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EXECUTIVE SUMMARY

This report provides technical information in support of Windy Hill Water Operations, LLC’s (Windy
Hill) aquifer exemption request for the Dakota J-4 Sandstone (J Sandstone) in the area within
one-quarter (0.25) mile of the Windy Hill #3-17D well (API # 05-087-08145). The Windy Hill project
is located approximately 2 miles southeast of the City of Brush, in Morgan County, Colorado
(Figure 1). The Windy Hill #3-17D well is located in the southeast quarter of the northeast quarter
of Section 17, Township 3 North, Range 55 West, 6" Principal Meridian. The project contemplates
use of the Windy Hill #3-17D well as a Class Il underground injection control well to dispose of up
to 25,000 barrels per day of oil and gas production water into the J Sandstone at a depth of 5,130
to 5,300 feet below ground surface.

The proposed aquifer exemption area and the area of review (AOR) boundaries encompass a
0.25-mile radius around the Windy Hill #3-17D well. A search of the Colorado Division of Water
Resources water well database indicated that no drinking water wells are present within the AOR.
No source water assessment or protection areas or designated sole source aquifers are present
within the AOR.

The Dakota J Sandstone is separated from shallower aquifers by several thousand feet of
regionally-continuous, low-permeability shale of the Colorado Group and the Pierre Shale. These
units extend from the top of the Dakota J Sandstone up to within about 100 feet of the land surface
and serve as an overlying confining layer. The Dakota J Sandstone is confined below by the
Morrison and Chugwater Formations, both of which are regionally continuous. No identified faults
or fractures occur in the project vicinity.

The Dakota J Sandstone aquifer proposed for exemption is highly unlikely to be developed as a
source of drinking water because of the cost of obtaining and treating groundwater from the
aquifer. Wells drilled into the aquifer would need to have depths on the order of 5,100 to 5,300
feet. Testing of wells in the project area indicated that 400 to 800 gallons per minute would be
available from the Dakota J Sandstone. Water samples from the project area indicate the Dakota
J Sandstone groundwater contains between approximately 6,600 and 10,000 milligrams per liter
total dissolved solids, consisting primarily of sodium, chloride, and alkalinity.

The nearest public water supply is a well field operated by the City of Brush. The well field is
approximately four (4) miles west-southwest of the Windy Hill #3-17D well and obtains water from
an alluvial aquifer along Beaver Creek in Section 27, Township 3 North, Range 56 West. During
a consultation for the development of this aquifer exemption request, the City indicated that it is
unlikely that they would consider obtaining water from the Dakota Sandstone, given the good
guality and ready availability of water from the City’s current source aquifer, particularly in contrast
to the poorer-quality water in the Dakota Sandstone, the high cost of drilling deep wells to access
the Dakota Sandstone water, and the high cost and difficulty of treating Dakota Sandstone water
to remove excess total dissolved solids. Population growth projections for the City of Brush
indicate that future increased water demand could be met by the shallow source aquifer currently
in use by the City.
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1.0 INTRODUCTION

This report provides technical information in support of Windy Hill Water Operations, LLC’s (Windy
Hill) aquifer exemption request for the Dakota J-4 Sandstone (J Sandstone) in the area within
one-quarter (0.25) mile of the Windy Hill #3-17D well (API # 05-087-08145). This information is
provided in accordance with the Colorado Oil and Gas Conservation Commission (Commission)
Rules 324B.a and 324B.b, a guidance memorandum prepared by the U.S. Environmental
Protection Agency (EPA) (EPA 2014; Enhancing Coordination and Communication with States
on Review and Approval of Aquifer Exemption Requests under SDWA [the Safe Drinking Water
Act]), and EPA’s Aquifer Exemption Evaluation as adapted by the Commission (a completed
evaluation for the Windy Hill project is provided as Attachment 1). This report presents the
following information:

o A brief description of the project, including identification of the requested aquifer
exemption boundary and area of review (AOR) (see Section 2.0);

e A general description of the geology and hydrogeology of the project vicinity, including
related information requested on the Aquifer Exemption Checklist (see Section 3.0);

o Demonstration that the J Sandstone in the project vicinity is not used as a drinking
water source (see Sections 4.0 and 6.0);

e Demonstration that groundwater in the J Sandstone in the project vicinity contains
between 3,000 and 10,000 milligrams per liter (mg/L) total dissolved solids (TDS) (see
Section 5.0); and

o Demonstration that the J Sandstone is not reasonably expected to supply a public
water system (see Section 6.0).

20 PROJECT DESCRIPTION

The Windy Hill project is located approximately 2 miles southeast of the City of Brush, in Morgan
County, Colorado (Figure 1). The Windy Hill #3-17D well is located in the southeast quarter of
the northeast quarter of Section 17, Township 3 North, Range 55 West, 6" Principal Meridian.
The land surface elevation at the well site is approximately 4,404 feet above mean sea level
(amsl).

The project contemplates use of the Windy Hill #3-17D well as a Class Il underground injection
control (UIC) well to dispose of up to 25,000 barrels per day (bpd) of oil and gas production water
into the J Sandstone at a depth of 5,130 to 5,300 feet below ground surface (bgs). The water
source would be off-site wells (to be identified), and the water would be transported to the site by
commercial operators (to be identified). The Commission would permit the project as a
Commercial Disposal Well Facility with a Dedicated Injection Well. The proposed disposal well
is an existing well that was previously permitted as a Class V UIC well through the EPA for a
former project design. While the well was constructed, it was never operated as a disposal well.
Upon receipt of a Class Il injection permit from the Commission, EPA would release the well from
their jurisdiction.
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The injection well construction is shown in Figure 2. Surface casing of 13.375-inch diameter J-55
steel pipe was installed to a depth of 483 feet in a 17.5-inch diameter borehole. According to the
cementing report by Halliburton (2007), the annulus around the surface casing was cemented
from the surface to 483 feet with 350 sacks of cement yielding 529.5 cubic feet, completely filling
the annular space of 335.5 cubic feet. After the surface casing was set and cemented, a 12.25-
inch diameter borehole was drilled to a total depth of 5,431 feet and cased with 8-5/8-inch J-55
steel casing to the total depth. The 8-5/8-inch casing was cemented from the total depth to the
surface with 3,130 sacks of cement/pozzolon mixture that yielded 7,259 cubic feet of grout to fill
the annular space of 2,278 cubic feet. The grout volume was 320 percent of the annular volume,
and cement returns at the surface were reported. The combination of these indicates that the
annulus was completely filled. The well was subsequently plugged back with cement to a depth
of 5,385 feet, and the casing was perforated with 680 holes in the J Sandstone between the
depths of 5,130 feet and 5,300 feet. Tubing of 5-1/2-inch diameter J-55 steel is installed from the
surface into a packer set at 5,050 feet. The well is open to the Dakota J-4 Sandstone.

Down-hole pressure measurements in the well indicate that the static water level in the well is
approximately 2,518 feet bgs, or at an elevation of approximately 1,900 feet amsl. Injection tests
indicate that the well is capable of accepting injectate at a rate of approximately 30,500 bpd
without the application of additional pressure at the land surface; additional capacity could
theoretically be achieved through injection under pressure. A mechanical integrity test (MIT)
performed in April 2015 indicated that the well casing maintained the 350 pounds per square inch
(psi) test pressure for the test duration.

2.1  Aquifer Exemption Boundary

An aquifer exemption is being requested for the area within a radial distance of one-quarter (0.25)
mile of the Windy Hill #3-17D well. The radial distance is based on Commission policy. The 0.25-
mile radial distance equates to a surface area of approximately 125.6 acres that includes all or
parts of the following quarter-quarter sections within Township 3 North, Range 55 West, 6%
Principal Meridian:

e Section 17: NENE, NWNE, SWNE, SENE, NESE, NWSE; and
e Section 16: NWNW, SWNW, NWSW.

The pore volume available in the Dakota J-4 Sandstone within that radial distance from the Windy
Hill #3-17D well was calculated based on the sandstone thickness and porosity data from
geophysical logs of the well. The gamma, resistivity, density, and porosity logs indicate that the
thickness of the J-4 Sandstone is 187 feet, with the top and bottom, respectively, occurring at
approximately 5,107 feet and 5,294 feet bgs (5,125 feet and 5,312 feet below the log reference
point, which was the kelly bushing 18 feet above the ground surface). The average porosity of the
J-4 Sandstone is 0.22, as calculated from the digital (.las format) log data. The digital log lists the
values of high-resolution thermal neutron porosity, thermal neutron porosity (ratio method), and
enhanced thermal neutron porosity for 0.5-foot steps throughout the entire logged interval of 434
feet to 5,407 feet bgs (452 feet to 5,425 feet below the kelly bushing). The average porosity for
the J-4 Sandstone was calculated from average of the three values for each step in the interval
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from 5,125 feet to 5,312 feet below the log reference point. The total volume of pore space within
the 0.25-mile radial distance from the injection well was calculated from the equation:

V =nr’H6
where:
V = pore space volume (length cubed),
T = pi (unitless); 3.14159,
r = radial distance (length); 0.25 mile = 1,320 feet,
H = thickness of the interval (length); 187 feet, and
6 = average porosity (unitless); 0.22.
Substituting the respective values into the equation gives:
V =1t (1,320 feet)? (187 feet) (0.22)
= 225,196,700 cubic feet
= 40,106,460 barrels

The volume in cubic feet was converted to barrels by multiplying by 7.48 gallons per cubic foot
and dividing by 42 gallons per barrel.

The project contemplates injection rates starting at 5,000 bpd during operating years 1 and 2,
increasing to 10,000 bpd during operating years 3 through 5, and further increasing to 25,000 bpd
for the remainder of the project life. Calculations indicate that the pore volume within the 0.25-
mile radius would be filled after about 7.8 years of continuous injection at the rates just described.

2.2 Area of Review

The AOR was calculated using equations from EPA as presented in 40 CFR 146.6 and
incorporating project-specific operating plans (injection rate and duration) and site-specific
hydraulic properties for the J-4 Sandstone as determined from on-site testing. The equations are:

225KHt
==
where:
_4mKH [(hw — hbo)SyGy)
230
and:

r = radius of endangering influence from injection well (length); calculated,
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k = hydraulic conductivity of the injection zone (length/time); 1.64 feet per day (ft/d) from
testing of the Windy Hill #3-17D well,

H = thickness of the injection zone (length); 187 feet, thickness at the Windy Hill #3-17D
well,

t = time of injection (time); 7.8 years, equal to 2,847 days,

S = storage coefficient (dimensionless); 0.000187, based on specific storage of 1x10° per
foot times a thickness of 187 feet,

Q = injection rate (volume/time); the total volume injected is 225,196,700 cubic feet over
a period of 2,847 days, which gives a time-weighted average Q of 79,100 cubic ft/d,

hwo = observed original hydrostatic head of injection zone (length) measured from the base
of the lowermost underground source of drinking water; 2,794 feet, based on 1,215 psi
static pressure at 5,324 feet bgs as measured in the Windy Hill #3-17D well testing,

hw = hydrostatic head of underground source of drinking water (length) measured from the
base of the lowermost underground source of drinking water; 5,270 feet, based on
assumption of the water level in the underground source of drinking water being
approximately 40 feet bgs,

SpGob = specific gravity of fluid in the injection zone (dimensionless); 1.01, based on water
with 10,000 mg/L total dissolved solids at the injection zone pressure and temperature,
assuming that the waste water to be injected is derived from local wells in the Dakota
Sandstone or similar producing zones and 10,000 mg/L is a reasonable average total
dissolved solids content, and

1 = 3.14159 (dimensionless)
The resulting calculations are:

4 - LOHE g7 ft[(5270 ft — 2794 ft) - 1.01]
x = d = 52.97
2.3 - 79100 ft3/d

2.25 - 1.64% - 187ft- 2847 days
r=+ =557 =1.0x107%1 ft

0.000187 - 10

The calculated AOR is less than 1 foot. The AOR is therefore specified as a radius of 0.25-mile
from the Windy Hill #3-17D well.

3.0 GEOLOGY AND HYDROGEOLOGY

This section describes the regional geology, the local geology, and the hydrogeologic properties
of the Dakota, including groundwater chemical analysis. A detailed description of the injection unit
within the Dakota Sandstone is presented. The information presented was derived from publicly
available literature; data from Windy Hill wells #3-17D, #1-17D, #7-17S, and #3-18WSW; and
other data from wells and geophysical studies in the project vicinity.
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3.1 Regional Geology

The project site is on the eastern flank of the Denver Basin, one of the largest sedimentary basins
formed during the Laramide Orogeny (Rocky Mountain Association of Geologists [RMAG] 1972).
Figure 3 shows a generalized west-to-east cross section through the Denver Basin east of the
basin axis. The basin is asymmetric, with its axis close to and paralleling the mountain front. The
western side of the basin is bounded by a 5- to 10-mile wide zone of large-displacement faulting
parallel to the mountain front, with vertical displacements on some faults exceeding 10,000 feet
(Robson and Banta 1987). The western flank dips steeply to the east at 10 degrees or more near
the mountain front, while the eastern flank of the basin dips gently to the west at approximately
0.5 to 1 degree (RMAG 1980).

The basin contains up to approximately 13,000 feet of sedimentary rocks above the Precambrian
igneous and metamorphic basement rocks (Belitz and Bredehoeft 1988). The sedimentary rocks
range in age from Cambrian to Tertiary, with the greatest thickness consisting of Cretaceous-age
rocks.

Mississippian-aged rocks consisting of massive grey to brown cherty limestone and dolomite
uncomformably overlie either Precambrian or Cambrian rocks in the Denver Basin and range from
areas of non-deposition or erosion with no Mississippian rocks up to about 350 feet in thickness.
They are uncomformably overlain by Pennsylvanian-aged rocks consisting of a basal sandstone
and overlying thinly-bedded carbonates, sandstones and shales. The rocks of Pennsylvanian age
range in thickness from about 800 to about 1,700 feet (RMAG 1980).

Unconformably overlying the Pennsylvanian section are Permian carbonates, sandstones, and
evaporites. The thickness of Permian deposits varies from 900 feet in the northern part of the
basin to 1,200 feet in the southeastern part of the basin (Momper 1963; RMAG 1972; Robson
and Banta 1987).

Triassic-aged rocks are represented by the Lykins Formation, also known as the Chugwater
Formation, consisting of red to maroon or purple sandstone, siltstone, and shale. The
Lykins/Chugwater overlies the Permian System in the western part of the basin, where it is up to
250 feet thick, but has been removed by erosion in the eastern part of the basin (RMAG 1976).

The Triassic system is uncomformably overlain by the Jurassic-aged Morrison Formation, which
consists of 50 percent to greater than 80 percent variegated shales and lesser amounts of
siltstones, sandstone and minor thin interbeds of limestone. The thickness of the Morrison ranges
from approximately 200 to approximately 350 feet. The Morrison formation represents a confining
layer with minimal water yields from sandstone lenses (Topper et al. 2003).

The Cretaceous-aged Dakota Group uncomformably overlies the Jurassic System. The Dakota
consists of a basal member, the Plainview-Lytle sandstone, or its equivalent, a middle marine
shale member, the Skull Creek Shale, and upper sandstone members, the “D” and “J” Sandstones
(RMAG 1972; Robson and Banta 1987). The Dakota Group is recognized as a regionally
extensive unit that outcrops in Kansas, Nebraska, South Dakota, the southeastern portion of the
Denver Basin, and along the flank of the Front Range uplift from Colorado Springs north to
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Wyoming. The Dakota Group extends throughout the Denver Basin in the subsurface (RMAG
1972). The total Dakota Group thickness is generally about 250 to 350 feet (RMAG 1972; RMAG
1976; Robson and Banta 1987). The proposed groundwater withdrawal zone is within the J
Sandstone, the lowermost sandstone of the Dakota. The J Sandstone is composed mainly of
deltaic, distributary, and near-shore sandstones (Higley and Schmoker 1989) that are fine- to
medium-grained. The Dakota Group is discussed in more detail in Section 3.3 below.

The Dakota Group is overlain by the Upper Cretaceous Colorado Group, which includes, in
ascending order, the Graneros Shale, the Greenhorn Limestone, the Carlile Shale, and the
Niobrara Formation. These units consist of shale, siltstone and limestone and are confining layers.
The aggregate thickness of Colorado Group units ranges from about 700 to about 1,000 feet.

The Niobrara Formation is the thickest unit of the Colorado Group, with thicknesses ranging from
approximately 300 feet thick near the mountain front to approximately 600 feet near the Kansas
border (RMAG 1976). The Niobrara Formation represents a transgressive marine deposit formed
when the Cretaceous Seaway was expanding in the interior of the United States (RMAG 1972).
The Niobrara is composed of two members, the basal Fort Hayes Limestone and the overlying
Smokey Hill Chalk. The Fort Hayes is the thinner unit, and the contact with the Smokey Hill is
gradational (RMAG 1976). The Niobrara was evaluated in the Project area for its reservoir
potential (The Discovery Group, Inc. 2003) and found to be composed of chalk and organic-rich
shale with high porosity (17 percent average) but very low permeability. The report found that the
formation salinity averaged about 24,000 parts per million chlorides and concluded that the
Niobrara in this area has “essentially no permeability to fluids” (The Discovery Group, Inc. 2003).

The Niobrara Formation is uncomformably overlain by the late-Cretaceous-aged Pierre Shale.
The Pierre Shale is a thick, widespread marine shale that consists of calcareous, silty, dense
shale containing some thin lenses of siltstone and fine sandstone. The Pierre Shale exceeds
4,000 feet of thickness over much of the Denver Basin (RMAG 1972) and represents a low-
permeability confining layer (Topper et al. 2003). The upper part of the Pierre Shale interfingers
with regressive shoreline deposits of the Late Cretaceous Fox Hills Sandstone in the western third
of the basin (RMAG 1972). The nonmarine Laramie Formation overlies the Fox Hills in the portion
of the Denver Basin closest to the mountain front (RMAG 1972). In the Windy Hill project area,
the formations overlying the Pierre Shale have been removed by erosion.

The oldest Tertiary rocks present in the eastern portion of the Denver Basin are Oligocene. These
rocks are of floodplain origin, and erosion has only left remnant deposits in the eastern part of the
Denver Basin just east of the Windy Hill project area (Miller 2000; RMAG 1976; RMAG 1972;
Topper et al. 2003).

Unconsolidated Quaternary-aged deposits of alluvial and eolian sediments form the surficial
geology over large areas of the Denver Basin (Topper et al. 2003; Scott 1978). In the area of the
Windy Hill project, the Pierre Shale is covered with a thin veneer of wind-deposited silt and fine
sand (Scott 1978) up to about 100 feet thick.
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No identified regional faults occur in the project vicinity. The project is located in an area of low
seismicity, and there are no mapped Quaternary-aged faults within Morgan County (Widmann et
al. 1998; Colorado Geological Survey 2015).

