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INTRODUCTION

Crow Butte Resources, Inc. (dba Cameco Resources) is applying for an Area Permit to
install and operate Class I Nonhazardous Waste Injection Wells at the company's
Marsland Expansion Area (MEA) located in southwestern Dawes County, Nebraska,
approximately 11.5 miles southeast of the City of Crawford, Nebraska and
approximately 4 miles northeast of Marsland, Nebraska. The purpose of establishing an
Area Permit is to allow for multiple injection wells to be installed at the facility over the
expected multi-year life of the project. This permit application is for the initial two Class I
Nonhazardous Waste Injection Wells to be installed under the Area Permit. Cameco is
aware that a permit modification would be required for any additional wells added to the
Area Permit at a later date.

This application has been prepared in accordance with the regulatory requirements
presented in Nebraska Department of Environmental Quality Assessment Section, Title
122 Rules and Regulations for Underground Injection and Mineral Production Wells
(Effective April 2, 2002). The application includes a table of contents, a completed

* NDEQ Application for a Class I Non-Hazardous Injection Well Permit Form, required
certifications, and a supporting detailed technical report.

0
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FOR APPLICATION NUMBERAGENCY N]E I I

USE DATE RECEIVED
ONLY I I

YEAR MO. DAY

NEBRASKA DEPARTMENT OF ENVIRONMENTAL QUALITY

APPLICATION FOR A CLASS I NON-HAZARDOUS
INJECTION WELL PERMIT

This application is required in accordance to Title 122, Chapter 7, Section 001.
This application must be submitted at least 180 days prior to any testing, drilling, or planned
construction at the application site. Every item on this application must be completed. An
incomplete application will be returned. If you have questions while filling out this
application, please refer to Title 122, Chapter 11 or call (402) 471-4290 and someone will assist
you.

Did you include the $25,000.00 non-refundable permit fee
Made payable to the State of Nebraska?

2. Describe the activities conducted at the facility and the nature of the business (Attach if

3. List up to 4 Standard Industrial Classification (SIC) codes that best reflect the facility or
process:

Name of Facility:
Operator's Name:

Street Address:
Telephone Number:

Signatory Status: (i.e. President, Partner, Executive Officer)
Entity Status: i.e. Federal, State, Private, Other

Operator's Signature
(printed and signed)

5. Owner's Name:
Mailing Address:

Telephone Number:
Signatory Status: (i.e. President, Partner, Executive Officer)

Entity Status: i.e. Federal, State, Private, Other
Owner's Signature

(printed and signed):

6. Legal location of the Injection well, including county: County:
(i.e. NW % of the SE % of Section 27, Township 14 North, Range 1 East)

WDW #2 SW/SW of Section 7, Township 29 North, Range 50 West



0 7. Is the facility located on Indian lands, historic and/or archaeological sites?
If yes, please list them below (Attach If necessary):

8. List all environmental permits, construction approval, or any other relevant permit
received or applied for from the Department or any other federal, state, or local
regulatory agency for this site Attach If necessa

9. Proposed Operating Data:

9a. Average and maximum dai volume of fluid to be injected:
Average: Maximum:

9b. Average and maximum injection ressure:
Average: Maximum:

10. The zone of endangering influence: (Refer to Title 122, Chapter 14)
Attach all calculations and assumptions used in calculations.

11. Name of person completing this form:
Telephone number:

Signature:



CERTIFICATION

I certify under penalty of law that I have personally examined and am familiar with the
information submitted in this application and all attachments and that, based on inquiry
of those individuals immediately responsible for obtaining the information, I believe that
the information is true, accurate, and complete. I am aware that there are significant
penalties for submitting false information, including the possibility of fines and
imprisonment.

William P. Goranson
President
Crow Butte Resources, Inc.

/ / z - 1,3

Date
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ENGINEERING CERTIFICATION

I certify under penalty of law that this document and all attachments were prepared
under my direction or supervision in accordance with a system designed to assure that
qualified personnel properly gather and evaluate the information submitted. Based on
my inquiry of the person or persons who manage the system, or those persons directly
responsible for gathering the information, the information submitted is, to the best of my
knowledge and belief, true, accurate, and complete. I am aware that there are
significant penalties for submitting false information, including the possibility of fine and

GEOLOGICAL CERTIFICATION

I certify under penalty of law that this document and all attachments were prepared
under my direction or supervision in accordance with a system designed to assure that
qualified personnel properly gather and evaluate the information submitted. Based on
my inquiry of the person or persons who manage the system, or those persons directly
responsible for gathering the information, the information submitted is, to the best of my
knowledge and belief, true, accurate, and complete. I am aware that there are
significant penalties for submitting false information, including the possibility of fine and
imprisonment for k viots.



