disturbance, or killing.

Work that could lead to the take of a migratory bird including an eagle, their young, eggs, or
nests (for example, if you are going to erect new well sites, roads, or power lines in the vicinity
of a nest), should be coordinated with our office before any actions are taken. Removal or
destruction of such nests, or causing abandonment of a nest could constitute violation of one or
both of the above statutes. Removal of any active migratory bird nest or nest tree is prohibited.
For golden eagles, inactive nest permits are limited to activities involving resource extraction or
human health and safety. Mitigation, as determined by the local U.S. Fish and Wildlife Service
field office, may be required for loss of these nests. No permits will be issued for an active nest
of any migratory bird species, unless removal of an active nest is necessary for reasons of human
health and safety. Therefore, if nesting migratory birds are present on, or near the project area,
timing is a significant consideration and needs to be addressed in project planning,

Sedimentation: Sedimentation is the number one pollutant of our Nation’s waterways. Best
Management Practices (BMPs) should be implemented within the project area wherever
possible. BMPs include, but are not limited to, the following: installation of sediment and
erosion control devices (e.g., silt fences, hay bales, temporary sediment control basins, erosion
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control matting); adequate and continued maintenance of sediment and erosion control devices to
insure their effectiveness; minimization of the construction disturbance area to further avoid
streams, wetlands, and riparian areas; location of equipment staging, fueling, and maintenance
areas outside of wetlands, streams, riparian areas, and floodplains; and re-seeding and re-planting
of riparian vegetation native to Wyoming in order to stabilize shorelines and streambanks.

Additional Conservation Recommendations: The Service recommends that ground
disturbance associated with drilling test wells for the Belvoir Ranch Water Supply project be
greater than 300 feet from streams and ephemeral draws in the proposed project area.
Maintaining a buffer width of at least 300 feet in addition to limiting sedimentation from drilling

will provide protection for current populations and habitat of Colorado Butterfly Plant and
habitat for Preble’s Meadow Jumping Mouse.

If you have questions regarding our comments or your responsibility under the Endangered
Species Act of 1973, as amended, 16 U.S.C. 1531 et seq., please contact Jessica Homyack of my
staff at the letterhead address or phone (307) 772-2374, extension 24.

Sincerely,

ST ALY

"Brian T. Kelly
Field Supervisor
Wyoming Field Office

ee: DEQ, Water Quality Division, Cheyenne, WY (B. Mark)
WGFD, Statewide Habitat Protection Coordinator, Cheyenne, WY (V. Stelter)
WGFD, Non-Game Coordinator, Lander, WY (B. Oakleaf)
WWDC, Hydrologic Engineer, Cheyenne, WY (B. Brinkman)



United States Department of the Interior
FISH AND WILDLIFE SERVICE

Ecological Services
5353 Yellowstone Road, Suite 308A
Cheyenne, Wyoming 82009

In Reply Refer To: 0CT 2 0 2009

ES-61411/.22/WY10SL0002 c o Py
Hes

Mark E. Stacy, P.G.

Lidstone and Associates, Inc.

4025 Automation Way, Building E
Fort Collins, Colorado 80525-3448

Dear Mr. Stacy:

Thank you for your letter of September 30, 2009, received in our office on October 1, regarding
the project to drill two additional test wells and one production well to evaluate the aquifer
characteristics and yield potential of the Casper Aquifer on the western end of the Belvoir Ranch
Property in southern Laramie County. The wells will be drilled to depths of up to approximately
4,000 feet depending on subsurface structural geologic conditions.

You have requested information regarding species listed under the Endangered Species Act (Act)
of 1973, as amended (16 U.S.C. 1531 et seq.). In response to your request, the U.S. Fish and
Wildlife Service (Service) is providing you with recommendations for protective measures for
threatened and endangered species in accordance with the Act. We are also providing
recommendations concerning migratory birds in accordance with the Migratory Bird Treaty Act
(MBTA), 16 U.S.C. 703 and the Bald and Golden Eagle Protection Act (BGEPA), 16 U.S.C.
668. Wetlands are afforded protection under Executive Orders 11990 (wetland protection) and
11988 (floodplain management), as well as section 404 of the Clean Water Act. Other fish and
wildlife resources are considered under the Fish and Wildlife Coordination Act and the Fish and
Wildlife Act of 1956, as amended, 70 Stat. 1119, 16 U.S.C. 742a-742;j”.

In accordance with Section 7(c) of the Act, we have determined that the following species or
their designated critical habitat may be present in the proposed project area. We would
appreciate receiving information as to the current status of each of these species within the

proposed project area.