3.2 Local Geology

The local geology within the project area has been documented by studies of logs of oil wells
within and surrounding the project area (The Discovery Group, Inc. 2003), including nine wells
drilled within the project area boundaries, and a geophysical study of the project area and vicinity
(Geostock US, Inc. 2008). The local stratigraphic sequence mimics the regional sequence and is
summarized in Figure 4. The total thickness of sedimentary rocks beneath the project area is
approximately 8,000 feet (Belitz and Bredehoeft 1988). Thus, approximately 2,700 feet of
sedimentary rocks are present between the Dakota J-4 Sandstone and the Precambrian-age
basement rocks.

The sedimentary strata dip to the northwest at 0.5 to 1 degree. Windy Hill conducted seismic
testing in the project area in January 2005, and the results confirmed that there are no expected
displacements of the J Sandstone (Sandarusi 2005).

Additional detail on the local geology is provided in Sections 3.3 and 3.4.
3.3 Dakota Group and Dakota Sandstone

The Dakota Group is a regional reservoir and aquifer that underlies a large area in the western
interior of the United States. The outcrop belt east of the Rocky Mountains extends from the
foothills along the Front Range of Colorado, through the southeastern Denver Basin and into
Kansas, Nebraska, and South Dakota (RMAG 1972). The Dakota Group is present in the
subsurface across the Denver Basin. Throughout the Basin, it is hydraulically underpressured
(Gibbons and Self 1973; Robson and Banta 1987).

The reason for the subnormal formation pressure is explained by Belitz and Bredehoeft (1988).
The hydrodynamic flow of the J Sandstone (Dakota) fluid is generally from west to east. The
recharge of the J Sandstone on the western margins of the basin is limited because the outcrops
are detached from the main body by faulting along the Front Range. Further into the basin, the J
Sandstone is capped by a thick sequence of low-permeability shales which provide isolation from
the elevation head of the local water table. Recharge likely occurs at a relatively lower rate than
the rate of discharge at the eastern outcrops. The Dakota Group is composed of a basal marine
sandstone (the Cheyenne, Plainview-Lytle, Purgatoire or other stratigraphically equivalent
sandstones), that is overlain by a widespread marine shale unit (the Skull Creek Shale) that is in
turn overlain by a series of erratically-distributed, near-shore-marine, deltaic, and distributary
sandstones (Figure 4). The lower sandstones are known as the J Sandstone (also called the
Muddy), and the upper sandstone is known as the D Sandstone. In Morgan County, as many as
four distinguishable sandstone beds (the J-1, J-2, J-3, and J-4) make up the J Sandstone, with
the J-1 being the uppermost and the J-4 being the deepest. These sandstones are collectively
known as the Dakota Sandstone.
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The project area is not structurally complex. The J Sandstone dips to the west-northwest at
approximately 1 degree. The top of the J Sandstone is approximately 630 feet below mean sea
level at the Windy Hill #3-17D well site. The total J Sandstone thickness in the area ranges
between 180 to 210 feet. Over 90 percent of this thickness is represented by the lowermost J-4
layer, based on isopach maps produced from well data (The Discovery Group, Inc. 2003).

The Dakota Sandstone is also known as the Dakota-Cheyenne aquifer in southeastern Colorado,
where it provides groundwater to stock, domestic, and irrigation wells (Robson and Banta 1987,
Topper et al. 2003). The petroleum industry terminology varies from this, and use of the term
Dakota Sandstone is the generally accepted terminology (Higley and Schmoker 1989; Weimer
and Sonnenberg 1989). It has been acknowledged that the terminology has varied greatly over
the years (Boyd 1993). For the purposes of this document, this unit is referred to as the Dakota
Sandstone.

The Dakota Sandstone is an important reservoir for oil and gas production throughout the Denver
Basin (Ethridge and Dolson 1989; RMAG 1982), with about two-thirds of the oil and one-half of
the gas production in the basin having come from the D and J Sandstones in 355 fields across
the basin (Higley and Cox 2007). Historical production from the D and J Sandstones in the project
vicinity includes the Pinneo North field, located about 4 miles south of the Windy Hill #3-17D well.
Although no historical production is recorded within the aquifer exemption boundary, oil was
present in J Sandstone core from the 1 John A Fries et al (L-2768) #1 well (APl #05-087-05996)
about 3,870 feet (0.73 mile) west of the Windy Hill #3-17D well (Commission 2015a).

3.4 Dakota Hydrogeology

The most complete description of the Dakota Sandstone hydraulic properties is a U.S. Geological
Survey Water Resources Investigation (Robson and Banta 1987). The Dakota Group is confined
by the underlying Morrison Formation and the overlying Graneros Shale. The Graneros Shale
consists of dark gray to black, fissile, noncalcareous shale. The Morrison is composed of
mudstones, shales, thin limestones, and sandstones. The permeability of both these units is very
low. Also overlying the Dakota Sandstone are the confining units of the Niobrara Formation
(greater than 300 feet thick) and the Pierre Shale (approximately 4,300 feet thick) based on the
logs of wells in and near the project area. Therefore, the Dakota Sandstone is isolated
hydraulically from the surface and any shallow water-bearing units in the AOR.

Pruit (1978) prepared a potentiometric map for the J Sandstone in the Denver Basin. This map
showed that the potentiometric surface generally slopes to the north and the northeast, although
there are some areas with a pronounced eastward slope to the potentiometric surface (Pearl
1982). In general, Pruit (1978) demonstrated the J Sandstone potentiometric surface is complex
and does not have a uniform slope. The potentiometric surface elevation for the Dakota
Sandstone in Morgan County is between approximately 2,000 and 2,500 feet asml. The
potentiometric surface shows a significant amount of variability regionally (Gibbons and Self
1973). The Gibbons and Self map indicates the Windy Hill project is in a regional potentiometric
low with flow generally to the north-northwest. Complex interfingering of sandstones and shales
restricts the movement of groundwater in many areas. Additionally, some growth faults in the
Cretaceous section may affect groundwater movement. In the Windy Hill project area, the Windy
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Hill #3-17D well is located at 4,404 feet amsl, and the hydrostatic level is at approximately 1,900
feet amsl.

The hydraulic conductivity of various units within the Dakota Sandstone ranges from 20 ft/d in the
well-sorted sandstones to less than 0.001 ft/d in areas where poorly sorted, clay-rich sediments
are prevalent. In Morgan County, the average hydraulic conductivity is estimated to be 0.2 ft/d
(Topper et al. 2003). Vertical conductivity in the aquifer is negligible, and very little flow is thought
to occur between the overlying and underlying units (Robson and Banta 1987; Topper et al. 2003).

Table 1 summarizes data from J Sandstone oil wells within and near the project area (The
Discovery Group Inc. 2003) and testing of wells #3-17D and #3-18WSW in the project area
(Geostock US, Inc. 2007 and 2008). The on-site data indicate hydraulic conductivities with a range
of 0.03 ft/d to 2.2 ft/d and an average of 0.89 ft/d.

Table 1. Summary of Hydraulic Conductivity and Porosity Data for J Sandstone within
Project Area.

Location Hydraulli(.: Porosity
Well Conductivity

(T-R-S) (ft/d) (percent)
1 Miller 3N-55W-21 0.72 22.9
1 Mitchell 3N-55W-23 0.03 15.8
1 Fries 3N-55W-17 1.0 21.7
1-4 Federal 3N-55W-4 0.40 21.1
1 Chvatal 3N-55W-18 0.09 155
1 Bass 3N-55W-29 2.24 24.4
1 Bewley Const 3N-55W-7 0.77 23.3
1-17D 3N-55W-17 0.39 -
3-17D 3N-55W-17 1.64 22.2
3-18WSW 3N-55W-18 1.66 -

Average = 0.89 Average = 20.7

Data from oil wells within the project area indicate that the J Sandstone has porosities ranging
from 15.5 percent to 24.4 percent, with an average of 20.7 percent (Table 1) (The Discovery
Group, Inc. 2003). Log data from the Windy Hill #3-17D well indicate an average porosity of 22.2
percent for the Dakota J-4 Sandstone.

The complex stratigraphy of the Dakota Group produces highly variable, non-uniform water
chemistry regionally. In general, water is of a sodium bicarbonate type in northeastern Colorado
(Robson and Banta 1987). Salinity values (as NaCl equivalent) from spontaneous potential and
apparent water resistivity calculations for the J Sandstone are as high as 17,000 mg/L (The
Discovery Group, Inc. 2003).

The top of the J Sandstone in the Windy Hill #3-17D well encountered at the depth of 5,110 feet
bgs and the base of the J Sandstone (top of the Skull Creek Shale) was at 5,312 feet bgs. Only
the J-1, J-2, and J-4 Sandstones are present; the J-3 Sandstone is absent. The geophysical logs
for Windy Hill #1-17D well indicate that the D-1 Sandstone and the D-2 Sandstone are shaley.
The J-1 Sandstone is cleaner sand but thin. The J-4 Sandstone is a thick, clean sandstone in the
project area. The gross sand thickness of the J-4 Sandstone is 192 feet.
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4.0 NEARBY WELLS

Available public records were searched to identify existing wells within the vicinity of Windy Hill
#3-17D. The results of the search are described below.

41 Water Wells

The Colorado Division of Water Resources (DWR) online water wells database (DWR 2015)
indicates that there are no permitted water wells within 0.25 mile of Windy Hill #3-17D.

The water well search area was also expanded to a one-half (0.5)-mile radius, which was
determined by adding a buffer distance equal to the aquifer exemption boundary radius. There
are three constructed water wells within 0.5 mile of Windy Hill #3-17D. The well locations are
shown on Figure 5, and well details are provided in Table 2. All three are monitoring wells
associated with the former Windy Hill project and are not permitted for domestic, municipal, or
other human-consumption use. Reported well depths range from 60 to 79 feet. All wells listed in
Table 2 are vertically isolated by several thousand feet of low-permeability shale from the Dakota
J Sandstone for which the aquifer exemption is requested.

A search of the DWR water wells database indicates that the nearest drinking water well
completed in the aquifer proposed for exemption, the Dakota Sandstone, is approximately 54
miles from the proposed aquifer exemption area. This distance is far beyond a distance potentially
requiring a capture zone analysis. The database search was conducted screening for wells that
are permitted for one of the following uses: domestic, household use only, municipal, other, or all
beneficial uses.
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Table 2. DWR Records of Water Wells within One-Half Mile of Windy Hill #3-17D

. . Date of First . Perforations  |Pumping| Static Water
Well Permit . ) Qtr.- Aquifer Date . Elevation |Well Depth Mailing Address
Name No. Twp. | Rng. |Section|Qtr.-Sec. Qtr.Sec. Use Name Constructed Beneficial (ft amsl) (1) Top Bottom Rate Level Owner Name
Use (ft) (ft) (gpm) (ft)
C/O MFG INC 4900 PEARL
46051 MH 62 BOSS BRUCEB | EagT CIR, BOULDER, CO
MONITORING ALL FAMILY LLP 80301
MW-3 3N | 55w 17 NE NW WELL ng‘@ggg 4/21/2006 4404 50 60 UNOCAL WINDY C/O MFG INC 4900 PEARL
269978 60 HILL GAS EAST CIR, BOULDER, CO
STORAGE LLC 80301
UNOCAL WINDY C/O MFG INC 4900 PEARL
269980 ALL HILL GAS EAST CIR, BOULDER, CO
MW-5 3N | 55W 17 NW SE MONITORING UNNAMED | 4/25/2006 4429 79 69 79 STORAGE LLC 80301
WELL AQUIFERS BOSS BRUCE B C/O MFG INC 4900 PEARL
46055 MH EAST CIR, BOULDER, CO
FAMILY LLP
80301
MONITORING ALL UNOCAL WINDY C/O MFG INC 4900 PEARL
MW-6 | 269981 | 3N | 55W 17 NW SE WELL UNNAMED | 4/25/2006 4429 79 69 79 HILL GAS EAST CIR, BOULDER, CO
AQUIFERS STORAGE LLC 80301
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4.2 Other Wells

The Commission’s (2015) online database was searched to identify existing permitted oil and gas
wells within the 0.25-mile aquifer exemption boundary and AOR. The search results indicate that
there are no permitted oil and gas wells within 0.25 mile of Windy Hill #3-17D (Figure 6).

5.0 J-4 SANDSTONE WATER QUALITY

Two sets of samples have been collected from the Dakota J-4 Sandstone in the Windy Hill project
area, as summarized below.

On April 15, 2015, Tetra Tech, Inc. (Tetra Tech) collected water samples from existing well FW-
3-18WSW (previously DWR Permit No. 65080-F, currently DWR Permit No. 79176-F) located in
the NWSW quarter-quarter of Section 18, Township 3 North, Range 55 West, approximately 9,700
feet west-southwest of the Windy Hill #3-17D well. The intent of this sampling event was to
determine the TDS concentration of the Dakota J-4 Sandstone Formation at the site, to identify
the permitting requirements for the on-site disposal of oil and gas production water into that
formation via a Class Il UIC well (a well other than 3-18WSW). Per the Commission’s Rule 324B
(Exempt Aquifers), permitting requirements are dictated by the TDS results in the following
bracketed concentrations: 1) less than 3,000 mg/L, 2) more than 3,000 and less than 10,000
mg/L, and 3) more than 10,000 mg/L. Determining which bracket is applicable to the Windy Hill
project was the intended use of the samples that Tetra Tech collected. The samples yielded a
measurement of 6,600 mg/L TDS; therefore, Windy Hill is requesting an aquifer exemption and
providing supporting materials to meet the evaluation criteria for samples that fall within the
second concentration bracket.

As part of the previous Windy Hill project, water samples were collected in February 2005 from
existing well Windy Hill #1-17D (API # 05-087-08137), located in the NWNW quarter-quarter of
Section 17, Township 3 North, Range 55 West, approximately 4,000 feet west-northwest of Windy
Hill #3-17D. The samples yielded a measurement of 10,000 mg/L TDS; therefore, Windy Hill was
not required to obtain an aquifer exemption at that time.

5.1  April 2015 Sampling Event

Samples were collected in accordance with the April 14, 2015, Sampling and Analysis Plan that
Tetra Tech prepared for this sampling event. The sampling event included the collection of two
sets of samples, as described below. Field parameters of pH, conductivity, temperature and TDS
were measured prior to sample collection and documented in the field notes included in
Attachment 2.

Prior to sample collection, Tetra Tech obtained information regarding the recent well activities.
Based on information provided by Peterson Energy Operating, Inc., the well had been swabbed
five times the previous day. At the request of Tetra Tech, Peterson Energy Operating, Inc.
swabbed the well four more times prior to sample collection to ensure that representative samples
were collected. Water from the well was collected directly from a pipe equipped with a valve
located at the wellhead. Water was placed into a new 5-gallon plastic container and then
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transferred to pre-cleaned laboratory-supplied sample bottles via disposable tubing and a
peristaltic pump. Two water samples, including one parent sample and one blind field duplicate
sample, were collected for TDS analysis at ALS Environmental Laboratory (ALS). The samples
were placed on ice in a cooler until they were hand-delivered to ALS on April 16, 2015. Appropriate
chain-of-custody procedures were implemented during sample collection and delivery.

A copy of the ALS report (Work Order # 1504297) is included in Attachment 2. The lab report
was corrected at the request of Tetra Tech to document the geologic formation from which the
samples were collected (Dakota J-4 Sandstone). Tetra Tech reviewed the analytical data to
evaluate whether quality assurance and quality control objectives (QA/QC) were achieved. The
data evaluation results are documented in the Data Evaluation Checklist included in Attachment
2. The laboratory reported that the sample cooler was received outside specification (4+2 degrees
Celsius (C)), at 7° C upon receipt. Thus, the sample results are qualified as estimated due to
sample preservation being outside specifications. No other QA/QC deficiencies were identified,
and the laboratory analytical results are considered suitable for the intended use.

Tetra Tech requested additional laboratory analyses for the two samples on April 27, 2015. The
additional analyses included the following parameters:

e Anions: bromine, chloride, fluoride, nitrite, nitrate, and sulfate;
e Cations (total): calcium, potassium, magnesium, sodium, and iron;
o Total alkalinity

Analytical results for both analysis requests are summarized in Table 3. The laboratory report
indicates that both sample results for TDS are 6,600 mg/L. Based on the relative proportions of
the major ions, the water type is sodium chloride.

Table 3. Summary of Laboratory Analytical Results for April 2015 Samples

Sample Results (mg/L)
Parameter
FW-3-18WSW-01 FW-3-18WSW-02
TDS 6600 6600
Total Alkalinity 1700 1700
Bromide 30 30
Fluoride 2.7 2.7
Nitrate as N <2 <2
Nitrite as N <1 <1
Sulfate <10 <10
Chloride 3100 3100
Calcium 11 11
Iron 89 78
Magnesium 29 2.9
Potassium 24 24
Sodium 2200 2200

The ALS report of these additional analyses is included in Attachment 2. Per the Data Evaluation
Checklist included in Attachment 2, the analyses for nitrate and nitrite were performed outside
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the recommended hold time for Method 300.0. This deviation is not expected to significantly affect
the reported results for these parameters. No other QA/QC deficiencies were identified, and the
laboratory analytical results are considered suitable for the intended use.

5.2  February 2005 Sampling Event

Well testing was conducted on well UWHGS #1-17D in February 2005. The UWHGS #1-17D well
was drilled to a total depth of 6,508 feet, plugged back to 5100 feet, and perforated in the Dakota
J-4 Sand from 5,150 to 5,300 feet. The well was swabbed for 19.5 hours over the course of 3
days. On the third day of swabbing, the static water level was measured every half hour for 3
hours and was consistently at 2,200 feet. The surface elevation at the well is approximately 4,412
feet amsl. The potentiometric surface confirms a subnormal pressure regime in the area of review
(The Discovery Group, Inc. 2003). Attachment 3 includes the sampling and analysis
documentation that is available to Windy Hill at this time.

On February 7, 2005, on the last swab run, a water sample and a duplicate water sample were
collected for TDS analysis. The laboratory reported the TDS data to two significant figures; the
result for both samples was 10,000 mg/L. Data validation review of the raw data calculated the
TDS as 10,343 and 10,176 mg/L for samples Well #1 and Well #1 Duplicate, respectively. The
pH was 7.6 and 7.7 standard units, respectively. Specific gravity was measured at 1.01 for both
samples. These and other data on inorganic and organic analyses are presented in Table 4. The
concentrations of benzene, toluene, ethylbenzene, and xylene are interpreted as residual from
petroleum migration in the reservoir.