0 1.0 SITE DESCRIPTION

The following sections provide information pertaining to the location of the MEA,
relevant site operations, surrounding land use patterns, cultural resources of the
area, and related Underground Injection Control (UIC) project operated by Crow
Butte Resources, Inc. (CBR).

1.1 Site Location

The MEA is located in southwestern Dawes County, Nebraska, approximately 12
miles southeast of the city of Crawford, Nebraska. The site is situated in Sections
26 and 35 of Township 30 North, Range 51 West, Sections 1, 2, 11, 12 and 13 of
Township 29 North, Range 51 West and Sections 7,18,19, 20, 29 and 30 of
Township 29 North, Range 50 West as depicted on Figure 1.1-1. The current CBO
Area is approximately six miles northwest of the MEA and the planned TCEA is
approximately eight miles northwest of the MEA, as depicted on the Site Location
Map (Figure 1.1-1). Figure 1.1-2 presents a plan view of the MEA.

1.2 Facility Owner and Operator

MEA is wholly owned by CBR, a subsidiary of CBO (dba Cameco). Cameco is
one of the world's largest publicly traded uranium companies.

Operator:
Crow Butte Resources, Inc. dba Cameco Resources
86 Crow Butte Road
P.O. Box 169
Crawford, NE 69339-0169

Contacts:
Doug Pavlick
General Manager
308-665-2215

Owner:
Crow Butte Resources, Inc. dba Cameco Resources
2020 Carey Avenue, Suite 600
Cheyenne, WY 82001

Contacts:
William P. Goranson
President
307-316-7601

ISjSRFACEI
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1.3 Relevant Site Operations

The nearby Crow Butte Project Research and Development Facility commenced

operations in 1986, e.g., CBO. Following successful restoration of the R&D
Project, commercial in-situ recovery (ISR) operations for uranium were initiated in
1991. In 2007, Cameco Resources was registered as a trade name with the
Nebraska Secretary of State, with Crow Butte Resources, Inc. operating under the
Cameco Resources trade name. The name of the facility was then referred to as
the Crow Butte Operation, with the operator's and owner's name being Crow Butte
Resources, Inc. dba Cameco Resources. The project continues to produce
uranium.

The ISR mining process for uranium removal is a proven technology that has been
successfully demonstrated commercially in Wyoming, Texas, and at the nearby
CBO in Nebraska. ISR mining of uranium is environmentally superior to

conventional open pit and underground uranium mining as evidenced by the
following:

" ISR mining results in significantly less surface disturbance as mine pits, waste
dumps, haul roads, and tailings ponds are not needed.

" ISR mining requires much less water demand than conventional mining and
milling, avoiding the water usage associated with pit dewatering, conventional
milling, and tailings transport.

" The lack of heavy equipment, haul roads, waste dumps, etc. result in very
little air quality degradation at ISR mines.

" Fewer employees are needed at ISR mines, thereby reducing transportation
and socioeconomic concerns.

* Aquifers are not excavated, but remain intact during and after ISR mining.
" Tailings ponds are not used, thereby eliminating a major ground water

pollution concern.
" State of the art lined evaporation ponds and/or deep disposal wells are used

to manage liquid waste streams.

ISR uranium mining results in the majority of other contaminants (e.g., heavy
metals) being left in the subsurface environment where they naturally occur,

SUBSURFACE
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instead of moving them to waste dumps and tailings ponds where their presence is
of more environmental concern.

ISR entails the extraction of the uranium-enriched groundwater (leachate) from the
subsurface mineralized zone, processing of the leachate to recover the naturally
occurring uranium, and then mixing of the process stream with a complexing agent
and oxidant with re-injection of the stream back into the mineralized zone to repeat
the process.

A small amount of bleed water (approximately 0.5 to 1.5 percent of the total mining
flow) is generated during the in-situ leaching process. This bleed water and a small
volume of process water and wastewater generated by groundwater restoration
activities will be disposed via the proposed Class I nonhazardous injection wells.

The MEA will be an expansion of ISR uranium mining operations for CBR in
Dawes County, with operations already ongoing at the CBO area approximately six
miles to the northwest.

At MEA, uranium will be recovered from the Basal Chadron Sand (same source
formation as at CBO and TCEA), which ranges in depth from 800 to 1,250 feet
below ground surface (bgs). The width of the ore body varies from 1,000 feet to
4,000 feet as depicted on Figure 1.3-1. The ore body ranges in grade from less
than 0.11 percent to 0.33 percent U308, with an average grade estimated at 0.17
percent U308. The MEA ISR well fields will be designed in a manner consistent with
the existing well fields at CBO.