Listed Species and Designated Critical Habitat
that may be affected by projects in the proposed Project Area

SPECIES STATUS Expected Occurrence

Colorado butterfly plant Threatened Wet meadows and riparian areas
(Gaura neomexicana ssp.

coloradensis)

Ute ladies’-tresses Threatened Seasonally moist soils and wet meadows
(Spiranthes diluvialis) of drainages below 7,000 feet

If the proposed action will lead to water depletion (consumption) in the Platte river system,
impacts to the following species and critical habitat should be included in the evaluation:

Interior least tern Endangered Platte River system downstream of
(Sterna antillarum) Wyoming
Pallid sturgeon Endangered Platte River system downstream of
(Scaphirhynchus albus) Wyoming
Piping plover Threatened Platte River system downstream of
(Charadrius melodus) Wyoming
Western prairie fringed orchid  Threatened Platte River system downstream of
(Platanthera praeclara) Wyoming
Whooping crane Endangered Platte River system downstream of
(Grus americana) Wyoming
Critical habitat for Designated Platte River system downstream of
Whooping crane Wyoming

Colorado butterfly plant: The Colorado butterfly plant (Gaura neomexicana ssp. coloradensis)
is a perennial herb endemic to moist soils in wet meadows of flood plain areas in southeastern
Wyoming, north-central Colorado, and extreme western Nebraska between elevations of 5,000
and 6,400 feet. These plants are often found in low depressions or along bends in wide
meandering stream channels a short distance upslope of the actual channel. Threats to the plant
include non-selective herbicide spraying, haying, and mowing schedules that inhibit the setting
of seed, land conversion for cultivation, and competition from noxious weeds. The low numbers
and limited distribution contribute to the plant’s vulnerability. Surveys should be conducted
during flowering season which normally occurs in August although some temporal variability
exists from site to site and from year to year depending on annual climatic conditions. Surveys
should be conducted by knowledgeable botanists trained in conducting rare plant surveys. The
Service does not maintain a list of "qualified" surveyors but can refer those wishing to become
familiar with the Colorado butterfly plant to experts who can provide training/services.
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Platte River water depletions: Water depletions to the Platte River system may affect the
Federally listed whooping crane (Grus americana), interior least tern (Sterna antillarum), piping
plover (Charadrius melodus), pallid sturgeon (Scaphirhynchus albus), and western prairie
fringed orchid (Platanthera praeclara). In addition, depletions may contribute to the destruction
or adverse modification of designated critical habitat for the whooping crane. Depletions include
evaporative losses and/or consumptive use, often characterized as diversions from the Platte
River or its tributaries less return flows. Project elements that could be associated with
depletions to the Platte River system include, but are not limited to, ponds
(detention/recreation/irrigation storage/stock watering), lakes (recreation/irrigation
storage/municipal storage/power generation), reservoirs (recreation/irrigation storage/municipal
storage/power generation), created or enhanced wetlands, hydrostatic testing of pipelines, wells,
diversion structures, dust abatement, and water treatment facilities. Any actions that may result
in a water depletion to the Platte River system should be identified. The document should
include: an estimate of the amount and timing of average annual water use (both historic and
new uses) and methods of arriving at such estimates; location of where water use or diversion
occurs as specifically as possible; if and when the water will be returned to the system; and for
what purpose the water is being used. For more information on how to seek ESA coverage for
water-related activities through the Platte River Recovery Implementation Program, please visit
our web site at: http://www.fws.gov/platteriver.

Ute ladies'-tresses: Ute ladies'-tresses (Spiranthes diluvialis) is a perennial, terrestrial orchid, 8
to 20 inches tall, with white or ivory flowers clustered into a spike arrangement at the top of the
stem. S. diluvialis typically blooms from late July through August; however, depending on
location and climatic conditions, it may bloom in early July or still be in flower as late as early
October. S. diluvialis is endemic to moist soils near wetland meadows, springs, lakes, and
perennial streams where it colonizes early successional point bars or sandy edges. The elevation
range of known occurrences is 4,200 to 7,000 feet (although no known populations in Wyoming
occur above 5,500 feet) in alluvial substrates along riparian edges, gravel bars, old oxbows, and
moist to wet meadows. Soils where S. diluvialis have been found typically range from fine
silt/sand, to gravels and cobbles, as well as to highly organic and peaty soil types. S. diluvialis is
not found in heavy or tight clay soils or in extremely saline or alkaline soils. S. diluvialis seems
intolerant of shade and small scattered groups are found primarily in areas where vegetation is
relatively open. Surveys should be conducted by knowledgeable botanists trained in conducting
rare plant surveys. S. diluvialis is difficult to survey for primarily due to its unpredictability of
emergence of flowering parts and subsequent rapid desiccation of specimens. The Service does
not maintain a list of "qualified" surveyors but can refer those wishing to become familiar with
the orchid to experts who can provide training or services.

Migratory Birds: The MBTA, enacted in 1918, prohibits the taking of any migratory birds,
their parts, nests, or eggs except as permitted by regulations, and does not require intent to be
proven. Section 703 of the MBTA states, “Unless and except as permitted by regulations ... it
shall be unlawful at any time, by any means or in any manner, to ... take, capture, kill, attempt to
take, capture, or kill, or possess ... any migratory bird, any part, nest, or eggs of any such bird...”
The BGEPA, prohibits knowingly taking, or taking with wanton disregard for the consequences
of an activity, any bald or golden eagles or their body parts, nests, or eggs, which includes
collection, molestation, disturbance, or killing.



Work that could lead to the take of a migratory bird or eagle, their young, eggs, or nests (for
example, if you are going to erect new roads, or power lines in the vicinity of a nest), should be
coordinated with our office before any actions are taken. Removal or destruction of such nests,
or causing abandonment of a nest could constitute violation of one or both of the above statutes.
Removal of any active migratory bird nest or nest tree is prohibited. For golden eagles, inactive
nest permits are limited to activities involving resource extraction or human health and safety.
Mitigation, as determined by the local Service field office, may be required for loss of these
nests. No permits will be issued for an active nest of any migratory bird species, unless removal
of an active nest is necessary for reasons of human health and safety. Therefore, if nesting
migratory birds are present on, or near the project area, timing is a significant consideration and
needs to be addressed in project planning.