Table 4. Summary of Laboratory Analytical Results for February 2005 Samples

Parameter Sample Results (mg/L unless noted otherwise)
Sample Well #1 Duplicate Sample Well #1
Bromide 2.5
Calcium 8.9
Chloride 8.8
Fluoride 6.9
Magnesium 1.4
Nitrate (as N) <0.028
Potassium 24
Total dissolved solids 10,000 10,000
Conductance (umhos/cm) 13,000 13,000
Specific Gravity 1.01 1.01
pH (s.u.) 7.6 7.7
Antimony <0.00030
Arsenic <0.00030
Barium 0.180
Beryllium <0.00010
Cadmium <0.00020
Chromium 0.00324
Cobalt 0.00145
Copper 0.0560
Iron 24
Lead 0.0418
Manganese 0.361
Molybdenum 0.0133
Nickel 0.00884

Tetra Tech

November 5, 2015

14



Windy Hill Aquifer Exemption Request Windy Hill Water Operations, LLC

Parameter Sample Results (mg/L unless noted otherwise)
Sample Well #1 Duplicate Sample Well #1
Selenium <0.00010
Silver <0.00030
Thallium <0.00010
Vanadium <0.00030
Zinc 0.0599
1,1,1-Trichloroethane <0.00015
1,1,2-Trichloroethane <0.00013
1,1-Dichloroethene <0.00012
1,2-Dichlorobenzene <0.00012
1,2-Dichloroethane <0.00013
1,2-Dichloropropane <0.00012
1,2,4-Trichlorobenzene <0.000083
1,4-Dichlorobenzene <0.000036
Benzene 0.098
Carbon Tetrachloride <0.00011
Chlorobenzene <0.00003
Cis-1,2-Dichloroethene <0.0001
Ethylbenzene 0.00072
Methylene Chloride <0.00016
M&P Xylenes 0.110
O-Xylene 0.0063
Styrene <0.000062
Tetrachloroethene <0.000084
Toluene 0.016
Trans-1,2-Dichloroethene <0.000084
Trichloroethene <0.00011
Vinyl Chloride <0.000080
Xylenes, Total 0.130

6.0 PUBLIC WATER SUPPLIES

The City of Brush, Colorado, approximately 2 miles northwest of the Windy Hill project area, is
the closest incorporated population center. The city obtains its municipal water supply from a well
field in the alluvial aquifer along Beaver Creek in Section 27, Township 3 North, Range 56 West,
about 3 miles south of the city and about 4 miles west-southwest of the Windy Hill #3-17D well.
Don Marymee (personal communication 2015), Water Superintendent with the City of Brush
Public Utilities Department, indicated that the city maintains 11 wells in the system and pumps
between 600,000 and 3 million gallons per day, depending on the season. The wells are drilled
to the top of the Pierre Shale at depths of about 150 feet, depending on location and land surface
elevation, and produce water from unconsolidated (alluvial and eolian) deposits. The water
reportedly contains between 108 and 327 mg/L TDS. The only treatment applied by the city is
chlorination. Mr. Marymee indicated that it is unlikely that the city would consider obtaining
municipal water from the Dakota Sandstone, given the good quality and ready availability of water
from the city’s current source aquifer, in contrast to the poorer quality of water available from the
Dakota Sandstone, the high cost of drilling deep wells to access the Dakota Sandstone, and the
high cost and difficulty of treating Dakota Sandstone water to remove excess TDS. The alluvium
within the Beaver Creek valley is oriented approximately north-south, and the closest point of the
Beaver Creek alluvium to the Windy Hill #3-17D well is approximately 2.6 miles west-southwest
of the well. The Beaver Creek alluvium joins the South Platte River alluvium approximately 3.5
miles northwest of the Windy Hill #3-17D well. Both alluvial aquifers are hydrologically isolated
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from the Dakota J Sandstone by about 3,000 vertical feet of Pierre Shale and between 700 and
1,000 feet of deeper, low-permeability shale formations within the Colorado Group.

The population of the City of Brush was 5,465 in 2013, based on records from the Colorado
Department of Local Affairs, State Demographer’s Office (SDO 2015a). SDO (2015b) population
projections show an annual growth rate for Morgan County (projections are available only on a
county level) ranging from approximately 0.9 percent to 1.3 percent and averaging approximately
1.1 percent through the year 2040. Applying the Morgan County projection rates to the 2013
population for Brush suggests that the population of Brush will grow to approximately 7,341 by
2040, for an increase of 34 percent. The municipal water demand can be anticipated to grow at a
rate approximately equal to the population increase, which would result in a water demand
ranging seasonally from 800,000 to 4 million gallons per day by the year 2040. This demand could
be met by the shallow source aquifer currently in use by the City of Brush.

No source water assessment or protection, or designated sole-source aquifers, were identified
within the AOR or the boundary for which Windy Hill is requesting the aquifer exemption.

The Dakota Sandstone is a water bearing formation within the Windy Hill project area, based on
testing performed on wells there. Test results and calculations using those results indicate that
well yields could be on the order of 500 to 800 gallons per minute (gpm). However, it is unlikely
that the Dakota Sandstone will be tapped to supply water for municipal, domestic, stock or
agricultural use in the area, due to the poor-quality water available from the Dakota Sandstone,
the high cost of drilling deep wells to access the Dakota Sandstone at depths on the order of
5,000 feet, and the high cost and difficulty of treating Dakota Sandstone water to remove excess
TDS.

For example, given the high TDS of approximately 6,600 mg/L (Table 3) and the fact that most of
the TDS is comprised of sodium, chloride, and alkalinity (most likely as bicarbonate), the most
inexpensive commercially viable water treatment technology to remove sodium, chloride, and
bicarbonate to below the secondary maximum contaminant level standard of 500 mg/L for TDS
(EPA 2015a) in the Dakota Sandstone water would be brackish water reverse osmosis (BWRO).
For a design flowrate of 800 gpm, the capital cost estimate for a new water treatment plant (WTP)
housing a microfiltration (MF) system to protect the BWRO membranes from particulate matter,
along with the BWRO system, would cost approximately $7.8 million to design and construct.
This estimate is equivalent to an Association for the Advancement of Cost Engineering Class IV
capital cost estimate of +50 percent/-30 percent and includes direct costs such as the cost of the
mechanical equipment, installation, and delivery, the WTP building, piping within the WTP,
electrical and instrumentation, as well as indirect costs such as startup and commissioning,
spares, and engineering and procurement. The estimated annual operating cost for the BWRO
WTP is approximately $880,000, which includes chemicals (antiscalant, membrane cleaning
chemicals), consumables, labor, and electricity and assumes that the WTP would operate 95
percent of the time. The cost of electricity used for the estimate is $0.10/kilowatt-hour (kWh)
according to data about the current commercial electricity rates in Brush (Electricity Local 2015).
Labor was included in the cost estimate under the assumption that a BWRO WTP will require
more manpower to operate than the existing WTP that only requires chlorination, so that

Tetra Tech November 5, 2015 16



Windy Hill Aquifer Exemption Request Windy Hill Water Operations, LLC

additional staff would be required. These capital and operating cost estimates match well with
published data on BWRO WTPs (Wittholz et al. 2008; Lapuente 2012; Karagiannis and Soldatos
2008). In addition to the WTP, a pipeline approximately 2 miles long with 8-inch diameter piping
would also be necessary to convey either the raw or treated water to the City of Brush, depending
on whether the BWRO WTP would be located by the aquifer or in the City of Brush. At
approximately $50 per foot of 8 inch ductile iron piping to convey 500-800 gpm of water, it would
cost approximately $500,000 to lay the pipeline. This estimate does not include the costs of
easements or potential road or railroad crossings of the pipeline.

The estimated costs stated in the preceding paragraph are based on the assumption that no other
pre-treatment process besides microfiltration would be necessary for the BWRO system.
However, it is possible that other pre-treatment processes may be necessary, because the total
iron concentrations of 78 and 89 mg/L (Table 4) are considered too high for reverse osmosis (RO)
membranes to handle and can pose a risk for membrane scaling if most of the iron is initially
dissolved and would not be removed by the MF system prior to entering the BWRO system (Wilf
2001). An iron-removal pre-treatment system, such as manganese greensand filtration, would
add approximately $900,000 to the capital costs and approximately $130,000 to the annual
operating costs.

Besides the costs stated above, another potential issue that may increase the estimated capital
and operating costs for treating the Dakota Sandstone water for potable use is brine management
and disposal. Reverse osmosis membrane treatment processes generate a brine waste stream,
and the preceding capital and operating cost estimates assume that the RO brine can be
discharged either to the City of Brush’'s wastewater treatment plant (WWTP) or directly to the
South Platte River. However, because the RO brine stream would not only contain high TDS
(approximately 26,000 mg/L TDS) but also potentially high concentrations of metals that may
inhibit the biological treatment process at the City of Brush’'s WWTP (EPA 1987), the WWTP may
not be able to accept RO brine waste from a BWRO WTP without first treating the brine to remove
metals. Furthermore, the EPA has opposed the direct discharge of RO brine from potable WTPs
in Milliken and Cottonwood in Colorado into nearby streams (EPA 2015b). Therefore, it is likely
that an RO brine treatment system would also need to be implemented, in addition to a pipeline
to convey the treated RO brine to either the WWTP or to the South Platte River. Because the
exact degree of brine waste stream treatment that would be necessary to discharge either to the
WWTP or to the South Platte River is unknown without more detailed data collection and analyses
of water chemistry parameters and discussions with regulators, it is impossible to conduct capital
or operating cost estimates for brine waste treatment except to state that these are components
that are likely to add further costs to building and operating a BWRO WTP to treat the Dakota
Sandstone water for potable use.

Some industrial uses may be viable despite the high TDS concentrations; the potential for
industrial use would depend on the water quality requirements of the user.
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KB =4,499' (18 FT above GL)
GL elevation = 4,481"

Windy Hill Water Operations, LLC
Windy Hill 3-17D
SENE Sec 17 T3N R55W
Morgan County, Colorado
API # 05-087-08145-00

13 5/8" 3M SOW casing head

NOTE: 11" 3,000 WP tubing head w/ 4 1/2" valves.

6/29/2015
ASP
(info from previous operator's file)

17 1/2" hole

13-3/8" 54.5 #

1D:12.615" Drift: 12.459 "
Burst: 2,730 psi Collapse: 1,130 psi

J-55 STC @ 485'

13-3/8" casing cl

Halliburton 7/27/2007

mt'd with 350 sx

12 1/4" hole

5050

J-SAND PERFORATIONS
5,130 FT to 5,300 FT (170 FT)
680 holes
TCP perf on BJ coil 9/29/07

Top perf 5130*

Btm perf 5300

PBTD: * 5,385

Logs Run:
SWS 8 5/8" CBL run 8/15/2007
SWS 12 1/4" openhole log suite @ 5433 run 8/12/2007

51/2" 17# J-55 BTC tubing, 119 jts.
anchor assembly, stung into packer at 5050,

Baker Model DA 8 5/8" x 4 1/2" drillable packer 9/26/2007

ID =7.921"; Drift = 7.875"
Burst: 5,360 psi; Collapse: 2,950 psi

8 5/8" 32#LS-80 BTC @ 5,431

TD 5,433 MD / TVD 8-5/8" casing primary cemented with 1,830 sx
Halliburton 8/14/2007

Top job, cemented to surface

Halliburton 8/15/2007

Windy Hill #3-17D WBD (06-29-15)

Figure 2

Windy Hill #3-17D Construction Details
Windy Hill Water Operations, LLC
114-910338
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ATTACHMENT 1
AQUIFER EXEMPTION EVALUATION



Aquifer Exemption Evaluation

Regulatory Agency: Colorado Oil and Gas Conservation Commission (COGCC) 1425 Program
Date of Aquifer Exemption Request: November 5, 2015
Substantial or Non-Substantial Program Revision: Non-Substantial

Basis for Substantial or Non-Substantial Determination: This AE request is considered non-substantial, consistent
with EPA Guidance 34.

Operator: Windy Hill Water Operations, LL.C
Well Class/Type: Class 11 UIC Well
Well/Project Name: Windy Hill #3-17D
Well/Project Permit Number: N/A

Well API number: 05-087-08145-00

Field: Unnamed

Tribal Reservation: None

Well/Project Location:  Qtr: SENE Section: 17 Township: 3N Range: 55W

Footage Call: 1974 feet from (NS) line 715 feet from (EW) line

County: Morgan State: CO

Latitude: 40.22796 Longitude: -103.54932  (decimal degree, 5-decimals)

DESCRIPTION OF PROPOSED AQUIFER EXEMPTION (depths are approximate values at the well bore)
Aquifer to be Exempted: Dakota J4 Sandstone Top: 5128 feet bgs (-647 ft msl) Bottom: 5300 feet bgs (-
819 ft msl)

Lithology: Sandstone

Water Quality — TDS (mg/L): 6,600 mg/L to 10,000 mg/I.  Source of WQ Data: Analysis of 4/15/2015 sample
from Windy Hill #3-18WSW well and 2/7/2005 sample from Windy Hill #1-17D well

Areal Extent and Description of Exempted Aquifer (i.e. radial distance, encompassed TSR)
Total Area of Aquifer to be Exempted: 125.6 Acres

Description: The area within a radial distance of one-quarter (0.25) mile from Windy Hill #3-17D, which includes all
or patts of the following quarter-quarter sections in Township 3 North, Range 55 West, 6th Principal Meridian:

Section 17: NENE, NWNE, SWNE, SENE, NESE, NWSE; and
Section 16: NWNW, SWNW, NWSW.

Confining Zone(s):

Upper: Lithology: Colorado Group and Pietre Shale: shale, limestone  Top: Approx. 100 feet bgs Bottom:
5125 feet bgs

Lower: Lithology: Morrison Fm.: shale, sandstone ~ Top: 5312 feet bgs Bottom: 5550 feet bgs
BACKGROUND

USDW(s): Unconsolidated Eolian deposits, land surface to approximately 100 feet bgs

Injectate Characteristics: Oil & Gas Exploration & Production wastes



BASIS FOR DECISION

Regulatory Criteria under which the exemption is requested

146.4: (a) Not currently used as a drinking water source and:
e  How far from the AE boundary to review drinking water wells and how was this determined?

0 AE boundary is 0.25-mile radius; water well search area boundary was 0.5-mile radius. Water well
search area boundary was determined by adding a buffer distance equal to the AE boundary radius.

e  Identify drinking water wells in area of review, their depths, and provide source of information.

0 The Colorado Division of Water Resources water well database was searched to identify water wells
within the area of review. No drinking water wells were identified as present within the area of review.

e Identify any source water assessment and/ot protection areas and designated sole soutce aquifers

0 No source water assessment or protection areas or designated sole source aquifers are present within
the area of review.

e Identify nearest public water supply (PWS).

0 The nearest PWS is a well field operated by the City of Brush. The well field is approximately four (4)
miles west-southwest of the Windy Hill #3-17D well and obtains water from an alluvial aquifer along
Beaver Creek in Section 27, Township 3 North, Range 56 West.

e What is the distance of the nearest drinking water well utilizing the aquifer proposed for exemption. If so, is it
in close enough proximity to require a capture zone analysis?

0 A search of the Colorado Division of Water Resources water well database indicated that the nearest
drinking water well completed in the aquifer proposed for exemption, the Dakota Sandstone, is
approximately 54 miles from the proposed aquifer exemption area. This distance is far beyond a
distance potentially requiring a capture zone analysis. The database search was conducted screening
for wells that are permitted for one of the following uses: domestic, household use only, municipal,
other, or all beneficial uses.

e  Provide map of AE boundary and location of drinking water wells.

0  See Figure 5 of the Windy Hill Aquifer Exemption Request report.

L1 (b)(1) It is mineral, hydrocarbon, or geothermal energy producing, or can be demonstrated by a permit
applicant as part of a permit application for a Class II or Class II operation to contain minerals or hydrocarbons
that considering their quantity and location are expected to be commercially producible; or

e  Projections on future use of the proposed aquifer.

Hydrocarbon Production Data:
¢ Demonstrate historical production having occurred in the project area or field.

0 Hydrocarbon production from the Dakota Sandstone has occurred within about 4 miles of the proposed
aquifer exemption area, based on COGCC data.

e  Demonstrate existence hydrocarbon (logs, core data, etc) and estimation of the quantity of the hydrocarbon
potential.

0  Oil was present in Dakota ] Sandstone cote from the John A Fries et al (-2768) #1 well (API #05-087-
05996) about 3,870 feet (0.73 mile) west of Windy Hill #3-17D, based on data from the COGCC.



Mineral Resources Available:

e A summary of logging which indicates that commercially producible quantities of minerals are present, a
description of the mining method to be used, general information on the mineralogy and geochemistry of the
mining zone, and a development timetable.

L1 (b)(2) It is situated at a depth or location which makes recovery of water for drinking water purposes
economically or technologically impractical; or

e  Projections on future use of the proposed aquifer.

e  Current sources of water supply in the area of the proposed exempted aquifer.

e Availability, quantity and quality of alternative water supply source(s) to meet present and future needs.
e Population trends in the area and analysis of future water supply needs within the general area.

e Well construction and water transportation and/or treatment costs to develop aquifer proposed for exemption
compared to costs to develop alternative resource(s).

L1 (b)(3) Lt is so contaminated that it would be economically or technologically impractical to render that water
fit for human consumption; or

e  Projections on future use of the proposed aquifer.

e Concentrations, types, and source of contaminants in the aquifer.

e If contamination is a result of a release, extent of contaminated area and whether contamination source has been
abated.

e Ability of treatment to remove contaminants from ground water.

e Current sources of water supply in the area of the proposed exempted aquifer.

e Availability, quantity and quality of alternative water supply source(s) to meet present and future needs.

e Population trends in the area and analysis of future water supply needs within the general area.

e Well construction and water transportation and/or treatment costs to develop aquifer proposed for exemption
compared to costs to develop alternative resource(s).

(c) TDS is more than 3,000 and less than 10,000 mg/1 and it is not reasonably expected to supply a public
water system.

e Projections on future use of the proposed aquifer.

0 The Dakota ] Sandstone is a water bearing zone in the vicinity of the proposed aquifer exemption
area. The aquifer proposed for exemption is highly unlikely to be developed as a source of
drinking water because of the cost of obtaining and treating groundwater from the aquifer.
Theoretically, groundwater from the aquifer could be used for other purposes for which water
quality is relatively unimportant.

e Include information about the quality and availability of water from the aquifer proposed for exemption.

0 The aquifer proposed for exemption is a water bearing zone. Wells drilled into the aquifer would
need to have depths on the order of 5,100 to 5,300 feet. Testing of wells in the project area
indicated that 400 to 800 gallons per minute would be available from the Dakota ] Sandstone.
Water samples from the site indicate the Dakota ] Sandstone groundwater contains between
approximately 6,600 and 10,000 mg/L total dissolved solids consisting primarily of sodium,
chloride, and alkalinity.

e Analysis of the potential for public water supply use of the aquifer. This may include: a description of current
sources of public water supply in the area, a discussion of the adequacy of current water supply sources to
supply future needs, population projections, economy, future technology, and a discussion of other available
water supply sources within the area.



0  The nearest population center, the City of Brush, obtains its public water supply from wells
approximately 150 feet deep that are drilled into a shallow alluvial aquifer several miles west of the
proposed aquifer exemption area. The alluvial aquifer does not cross through the proposed aquifer
exemption area. During consultation with the City regarding this aquifer exemption request, the
City indicated that it is unlikely that they would consider obtaining water from the Dakota
Sandstone, given the good quality and ready availability of water from the City’s current source
aquifer, particularly in contrast to the poorer-quality water in the Dakota Sandstone, the high cost
of drilling deep wells to access the Dakota Sandstone water, and the high cost and difficulty of
treating Dakota Sandstone water to remove excess total dissolved solids. Population growth
projections for the City of Brush indicate that future increased water demand could be met by the
shallow source aquifer currently in use by the City.