Extracted uranium will be processed in a satellite facility located within the MEA or
will be piped directly to CBO for uranium recovery. The satellite facility will operate
at an average flow rate of 6,000 gpm (excluding 1,500 gpm for restoration) with an
expected annual production rate of 600,000 pounds U308. Total reserves for the
MEA are estimated to be approximately 9,551,197 pounds U308.

The uranium extracted from the MEA will be loaded onto ion exchange resin in the
Satellite Plant, which will then be transported by tanker truck to the main plant at
the CBO area for elution, precipitation, drying and packaging. Barren resin will be
returned to the MEA satellite plant by tanker truck.

SUBSURFACE
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1.4 Proposed Injection Wells

CBR is seeking an Area Permit for the MEA. The two wells being permitted under

this application (WDW #1 and WDW #2) will be installed at the following locations

as shown on Figure 1.4-1:

" WDW #1: SE/SE of Section 12, Township 29 North, Range 51 West

" WDW #2: SW/SW of Section 7, Township 29 North, Range 50 West

The purpose of the injection wells is to dispose of well field bleed water and a

small volume of process water from ISR mining operations and wastewater

generated by groundwater restoration activities. Additional injection wells would be

permitted and installed under the Area Permit at later dates as the MEA ISR

mining operations expand if they are deemed necessary.

1.5 Surrounding Land Use

Land use in the vicinity of the MEA is dominated by agricultural uses. Livestock

grazing on rangeland comprises the greatest portion of land use. Figure 1.5-1

provides land use patterns in the area of the MEA.

Residential and commercial land uses in Dawes County are concentrated within

the city limits of Crawford and Chadron. Industrial land uses within the city limits of

Crawford are generally associated with railroad facilities.

Within the MEA, rangeland accounts for 82.3 percent of the land use. Additional
minor land uses (cropland 9.9 percent and forestland 7.7 percent) occur within the

MEA.

No surface water impoundments are located within the MEA. The Niobrara River,

located just south of the MEA is the prominent drainage in the vicinity of the MEA.

1.6 Cultural Resources

Recreational opportunities provided by federal and state lands in Dawes County
have become an increasingly important component of the local economy. There

are no developed recreation facilities within the MEA. Nearby recreational

SUBSURFACE
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facilities in Dawes County include the Fort Robinson State Park, Ponderosa
Wildlife Management Area (WMA), Chadron State Park, Soldier Creek Wilderness
Area, the Red Cloud Picnic Area and several trails in the Nebraska National
Forest.

Habitat lands are those dedicated wholly or partially to the production, protection,
or management of species of fish or wildlife. Significant areas classified as habitat
nearest to the MEA include the Peterson WMA, located nearly 15 miles northwest
of the MEA boundary; the Fort Robinson WMA, located 14 miles north-northwest
of the MEA boundary; and the Ponderosa State WMA, which is 7 miles north of the
MEA boundary. There is no land within the MEA that is used primarily for wildlife
habitat. Wildlife habitat is a secondary use of rangeland and forestland within the
MEA and surrounding area.

The proposed MEA is on private lands immediately south of the Nebraska National
Forest-Pine Ridge Ranger District.

ARCADIS (ARCADIS 2011) completed an intensive pedestrian block cultural
resources inventory of approximately 4,500 acres for the MEA during the period
from November 2010 to February 2011. The MEA was inventoried for the
presence of historic properties (cultural resources that are listed or eligible for
listing on the National Historic Preservation Act, NHPA) and may be impacted by
proposed mine development. This inventory recorded 15 newly discovered historic
sites and five historic isolated finds and updated the documentation on two
previously recorded historic farmstead sites. All of the newly recorded historic
sites were recommended not eligible for the NRHP and do not qualify as historic
properties. Isolated finds are by definition not eligible for the NRHP. Historic
farmstead DWOO-242 is recommended not eligible for the NRHP, but appears to
be currently or recently occupied. Site DW0O-243 may have the potential to yield
information important in history and may be potentially eligible for the NRHP, but is
not recommended eligible based on the currently available information. Avoidance
of these two sites by project actions (construction and operations) is
recommended. If these recommendations are followed, the proposed project will
have no adverse effect on historic properties and no further cultural resource
investigations are recommended.

ISUBURAE



@ 1.7 Site Regulatory Permits

Applicable permits received (or applied for if not yet received) for the MEA and
related CBR projects are listed in Table 1.7-1.

1.8 Description of Related UIC Projects

The MEA project, for which this Area Permit application is being submitted, is the
third project to be developed by CBR in Nebraska that utilizes underground
injection wells to dispose of a nonhazardous waste stream associated with ISR

uranium mining operations from the basal sand of the Chadron Formation.