If nest manipulation is proposed for this project, the project proponent should contact the
Service’s Migratory Bird Office in Denver at 303-236-8171 to see if a permit can be issued for
this project. No nest manipulation is allowed without a permit. If a permit cannot be issued, the
project may need to be modified to ensure take of a migratory bird or eagle, their young, eggs or
nest will not occur. The Service’s Wyoming Field Office has compiled a list of Migratory Bird
Species of High Federal Interest (Enclosure) from the ongoing work among State and Federal
agencies, non-governmental organizations, and the interested public that produced the Wyoming
Bird Conservation Plan. This list will now serve as our list of Migratory Bird Species of
Management Concern in Wyoming, in place of the previous list based on the Migratory
Nongame Birds of Management Concern in the United States: the 1995 List.

Wetlands/Riparian Areas: Wetlands may be impacted by the proposed project. Wetlands
perform significant ecological functions which include: (1) providing habitat for numerous
aquatic and terrestrial wildlife species, (2) aiding in the dispersal of floods, (3) improving water
quality through retention and assimilation of pollutants from storm water runoff, and

(4) recharging the aquifer. Wetlands also possess aesthetic and recreational values. If wetlands
may be destroyed or degraded by the proposed action, those wetlands in the project area should
be inventoried and fully described in terms of their functions and values. Acreage of wetlands,
by type, should be disclosed and specific actions should be outlined to avoid, minimize, and
compensate for all unavoidable wetland impacts.

Riparian or streamside areas are a valuable natural resource and impacts to these areas should be
avoided whenever possible. Riparian areas are the single most productive wildlife habitat type in
North America. They support a greater variety of wildlife than any other habitat. Riparian
vegetation plays an important role in protecting streams, reducing erosion and sedimentation as
well as improving water quality, maintaining the water table, controlling flooding, and providing
shade and cover. In view of their importance and relative scarcity, impacts to riparian areas
should be avoided. Any potential, unavoidable encroachment into these areas should be further
avoided and minimized. Unavoidable impacts to streams should be assessed in terms of their
functions and values, linear feet and vegetation type lost, potential effects on wildlife, and
potential effects on bank stability and water quality. Measures to compensate for unavoidable
losses of riparian areas should be developed and implemented as part of the project.



Plans for mitigating unavoidable impacts to wetland and riparian areas should include mitigation
goals and objectives, methodologies, time frames for implementation, success criteria, and
monitoring to determine if the mitigation is successful. The mitigation plan should also include a
contingency plan to be implemented should the mitigation not be successful. In addition,
wetland restoration, creation, enhancement, and/or preservation does not compensate for loss of
stream habitat; streams and wetlands have different functions and provide different habitat values
for fish and wildlife resources.

Best Management Practices (BMPs) should be implemented within the project area wherever
possible. BMPs include, but are not limited to, the following: installation of sediment and
erosion control devices (e.g., silt fences, hay bales, temporary sediment control basins, erosion
control matting); adequate and continued maintenance of sediment and erosion control devices to
insure their effectiveness; minimization of the construction disturbance area to further avoid
streams, wetlands, and riparian areas; location of equipment staging, fueling, and maintenance
areas outside of wetlands, streams, riparian areas, and floodplains; and re-seeding and re-planting
of riparian vegetation native to Wyoming in order to stabilize shorelines and streambanks.

For our internal tracking purposes, the Service would appreciate notification of any decision
made on this project (such as issuance of a permit or signing of a Record of Decision or Decision
Memo). Notification can be sent in writing to the letterhead address or by electronic mail to
FW6_Federal Activities_Cheyenne@fws.gov.

We appreciate your efforts to ensure the conservation of Wyoming’s fish and wildlife resources.
If you have questions regarding this letter or your responsibilities under the Act and/or other

authorities or resources described above, please contact Alex Schubert of my office at the
letterhead address or phone (307) 772-2374, extension 238.

Sincerely,
Brian T. Kelly
Field Supervisor

Wyoming Field Office

Enclosure

cc:  WGFD, Non-game Coordinator, Lander, WY (B. Oakleaf)
WGFD, Statewide Habitat Protection Coordinator, Cheyenne, WY (M. Flanderka)
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February 11, 2010

Mr. Brian T. Kelly

Field Supervisor

Ecological Services

U.S. Fish and Wildlife Service

5353 Yellowstone Road, Suite 308A
Cheyenne, WY 82009

RE: Belvoir Ranch Paleozoic Ground Water Supply Wells
USFW File #ES-61411/.22/WY10SL0002

Dear Mr. Kelly:

Lidstone and Associates, Inc. (LA) has completed a wildlife and threatened and endangered
species survey of eight prospective drill sites on Belvoir Ranch. Each of the drill sites is located
within one of the five potential drilling areas that were identified in our September 30, 2009
letter. Please find a copy of the report by Ms. Amber Travsky enclosed for your review and

comment.

If you require additional information, please contact Kate Laudon or me at (970) 223-4705.
Thank you for your attention to this matter.