Describe what assurance exist to confine fluids within the AE boundary:
e Discuss injection rate or volume limitation

0 Injection rates are anticipated to be up to 5,000 barrels per day during years 1 and 2 of operation, up
to 10,000 barrels per day during years 3 through 5 of operation, and up to 25,000 barrels per day for
the remainder of the project life. The maximum permissible injection rate is expected to be specified
by the COGCC.

e  Discuss existence and quality of confining zone(s). (Is the confining zone continuous, are there known
fractures?)

0 The Dakota ] Sandstone is separated from shallower aquifers by several thousand feet of regionally-
continuous, low-permeability shale of the Colorado Group and the Pierre Shale. These units extend
from the top of the Dakota J Sandstone up to within about 100 feet of the land surface and serve as
an ovetlying confining layer. The Dakota | Sandstone is confined below by the Morrison and
Chugwater Formations, both of which are regionally continuous. No identified faults or fractures
occur in the project vicinity.

Public Comment

Public Comment Conducted? [ Yes [ No
Results of Public Comment Process:

Checklist of Questions to Consider

0] Are there deeper aquifers with poorer quality water that can be used for injection (disposal
wells)?
0 Not determined. No deeper aquifers that may exist in the area are developed.
0] Proximity to other jurisdictional boundaries?
0 The proposed aquifer exemption area is near the Morgan County border but lies entirely within
Morgan County and the State of Colorado.
L] Is seismicity a concern in the area?
0  Seismicity is not a concern in the area. The proposed aquifer exemption area is in an area of low
seismicity. No identified faults or fractures occur in the vicinity.
O Will injection of fluids cause any original formation fluid or injectate to migrate to any known
USDwW?
0 No.
O Are all wells within the AE boundary and AOR properly cemented to prevent preferential flow
paths?
0 There are no wells within the 0.25-mile AE boundary and AOR.

Provide other considerations to support aquifer exemption approval:
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MEMORANDUM
TO: Lee Robinson, Windy Hill Gas Storage LLC
FROM: Nikki Scheinost and Elaine Porter, Tetra Tech, Inc.
SUBJECT: Water Well 3-18WSW Dakota J-4 Sandstone Formation Sampling
DATE: May 15, 2015
PROJECT: 114-910338

On April 15, 2015, Tetra Tech, Inc. (Tetra Tech) collected water samples from the Dakota J-4 Sandstone
Formation in an existing well identified as FW-3-18WSW located at the Windy Hill project site near Brush,
Colorado. The intent of this sampling event was to determine the total dissolved solids (TDS)
concentration of the Dakota J-4 Sandstone Formation at the site, to identify the permitting requirements
for the on-site disposal of exploration and production (E&P) waste into that formation via a Class Il
underground injection control (UIC) well (a well other than 3-18WSW). Per Colorado Oil and Gas
Conservation Commission (COGCC) Rule 324B (Exempt Aquifers), permitting requirements are dictated
by the TDS results in the following bracketed concentrations: 1) less than 3,000 milligrams per liter (mg/L),
2) more than 3,000 and less than 10,000 mg/L, and 3) more than 10,000 mg/L. Determining which bracket
is applicable to the Windy Hill project was the intended use of the samples that Tetra Tech collected.

Samples were collected in accordance with the April 14, 2015, Sampling and Analysis Plan that Tetra Tech
prepared for this sampling event. The sampling event included the collection of two sets of samples, as
described below. Field parameters were collected prior to sample collection and documented in the field
notes that are included in Attachment 1.

Sample Set #1

Prior to sample collection, Tetra Tech obtained information regarding the recent well activities. Based on
information provided by Peterson Energy Operating, Inc., the well had been swabbed five times the
previous day. At the request of Tetra Tech, Peterson Energy Operating, Inc. swabbed the well four more
times prior to sample collection to ensure that representative samples were collected. Water from the
well was collected directly from a pipe equipped with a valve located at the wellhead. Water was placed
into a new 5-gallon plastic container and then transferred to the pre-cleaned lab-supplied sample bottles
via disposable tubing and a peristaltic pump. Two water samples, including one parent sample and one
blind field duplicate sample, were collected for TDS analysis at ALS Environmental Laboratory (ALS). The
samples were placed on ice in a cooler until they were hand-delivered to ALS on April 16, 2015.
Appropriate chain-of-custody (C-O-C) procedures were implemented during sample collection and
delivery. The field sampling notes are included in Attachment 1.

A copy of the ALS report (Work Order # 1504297) is included in Attachment 2. The lab report was
corrected at the request of Tetra Tech to document the geologic formation from which the samples were

Tetra Tech, Inc.
4900 Pearl East Circle, Suite 300W, Boulder, CO 80301
Tel: 303.447.1823 Fax: 303.447.1836



Windy Hill Gas Storage LLC 114-910338

collected (Dakota J-4 Sandstone). Tetra Tech reviewed the analytical data to evaluate if quality assurance
and quality control objectives (QA/QC) were achieved. The data evaluation results are documented in the
Data Evaluation Checklist included in Attachment 3. The laboratory reported that the sample cooler was
received outside specification (4£2° Celsius (C)), at 7° Cupon receipt. Thus, the sample results are qualified
as estimated due to sample preservation being outside specifications. No other QA/QC deficiencies were
identified and the laboratory analytical results are considered usable for the intended use.

The COGCC Class Il UIC permit application requires submittal of the proposed injection formation TDS.
The lab report indicates that both sample results for TDS are 6,600 mg/L (Table 1).

Table 1. Total Dissolved Solids Sample Results

Sample Results (mg/L)
Parameter
FW-3-18WSW-01 FW-3-18WSW-02
TDS 6600 6600

Because the TDS results are more than 3,000 and less than 10,000 mg/L: 1) an aquifer exemption will be
required for on-site disposal into the Dakota J-4 Sandstone Formation, and 2) in order to obtain an aquifer
exemption from the U.S. Environmental Protection Agency, Windy Hill must demonstrate that the
formation is not reasonably expected to supply a public water system. Additional analytical laboratory
analyses may be useful to further characterize the water samples for use in an aquifer exemption request;
therefore, Tetra Tech requested additional laboratory analyses for the two samples on April 27, 2015. The
additional analyses included the following parameters:

e Anions: bromine, chloride, fluorine, nitrite, nitrate, and sulfate;
e (Cations (total): calcium, potassium, magnesium, sodium, and iron;
e Total alkalinity

The results of these additional analyses are presented in Table 2, and the ALS report is included in
Attachment 2. The Piper diagram that follows Table 2 shows that the water type is sodium chloride. Per
the Data Evaluation Checklist included in Attachment 3, the analyses for nitrate and nitrite were
performed outside the recommended hold time for Method 300.0. This deviation is not expected to
significantly affect the reported results for these parameters. No other QA/QC deficiencies were identified
and the laboratory analytical results are considered usable for the intended use.

TETRA TECH, INC.
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Table 2. Summary of Anion and Cation Sample Results

Sample Results (mg/L)
Parameter
FW-3-18WSW-01 FW-3-18WSW-02
Total Alkalinity 1700 1700
Bromide 30 30
Fluoride 2.7 2.7
Nitrate as N <2 <2
Nitrite as N <1 <1
Sulfate <10 <10
Chloride 3100 3100
Calcium 11 11
Iron 89 78
Magnesium 2.9 2.9
Potassium 24 24
Sodium 2200 2200

Tetra Tech, Inc.

4900 Pearl East Circle, Suite 300W, Boulder, CO 80301

Tel: 303.447.1823 Fax: 303.447.1836
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Sample Set #2

Tetra Tech collected three additional samples in containers provided by Peterson Energy Operating, Inc.
Tetra Tech hand-delivered these samples to Baker Hughes Lab in Brighton, Colorado, Halliburton Lab in
Fort Lupton, Colorado, and CalFrac Lab in Platteville, Colorado. Tetra Tech was not responsible for
evaluating the sample results from these laboratories.

Tetra Tech, Inc.
4900 Pearl East Circle, Suite 300W, Boulder, CO 80301
Tel: 303.447.1823 Fax: 303.447.1836
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Ft. Collins, Colorado 80525
Tel 970-223-9600 Fax 970-223-7171

www.tetratech.com

“ T ET RA T EC H 3801 Automation Way, Suite 100

Technical Memorandum

To: Elaine Porter From: Jeff DeTienne
Company: Tetra Tech Date: April 17, 2015
Re: Windy Hill 3-18WSW Sampling Project #: 114-910338
CC:

e Tuesday, April 14, 2015

0
0
0

Sampling preparation. Picked up sample bottles from ALS lab in Fort Collins, CO
Prepared JSA, HASP
Gathered necessary sampling equipment

e Wednesday, April 15, 2015

o

OO0 O0O0O0O0OO0OO0O0O0OO0OO0OO0OOo

O O0OOo0oo

TIME 6:00am Traveled to site south of Brush, CO

7:30am met with Bob Kuehn, representing Peterson Energy, to discuss logistics.
Reviewed documents provided by Peterson Energy regarding well construction and
current activities at the well location.

| was informed that the well was swabbed five times on 4/14/15

Purged water was being held in a steel tank on site. Appeared to be 1,000 to 1,500
gallons of purged water in tank.

Recommended to on-site drilling personnel that they swab it 3-4 additional times prior to
sampling to obtain representative samples.

Field parameters after purge #2:

pH 8.07

Conductivity 12.86 mS/cm

Temp. 28.3°C

TDS 8.23 g/L

Field parameters after purge #4:

pH 7.89

Conductivity 13.39 mS/cm

Temp. 36.7°C

TDS 8.58 g/L

9:00am Obtained samples to be submitted to ALS for TDS

Purge #5:

Obtained (3) 5-gallon buckets to be submitted to other labs requested by Peterson
Energy

12pm delivered (1) 5-gallon bucket of water to Baker Hughes lab in Brighton, CO
12:30pm delivered (1) 5-gallon bucket of water to Halliburton lab in Fort Lupton, CO
1pm delivered (1) 5-gallon bucket of water to CalFrac lab in Platteville, CO

Spoke with Andy Peterson to let him know that samples were obtained from the well and
that buckets were delivered to the appropriate laboratories.

e Thursday, April 16, 2015

(0]

9:30am delivered two sample bottles to ALS lab in Fort Collins, CO
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ALS

Ft. Collins, Colorado LIMS Version: 6.759 Page 1 of 1

Tuesday, April 28, 2015

Elaine Porter

Tetra Tech

4900 Pearl East Circle, Suite 300W
Boulder, CO 80301-6118

Re: ALS Workorder: 1504297
Project Name: Windy Hill
Project Number:

Dear Porter:

Two water samples were received from Tetra Tech, on 4/16/2015. The samples were scheduled for the following
analysis:

Inorganics

The results for these analyses are contained in the enclosed reports.

The data contained in the following report have been reviewed and approved by the personnel listed below. In
addition, ALS certifies that the analyses reported herein are true, complete and correct within the limits of the
methods employed.

Thank you for your confidence in ALS Environmental. Should you have any questions, please call.

Project Manager

ARW/mmj
Enclosure(s):

ADDRESS 225 Commerce Drive, Fort Collins, Colorado, USA 80524 | PHONE +1 970 490 1511 | FAX +1 970 490 1522
ALS GROUP USA, CORP. Part of the ALS Laboratory Group An ALS Limited Company

www.alsglobal.com

RIGHT SOLUTIONS RIGHT PARTNER 1 0f9
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ALS Environmental — Fort Collins is accredited by the following accreditation bodies for
various testing scopes in accordance with requirements of each accreditation body. All
testing is performed under the laboratory management system, which is maintained to

meet these requirement and regulations. Please contact the laboratory or accreditation
body for the current scope testing parameters.

ALS Environmental — Fort Collins
Accreditation Body License or Certification Number
Alaska (AK) UST-086
Alaska (AK) C001099
Arizona (AZ) AZ0742
California (CA) 06251CA
Colorado (CO) C001099
Connecticut (CT) PH-0232
Florida (FL) E87914
Idaho (ID) C001099
Kansas (KS) E-10381
Kentucky (KY) 90137
L-A-B (DoD ELAP/ISO 170250) L2257
Maryland (MD) 285
Missouri (MO) 175
Nebraska(NE) NE-OS-24-13
Nevada (NV) C0O000782008A
New Jersey (NJ) CO003
New York (NY) 12036
North Dakota (ND) R-057
Oklahoma (OK) 1301
Pennsylvania (PA) 68-03116
Tennessee (TN) 2976
Texas (TX) T104704241
Utah (UT) C001099
Washington (WA) C1280

2 0of 9



ALS

1504297

Inorganics:
The samples were analyzed following MCAWW procedures for the current revision of the

following SOP and method:

Analyte Method SOP #
TDS 160.1 1101

All acceptance criteria were met.

ADDRESS 225 Commerce Drive, Fort Collins Colorado 80524 USA ¢ PHONE +1 970 490 1511 ¢ FAX +1 970 490 1522

ALS GROUP USA, CORP. Part of the ALS Group An ALS Limited Company

30f9



ALS Environmental -- FC

Sample Number(s) Cross-Reference Table

OrderNum: 1504297
Client Name: Tetra Tech
Client Project Name: Windy Hill
Client Project Number:
Client PO Number:

Client Sample Lab Sample | COC Number Matrix Date Time
Number Number Collected | Collected
FW-3-18WSW-01 (Dakota J-4 Sa 1504297-1 WATER 15-Apr-15 9:00
FW-3-18WSW-02 (Dakota J-4 Sa 1504297-2 WATER 15-Apr-15 9:00
Page 1 of 1 ALS Environmental -- FC Date Printed: Tuesday, April 28, 2015

LIMS Version: 6.759

4 of 9
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ALS Environmental - Fort Collins
A CONDITION OF SAMPLE UPON RECEIPT FORM

ALS
Client: ——]/f,’('YH’ Tt (J/\ Workorder No: {S ) ‘-{ I 9 7
Project Manager: A/\'\) Initials: Q,D'l/ Date: 4’ l ‘ - | 5.

1. Does this project require any special handling in addition to standard ALS procedures? P YES @
2. Are custody seals on shipping containers intact? @O YES NO
3. Are Custody seals on sample containers intact? (NONE1 YES NO
4. Is there a COC (Chain-of-Custody) present or other representative documents? @ NO
5. Are the COC and bottle labels complete and legible? CYES NO
6. Is the COC in agreement with samples received? (IDs, dates, times, no. of samples, no. of @ NO

containers, matrix, requested analyses, etc.)
7. Were airbills / shipping documents present and/or removable? ﬁg_gﬁ> YES NO
8. Are all aqueous samples requiring preservation preserved correctly? (excluding volatiles) @A) YES NO
9. Are all aqueous non-preserved samples pH 4-9? N/A 6@ NO
10. Is there sufficient sample for the requested analyses? @ NO
1. Were all samples placed in the proper containers for the requested analyses? k¥E§) NO
12. Are all samples within holding times for the requested analyses? @ NO
13. Were all sample containers received intact? (not broken or leaking, etc.) L‘LF,S) NO
14. Are all samples requiring no headspace (VOC, GRO, RSK/MEE, Rx CN/S, radon) @ VES NO

headspace free? Size of bubble: _ < green pea _____>greenpea
15. Do any water s.amples contain Sf?dlment? Amount N/A VES

Amount of sediment: _ dusting  moderate ___ heavy
16. Were the samples shipped on ice? (@ NO
17. Were cooler temperatures measured at 0.1-6.0°C? IR gun used*: _ (#2) #4 ony | YES @())

Cooler #: I -
Temperature (°C): 1.0 ®
No. of custody seals on cooler: O
E%En;a:z%? External pR/hr reading: % 56
Background pR/hr reading: 48
Were external pR/hr readings < two times background and within DOT acceptance criteria? ' YES / NO ANA ) (If no, see Form 008.)

Additional Information: PROVIDE DETAILS BELOW FOR A NO RESPONSE TO ANY QUESTION ABOVE, EXCEPT #1 AND #16.

@ Drocccei with gualusis pec coneid bom Joklei LAzl 4///7///5
0 7 L///;//; /-

If applicable, was the client contacted@o / NA

Project Manager Signature / Date: fm‘x /\,NM B L%’ l\'llp!' 15

*IR Gun #2: Oakton, SN 29922500201-0066
Form 201r24.xls (06/04/2012) *IR Gun #4: Oakton, SN 2372220101-0002

ziQ &] 14 “;ﬂ DS:{: Date/Time:

16 (15

3

6/'0f 9
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ALS Environmental -- FC SAMPLE SUMMARY REPORT

Client: TetraTech Date: 28-Apr-15
Project: Windy Hill Work Order: 1504297
Sample ID: FW-3-18WSW-01 (Dakota J-4 Sandstone) Lab ID: 1504297-1
Legal Location: Matrix: WATER
Collection Date: 4/15/2015 09:00 Percent Moisture:
Report Dilution
Analyses Result Qual Limit Units Factor Date Analyzed
Total Dissolved Solids EPA160.1 Prep Date: 4/17/2015 PrepBy: AJD
TOTAL DISSOLVED SOLIDS 6600 200 MGI/L 1 4/20/2015

ALS Environmental -- FC
LIMS Version: 6.759 ARPagelof 2 70f9



ALS Environmental -- FC SAMPLE SUMMARY REPORT

Client: TetraTech Date: 28-Apr-15
Project: Windy Hill Work Order: 1504297
Sample ID: FW-3-18WSW-02 (Dakota J-4 Sandstone) Lab ID: 1504297-2
Legal Location: Matrix: WATER
Collection Date: 4/15/2015 09:00 Percent Moisture:
Report Dilution
Analyses Result Qual Limit Units Factor Date Analyzed
Total Dissolved Solids EPA160.1 Prep Date: 4/17/2015 PrepBy: AJD
TOTAL DISSOLVED SOLIDS 6600 200 MGI/L 1 4/20/2015

Explanation of Qualifiers

Radiochemistry:

U or ND - Result is less than the sample specific MDC. M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

L - LCS Recovery below lower control limit.

Y1 - Chemical Yield is in control at 100-110%. Quantitative yield is assumed.
Y2 - Chemical Yield outside default limits.

W - DER is greater than Warning Limit of 1.42

* - Aliquot Basis is 'As Received' while the Report Basis is 'Dry Weight'.

H - LCS Recovery above upper control limit.
P - LCS, Matrix Spike Recovery within control limits.

# - Aliquot Basis is 'Dry Weight' while the Report Basis is 'As Received'. N - Matrix Spike Recovery outside control limits

G - Sample density differs by more than 15% of LCS density. NC - Not Calculated for duplicate results less than 5 times MDC

D - DER is greater than Control Limit B - Analyte concentration greater than MDC.

M - Requested MDC not met. B3 - Analyte concentration greater than MDC but less than Requested
LT - Result is less than requested MDC but greater than achieved MDC. MDC.

Inorganics:

B - Result is less than the requested reporting limit but greater than the instrument method detection limit (MDL).

U or ND - Indicates that the compound was analyzed for but not detected.

E - The reported value is estimated because of the presence of interference. An explanatory note may be included in the narrative.
M - Duplicate injection precision was not met.

N - Spiked sample recovery not within control limits. A post spike is analyzed for all ICP analyses when the matrix spike and or spike
duplicate fail and the native sample concentration is less than four times the spike added concentration.