CBR currently operates such a project approximately six miles to the northwest of
MEA at the CBO which includes the original Crow Butte ISR mining operation and
two associated Class I nonhazardous waste injection wells. A Class I UIC
Application for Class I nonhazardous waste injection wells at the second TCEA
project, located approximately four miles west of the CBO will be submitted to the

Nebraska Department of Environmental Quality (NDEQ).

@ CBR has also received a Class III UIC Permit for the North Trend Expansion Area
(NTEA) located northwest of the initially developed CBO site.

The current CBO area is located in Sections 11, 12, 13, and 24 Township 31
North, Range 52 West and Sections 18, 19, 20, 29, and 30 Township 31 North,
Range 51 West. The permit area consists of approximately 2,875 acres. The
MEA location in relation to the current CBO is shown in Figure 1.1-1.

Injection Well #1 at CBO has been in operation since 1994. The last major permit
modification request for Well #1 was made in 2010 to increase vanadium disposal
criteria to 100 milligrams per liter (mg/L). This modification was subsequently
approved by NDEQ, and the permit expires July 2, 2014. Injection Well #2 has
more recently been installed at CBO following NDEQ approval of a permit
application. Injection Well #1 is completed in the Cretaceous age Morrison
Formation and Injection Well #2 is completed in the Morrison and Sundance
formations.

SUBSURFACE



The proposed injection zone for the planned injection wells at MEA will include the
Lower Dakota, Morrison, and Sundance formations similar to the injection zone at
CBO. The specific injection interval at MEA will be determined based on site-
specific data acquired when the first two injection wells are drilled. It is anticipated
that the Morrison or the underlying Sundance Formation will be the injection
interval at MEA.

2.0 GEOLOGIC AND HYDROGEOLOGIC INFORMATION

The following sections present information related to the geologic and
hydrogeologic setting at the MEA.

2.1 Physiography

The MEA is located near the northern limits of the High Plains section of the Great
Plains physiographic province. The most prominent physiographic feature in the
region is the Pine Ridge Escarpment, which rises roughly 300 to 900 feet above
the basal plain. The escarpment bounds three sides of the Crawford Basin (refer to
Section 2.3.2). Colluvial and alluvial deposits originating from this escarpment
cover the permit area.

Topography of the area includes gently sloping, rolling hills with outlying, broad
ridges which are dissected by intermittent and perennial streams. Land surface
elevation in the area ranges from approximately 3,880 to 4,400 feet above mean
sea level (amsl). Surface topography is depicted on the topographic map used for
Figure 1.1-1.

2.2 Regional Geology

MEA is located in Dawes County in northwestern Nebraska. Table 2.2-1 presents
a published generalized geologic and hydrostratigraphic framework for Nebraska.
A portion of the geologic map of bedrock in northwest Nebraska is provided on
Figure 2.2-1. A regional geologic cross-section orientated west to east from the
Rocky Mountains to the Omaha area is shown on Figure 2.2-2. As described in
Section 2.3 below, the local geologic setting is consistent with the regional
geologic setting depicted on Table 2.2-1 and Figure 2.2-2.
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All geologic units encountered during the drilling of oil and gas exploration wells in
the vicinity of the MEA are consistent with known regional stratigraphy. Geologic
units that are consistently identified in oil and gas wells include the Brule
Formation, Chadron Formation, Pierre Shale, Niobrara Formation, Carlisle Shale,

Greenhorn Limestone, Graneros Shale, "D" and "J" sands of the Upper Dakota
Group, the Lower Dakota Group, Morrison Formation, Sundance Formation and
Satanka Shale.

2.3 Local Geology

The following subsections provide discussions concerning the geology in the area

of the MEA.

2.3.1 Stratigraphy

The subsurface stratigraphy in the vicinity of the MEA is provided in Table 2.2-1
which shows the stratigraphic sequence from land surface down to the

Precambrian basement rocks.

The local stratigraphy of interest within the MEA consists of the following
geological units in descending order: Brule Formation, Chadron Formation,
Pierre Shale, Niobrara Formation, Lower Dakota Formation, Morrison Formation,
Sundance Formation, and Satanka Shale.

The formations of primary importance to underground injection operations at the
MEA are the Lower Cretaceous/Upper Jurassic sequence which includes the
Lower Dakota, Morrison, and Sundance.