Sincerely, . ; .
LIDSTONE AND ASSOCIATES, INC. > e pet Ao S Hcke o 3/2/10
5 — Gl et i Ahad— Ao Schasda™ Yookt
e P o d ik A Naende
Mark E. Stacy, P.G. I sty i Ry el L
Senior Hydrogeologist ks R
MES:rce
Enclosure
cc: w/out Enc. Kevin Boyce, Wyoming Water Development Commission
Send By: Regular Mail

KAOPENWYWDC109\ER Letters\USFW -T&E report.docx

1025 Automation Way, Building E, Fort Collins, Colorado 80525-3448 (970) 223-4705 fax: (970) 223-4706 e-mail: water@lidstone.com



Wildlife and Threatened and Endangered Species Report
for the

Belvoir Ranch
Paleozoic Ground Water Supply Wells

Prepared for

Wyoming Water Development Commission
6920 Yellowtail Road
Cheyenne, WY 82002

Cheyenne Board of Public Utilities
P.O. Box 1469
Cheyenne, WY 82003

And

Lidstone and Associates, Inc.
4025 Automation Way, Building E
Fort Collins, CO 80525

Prepared by
Real West Natural Resource Consulting

1116 Albin Street
Laramie, WY 82072

January 2010



Belvoir Ranch Well Sites — Wildlife and T&E Report i

1.0

20

3.0

40

5.0

6.0

Table of Contents

Page
INTRODUCGTION.......cocoirieeuiietetnieteeisiesssstsseseastssesessseststssesesssassssssasssssssssssesesestssesesesssarsesns 1
PROJECT DESCRIPTION.........ccooiitiiiteiieirieintirtereiesessesesese e sessesstessssssesassesssessssesesessatessssseses 1
METHODE oooiiis cusoossisshioossis s 5 6556050654555 5 5554050 b s85005 6550 S5 85 SH A A S5 AHS 5K b mmrns 3
RESULTS ottt st t s ete s et st et e ba st bbb asa st e b b e bt e aa st ebe et esessasssassnsassas 3
4.1 Habitat and Drill Site DESCIIPHIONS ........ceveuereeereiniriniieiisiniei et seseesee e sessesens 3
42 Threatened and Endangered SPeCies .........cccoveievieireniieiiniccecenieesieestessere s seeseas 6
4.2.1 Ut Ladies'-TIESSES ....coueurerirreererieieesreaseeiestesasesessesassesassesessessasessesessssassssssnns 7

422 Colorads BUtterfly PIAIE uusummscovmsnss i moosms tsssissiintsesin s s iseronsares 7

43 12: 15 (0 J IR NI ER PR ERT o RO %
44 Other WILALTE ....ccooiieeiieiecictceitc ettt st ss e st se st bese s saes s s sasssan 7
CONCLUSIONS .....iiieieirieriurietetesaesssaas s satasetesesesassasssasesasssssssssssssasesansssssasesssssssesssssesarans 9
LITERATURE CITEL .......ouccrcsinersensainrsiosmsnsestossensassssibinsnsarsssasnsnsasessichrrssnsnsisiosssasnsossassmssns 10

APPENDIX A: Drill Site Photographs

Real West Natural Resource Consulting



Belvoir Ranch Well Sites — Wildlife and T&E Report 1

1.0 INTRODUCTION

Lidstone and Associates, Inc. (LA) is preparing an Environmental Report pursuant to the
National Environmental Policy Act for the Cheyenne Board of Public Utilities’ (BOPU) Belvoir
Ranch Ground Water, Level II Project. The Wyoming Water Development Commission is
funding the current project to drill up to eight test wells to evaluate the aquifer characteristics and
yield potential of the Casper Aquifer on the western end of the Belvoir Ranch Property in
southern Laramie County. The wells may be drilled to depths of up to approximately 4,000 feet,
depending upon subsurface structural geologic conditions. If this exploration effort encounters
suitable quantities of good quality water, the BOPU may decide to acquire the wells and
incorporate them into the City’s municipal water supply.

Amber Travsky, a biologist with Real West Natural Resource Consulting (Real West), conducted a
site survey of each of the eight possible drill sites and a 1-mile buffer around each on January 13,
2010. The purpose of this report is to assess and document the potential for threatened and
endangered (T&E) species and other species of concern on the site and in the vicinity.

2.0 PROJECT DESCRIPTION

The project involves drilling four test wells, with the addition of up to four more based on
funding availability. Actual number of wells is contingent on drilling depths and costs. A total
of eight locations within the City of Cheyenne’s Belvoir Ranch were inspected. The drill sites,
as shown in Figure 2-1, include two sites each at Lone Tree Creek, Lone Tree Fault, Goose
Creek and Duck Creek.

Access to each drill site will be limited to existing routes wherever possible. The legal location
and latitude/longitude of each of the drill site are presented in Table 2-1. An area of
approximately one-half acre may be disturbed during drilling of each test well. Ground
disturbance is anticipated to be minimal with the exceptions of the borehole and any pits that are
dug to contain drilling fluids, drill cuttings, and/or formation water. Drilling is expected to begin
in the winter of 2010, depending upon weather conditions and the drilling contractor’s schedule.

Activity at each site would take approximately one month with drilling completion anticipated

Real West Natural Resource Consulting
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during the summer of 2010. All disturbance areas will be reclaimed as soon as possible

following completion of drilling operations.

Figure 2-1. Drill Site Locations.

CooRle

Real West Natural Resource Consulting



Belvoir Ranch Well Sites — Wildlife and T&E Report 3

Table 2-1. Drill Site Locations.