Z - Spiked recovery not within control limits. An explanatory note may be included in the narrative.
* - Duplicate analysis (relative percent difference) not within control limits.
S - SAR value is estimated as one or more analytes used in the calculation were not detected above the detection limit.

Organics:

U or ND - Indicates that the compound was analyzed for but not detected.

B - Analyte is detected in the associated method blank as well as in the sample. It indicates probable blank contamination and warns the data user.
E - Analyte concentration exceeds the upper level of the calibration range.

J - Estimated value. The result is less than the reporting limit but greater than the instrument method detection limit (MDL).
A - A tentatively identified compound is a suspected aldol-condensation product.

X - The analyte was diluted below an accurate quantitation level.

* - The spike recovery is equal to or outside the control criteria used.

+ - The relative percent difference (RPD) equals or exceeds the control criteria.

G - A pattern resembling gasoline was detected in this sample.

D - A pattern resembling diesel was detected in this sample.

M - A pattern resembling motor oil was detected in this sample.

C - A pattern resembling crude oil was detected in this sample.

4 - A pattern resembling JP-4 was detected in this sample.

5 - A pattern resembling JP-5 was detected in this sample.

H - Indicates that the fuel pattern was in the heavier end of the retention time window for the analyte of interest.

L - Indicates that the fuel pattern was in the lighter end of the retention time window for the analyte of interest.

Z - This flag indicates that a significant fraction of the reported result did not resemble the patterns of any of the following petroleum hydrocarbon products:
- gasoline

-JP-8

- diesel

- mineral spirits

- motor oil

- Stoddard solvent

- bunker C

ALS Environmental -- FC
LIMS Version: 6.759 ARPage20of 2 8of9



ALS Environmental -- FC

Client: TetraTech
Work Order: 1504297
Project: Windy Hill

Date: 4/28/2015 10:21
QC BATCH REPORT

Batch ID: TD150417-1-1

Instrument ID: Balance

Method: EPA160.1

LCS Sample ID: TD150417-1 Units: MG/L Analysis Date: 4/20/2015
Client ID: Run ID: TD150420-1A1 Prep Date: 4/17/2015 DF: 1
SPK Ref Control Decision RPD RPD
Analyte ReporiLimit SPKVal ~ value  oggc  Limit Level ~ Ref Rrpp Limit qug
TOTAL DISSOLVED SOLIDS 20 400 102 85-115 5
MB Sample ID: TD150417-1 Units: MG/L Analysis Date: 4/20/2015
Client ID: Run ID: TD150420-1A1 Prep Date: 4/17/2015 DF: 1
SPK Ref Control Decision RPD RPD
Analyte ReporiLimit SPKVal ~ value  oggc  Limit Level ~ Ref Rrpp Limit qug
TOTAL DISSOLVED SOLIDS 20
The following samples were analyzed in this batch: 1504297-1 1504297-2

ALS Environmental -- FC QC Page: 1 of 1

LIMS Version: 6.759

9 0f9



ALS

1504524

This report is are-log from work order 1504297.

Metals:

The samples were analyzed following Methods for the Determination of Metals in Environmental
Samples — Supplement 1 procedures. Analysis by Trace ICP followed method 200.7 and the current
revision of SOP 807.

The samples were shaken prior to analysis.

All acceptance criteria were met.

Inorganics:
The samples were analyzed following MCAWW and EMSL procedures for the current revisions
of the following SOPs and methods:

Analyte Method SOP #
Alkalinity 310.1 1106
Bicarbonate 310.1 1106
Carbonate 310.1 1106
Bromide 300.0 Revision 2.1 1113
Chloride 300.0 Revision 2.1 1113
Fluoride 300.0 Revision 2.1 1113
Nitrate as N 300.0 Revision 2.1 1113
Nitrite as N 300.0 Revision 2.1 1113
Sulfate 300.0 Revision 2.1 1113

Nitrate and Nitrite analysis was requested after hold times had expired.

All acceptance criteria were met.

ADDRESS 225 Commerce Drive, Fort Collins Colorado 80524 USA | PHONE +1 970 490 1511 | FAX +1 970 490 1522 1 Of 10
ALS GROUP USA, CORP. Part of the ALS Group An ALS Limited Company



ALS Environmental -- FC

Sample Number(s) Cross-Reference Table

OrderNum: 1504524
Client Name: Tetra Tech
Client Project Name: Windy Hill
Client Project Number:
Client PO Number:

Client Sample Lab Sample | COC Number Matrix Date Time
Number Number Collected | Collected
FW-3-18WSW-01 (Dakota J-4 Sa 1504524-1 WATER 15-Apr-15 9:00
FW-3-18WSW-02 (Dakota J-4 Sa 1504524-2 WATER 15-Apr-15 9:00
Page 1 of 1 ALS Environmental -- FC Date Printed: Monday, May 04, 2015

LIMS Version: 6.760

2 0f 10
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ALS Environmental - Fort Collins DLI 501‘7(
! CONDITION OF SAMPLE UPON RECEIPT FORM ( 4q
ALS )-995’ o [ 2alis

Client: Tf, ’(’YH’ ’TZ, CJ/\ Workorder No:
Project Manager: /h'\) Initials: 07 Date: ‘,l’ { ‘ -5

t. Does this project require any special handling in addition to standard ALS procedures? P YES @
2. Are custody seals on shipping containers intact? @ YES NO
3. Are Custody seals on sample containers intact? g§oy V‘ YES NO
4 [s there a COC (Chain-of-Custody) present or other representative documents? @ NO
5. Are the COC and bottle labels complete and legible? @ NO
6. Is the COC in agreement with samples received? (IDs, dates, times, no. of samples, no. of @ NO

containers, matrix, requested analyses, etc.)
7. Were airbills / shipping documents present and/or removable? ('IR/OQ%E> YES NO
8. Are all aqueous samples requiring preservation preserved correctly? (excluding volatiles) @? YES NO
9. Are all aqueous non-preserved samples pH 4-9? N/A (Y_]_E@ NO
10. Is there sufficient sample for the requested analyses? @ NO
1. Were all samples placed in the proper containers for the requested analyses? LELE;) NO
12. Are all samples within holding times for the requested analyses? @\ NO
13. Were all sample containers received intact? (not broken or leaking, etc.) (@S) NO
14. Are all samples requiring no headspace (VOC, GRO, RSK/MEE, Rx CN/S, radon) @ YES NO

headspace free? Size of bubble: < greenpea ____>greenpea
1. Do any water s.amples contain se-dlment? Amount N/A VES

Amount of sediment: ____dusting ___ moderate ___heavy
16. Were the samples shipped on ice? @ NO
17. Were cooler temperatures measured at 0.1-6.0°C? IR gunused*:  (#2) #4 omx | YES @0

Cooler #: I -
Temperature (°C): /] ) ®
No. of custody seals on cooler: O
E%Eﬂ;:at%:ey External pR/hr reading: U ﬁ
Background pR/hr reading: N g
Were external pR/hr readings < two times background and within DOT acceptance criteria? YES / NO ANA } (If no, see Form 008.)

Additional Information: PROVIDE DETAILS BELOW FOR A NO RESPONSE TO ANY QUESTION ABOVE, EXCEPT #1 AND #16.

& omcccol it gualusis pec concod Lrpm ATkici At 4//7//5
\ Lus 4//;/14 4

7 Rolon K 1208097 4n (504524 bor addibisnel destive
N ﬂ"/z//ze/,s

If applicable, was the client contactedO /NA ct: ﬁm ) \ Lc,[(,'\ é(\ j/| 2\n 05-!" Date/Time: |6 {|15

Project Manager Signature / Date: YA L{’ l"ll! 16

*IR Gun #2: Oakton, SN 29922500201-0066
Form 201r24.xls (06/04/2012) *IR Gun #4: Oakton, SN 2372220101-0002 /
Page 1 of 14 0f 10



ALS Environmental -- FC

SAMPLE SUMMARY REPORT

Client: Tetra Tech Date: 04-May-15

Project: Windy Hill Work Order: 1504524

Sample ID: FW-3-18WSW-01 (Dakota J-4 Sandstone) Lab ID: 1504524-1

Legal Location: Matrix: WATER

Collection Date: 4/15/2015 09:00 Percent Moisture:

Report Dilution

Analyses Result Qual Limit Units Factor Date Analyzed

Alkalinity as Calcium Carbonate EPA310.1 Prep Date: 4/29/2015 PrepBy: JAC
BICARBONATE AS CaCO3 1700 20 MGI/L 1 4/30/2015
CARBONATE AS CaCO3 ND 20 MGI/L 1 4/30/2015
TOTAL ALKALINITY AS CaCO3 1700 20 MGI/L 1 4/30/2015

lon Chromatography EPA300.0 Prep Date: 4/29/2015 PrepBy: AJD
BROMIDE 30 2 MGI/L 10 4/30/2015 08:29
CHLORIDE 3100 40 MGI/L 200 4/30/2015 20:04
FLUORIDE 2.7 1 MGI/L 10 4/30/2015 08:29
NITRATE AS N ND 2 MG/L 10 4/30/2015 08:29
NITRITE AS N ND 1 MG/L 10 4/30/2015 08:29
SULFATE ND 10 MGI/L 10 4/30/2015 08:29

Total Recoverable Metals by 200.7 EPA200.7 Prep Date: 5/1/2015 PrepBy: CDR
CALCIUM 11 1 MGI/L 1 5/1/2015 16:04
IRON 89 0.1 MGIL 1 5/1/2015 16:04
POTASSIUM 24 1 MGI/L 1 5/1/2015 16:04
MAGNESIUM 29 1 MGI/L 1 5/1/2015 16:04
SODIUM 2200 100 MGI/L 100 5/1/2015 16:19

ALS Environmental -- FC

LIMS Version: 6.760

ARPagelof 3 Sof10



ALS Environmental -- FC

SAMPLE SUMMARY REPORT

Client: Tetra Tech Date: 04-May-15

Project: Windy Hill Work Order: 1504524

Sample ID: FW-3-18WSW-02 (Dakota J-4 Sandstone) Lab ID: 1504524-2

Legal Location: Matrix: WATER

Collection Date: 4/15/2015 09:00 Percent Moisture:

Report Dilution

Analyses Result Qual Limit Units Factor Date Analyzed

Alkalinity as Calcium Carbonate EPA310.1 Prep Date: 4/29/2015 PrepBy: JAC
BICARBONATE AS CaCO3 1700 20 MGI/L 1 4/30/2015
CARBONATE AS CaCO3 ND 20 MGI/L 1 4/30/2015
TOTAL ALKALINITY AS CaCO3 1700 20 MGI/L 1 4/30/2015

lon Chromatography EPA300.0 Prep Date: 4/29/2015 PrepBy: AJD
BROMIDE 30 2 MGI/L 10 4/30/2015 08:57
CHLORIDE 3100 40 MGI/L 200 4/30/2015 20:18
FLUORIDE 2.7 1 MGI/L 10 4/30/2015 08:57
NITRATE AS N ND 2 MG/L 10 4/30/2015 08:57
NITRITE AS N ND 1 MG/L 10 4/30/2015 08:57
SULFATE ND 10 MGI/L 10 4/30/2015 08:57

Total Recoverable Metals by 200.7 EPA200.7 Prep Date: 5/1/2015 PrepBy: CDR
CALCIUM 11 1 MGI/L 1 5/1/2015 16:09
IRON 78 0.1 MGIL 1 5/1/2015 16:09
POTASSIUM 24 1 MGI/L 1 5/1/2015 16:09
MAGNESIUM 29 1 MGI/L 1 5/1/2015 16:09
SODIUM 2200 100 MGI/L 100 5/1/2015 16:20

ALS Environmental -- FC
LIMS Version: 6.760

ARPage2of 3 60f10



ALS Environmental -- FC

SAMPLE SUMMARY REPORT

Client: TetraTech Date: 04-May-15
Project: Windy Hill Work Order: 1504524
Sample ID: FW-3-18WSW-02 (Dakota J-4 Sandstone) Lab ID: 1504524-2
Legal Location: Matrix: WATER
Collection Date: 4/15/2015 09:00 Percent Moisture:
Report Dilution
Analyses Result Qual Limit Units Factor Date Analyzed

Explanation of Qualifiers

Radiochemistry:

U or ND - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative yield is assumed.
Y2 - Chemical Yield outside default limits.

W - DER is greater than Warning Limit of 1.42

* - Aliquot Basis is 'As Received' while the Report Basis is 'Dry Weight'.
# - Aliquot Basis is 'Dry Weight' while the Report Basis is 'As Received'.
G - Sample density differs by more than 15% of LCS density.

D - DER is greater than Control Limit

M - Requested MDC not met.

LT - Result is less than requested MDC but greater than achieved MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS, Matrix Spike Recovery within control limits.

N - Matrix Spike Recovery outside control limits

NC - Not Calculated for duplicate results less than 5 times MDC
B - Analyte concentration greater than MDC.

B3 - Analyte concentration greater than MDC but less than Requested
MDC.

Inorganics:

B - Result is less than the requested reporting limit but greater than the instrument method detection limit (MDL).

U or ND - Indicates that the compound was analyzed for but not detected.

E - The reported value is estimated because of the presence of interference. An explanatory note may be included in the narrative.

M - Duplicate injection precision was not met.

N - Spiked sample recovery not within control limits. A post spike is analyzed for all ICP analyses when the matrix spike and or spike
duplicate fail and the native sample concentration is less than four times the spike added concentration.

Z - Spiked recovery not within control limits. An explanatory note may be included in the narrative.

* - Duplicate analysis (relative percent difference) not within control limits.

S - SAR value is estimated as one or more analytes used in the calculation were not detected above the detection limit.

Organics:

U or ND - Indicates that the compound was analyzed for but not detected.

B - Analyte is detected in the associated method blank as well as in the sample. It indicates probable blank contamination and warns the data user.

E - Analyte concentration exceeds the upper level of the calibration range.

J - Estimated value. The result is less than the reporting limit but greater than the instrument method detection limit (MDL).

A - A tentatively identified compound is a suspected aldol-condensation product.
X - The analyte was diluted below an accurate quantitation level.

* - The spike recovery is equal to or outside the control criteria used.

+ - The relative percent difference (RPD) equals or exceeds the control criteria.
G - A pattern resembling gasoline was detected in this sample.

D - A pattern resembling diesel was detected in this sample.

M - A pattern resembling motor oil was detected in this sample.

C - A pattern resembling crude oil was detected in this sample.

4 - A pattern resembling JP-4 was detected in this sample.

5 - A pattern resembling JP-5 was detected in this sample.

H - Indicates that the fuel pattern was in the heavier end of the retention time window for the analyte of interest.
L - Indicates that the fuel pattern was in the lighter end of the retention time window for the analyte of interest.
Z - This flag indicates that a significant fraction of the reported result did not resemble the patterns of any of the following petroleum hydrocarbon products:

- gasoline

- JP-8

- diesel

- mineral spirits

- motor oil

- Stoddard solvent
- bunker C

ALS Environmental -- FC

LIMS Version: 6.760

ARPage3of 3 70f10



ALS Environmental -- FC Date: 5/4/2015 2:25:2

Client: Tetra Tech QC BATCH REPORT
Work Order: 1504524
Project: Windy Hill
Batch ID: 1P150501-4-1 Instrument ID ICPTrace2 Method: EPA200.7
LCS Sample ID: FP150501-4 Units: MG/L Analysis Date: 5/1/2015 16:02
Client ID: Run ID: IT150501-1A5 Prep Date: 5/1/2015 DF: 1

SPK Ref Control Decision RPD RPD
Analyte Result ReportLimit SPKVal  Value %REC ~ Limit Level ~ Ref Rgpp Lmit  Qual
CALCIUM 40.2 1 40 101 85-115 20
IRON 0.945 0.1 1 94 85-115 20
MAGNESIUM 40.5 1 40 101 85-115 20
POTASSIUM 44.9 1 40 112 85-115 20
SODIUM 39.8 1 40 100 85-115 20
MB Sample ID: FP150501-4 Units: MG/L Analysis Date: 5/1/2015 16:01
Client ID: Run ID: IT150501-1A5 Prep Date: 5/1/2015 DF: 1

SPK Ref Control Decision RPD RPD
Analyte Result ReportLimit SPKval ~ Value %REC  Limit Level Ref  Rrpp Limit gl
CALCIUM ND
IRON ND 0.1
MAGNESIUM ND
POTASSIUM ND
SODIUM ND

The following samples were analyzed in this batch: 1504524-1 1504524-2
ALS Environmental -- FC QC Page: 1 of 3

LIMS Version: 6.760
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Client: Tetra Tech QC BATCH REPORT
Work Order: 1504524
Project: Windy Hill
Batch ID: AK150429-1-2 Instrument ID Balance Method: EPA310.1
LCS Sample ID: AK150429-1 Units: MG/L Analysis Date: 4/30/2015
Client ID: Run ID: AK150429-1A1 Prep Date: 4/29/2015 DF: 1
SPK Ref Control Decision RPD RPD
Analyte Result Reportlimit SPKval ~ Value %REC ~ Limit Level ~ Ref Rpp Limit Qual
TOTAL ALKALINITY AS CaCO3 97.3 5 100 97 85-115 15
MB Sample ID: AK150429-1 Units: MG/L Analysis Date: 4/30/2015
Client ID: Run ID: AK150429-1A1 Prep Date: 4/29/2015 DF: 1
SPK Ref Control Decision RPD RPD
Analyte Result ReportLimit SPKval  Value %REC  Limit Level Ref  Rrpp Limit gl
BICARBONATE AS CaCO3 ND
CARBONATE AS CaCO03 ND
TOTAL ALKALINITY AS CaCO3 ND
The following samples were analyzed in this batch: 1504524-1 1504524-2

ALS Environmental -- FC
LIMS Version: 6.760

QC Page: 2 of 3
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Client: TetraTech QC BATCH REPORT
Work Order: 1504524
Project: Windy Hill
Batch ID: 1C150429-1-1 Instrument ID IC Method: EPA300.0
LCS Sample ID: 1C150429-1 Units: MG/L Analysis Date: 4/29/2015 12:36
Client ID: Run ID: IC150429-1A1 Prep Date: 4/29/2015 DF: 1

SPK Ref Control Decision RPD RPD
Analyte Result ReportLimit SPKVval ~ Value  oRrpc  Limit Level ~ Ref grpp LMt  Qual
FLUORIDE 1.92 0.1 2 96 90-110 15
CHLORIDE 5.06 0.2 5 101 90-110 15
NITRITE AS N 1.93 0.1 2 96 90-110 15
BROMIDE 5.16 0.2 5 103 90-110 15
NITRATE AS N 5.01 0.2 5 100 90-110 15
SULFATE 19.7 1 20 98 90-110 15
MB Sample ID: 1C150429-1 Units: MG/L Analysis Date: 4/29/2015 12:50
Client ID: Run ID: IC150429-1A1 Prep Date: 4/29/2015 DF: 1

SPK Ref Control Decision RPD RPD
Analyte Result ReportLimit SPKVval  Value %REC ~ Limit Level ~ Ref Rpp Limit Qual
FLUORIDE ND 0.1
CHLORIDE ND 0.2
NITRITE AS N ND 0.1
BROMIDE ND 0.2
NITRATE AS N ND 0.2
SULFATE ND 1

The following samples were analyzed in this batch: 1504524-1 1504524-2

ALS Environmental -- FC
LIMS Version: 6.760

QC Page: 3of 3

10 of 10
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TETRA TECH
DATA EVALUATION CHECKLIST

Tetra Tech Project No.: 114-910338, Windy Hill Project

Project: 114-910338
Lab Order: 1504297

Page 1 of 3

Event: Groundwater Sampling Event, Well ID: FW-3-18WSW, Dakota J-4 Sandstone
Formation

Lab: ALS Environmental — Fort Collins, CO

Lab Sample Numbers: 1504297-1 and 1504297-2

Matrix/Analytical Methods: Groundwater / EPA Method 160.1, total dissolved solids (TDS)

Field Sample Ids: FW-3-18WSW-01 and FW-3-18WSW-02 (collected on 4/15/2015).