Prospect Name Location (T, R, & Section) Location (Latitude, Longitude)
Lone Tree 5-4 T13N, R69W, Sec. 16NWSW 41.095408; -105.134903
Lone Tree 5-2 T13N, R69W, Sec. 17NESE 41.095267; -105.139953
Lone Tree Fault 1-2 T13N, R69W, Sec. 30NENW 41.072600; -105.164151
Lone Tree Fault 1-4 T13N, R69W, Sec. 19SESE 41.075111; -105.157506
Goose Creek 2-2 T13N, R69W, Sec. 30SESE 41.062564; -105.158076
Goose Creek 2-3 TI13N, R69W, Sec. 29SWSW 41.062175; -105.153032
Duck Creek 3-1 T13N, R69W, Sec. 31SWNE 41.054099; -105.161593
Duck Creek 3-3 T13N, R69W, Sec. 31SESE 41.048295; -105.157354

3.0 METHODS

Amber Travsky, a biologist with Real West, conducted a wildlife habitat evaluation and survey
on January 13, 2010. Also in attendance was Mark Stacy, hydrogeologist with LA, and Paul
Sanders, archaeological survey manager with the State of Wyoming State Parks and Cultural

Resources.

40 RESULTS

A general habitat description of the Belvoir Ranch in the vicinity of the drill sites as well as
descriptions of each of the eight drill sites is provided below. Photographs of each of the sites are in
Appendix A.

4.1 Habitat and Drill Site Descriptions

The Belvoir Ranch is located approximately 16 miles west of the City of Cheyenne and 27 miles
southeast of the City of Laramie. It is immediately south of Interstate 80 and is accessed from
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the Harriman interstate exit. Elevation on the project area ranges from 7,285 feet at the southern
end of the site, to 7,100 feet at the northern boundary, adjacent to the Interstate. Terrain on the
ranch is rolling with numerous ephemeral creek drainages extending primarily from the west to
the east across the ranch property. A housing subdivision is immediate adjacent to the

northwest.

Habitat in the area and on the proposed drill sites is primarily grassland prairie. Dominant
species include grasses such as western wheatgrass (Agropyron smithii), prairie Junegrass
(Koeleria macrantha), blue gramma (Bouteloua gracilis) and needle-and-thread (Stipa comata).
Dominant forbs include field pussytoes (Antennaria neglecta), wild buckwheat (Eriogonum
spp.), and wild onion (4/lium textile) while the only shrub in any significant amount is fringed
sagebrush (Artemisia frigida).

Habitat in the vicinity of the northern sites, but outside the drill sites, also includes mountain
mahogany shrublands and willow bottomlands. The mountain mahogany habitat includes
mountain mahogany (Cercocarpus montanus) with an understory similar to the grassland habitat.
The willow bottomlands include scattered cottonwood trees (Populus deltoides) and willows
(Salix spp.) with an understory of smooth brome (Bromus inermis), meadow foxtail (4lopecurus

pratensis), and bluegrasses (Poa spp.).

Duck Creek 3-1

The site is near a ridgetop on rolling terrain. Habitat on the site and in the vicinity is prairie

grassland with the dominant species being pussytoes, fringed sagebrush, prairie Junegrass and

wheatgrasses. Vegetation ground cover is approximately 85%.

Duck Creek 3-3

The site is on a ridge top amid rolling terrain. Vegetation is the same as Duck Creek 3-1 with the

addition of blue gramma, threadleaf sedge (Carex filifolia), and lupine (Lupinus argenteus).

Vegetation ground cover is approximately 85%.
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Goose Creek 2-2

The site is near the bottom of ephemeral Goose Creek drainage in an area of rolling terrain. The
drill site is approximately 50 feet from the creek bottom, which consists primarily of a rocky
bottom that was dry at the time of the January 13, 2010 survey. The site supports prairie
grassland with western wheatgrass being the dominant species and with the addition of common
yarrow (Achillea millefolium). The area also includes patches of Canada thistle (Cirsium

arvense). Vegetation ground cover is approximately 90%.

Goose Creek 2-3
The site is approximately halfway up the hillside in the Goose Creek drainage. Vegetation is the

same as Goose Creek 2-2, although the composition changes slightly with increased elevation
rising out of the drainage bottom. The dense wheatgrass gradually decreases with an increase in
forbs. Vegetation ground cover on the site is approximately 75%, which is reduced from the

drainage bottom due to the increase in rock cover.

Lone Tree Fault 1-2
This site is on rolling to flat terrain with grassland prairie habitat. Grasses dominate with the
prevalence of needle-and-thread, western wheatgrass and crested wheatgrass (A4gropyron

cristatum). Vegetation ground cover is approximately 90%.

Lone Tree Fault 1-4

The site is on rolling terrain within 500 yards of a residence in the adjacent housing subdivision.

Vegetation is similar to the Lone Tree Fault 1-2 site but with a greater abundance of
wheatgrasses and less needle-and-thread grass. Vegetation ground cover is slightly higher at
95%.

Lone Tree 5-2

The site is in the drainage bottom, approximately 150 feet north of the Lone Tree Creek. Terrain
in the area is hilly with the hillsides rising steeply above the creek. Interstate 80 is
approximately 400 yards to the north. The drill site is on prairie grassland habitat that is
dominated by grass species with wheatgrasses, blue gramma, needle-and-thread, prairie
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Junegrass and bluegrasses. Canada thistle is also prevalent. Vegetation ground cover is

approximately 95%.

Along the creek corridor, the habitat is bottomland meadow with smooth brome, wheatgrasses,
meadow foxtail, and bluegrasses. Willows and cottonwood trees are also present, although
mostly in patches rather than a continuous riparian habitat corridor. Mountain mahogany
shrubland is present to the north, between the well site and the interstate. Neither of these habitat
types will be disturbed due to the well drilling.

Lone Tree 5-4
This site is in the Lone Tree Creek drainage, 0.25 mile east of Lone Tree 5-2. It is also in the
drainage bottom but outside the bottomland meadow habitat. Vegetation is prairie grassland

with the dominance of smooth brome. Vegetation ground cover is 95%.

Interstate 80 is approximately 300 yards to the north, with mountain mahogany shrubland
extending up the northern hillside to the highway. A water pump station is 80 feet southeast of
the site. During the site survey, water was flowing from an artesian well via a pipe outside the
pump station. A small patch of wetland habitat, approximately 20 feet long and 4 feet wide, was
present due to the water flow. These nearby habitats will not be disturbed by the proposed test
well drilling.

4.2  Threatened and Endangered Species

According to the U.S. Fish and Wildlife Service (USFWS) Web site (USFWS 2010) federally listed
threatened and endangered species potentially occurring in Laramie County and their potential on
the project site are listed in Table 4-1. In Laramie County, concerns with the interior least tern,
piping plover, whooping crane, pallid sturgeon, and western prairie fringed orchid are due to
water depletions or decreased water quality in the Platte River system. They are listed for
Laramie County only because reduced water flow may affect the species and/or critical habitat in
downstream reaches in other states. Since no river depletions will occur as a result of this
project, no adverse aquatic effects will occur and these species will not be affected by the

project. These species will not be discussed further.
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Table 4-1. Federally Listed Threatened, Endangered, and Candidate Wildlife Species
Potentially Occurring within Laramie County, Wyoming (last updated August

2009).
Common Name Scientific name  Status' Key Habitat Characteristics Potential
on site
Birds
Whooping crane’ Grus americana E Wetland marshes. Unlikely
Interior least tern® Sterna antillarum E Sandbars along rivers. Unlikely
athalassos
Piping plover® Charadrius T Sandbars along rivers. Unlikely
melodus
Amphibians
Wyoming Toad Bufo baxteri E Wetlands within the Laramie Valley Unlikely
Fish
Pallid sturgeon’ SIC:Ph irhynchus E Sand-covered portions of rivers. Unlikely
albus
Plants
Colorado Butterfly Gaura T Wet meadows and riparian areas. Unlikely
Plant neomexicana
coloradensis
Ute ladies’-tresses Spiranthes T Moist soils bordering perennial water. Unlikely
diluvialis
Western prairie Plantanthera T Highly calcareous (alkaline), stony Unlikely
fringed orchid? praeclara soils in tall-grass prairie environments.

! Federal Status Definitions:
E = Endangered. T = Threatened C = Candidate
*Water depletions may affect the species and/or critical habitat in downstream reaches in other states.

The potential for all of the remaining federally listed species to occur on the project area are

discussed below.

4.2.1 Ute Ladies’-tresses

Ute ladies’-tresses orchid is a threatened species that occurs primarily on moist, sub-irrigated or

seasonally flooded soils in valley bottoms, gravel bars, old oxbows, or floodplains bordering
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springs, lakes, rivers, or perennial streams at elevations between 1,780 and 6,800 feet (USFWS
1995). Due to the lack of perennial streams on any of the eight drill test sites, the occurrence of
this species is unlikely; therefore, there will be no effect on the Ute ladies’-tresses as a result of

the proposed project.

4.2.2 Colorado Butterfly Plant

The Colorado butterfly plant typically occurs on subirrigated, alluvial (stream deposited) soils on
level or low gradient floodplains and drainage bottoms at elevations of 5,000 to 6,400 feet.
Subpopulations are often found in low depressions or along bends in wide, active, meandering
stream channels just a short distance upslope of the active channel (Fertig 2000). This type of
habitat is lacking on the proposed drill sites; therefore the proposed project will have “no effect”

on this species.

4.3  Raptors

No raptor nests were located on or within a mile of any of the proposed drill sites. All of the
sites lack nesting substrate in the form of trees or rock outcrops. Ground nesting species, such as
northern harriers (Circus cyaneus) are possible, although unlikely due to the lack of dense

grassland vegetation on the sites.

The only nesting substrate available in the vicinity of any of the sites is a lone cottonwood tree
adjacent to an abandoned and dilapidated homestead along Goose Creek. Rock outcrops are also
in the vicinity of the old homestead. Nesting substrate, in the form of cottonwood trees, is also
present along Lone Tree Creek. No nests were found in any of the riparian areas, trees or rock

outcrops.