TABLE 1-DATA EVALUATION

No. Data Evaluation Question YES NO
1 Is a Work Plan, SAP or QAPP available?

Sampling and Analysis Plan (SAP) for Well ID: FW-3-18WSW

Dakota J-4 Sandstone Formation prepared by Tetra Tech on

4/14/15. The SAP meet the applicable requirements outlined in the X

Colorado Oil and Gas Conservation Commission (COGCC)

Quality Assurance Plan (Plan) for the underground injection

control (UIC) Program.
2 Chain of Custody (“C-O-C”) Records: X

Are the C-O-Cs present? X

Are the C-O-Cs complete and signed off? X

Were the samples received at or below 4+2 °C

Samples were received at the lab at 7°C which is slightly above the

method specification of 4+2 °C. The lab contacted Tetra Tech X

upon sample receipt and confirmed that the lab should proceed

with analysis. The sample results are qualified as estimated (J) due

to sample preservation being outside specifications.

Were all samples on the C-O-C analyzed?

Per the SAP, the field sample IDs were to include the sample

formation (Dakota J-4 Sandstone); however, this was X

inadvertently omitted by the field sampler on the C-O-C form.

Tetra Tech submitted a corrected C-O-C form to the lab and the

report was revised accordingly.

Were any problems noted? X
3 Wias a project narrative available from the lab? X

Were any problems noted? X
4 Were all holding times met? X
5 Was the frequency stated in the Work Plan or SAP for field duplicates, X

equipment rinsate and trip blanks met?




Project: 114-910338
Lab Order: 1504297
Page 2 of 3

No.

Data Evaluation Question

YES

NO

One field duplicate was collected (FW-3-18WSW-02).
Equipment trip blanks and trip blanks were not required.

Were all equipment rinsate blank, trip blank, field blanks, and method
blank results non-detect (ND)?

The lab QC report includes one method blank. The method blank
results are non-detect.

Equipment rinsate blanks, trip blanks and field blanks were not
required.

Were all matrices, units and detection limits reported correctly?
Results are reported in mg/L. The detection limit was 200 mg/L.

Were all surrogate recoveries within lab control limits?
NA

Were all LCS spike recoveries within lab control limits?
The LCS recovery was 102% which is within the acceptable lab
control limit range of 85-115%.

10 Were all LCDS RPDs within lab control limits?
LCDS RPDs were not reported.

NA

11 Were all MS/MSD spike recoveries within lab control limits?
MS/MSDs were not reported.

NA

12 Were all MSD RPDs within lab control limits?
MS/MSDs were not reported.

NA

13 Were analytical duplicate RPDs within lab control limits?
Analytical duplicates were not reported.

NA

14 Were all field duplicate RPDs within specified control limits?

One field duplicate was collected (Field ID: FW-3-18WSW-02).
The parent sample and field duplicate results were the same;
therefore, the RPD was 0% which meets the QAPP requirements.

15 Was the project completeness goal met?

TABLE 2 - FIELD DUPLICATES

1Ds

FIELD SAMPLE

ANALYTE | UNITS

SAMPLE
RESULT

DUPLICATE

0
RESULT RPD%

FW-3-18WSW-01

FW-3-18WSW-02

TDS mg/L

6600 mg/L 6600 mg/L 0

TABLE 3 - DATA QUALIFICATIONS

Field Sample ID Analyte Result (mg/L)/ Reason for Qualification
Qualification
FW-3-18WSW-01 | Total dissolved solids 6600/ J Sample preservation; cooler temperature
measured outside specifications (4+2 °C)
FW-3-18WSW-02 | Total dissolved solids 6600/ J Sample preservation; cooler temperature
measured outside specifications (4+2 °C)

J - The result is an estimated quantity. The associated numerical value is the approximate concentration of the analyte in the sample.




Project: 114-910338
Lab Order: 1504297
Page 3 of 3

TABLE 4 - DATA EVALUATION SUMMARY

Data Evaluation Summary

Sample Collection, Transfer and Handling:

One parent sample and one field duplicate sample were collected on April 15, 2015
and hand delivered to ALS Environmental in Fort Collins, Colorado on April 16,
2015. Samples were collected in pre-cleaned containers provided by the laboratory
using disposable equipment. The samples were analyzed within the required holding
time for total dissolved solids (TDS) via EPA Method 160.1. The laboratory reported
that the sample cooler was received outside specification (4+2 °C) at 7°C upon
receipt. The laboratory contacted Tetra Tech and received confirmation to proceed
with the analysis. The sample results are qualified as estimated (J) due to sample
preservation being outside specifications (Table 3).

The frequency of QC field sample collection met the requirements outlined in the
Sampling and Analysis Plan (SAP), which included the collected of one field
duplicate sample.

Accuracy:

Accuracy is a measure of the system bias. The level of accuracy is determined by
examination of blank contamination, laboratory control sample (LCS) and matrix
spike/spike duplicate (MS/MSD) recoveries, laboratory calibration verification
sample recoveries, and surrogate recoveries.

The laboratory reported one LCS and one method blank sample in the QC batch. The
LCS recovery was within laboratory control limits and the method blank result was
non-detect; therefore, the data is acceptable without qualification.

Precision:

Precision is a measure of agreement among replicate measurements of a sample
under similar conditions. Precision is monitored by the examination of field and
laboratory duplicate results.

One field duplicate was collected (Field ID: FW-3-18WSW-02). The parent sample
and field duplicate results were the same; therefore, the RPD was 0% which meets
the QAPP requirements.

Analytical duplicates were not reported.

Data Qualifications based on Data Evaluation:
The laboratory analytical results are considered usable for the intended use with the
exception of the qualifications noted in Table 3.

Data Validation by: Nikki Scheinost
Date: April 21, 2015




TETRA TECH
DATA EVALUATION CHECKLIST

Tetra Tech Project No.: 114-910338, Windy Hill Project

Project: 114-910338
Lab Order: 1504524

Page 1 of 5

Event: Groundwater Sampling Event, Well ID: FW-3-18WSW, Dakota J-4 Sandstone
Formation

Lab: ALS Environmental — Fort Collins, CO

Lab Sample Numbers: 1504524-1 and 1504524-2

Matrix/Analytical Methods: Groundwater / Metals via EPA Method 200.7 and Inorganics via
EPA Methods 300.0 and 310.1

Field Sample Ids: FW-3-18WSW-01 and FW-3-18WSW-02 (collected on 4/15/2015).

TABLE 1-DATA EVALUATION

No.

Data Evaluation Question

YES

NO

Is a Work Plan, SAP or QAPP available?

Sampling and Analysis Plan (SAP) for Well ID: FW-3-18WSW
Dakota J-4 Sandstone Formation prepared by Tetra Tech on
4/14/15. The SAP meets the applicable requirements outlined in
the Colorado Oil and Gas Conservation Commission (COGCC)
Quality Assurance Plan (Plan) for the underground injection
control (UIC) Program.

Chain of Custody (“C-O-C”) Records:

Are the C-O-Cs present?

Are the C-O-Cs complete and signed off?

XXX

Were the samples received at or below 4+2 °C

Samples were received at the lab at 7°C which is slightly above the
method specification of 4+2 °C. The lab contacted Tetra Tech
upon sample receipt and confirmed that the lab should proceed
with analysis. The sample results are qualified as estimated (J and
UJ) due to sample preservation being outside specifications.

Were all samples on the C-O-C analyzed?

Per the SAP, the field sample IDs were to include the sample
formation (Dakota J-4 Sandstone); however, this was
inadvertently omitted by the field sampler on the C-O-C form.
Tetra Tech submitted a corrected C-O-C form to the lab and the
report was revised accordingly.

Were any problems noted?

The C-O-C only designates TDS analysis was requested; however,
Tetra Tech contacted the lab on 4/27/15 and requested additional
analyses be performed (major anions and cations, and total
alkalinity) on the two samples with the remaining sample volume.
The lab report was prepared under a new Work Order number.




Project: 114-910338
Lab Order: 1504524
Page 2 of 5

No.

Data Evaluation Question

YES

NO

Wias a project narrative available from the lab?

X

Were any problems noted?

Were all holding times met?

The lab noted that the nitrate and nitrite analyses were completed
after hold times had expired. This is not expected to significantly
affect the analytical results.

Was the frequency stated in the Work Plan or SAP for field duplicates,
equipment rinsate and trip blanks met?

One field duplicate was collected (FW-3-18WSW-02).

Equipment trip blanks and trip blanks were not required.

Were all equipment rinsate blank, trip blank, field blanks, and method
blank results non-detect (ND)?

The lab QC report includes a method blank for each of the three
methods. The method blank results are non-detect.

Equipment rinsate blanks, trip blanks and field blanks were not
required.

Were all matrices, units and detection limits reported correctly?
Results are reported in mg/L. Specific detection limits were not
requested.

Were all surrogate recoveries within lab control limits?
NA

Were all LCS spike recoveries within lab control limits?
The LCS recoveries were within lab control limits for each
method.

10

Were all LCDS RPDs within lab control limits?
LCDS RPDs were not reported.

NA

11

Were all MS/MSD spike recoveries within lab control limits?
MS/MSDs were not reported.

NA

12

Were all MSD RPDs within lab control limits?
MS/MSDs were not reported.

NA

13

Were analytical duplicate RPDs within lab control limits?
Analytical duplicates were not reported.

NA

14

Were all field duplicate RPDs within specified control limits?

One field duplicate was collected (Field ID: FW-3-18WSW-02).
The field duplicate results are acceptable without qualification
(Table 2).

15

Was the project completeness goal met?




Project: 114-910338
Lab Order: 1504524
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TABLE 2 - FIELD DUPLICATES
SAMPLE DUPLICATE
FIELD Sl 2= ANALYTE RESULT RESULT RPD%
IDs
mg/L mg/L
bicarbonate as
CaCO3 1700 1700 0
carbonate as

CacO3 ND ND NA

total alkalinity 1700 1700 0

bromide 30 30 0

FW-3-18WSW-01 chloride 3100 3100 0

fluoride 2.7 2.7 0
FW-3-18WSW-02| nitrate as N ND ND NA
(duplicate) nitrate as N ND ND NA
sulfate ND ND NA

calcium 11 11 0
iron 89 78 13.2

potassium 24 24 0

magnesium 2.9 2.9 0

sodium 2200 2200 0

ND — Not detected at the lab reporting limit.

NA — Not applicable.

TABLE 3 - DATA QUALIFICATIONS

Field Sample ID Analytes Result (mg/L)/ Reason for Qualification
Qualification

bicarbonate as CaCO3 1700/ 3 Sample preservation; cooler temperature
measured outside specifications (4+2 °C)
Sample preservation; cooler temperature
carbonate as CaCO3 ND /U] measured outside specifications (4+2 °C)
. Sample preservation; cooler temperature
total alkalinity ND/UJ measured outside specifications (4+2 °C)
. Sample preservation; cooler temperature
bromide 1700/ measured outside specifications (4+2 °C)
. Sample preservation; cooler temperature

chloride 30/J ; e o
FW-3-18WSW-01 measured out3|de_speIC|f|cat|ons (4+2 °C)
fluoride 3100/ ] Sample preseryatlon, go_oler temperature
measured outside specifications (4+2 °C)
. Sample preservation; cooler temperature
nitrate as N 2.1 measured outside specifications (4+2 °C)
. Sample preservation; cooler temperature
nitrate as N ND 7UJ measured outside specifications (4+2 °C)
Sample preservation; cooler temperature
sulfate ND /UJ measured outside specifications (4+2 °C)
calcium ND / U] Sample preservation; cooler temperature

measured outside specifications (4+2 °C)




Project: 114-910338
Lab Order: 1504524

Page 4 of 5
Field Sample ID Analytes Result (mg/L)/ Reason for Qualification
Qualification

iron 11/ Sample preservation; cooler temperature
measured outside specifications (4+2 °C)
potassium 89/J Sample preservation; cooler temperature

. A o
FW-3-18WSW-01 measured out5|de_sp§C|f|cat|ons (442 °C)
magnesium 2413 Sample preservation; c_o_oler temperature
measured outside specifications (4+2 °C)
. Sample preservation; cooler temperature
sodium 2911 measured outside specifications (4+2 °C)
. Sample preservation; cooler temperature
bicarbonate as CaCO3 1700/J measured outside specifications (4+2 °C)
Sample preservation; cooler temperature
carbonate as CaCO3 ND /UJ measured outside specifications (4+2 °C)
. Sample preservation; cooler temperature
total alkalinity 1700/J measured outside specifications (4+2 °C)
. Sample preservation; cooler temperature
bromide 30/J measured outside specifications (4+2 °C)
. Sample preservation; cooler temperature
chloride 3100/ measured outside specifications (4+2 °C)
. Sample preservation; cooler temperature
fluoride 2.1 measured outside specifications (4+2 °C)
. Sample preservation; cooler temperature

nitrate as N ND /UH : PP o
FW-3-18WSW-02 measured out3|de_speIC|f|cat|ons (4+2 °C)
nitrate as N ND / U] Sample preservation; go_ole( temperature
measured outside specifications (4+2 °C)
Sample preservation; cooler temperature
sulfate ND7UJ measured outside specifications (4+2 °C)
calcium 11/ Sample preservation; cooler temperature
measured outside specifications (4+2 °C)
iron 78713 Sample preservation; cooler temperature
measured outside specifications (4+2 °C)
. Sample preservation; cooler temperature
potassium 2417 measured outside specifications (4+2 °C)
maanesium 29/] Sample preservation; cooler temperature
g ' measured outside specifications (4+2 °C)
sodium 2900/ J Sample preservation; cooler temperature

measured outside specifications (4+2 °C)

ND - Indicates the compound was not detected at the lab reporting limit.
J - The detected result is an estimated quantity; the associated numerical value is the approximate concentration of the analyte in the sample.
UJ — Not detected estimated value; the reported result is an estimate.
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TABLE 4 - DATA EVALUATION SUMMARY

Data Evaluation Summary

Sample Collection, Transfer and Handling:

One parent sample and one field duplicate sample were collected on April 15, 2015
and hand delivered to ALS Environmental in Fort Collins, Colorado on April 16,
2015. Samples were collected in pre-cleaned containers provided by the laboratory
using disposable equipment. The samples were initially analyzed for total dissolved
solids (TDS) via EPA Method 160.1. On April 27, 2015, Tetra Tech requested
additional laboratory analyses be conducted with the remaining sample volume,
including major anions and cations and total alkalinity.

The laboratory reported that the sample cooler was received outside specification
(4+2 °C) at 7°C upon receipt. The laboratory contacted Tetra Tech and received
confirmation to proceed with the analysis. The sample results are qualified as
estimated (J and UJ for detected and not detected results, respectively) due to sample
preservation being outside specifications (Table 3).

The lab noted that the nitrate and nitrite analyses were completed after hold times
had expired. This is not expected to significantly affect the analytical results.

The frequency of QC field sample collection met the requirements outlined in the
Sampling and Analysis Plan (SAP), which included the collected of one field
duplicate sample.

Accuracy:

Accuracy is a measure of the system bias. The level of accuracy is determined by
examination of blank contamination, laboratory control sample (LCS) and matrix
spike/spike duplicate (MS/MSD) recoveries, laboratory calibration verification
sample recoveries, and surrogate recoveries.

The laboratory reported one LCS and one method blank sample in the QC batch for
each of the three method. The LCS recovery was within laboratory control limits and
the method blank result was non-detect; therefore, the data is acceptable without
qualification.

Precision:

Precision is a measure of agreement among replicate measurements of a sample
under similar conditions. Precision is monitored by the examination of field and
laboratory duplicate results.

One field duplicate was collected (Field ID: FW-3-18WSW-02). The parent sample
and field duplicate results were acceptable without qualification.

Analytical duplicates were not reported.

Data Qualifications based on Data Evaluation:
The laboratory analytical results are considered usable for the intended use with the
exception of the qualifications noted in Table 3.

Data Validation by: Nikki Scheinost
Date: May 12, 2015
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UNDERGROUND INJECTION CONTROL
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NON-HAZARDOUS CLASS I DISPOSAL
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U.S. ENVIRONMENTAL PROTECTION AGENCY
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Table F-1

Results of Water Quality Tests for UWHGS 1-17

Parameter E Units Minimum Value Sample Well | Value Duplicate
Detection #1 Sample Well #1
Level
General Chemistry
Bromide mg/L 0.087 25
Calcium mg/l. 0.013 8.9
Chloride mg/L. 0.042 8.8
Flouride mg/L. 0.031 6.9
Magnesium mg/L 0.012 i.4
Nitrate {as N) mg/L 0.028 ND
Potassium mg/L 0.31 24
Total dissolved solids mg/L 8.2 10,000 106,000
Conductance pumhos/cm 100 13,000 13,000
Specific Gravity NA 0.010 1.01 1.01
pH std 0.10 7.6 7.7
Metals
Antimony mg/L. 0.00030 ND
Arsenic mg/L 0.00030 ND
Barium mg/L 0.00010 0.180
Beryllium mg/L 0.00010 ND
Cadmium mg/L 0.00020 ND
Chromium mg/L 0.00040 0.00324
Cobalt mg/L 0.00010 0.00145
Copper mg/L 0.00010 0.0560
Iront mg/LlL 0.0027 24
Lead mg/L 0.00010 0.0418
Manganese mg/L 0.00010 0.361
Molybdenum mg/L 0.00010 0.0133
Nickel mg/L 0.00010 0.00884
Selenium mg/L 0.00010 ND
Silver mg/L 0.00030 ND
Thallium mg/L 0.00010 ND
Vanadium mg/L 0.00030 ND
Zinc mg/L 0.00080 0.0599

JABLDONO10233WIC PermittingsPermit AppiClass Batiachment FiTable F-1 {04-25-05).doc




Organics

1,1,1-Trichloroethane we/l, 0.15 ND
1,1,2-Trichloroethane pe/l. 0.13 ND
1,1-Dichloroethene ng/L 0.12 ND
1,2 Dichlorobenzene ng/L 0.12 ND
1,2 Dichloroethane ng/L 0.13 ND
1,2 Dichloropropane pg/l 0.12 ND
1,2,4-Trichlorobenzene ng/L 0.083 ND
1,4 Dichlorobenzene ug/L 0.036 ND
Benzene pe/L 0.52 98
Carbon Tetrachloride ng/L 0.11 ND
Chlorobenzene ug/L 0.030 ND
Cis-1,2-Dichloroethene ng/L 0.10 ND
Ethylbenzene ng/L 0.086 0.72
Methylene Chloride ug/L 0.16 ND
M&P Xylenes ng/l 0.75 110
O-Xylene ne/L 0.10 6.3
Styrene ng/L 0.062 ND
Tetrachloroethene ng/L 0.084 ND
Toluene pg/L 0.060 16
Trans-1,2-Dichloroethene ug/L 0.084 ND
Trichloroethene ug/L 0.11 ND
Vinyl Chloride pg/L 0.080 ND
Xylenes, Total ug/L 0.25 130

Notes:
ug/l. — micrograms per liter

pmhos/cm — micromhos per centimeter

mg/L. — milligrams per liter
ND ~ Not Detected

JABLOONMO10233WIC PermittingiPermit AppiClass PAttachment FiTable F-1 {04-25-05) doc




From: Shugarts, Cathy -- MFG Inc

Sent: Tuesday, March 22, 2005 10:18 AM
To: Schuller, Tisha -- MFG, Inc.
Subject: Unocal Data evaluation
Attachments: Unocal B0502051.DOC

Tisha,

Attached is the data evaluation of the Unocal J Sand data.