It is likely that raptors forage on the site. Those species potentially flying over the area include
golden eagles (dquila chrysaetos), Swainson’s hawks (Bufeo swainsoni), American kestrels
(Falco sparverius), great homed owls (Bubo virginianus), red-tailed hawks (Buteo jamaicensis),
northern harriers, turkey vultures (Cathartes aura), and ferruginous hawk (Buteo regalis). Rough-
legged hawks (Buteo lagopus) likely winter in the area.
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4.4  Other Wildlife

During the site surveys the wildlife species observed on the site or in the vicinity included a
number of pronghorn antelope (4ntilocapra americana) and several common crows (Corvus
brachyrhynchos). Evidence of the northern pocket gopher (thomomys talpoides) was observed
on several sites, as well as burrows for badgers (Taxidea taxus). Ground squirrel burrows were
also observed and likely are used by thirteen-lined ground squirrels (Spermophilus

tridecemlineatus) or, possibly, Richardson’s ground squirrels (Spermophilus elegans).

Additional mammal species potentially occurring on the site or in the vicinity include typical
prairie species such as the deer mouse (Peromyscus maniculatus), coyote (Canis latrans), red fox
(Vulpes vulpes), and striped skunk (Mephitis mephitis). Avian species expected to be common in
the area in the spring and summer include homed lark (Eremophila alpestris), brewer’s blackbird

(Euphagus cyanocephalus), and western meadowlark (Sturnella neglecta).

5.0 CONCLUSIONS

Suitable habitat for Ute ladies’-tresses and Colorado buttefly plant is lacking on the proposed
drill sites; therefore the project will have no effect on either of these federally listed species. No
additional water depletions will occur with the proposed drilling; therefore the project will have
no effect on T&E plant, animal and fish species in downstream habitats. There are no raptor

nests on the drill sites or within 1-mile.

Due to the lack of T&E species, raptors, raptor nesting habitat, or habitats of concern, no

wildlife-related mitigation measures are recommended for this project.
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Appendix A

Photographs of the Proposed Drill Sites



Figure A-1. Duck Creek 3-1 Site.

Figure A-2. Duck Creek 3-3 Site.



Figure A-3. Goose Creek 2-2 Site.

Figure A-4. Goose Creek 2-3 Site.



Figure A-5. Lone Tree Fault 1-2 Site.

Figure A-6. Lone Tree Fault 1-4 Site.



Figure A-7. Lone Tree 5-2 Site.

Figure A-8. Lone Tree 5-4 Site.



United States Department of the Interior
FISH AND WILDLIFE SERVICE

Ecological Services
5353 Yellowstone Road, Suite 308A
Cheyenne, Wyoming 82009

In Reply Refer To:
ES-61411/WY10TA0150 MAR 29 2010

Mark E. Stacy, P.G.

Lidstone and Associates, Inc.

Engineering, Geology, and Water Resource Consultants
4025 Automation Way, Building E

Fort Collins, CO 80525-3448

Dear Mr. Stacy:

Thank you for your letter, dated February 11, 2010, and received in our office February 12,
requesting that the U.S. Fish and Wildlife Service (Service) review the Wildlife and Threatened
and Endangered Species Report for the Belvoir Ranch Paleozoic Ground Water Supply Wells
(Report). The proposed project involves the drilling of up to eight test wells to evaluate the
aquifer characteristics and yield potential of the Casper Aquifer on the western end of the
Belvoir Ranch Property in southemn Laramie County. The wells will be drilled to depths of up to
approximately 4,000 feet.

The Service has reviewed the Report in accordance with section 7 of the Endangered Species Act
of 1973, as amended (Act)(50 CFR §402). According to your memorandum, you determined
that the proposed project will have “no effect” on the Colorado butterfly plant (Gaura
neomexicana coloradensis), the Ute ladies’-tresses orchid (Spiranthes diluvialis) or listed species
affected by water depletions to the Platte River system. The Service does not provide
concurrence to “no effect” determinations and section 7 consultation is not required, although we
appreciate you providing us with a thorough documentation of the rationale you used in making
these determinations. You may consider this project, as proposed, to be in compliance with the

Act.

This project should be re-analyzed if new information reveals effects of the action that may
affect listed or proposed species or designated or proposed critical habitat; if the action is
subsequently modified in a manner that causes an effect to a listed species or designated or
proposed critical habitat; and/or, if a new species is listed or critical habitat is designated that
may be affected by this project.



We appreciate your efforts to ensure the conservation of endangered, threatened, and candidate
species. If you have further questions regarding this letter or your responsibilities under the Act,
please contact Alex Schubert at the letterhead address or phone (307) 772-2374, ext. 238.

Brian T. Kelly
: Field Supervisor
Wyoming Field Office

cc: WGFD, Non-game Coordinator, Lander, WY (B. Oakleaf)
WGFD, Statewide Habitat Protection Coordinator, Cheyenne, WY (M. Flanderka)



G Lidstone and Associates, In.
\%ﬁj Engineering Geology and Water Resonurce Consultants

September 30, 2009

M

4
Ms. Mary Hopkins f et 197 A
Interim SHPO A el
Wyoming State Historic Preservation Office Al - R
2301 Central Avenue, Barrett Building, 3" Floor =¥ z'__ Pl
Cheyenne, WY 82002 g e
Applicants:
Wyoming Water Development Commission Cheyenne Board of Public Utilities
6920 Yellowtail Road P.O. Box 1469
Cheyenne, WY 82002 Cheyenne, WY 82003-1469
Attn: Kevin Boyce, Project Manager Attn: Tim Wilson, Director
307-777-7626 307-637-6460

RE: Compliance with Federal Requirements to obtain a State Revolving Fund/Rural Utilities
Service Loan for the Belvoir Ranch Paleozoic Ground Water Supply Wells

Dear Ms. Hopkins:

Lidstone and Associates, Inc. (LA) is preparing an Environmental Report pursuant to the
National Environmental Policy Act for the Cheyenne Board of Public Utilities’ (BOPU) Belvoir
Ranch Ground Water, Level Il Project. The Wyoming Water Development Commission is
funding the current project to drill two additional test wells and one production well to evaluate
the aquifer characteristics and yield potential of the Casper Aquifer on the western end of the
Belvoir Ranch Property in southern Laramie County. The wells may be drilled to depths of up to
approximately 4,000 feet, depending upon subsurface structural geologic conditions. If this
exploration effort encounters suitable quantities of good quality water, the BOPU may decide to
acquire the wells and incorporate them into the City’s municipal water supply. At that time, the
City may seek funding through the State Revolving Fund/Rural Utilities Service Loan programs
to help finance the well costs.

Under a previous ground water grant project for the BOPU, two Casper Aquifer test wells were
completed at the ranch in 2006. States West Water Resources Corporation (States West)
completed an Environmental Report for these wells in August 2005. Previous correspondence
for this project area can be found under SHPO File #0605RLCO008. Please note that the test well
locations included herein are different from those previously identified. For your reference, |
have attached a copy of your letters dated June 10 and 29, 2005, in response to States West
2005 request for site review.

025 Automation Way, Building E, Fort Collins, Colorado 80525-3448 (970) 223-4705 fax: (970) 223-4706 e-mail: water@lidstone.com



Ms. Mary Hopkins
September 30, 2009
Page 2

As shown on the attached map, LA has identified five potential drill site areas, and is currently
working to identify specific drill site locations. The drill site areas are labeled on the attached
map, and include Lone Tree Creek, Lone Tree Fault, Goose Creek Structure, Duck Creek
Structure, and Spottlewood Structure. Final drill site locations will soon be selected based on
hydrogeologic information and geophysical data interpretation. Once final locations are
selected, LA will have a cultural resource survey completed at each of the selected drill
locations, and will submit that report to Wyoming State Historic Preservation Office for your
review. Access to each drill site will be limited to existing routes wherever possible. A short
description and the legal locations of each drill site area are presented in Attachment A. An
area of approximately one-half acre may be disturbed during drilling of each test/production
well. Ground disturbance is anticipated to be minimal with the exceptions of the borehole and
any pits that are dug to contain drilling fluids, drill cuttings, and/or formation water. We hope to
begin drilling in the winter of 2010, depending upon weather conditions and the drilling
contractor’s schedule. Drilling completion is anticipated during the summer of 2010.

Based on previous agency responses, LA plans to drill the test wells at locations in excess of
300 feet from streams and ephemeral draws, and will use best management practices to limit
sedimentation during well drilling, development, and aquifer testing activities. Disturbed areas
will also be reseeded upon the completion of all onsite activities.

The Wyoming State Revolving Fund Program and the federal funding agency, the USEPA
Region VIll, are committed to complying with federal requirements and Executive Orders that
apply in federal financial assistance. We are contacting you to ensure this project complies with
applicable authorities under your agency’s jurisdiction. Please review this project with respect to
your agency’s concerns and provide us with a written response. Within your letter of response,
please indicate what form of permitting action, if any, will be required for each proposed drill site
area. If your agency has concerns and will not issue clearance, please contact me at your
earliest convenience concerning what steps must be taken to address your concerns.

If you require additional information, please contact Kate Laudon or me at (970) 223-4705.
Thank you for your attention to this matter.

Sincerely,
LIDSTONE AND ASSOCIATES, INC.

Mark E. Stacy, P.G.
Senior Hydrogeologist

MES:rce

Enclosures: Attachment A - Location Descriptions of Potential Well Drilling Areas
Map of proposed test drilling areas
. SHPO Letters dated June 10 and 29, 2005
cc: w/ Enc. Brian Mark, WDEQ/WQD
Alana Cannon, RUS
Tim Wilson, Cheyenne Board of Public Utilities
Kevin Boyce, Wyoming Water Development Commission

Send By: Regular Mail
KAOPEN\WYWDC109\ER Letters\SHPO.doc
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Wyoming Department of State Parks and Cultural Resources

WYOMING STATE HISTORIC PRESERVATION OFFICE
Claudia Nissley
State Historic Preservation Officer
BARRETT BUILDING, 2301 CENTRAL AVE, CHEYENNE, WY 82002
(307) 777-7697

June 29, 2005

Jack Meena, PE

States West Water Resources Corporation

P.O. Box 2092

Cheyenne, WY 82003 : i

Re: States West Water Resources Corporation, State Revolving Fund Loan for the Cheyenne

BOPU Belvoir Ranch Paleozoic Groundwater Exploration Project (SHPO File #
0605RLCO008)

Déar Mr. Meena:

Thank you for consulting with the Wyoming State Historic Preservation Office (SHPO) regarding
the above referenced project. We have reviewed the project report and find the documentation
meets the Secretary of the Interior's Standards for Archaeology and Historic Preservation (48 FR
44716-42). We concur with your finding that no historic properties, as defined in 36 CFR §
800.16(1)(1), will be affected by the project as planned.

We recommend the Wyoming Department of Environmental Quality allow the project to proceed
in accordance with state and federal laws subject to the following stipulati<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>