As an FYI: The lab reported the TDS data to two significant figures and reported the results for both
samples at 10, 000 mg/L. The raw data calculates out to 10,343 and 10,176 for Well # 1 and Well # 1
Dup, respectively. Please realize that not all the numbers in the raw results are significant figures. The
lab reported the results using standard conventions for significant figures.

Note due to 0% recoveries for the nitrite, the field sample results for nitrite are rejected.

Let me know if you have any questions.
Cathy

Unoaal
»02051.DOC (50 |



Unocal J Sand
Lab Work Order # B0502051
Page 1
MFG, INC.
DATA EVALUATION CHECKLIST

MFG Project No.: P010195 — Unocal J Sand

Lab: Analytica Environmental Laboratories - Thornton, Colorado
Analytica International Inc. - Fairbanks, Alaska

Lab Sample Numbers: B0502051-01 through B0502051-03

Matrix/Analytical Methods: Water / Specific Conductance by EPA 120.1; pH by EPA 150.1; TDS by
EPA 160.1; Total Metals (Ca, Fe, Mg, K and Na) by EPA 200.7; Total Metals (Sh, As, Ba, Be, Cd,
Cr, Co, Cu, Pb, Mn, Mo, Ni, Se, Ag, Tl, V and Zn) by EPA 200.8; Specific Gravity by SM2710F;
Mercury by EPA 245.1; Volatile Organic Compounds by EPA DW (specific method not provided)
and Inorganic lons (Br, F, NO3, NO2, ortho-PO4, SO4 and CI) by EPA 300.0A.

Field Sample Ids: Well #1, Well #1 Dup and Trip Blank (Collected on 02/06/05)
YES NO
1. Is a Work Plan, SAP, or QAPP available? N
2. Chain of Custody Records:
Are the COCs present? N

A copy of the original COC was reviewed. The COC used
to transfer custody to the Alaska lab was not provided.

Are the COCs complete and signed off? N
Trip blank was not listed on COC.
Were the samples received at or below 4 + 2°C? N

The sample temperature upon receipt at the Thornton
laboratory was 4.3°C. The sample temperature upon
receipt at the Fairbanks laboratory was 6.7 °C; however,
properly-preserved samples for metals analytes and samples
specific gravity are not subject to the EPA temperature
recommendations. Documentation summarized in case
narrative. Specific documentation not provided.
Were all samples on the COCs analyzed? Y
Were any problems noted? Y
Mercury was requested by Method 200.8 on the COC.

3. Was a project narrative available from the laboratory? Y
Were any problems noted? Y
TDS was detected in the method blank at a concentration
greater than PQL. The MS and MSD recoveries for TDS
were outside lab control limits, but the parent sample was
not associated with this project.
The MS and MSD recoveries for nitrite were outside lab
control limits.

4. Were all holding times met? Y
The analyses were performed within holding time.



5. Was the frequency stated in the Work Plan or SAP for
field duplicates, equipment rinsate, and trip blanks met?

6. Were all equipment rinsate blank, trip blank,
and method blank results ND?
Equipment rinsate blanks were not submitted.
TDS was detected in the method blank at a
concentration greater than the PQL.

7. Were all matrices, units, and detection limits reported correctly?
Some detection limits were elevated due to dilutions
prior to analysis.

8. Were all surrogate recoveries within control limits?
Surrogate recoveries for VOCs ranged from 100%
to 123% (lab control limits 70-130%0).

9. Were all LCS spike recoveries within control limits?
Information summarized in case narrative. Specific
documentation not provided for all analytes.

10. Were all MS spike recoveries and RPDs within
control limits?
The MS and MSD recoveries for nitrite were 0%
(lab control limits 70-130%0).

11. Were all analytical duplicate RPDs within control limits?
Information summarized in case narrative. Specific
documentation not provided for all analytes.

12. Were all field duplicate RPDs within control limits?
Project control limits were not established for
field duplicates.

13. Was the project completeness goal met?
Project completeness goals were not established.

Comments:

Sample Collection and Transfer

NA

NA

NA

Unocal J Sand
Lab Work Order # B0502051

Page 2
YES NO

N
Y
Y
Y

N
Y

One water sample and one field duplicate were collected on February 6, 2005 and submitted along with
one trip blank to Analytica Environmental Laboratories in Thornton, Colorado for the analysis of metals,
mercury, anions, pH, specific conductance, TDS and volatile organic compounds. Specific gravity and
metals by ICP/MS analyses were performed by Analytica International Inc. in Fairbanks, Alaska.



Unocal J Sand
Lab Work Order # B0502051
Page 3
The samples were properly preserved. The temperature of the samples upon receipt at the Colorado
laboratory was within the EPA recommended range for proper sample transport and storage (4 + 2°C).
The analytes requested on the samples submitted to the Alaska laboratory were not subject to the EPA
recommended temperature requirements for standards transport and storage. The chain of custody form
used to transfer custody to the Alaska laboratory was not provided in the data package.

Sample Analysis and Reporting

Analytical results were reported for all samples included in this sample set. All samples were analyzed
within the EPA recommended holding times for the specific method. Project required quantitation limits
(PRQL) were not established.

The laboratory quality control (QC) results were summarized in the case narrative. The specific
information required to verify QC results was not provided in the data package.

Accuracy
The accuracy of the data was evaluated based on extraction efficiencies, matrix spike and matrix spike

duplicate recoveries, laboratory method blank results and trip blank results.

Extraction efficiencies are monitored by including samples with known analyte concentrations, lab
control samples (LCS), in each sample batch. The LCS recoveries were within the laboratory control
limits for all analytes.

The matrix spike (MS) and matrix spike duplicates (MSD) monitor potential analytical interferences
related to the sample matrix. The reported matrix spike and matrix spike duplicate results were within
project or laboratory control limits for all analytes less than four times the spike concentration except for
TDS and nitrite. The sample selected for the MS and MSD for TDS was not associated with this project;
therefore, the TDS results for this project are not affected. The nitrite MS and MSD recoveries were 0%.
Due to the lack of specific information from the laboratory related to the analytical run for nitrite, the
nitrite results for the project samples are rejected due to possible matrix interferences.

Total dissolved solids (TDS) were detected at a concentration greater than the reporting limit in the
laboratory preparation blank; however, all TDS results for field samples were greater than five times the
laboratory preparation blank concentration.

Serial dilution results were not reported for metals.

Precision

Laboratory precision was evaluated based on the relative percent differences (RPD) calculated from
laboratory matrix spike/matrix spike duplicates, analytical duplicates and field duplicates. The RPDs
were within lab control limits.

Field sample Well #1 Dup is a field duplicate of sample Well #1. Project control limits were not
established for field duplicates.

Completeness
Analytical results were reported for analytes requested on the field samples submitted to the laboratory

for analysis. The analytical results are considered usable with the exception of the rejected nitrite
results.

Reviewer: Cathy Shugarts
Date: 03/22/05



Analytica Environmental Laboratories
Total Dissolved Solids
Benchsheet

qo562\S6i\ Test: __TDS _ Units: _mg/L

Analyst: (lfz

Date in: 2/,5/cs  Timein: /230 Oven Temp.In: ;05
Date out: 2/is/s5 Time out: % c¢ Oven Temp Out. fga
(\ / /
Sample Crucible | Aliquotin | Spike | Tare Dry we;‘gpt Dry Conc. | Recove-
ID # milliliters | Added | weight +tare | weight ry
sample
s § = - o9 473 ]
;;.«! iy 7 &g E"?‘?QS’ {-w . ,:..v; IS £ 2L
— ~ - _ a9 0831 - P ¢
LS 2.5 { 6w L0y 083 L ? 6,085 B 500 HO
LS D &8/ | (oo o0 |77 08| i a8 | e | e | 1S
Bosoaosy 38 | T /oD 727076 1 94 20 N Lo e | e
. Odp. , N . yd [ B T R e R
PRSI 7/ (B 7 2.1 é}‘}'cy “i"‘{« ) {ﬂ 0?\ R 2755 k; S0 0
oSy 5P MY | iop [Q/O (j 9, L/é?lﬁ 89 _'%"S-_}‘-\'; TR 396
| Lesoros ] 3 (00 1560851 7 Q529 1oy e

Spike/LCS W’é/‘o Ottawa Sand PCN# A/ /4

The nominal reportmg limit is 5 mg/L due to balance accuracy.
Comments:
Reviewed by: v .xg y Date: R

**Review Note: Drying dishes weigh approximately 100- 200 grams**

VANALYTICA\BAMBRUSERS\STEVEMATDS.DOC
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Page 1 of 1

SampleNumber

Run Date

[B0502058-03B

271572005 3:20:56 PM

IB0502058-03B-MS

12/15/2005 3:20:56 PM

| Sp [MSD ) MSD MSD
Analyte RR lrr SampRes |SpkRes [SpLevel level Recov Rec LIMITS
ggfi":"sms”;"ed 1 3440 3900 750 61.6 70 - 130

https://www.analyticagroup.com/lims/ansAnaly tel.istSpikesFra.asp?intBatchID=41260&intS:..  2/17/05
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DAILY - DRILLING / WORKOVER { COMPLETION REPORT

WELL RAKE Windy Hif Gas Storage Unit # 1 Well 1-17 DRATE 020305 GEFORT NO 3
LEASE Windy Hill Gas Storage Unit# 1 AFE Mutober 162582  COST EST Dty Haie
WELL WaER 137 Max intorast % i1y & Evwal (ingt, PEA) Ext
PROSPECT - AFE AMCUNT {Total} .
AREA NAME
FIELD na Secton
WORK TYRE Evaluate J-Sand CASHG PROGRAN
WELLCIASE Exploratory CATEGORY = g 4D BTM TVD 8T con LOT o FIT
VY I PARISHOR CO./ STATE #Morgan County, Colorado 1338 Suface 355 355 cemonies .
FIG RAME { FG TYPE Patterson-UTI Rig 180 B 8625 Long String 5.887 6,587  cemenied
TO PROFUSED § FRESENT) 6,500 .
TVD PROPOSED / FRESENT) _65&0 . .
ORUECTIVE SANGISY J Sang . »
CROUND ELEV 4412 [ 180’ - -
FERFORATIONS [Propomed) B150° ko 5230 5§ 270 1o 5300 _
RPT.DATE Swoses FOREMAN ~ W.F."GUSTGustafson  KUDWEIGHT o BAPPS
CEPTH ¢ 0800 FOOTAGE AVERAGE
#as 580y STDIPATDITOR DRALED ORLGHOURS ROF
PRESENT GPERATION {0700 HRS) Prep to pick up Model EA Retrevamatic test packer, il pipe assembly with pressice Gruges & TIH picking up 312" tubing worksinng.
[ T :
From To Pus!  Hrs. Remarks i
700| 1500 | P | BLO iteld pee job safety meeting on figging up efine and p ing. Rig up ASAP Pecloraters and pack-alf. ;
Made CCL-Gamma Ray correlsion from 5,350° 10 5,040". Used Schiumberger Piatlorm Express Matural Gamma Ray Log nen dated 2 Golober 2604 !
frd Cesnent Bond Log dated 10.24.04 for cometation,
Made six runs perforating the J-Sand from 5,300 FT 10 5,270 FT (30 FT) and $,230 77 to 5,150 FT {SGFT) for a total of 110 FT of perforabions with |
90 segres phase, 4 SPF Qwen 39 gram charges 4° scalfion casing gun. 042" enimaace hole, 48.9° peneraton.
Shit in BOP secured well, Rig down 2nd roleass electnis witsfine unit.
NDTE:lnﬁiamuidbevdﬁsﬂFi'{fnmsm:mmmnlmmmm:gwﬂoﬁfmmaca . m‘
0] 100 16.00 }Shut dewn for nighl.
i
i
["350 T TOTAL HiES.
DALY iTARGIBLE & 27704 CUMULATIVE DOST & 51,359
BMLY TANGE ¢ . DALY COST ; B 2-,:?0;
CAFTALIIED ENGINEERNG PRRCEMCOST g gy pes
FLUD PROPERTIES o MO QMY wis FYAYP SN18S Grl 1M AP Famn Flowio HTHP  Cil fWaler fato  Eies. Sty EI’_“";“ Wialet Prisse Safoy
%158 % Sara Sy g B BE {MF Cricriden Cateiutn LoakPRE €0 BFN O RFM &R 1P
PROCAICT USAGE | FLUID DO,
Produdt Hama Cuznkity Product Fearma Cusntty Flgid Campany Enatry Grg Fui PRIOR CUM. FLIED LOSS
Flid Type [ Coly Fuidio . bow
o Flgid System o Cum Fiuid Ltas - ok o 0 bht
"""""""" Pascr Com, Fiiet Lot
e o Oty Fro Gt 5 o
B Comtmpe FisCoat & .
T BFORMATION Freport Set biamie sizes on Page 2 below De BHA secten,
HO. S@E MAKE SERBLE TIFE DEFTHIN DEPTHOUT  FOOTAGE HOURG RGP W TEA WO T GRADE
1 o 05204
! o
BYDHAULGCTS INFORMATION
PR MAKE MODEL SrRbKE LR sP EFF. 4 BBLSTX PuUM® PRESS G o Ay oG /Y SETVEL P
1 [
) BTPAESS ORGP IMP FORGE
3




UNOCAL - GULF REGION USA
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WL NANE Windy Hili Gas Storage Unit # 1 Well 1-17 DATE QR4S REPORT MO 4. o
wense Windy Hill Gas Starage Unit# 1 AFEMumpee 162582  COSTEST Dy Hol) e
WELL HOMBER 117 Nt trteeest % Orig & Evail (i, P&AY. Bt
PRUSSELT e e et sttt et s AFE T {Tetat) . "
AREL HAME
PELD wa Sewtea |
WORS THOE Evaiuate J-Sand GASING PROGRAM
WELL CLAES Exploratary CATEGORY S2E TerE S BTH VO ETM oD LT o FIT
CITY § PARISH OR €O I STATE Morgaa County, Caforado 13-348 Surisce 355 385  cemented
RIS MANE ¢ RIG TYFE Paftesson-UT! Rig 180 BB Long String 5,887 5087  cementsd
VO (PRGPSED 1 FRESENT) 5.500
TVO (PRAGPOSED  PRESENT) 6,500 N
OBIECTIVE SANDEE) JGana
CROVNE ELEV, 441 ) 16.0" . .
PERFORATIONS {Proposesy S150" to 52307, 5,270 1o 5300
RPT. DATE b2r0si0s FOREMAN = WF.7GUS"Gustatsen — MUD WEGHT boFRG .
CEPTH @ 0850 FOOTAGE AVERAGE
Hizg _ Smey EVD/PBTD/TOF ORILLED .. DReGHOuRs omor
PRESENT CPERATION (3700 HRS.} Finish rig up o swab test J.Sand.
From To PUAL M Remarks
F0Q) 1830 | P 9.50 {Held peo job satety masting on picking up pressure gauge assembly, packertail nty, Model E£5 Retr ic packer. Wal en sight vacuum.
Picked up pressure gauge assembly { 2-7/8" poried bull plug, 8 pup Joinl with 3 pressure gauges, 6 pup joint, seatng Mogle, perorated nippie
willy 22 holes (0,757 D)}, 2-7/8" by 3-112° coliax, $ix (5) Jolms 3-12° 9.3 1bM J-55 EUE tubing, Modei EA Refievamatic Packes, & 3-1/2° pup Joint.
Trippad i hole refally and pick up 167 joints of 3-12° 9.3 1M 155 EUE L85 tubing. Sof packer at 5,085,209 ET with 20K set down wasght,
Loated anmulus with 75 BELS fresh waier and lested packer to 500 PSL. Held okay.
wppsedup!oswableslm,C@f\m@tedIineslozw%l,mbmmms,m%mﬁﬂwmirwapeflub{ng and ciosed in.
Shut in BOP secured well.
HOTE: The 75 BBLS to il anmius (o test packer indicates fuid favel Is at 4,529 FT. Fisid level on Jast ped gua ron was 770 FT, Fiuid dropped
an addiional 759 FT.
1530 700 $4.50 {Shut down 160 night, H
i
;
! ;
20 | T AL HRS T ~
GeaumEcosT g . 61387
PHYCOST ¢ 10.008
PRORCUECOIT 5 g135g
FLUD PROPERTIES. v MO 3 i BV-YP  Ga10S Gl Hlr b APl Ftrste Fitot HTHE  OArWatrfato  Dles Stbity E:;‘:‘ Winter Fhaca Sasedy
LY % Sant % Seddn AT a4t PEJMF Chinrigen Samain Lo Pl 00 RAH 3 Rea (12 3P
FRODUCT USAGE 4 FLIAD PO,
Pkt Nama Cumntity Proc? Name Cuantiey Fiid Company Cumbly Drig Fhigls. PRICR CLM. FLLRD LOSS
Fiud Type aaE ' Doy Fuid Lo - 1ot T
Flaid Gystemn BALT WATER Crom Pl Lass - ol obbt
o ” - T mmmm—— Price G, P et
oty Frad Lot § B
Curmdintien Frid Cast 5 o
BT INFCRMATION Fopat Jo Nezrie soes of Page 2 tasovw B BHA soction,
WO sz wANE SERL ® THPE OEFTH S DEPTHOW  FOOTASE HEURS RO wos TFa ROC BT GRADE
¢
i 0 - 0.9204 }
i o .
HADRAULKES SFCRMATAMN
PURE MAKE REDOEL STROME. LHER 3Pm EFF. % BHUSTH PUMP PRESS G DR AY DT RY SETYEL L2
1 N 0
2 BiY PRESS DROP MP FORCE

IO 1 (VOO BT RSO T
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VWELL HAME Windy Hil Gas Siorage Unit # 1 \Well 137 DATE O2K505 REFCRT KO 5
Lense Windy Hill Gas Storege Unit # 1 S6E varmer 1 62562 " oS EST (Dry Hotey - ...w
WELL HUMBER 1-17 Nat fnterast ety & Evad finct, PRAY £t
FamsPEET AFE ARKOUNT {Total)
AREA KAME —
FRLe L. SO ....... 90 .
VWORK TYPE Evaluate J-Sand e CASING PROGRAN
WELL CLAIS Expioratory sarEoaEy sz e MO BT TV BT ARG LOT o FT
€T ¢ PARIEH GA CO. 7 STATE WMorgan County, Colorads o 13-38 Surtace 385 355 cementun ‘
RaB RAME 1 RG TYPE Patterson-UTL Rig 190 BE25 Long String 5,587 5987  cemented
TO (PROPOSED I PRESENT) S'm — e —— e
TVD [PADFOSED) FRESENTY 8,500 ) -
CBIECTIVE SARDS) J Sand o
GROURD ELEY. 4,412 ax3 160" o )
PERFORATIONS Prpitad) 5160 to 5230 5,270 to 5300 )
RPT.OATE . omomes FOREMAN  WF.'GUS"Gusison  MUDWEIGHT
CEPTH B 0300 FOOTAGE AVERALE
HRS _580F  ETD/PETDITOF 5800 DRILLED _ GRLGHOURS ROP

PRESENT OPERATION (D700 HRS.)

Erom To FuAl Hrs, Th . ) 3
TOGE B0 | P 11100 tHeid pre Job safely mesting on swabbing well. Shul in tubing gn vatuum. Mo pressre oa casing lubing annulus.
Finished hooking up fines 1o swab tank. Swab well on (st 0.5 haurs. Intal Beid tevel 2,400 FT wifn fingl fuid fevel 2,200 FT. Moriter Chictidas of water
Swab resulls Gsted below
Time fuid fevel  BBLSHR ‘fota1 BBL: Chiorides ——
3:00 22549 49.38 $9.33 e sampie not lesied
10:80 2356 19.38 3876 76,000 R
11:00 2250 14.82 53.58 —_ wampie nol tested
1200 2250 2052 7410 37,500 "
13:00 2200 1140 855D 26,000
14:00 2360 2384 10348 30,600
15:00 2200 2545 43492 25,000
1600 2200 2736 16228 25,000
A7:80 220 2508  187.34 — sampie not fested
17:30 2200 .04 19638 15,300 |
Secured well for might close master vihea,
18.00] 700 0.54 1Shut down for night.
NOTE: We will ing kil ehlorides of d Buid ep Encwn kevel of produced J-Sand waler. Anfici hlondes range
of 2000~3000 1o F000 ppm.
115 | TOTALHRS.
CAILY INTANGIELE
DALY TANGILE
CAFITALIED ERGIEEING g -
FLIND PROPERTIES ey M@ MN ws PY-vP Gai0S Gk 10N AP Flewte Frrta 5THP O3 Woiv Rzhs  Tiee Sttty Eﬁ:‘ Wate: Prasy Safinity
%165 % Sand % Skt MET =4 BE iMF Chineiden Cakiun LOM (PP SRS AN RIM B8RP Wy
PRODUST USAGE 1 FLUID INFO.
Proshust Kame Sttty Prasuct Name. Cunnbty VFWComgmny Gttty Brig Fuicls PRIOR CUM. FLABD LOSS
Fiuld Tyse BENE Daty P Liva - picle o
e o Frid Systern EALT WATER Gt Fioard L - i 0y
Fric Cazm, Fasd Cond
) Cady Fiuid Cost 5 N
- Cortadatiem Fuid Sost £ v .
BIT WFORMATION Rerport Jet fioTrie soes on Page 7 Do The BHA teckon
N SEE BAKE SERLA TeRE GEPTHIN BEPTHOUT  FOGTASE WOURE REP wos A DG BT GRADE
]
i o 4 " 08304
i i
i e Bl - X N .
HYDRAMLICS WFORMATICH
e MARE HODEL SIRORE RS = EFE % EBUSTI PP FEESS [t P Ay Ay TV e
1 o
z BIT PRESS DROP IMP FCRCE
3

O Y S VR ST R R TION
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WELL NAME Windy Hill Gas Storage Unit 2 1 Well 137 CATE REFORT KO o s .
LessE Windy Hi8 Gas Storage Unit# 1 o AFE Businer COST £5T [Cry Holey B
VIELL KUMBER 117 B Net irdorest % T Gty & B ot P, Est o
- Ao (oot _ _»W_M K -
RAES NANE
FEL ] s
WO TP Evaiuale J-Sand CAIRG PROGRAM
WELL BUASD Explorstory CATEGORY SEE Treg MO BTI VO BT cam Lo or BIT
CITY $ PARISH OR G ¢ STATE Morgan County, Colorado L - 1338 Surface 155 R 355  cementad
D KAME FROG TG Patterson-UTI Rig 160 8828 tergStiang 5887 5,987  cemenled B
O PROMSE FRESENT) 6500
TVD (PROPUSED  PRESENT) 8,500 e
GRIECTIVE SANDS) J Sand . s
GRUGND ELEY. 4472 ) 15.0° 5 _ e
PERFORATIONS Prepesed 5150 to 5230 5,270 to 5300 ) e
RPY.DATE . RUees FOREMAN . MUDWEGHT  0O0REG
DEPTH & 0800 FOOTAGE AVERAGE
HAS L€ ETD/PETOLTOF sgar e _LARGHOURS . RoP -
PRESENT GPERATION (1706 HRS.) ‘Conlinua swabbing J-Sand until hrea chiodds reading the sams & then pedomm infection lest, acid reatment & injechivity last.
. . .
From To PUA] Hrs, Remarks
Z00{ B30 I P 150 idelg pee job safely mecting on ing well. Stid in lubing on vasuum. No peassure on casing tubing annulus. Wait for frac tank to arvive on location.
&30 845 0.25 [Hooked up loes lo frac tank.
[ 645| 1730 9.75 Swab well on lest irftial Tuid fevel 2,200 FT with final fhed level 2,200 FT. Monior Griondes of water a5 noted betow,
Time flaid level BBLS/HR Total BELs  Chiorides
9:30 2200 2T.00 T1.09 12,004 o
VVVVVVV 18:30 2200 21.50 5850 10400
- 1130 2200 3600 s450 10000
12:30 2200 259 117,00 000
13:30 2200 27.00 14800 8,000
14:30 il 2750 171.50 7400
15230 225 28.50 200.00 500
16:30 2200 25.00 22500 8,104
17:30 2200 2000 255.00 5,200 ‘Total fuid recovensd swatibing = 451 BBLS
Chinride ware monfiored every 30 ninides from 12:00 t5 16:00, Thenwe checked every two swab ang, Looking for the chistides to read the same
fof three samples.
1730 18:06 0.50 SCCDI‘EGMfﬂfﬂigﬁﬁc}memaﬁervalveuumwand&Mmﬁmswmmmmemmydmmmg.
1805 700 42,00 [Shut down for pight.
HOTE: Anticipate swabbing fof bwe hiurs i AN untl chicride reading of 4000~5000 ppm aro reagh [ the readings. (Reticed Halibustion Mgs advised
Run Yetter, Tool pusher for confractor. that the J-Sand chiloddes are in this range in Ris area). .
H
B0 | TOTAL MRS, :

DALY BITANGIELE. CUMULATNE COST  §
DAY TANGHLE omnreosT s o s 75‘,'
CASTALITED ENGINESRING PRIGR CUM. GOST w; ) 55;36
FLLKO PROPERTIES "y WD G NP ws RY-YR CdIas o 10 Mn KES Fraln Fivue WTHP  026vner Ratie  Eie. Stabaty Eﬁ "Waler Phave Satoity
% LGS S % Begicy WET P PErRF Crporides. Cazrm LT (FPEy 200 RPN & RPIX JAPM
FROGUCT USAGE I LMD INFO.
Frodioct e Qutity Pt Nam Cuiartey PRIOR CUM. FLUID LOSE
Dady Fhad Lots « Hoie
Cum Fruid Leng + Hol O bt
’ P G, Fio St
Doty Ficad Cost % o
Cirmitatins PR Sest H -
BT WFORMATION Soegeet Jef Pioizie 5izem 0n Fage 2 befows e BH08, secion,
[543 S RAKE sERAL ¥ ToRg BEPTHIN  DEFTHGMT  sooTASE B RoP ) A WADC BT GRADE
wwwwwwwwwwww _...b o 0.9204
P 0 -
HYQRALRICS INFORMATION
PP HAKE MODE STRSHE BRER sEM ESF. % BEUSTR PUAS BRESE 2 o e B4 A ETVEL g
1 o
2 2iT PRESS DROP INP FORCE
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WEL MR Windy Hit Gas Storsge Linit # 1 Walt 117 DATE 02407105 REPGRT 8O 7
LEASE Windy Hll Gas Slorage Unit2 1 AFE Numtar m162532mm COST EST {Dry Halt)
WWELL RUMEER 1-17 el imtesest % SN Oﬂg BE rM pMs- £ B S ——
O AFE ANCUNT [Total)
AREA NANE
FED nfa Baction
ViR T "Evaluate J-Sand CASEHG FROGRAN
. Explomiory CATEGERY e VR MO BTH TV 6TM coND LT o 51T
Y FPARASM O €O,  STATE Maorgan County, Colorado 138 Surtace 355 355  cemented
Rl RAME | R TS PatesenUTiRigtse . 8825 Long Siing 5887 588 e e
TO{(FROMPOSED F PRESENTY 5,560
TV (FROFOSED PRESENT) 6.50C e
GEIECTIVE SANKE) J Sand
GROUNS ELEY. 4412 ReE 16.0°
PESIFORATIONS (Propesed) S150" 10 5230, 8.270 o 5300 " -
RPT. DATE . _22_1’?1@_””““ FOREMAN MUD WEIGHT
DEPTH £ 0600 FOOTAGE AVERAGE
rS L LEBNY  ETRUPRTDITOF  ES0Y CRICLED DRLGHOURG ROP )
PRESENT QRERATION (702 HR3.} Frep o sa fig pump (o Bnish injection swabbad waler Release packer, PODH & sel cement retainer,
i
From To eual B L
T00| 1600 | P 3.00 jHeid pra job safely meeting on swabbing wall, Shulin tubing on vacuum, Mo pressure on casing tubing anauius, "
Fahooked up Enas 1o fac tank,
Swal well o0 [esL. Initial flold isvel 2,200 FT with final Buid tsvel 2,200 FT. Moniior Ghioces of water a5 nofed beiow, ”
Time fuidfevel  BBLS/HR YolalBBLs Chorides Ayaiags
700 2200 - - - - -
7:30 220 - - 5,200 5100 5600 5,333
FOTE: Caugrt -
a0 20 250 2500 4500 5,000 5100 5,000 ot iy Somsiet ehag e
" rroceduts bom AngySra Gitup. Thrywiibe |7
B30 2200 . - 4500 5,000 4,800 4.800 Linsivernd vy Mok Fchard whea bevzosine |
Do in rout i Housten,
900 2200 25.00 4000 4,400 4,600 4,313 10 ebons 4150 o waey |
8:15 2200 - - 4,200 4,209 4,400 4,267
5;30 2200 - - 4,600 4,800 4,500 4,667
945 220D - - 4,400 4,600 4.700 4567
19:90 2200 10.00  80.00 4,100 4450 4,500 4333 TFR =531 BBLS :
Chicride were monieeed every 15 minutes from 9.00 to 10:60. Lesking for the chioride reating 10 be wihin +~ 300 #ita betwesn each, i
10460 153 15¢ {Figged down swabing equipt, rgged up fines, primed pumps and Eested knes 5440 psi.
1130 17:00 5.50 |Pumped 221 BBLS at 123 8FM 1850 psk. Shut down ISIP=0 psic well on vatuum., Shut down 1 howt 15 min 10 prepare 15% HClwith FE. Pumped 98 8L
15% acid at 11.8 BPM 1,250 psi; on perfs a1 11.5 BPM 2,400 psi with acid on perfs 10.8 BPM 1,600 psi with 2cid ibeing displaced with 319 BELS water
2111.2 BPM 1,200 P Shut down 1S1P=lpsi. Attempt 10 parng water gt ligh rate bul had problems keepng punps <harged o achieve high rate. Pumped
244 BELS water from frag tanks &) rates from 16 EFMS, 6.5 BPM down {0 38PM. On shut down well on vacuum,
17:60; 1850 160 [Rigged down Hattiburien lines and equiptment. Hooked up line from ac tank to allow swabbed warler ko gravity feed into formation ovemight, i
1800; 700 13.60 1S down ovemight, gravity feeding swabbad water inte formation. Est 0.5 10 1.0 BPM rats of waler Ging ints formation, :
[ 2460 TOTALHRS, ’
CALY WFANGELE g &7,806 CAARHATIVE COST
DALY TANGILE o . ALY GOET
CAPTMLIED ENGREERING g o FROROMLSOSt 7y
FLUG PROPERTIES M KD @ b2 K3 e Cal 125 e 10 W AP Fitye Filtrita HTHP Qi Waker Ratie  Elis. Srabaty i ey Prase Smbrary
['Y7-41 % Sand 4, Sl ¥aT P PR IR Criondes [omy LEM PPS) E00 RPI IO RPM CRMA 2@
PRODUGT USAGE 7 FLURD INFO-
Product Hams Suankty Prockaat Fiame Zzanidy Fayid Company Cralty Deag Fiuies PRIGR CUM. FLLO LOSS
Figd Tyoa BRINE 5;&“&:4 Lans - Rk -
?w\f System SALT WATER Curn Fhud Lows - bide
TTmTTm———— - Prica S, Fiord Coat
oy Fric Cose 3 -
Cromtation Py Sost s -
BT HFORMATION Birpoet Joi Motie sies &0 Pade 2 beiow Bhe BAA socton,
NO, SZE BAKE LEFAL Y TERE CEPTHE  TEFTH OUT FOOTAGE [t RGP WO TFA WOC BT GRADE
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WELL HAME Windy Hil Gas Storege Unit &1 Well 147 DRTE CROB05 REPCAT NG 8
\enss Windy Hill Gas Sterage Unt # 1 At romes 162582 GOST EST 0y veed D
WELL HUMSER 117 Het nterest % T Drig & Bvl (inal, PRAY £42. o
sROSFEET T AFE AMOUNT (Tetal) o
RHES KAVE
FIELD ada o Ssoon .
WO TYRE ‘Evaluate J-Sand CASING PRUGRAM
WELL SR Exploratory EATEGURY STE TP D BTH T BTM coND LOT v St
THTY £ PARIGH OR £0. 1 STATE Morgan County, Colorado 13-3@m_ Sutien 355 . 355 cemented
Rt WANE £ RIS TYFE PallersenUTl Rig 180 8625 Long Stoing 5887 5987 ﬂfff‘emm?_‘i N
e F‘ﬁm"ﬁfﬂ%ﬁﬁ?} 8‘500 ...... i P~ -
TVD (PRCPOSED F PRESENT) 6.500 . B } N
DRIBGTIVE SANOEH A Sand S, . o
CHOUND ELEV. 4417 - S .- 1. o o N —
FERFORATIONS (Frepantc) 51607 I 5230, 5270 to 5300 . —— e
RPT.DATE ozm08m5 FOREMAN  WL.F."GUS"Gustatson  MUDWEIGHT ~ GOPPS
SEPTH @ (400 FOOTAGE ANERAGE
RRS . 5®0 FTOUPETOfTOR | s DRMED | DRIGHOWRS  RoR
PRESENT OPERATION [0702 HRS.} Trip in hole snd hang off 312" tuliing in weill. Load hota with fresh water and corrosion inhiblior, Prossum lest tement retainer 1o 250 py,
Frem! Yo  jmml Hem Remarks
00| S0 | PP 200 Frack tank empty frem geavity feed of swabbed waier. Held pre job safety meeting on releasing packer and tripping 3-1/2- tubing and rigging up pump knes.
Rehooked up Bnes to ibing & infect swabbed waler cut of the swah lank. Pumpad a total of 157 BELS swabbed water, Rig down pump lises.
00! 1300 4.00 |Rigged dewn 3-112° 3K isolation vaive, R ipping head. Agged op foor B0 Uip Bibing. Released patker. Pulled out of ot (acking back o
B0 doubiss of 312" ubing Lsid down packer, B joints of 5 pipe fabing.
13000 1400 109 [Breakdown pedd nipple I gauge y. Remave p gauges ar ¢ pressune gauges. Retoversd good data.
14:00;  16:00 200 [Walt on ASAP Perforalors to nin cament retainer.
600 1T 1.00 Rigged ep ASAP Perforators electric ling unit. Make up cement refaines and nm in hole, Set Bakar Coment Retainer at 5,100 FT.
Puiied 0wl of hole with e-ing lools and rigged cown ASAP Perorators. HOTE: Elid level in hole prior to selting Cernent Retainer was 2580 FT,
1T0 AT 0.50 [Secymed wel Shut down for night.
17:30f 700 350 1Shul down for night.
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WELL AT Vindy Hill Gas Storage Unif# 1 Wel 117 DATE ) Gmmnm‘?? REFORT ROy 9
LEASE Windy Hil Gas Storags Unit # 1 AFE bumber HHSE2  COST EGT Dy Holey
WELL NUMBER 117 Betiwres® ~ Deig & Eval (inch, PAL). Es2 T
PRGSPECT AFE ANCUNT {Tebsl} R
ASEA RAME
FIELG na Section
WOAK TIPE Evgluate J-Send CASNG PROGRAM
WELL CUAS Expioratory CATEGTRY s THE 10 BTH TVD BT 4251 WOT e BT
CUYY £ PARSSH R ©O FETATE Morgan County, Colorado 13.28 Suttete 355 385 cermnled
PG NAME § R TYPE Patterson.UTI Rig 180 8.625 Long String 5,987 5057 cementes .
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HRS ETD1PBTOITOR DRELED GRS HOURS ROP
PRESENT GRERATION {0700 HRS.) Shut in persding further avaluation.
Feoemn To Pus  Hrs, Remarks
7:00| 1730 | P} 10.5D [Heid nee job safety meeting on iripping pipe and rippie down SOP & ripple up tubing head with valve instatled.
0 PSI st in casing pressure. Rigged up and Irippad in hole with 159 jeins 3-1/2° 8.3 it 5-55 tubing. Rigged up and mbxed corrasion inhibiter frem Cruatity
(45 gal GMS101 & 15 ga! CMS 202) in fresh water and pumped tdown bote ihiough fubing. Loated hoke with a tota) of 150 BBLS. Pressure tested
Cament Relaintr to 400 PS1with g pump, held for 15 minutes ~ okay. Aliow weil 1o equalire. Nippled dewn BOP & nipphed up hubing baad with gate valve.
wel. | d @ rentel equip Replacad fance pannets srousd s . Maved unil and equip off of acation,
NOTE: 29 joints of used 3-1427 9.3 R S-55 tuling ialt on rairoad ties next to welthead on kecation. Dry hote tree and vaive sef on hubing.
Wi venly last of rental equipmen picked up in moming. {Trash contalnar & portaie? shill on location afler fig Mmoved &if)
10.50 | TOTAL HRS.
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