The following is a detailed description of the shallow stratigraphy at the MEA
based on an extensive review of existing site-specific drilling logs and published
literature. Geological units are described from stratigraphically youngest to
stratigraphically oldest. Revised nomenclature for these stratigraphic units is
discussed, where applicable, and referred to throughout this application. To be
consistent with historical permitting, the stratigraphic nomenclature used in
previous submittals to the Nuclear Regulatory Commission and the NDEQ has

been preserved. Table 2.3-1 accompanies the following text.
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Quaternary

Alluvium
Quaternary alluvium as much as 30 feet in thickness overlies the Arikaree Group
along drainages in the study area. In general, the alluvium consists of fragments
of locally outcropping Oligocene-Miocene sedimentary rocks, sand, gravel and
sandy soil horizons, and may include weathered fragments of the Arikaree
Group. Because alluvium is unconsolidated and may incorporate one or both of
the vadose and phreatic (shallow groundwater) zones, log signatures within this
unit vary in comparison with those geologic units in the deeper subsurface
underlying units. On most MEA logs, resistivity values for alluvium are very high
(beyond the log scale), indicating the presence of either soil vapor or fresh water.
In general, shallow zones with elevated resistivity are also distinguished by a
negatively deflected SP curve, suggesting the presence of a permeable zone and
formation fluid with lower resistivity than the fluid within the borehole. Although
these log signatures suggest the base of the alluvium can be readily identified in
geophysical logs, this relationship has not been verified and the alluvium
Arikaree Group contact is not depicted on cross-sections.

The weathered upper part of the Arikaree Group that is in direct contact with
overlying alluvium exhibits signatures in geophysical logs that are similar to those
of the overlying alluvium. Therefore, interpretation of the contact between the
two mapped units is only tentative.

Oligocene-Miocene

Arikaree Group
The Oligocene - Miocene aged Arikaree Group is typically a water bearing unit
overlain by alluvium. Within the MEA permit boundary, the Arikaree Group has
limited occurrence and is deposited at shallow depths. The thickness varies from
50 to 210 feet, depending upon the degree of erosion. The Arikaree Group lies
unconformably above the Brule Formation and is comprised of the Upper
Harrison Beds, Harrison-Monroe Creek and Gering Formations, aged youngest
to oldest, respectively (Collings and Knode, 1984; Swinehart et al., 1985;
LaGarry, H. E., 1998; McFadden and Hunt, Jr., 1998).
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In the literature, the Upper Harrison beds are referred to as the Marsland
Formation or are grouped with the upper portion of the Harrison-Monroe Creek
Formation to create separate Harrison and Monroe Creek formations. This
permit will use the nomenclature presented in Swinehart et al. (1985) which uses
the Upper Harrison beds, Harrison-Monroe Creek and Gering Formations.

Contained within the Arikaree are numerous channel and flood plain deposits. In
some locations crossbedding is observed. Grain size increases from very fine to
fine to medium. The coarsest materials are epiclasts from the White River Group
and the Rocky Mountains (Bradley and Rainwater, 1956; Tedford et al., 1985;
Hoganson, J.W., et al., 1998).

Upper Harrison Beds
The Upper Harrison beds are comprised of buff and gray fine sand without
abundant silt and clay, white sand with abundant silt and clay and a siliceous
pedogenic horizon. Convolute laminae are formed from the fine sand and
contain very little silt or clay. The white sand was formed from sheet flow
following rains and/or flooding after a heavy ash fall and formed a massive
unlaminated layer. The lower part of the Upper Harrison contains large blocks
formed from underlying strata indicating deposition from channel and floodplains.
Cross stratified beds are also found within the Upper Harrison (Witzel, 1974;
Vicars and Breyer, 1981).

Harrison - Monroe Creek Formation
The upper portion of the Harrison-Monroe Creek Formation is comprised of fine,
unconsolidated grey sand. The lower portion is comprised of compact fine sandy
silt and clay, pinkish to buff in color and a fine to medium grained gray sand
(Witzel, 1974; McFadden and Hunt, Jr., 1998).

Concretions are found in the upper and lower portions of the Harrison-Monroe
Creek Formation. Concretions within the upper beds are typically smaller than
those found within the lower portion of the formation. The concretions are
comprised of long irregular cylindrical masses which are fine grained and grey in
color (Lugn, 1939; Witzel, 1974; Collings and Knode, 1984).
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Gering Formation
The Gering Formation consists of gray, grayish brown volcaniclastic fine to
medium grained sandstones, silty sandstones, silt and local beds of ash, coarse
sand and fine gravel. The unconformable contact between the Brule and Gering
Formations is readily observed when the sediments of the Gering Formation
were deposited by channels and proximal flood plains. When the sediments of
the Gering are fine grained, the contact is harder to discern (Witzel, 1974;
Collings and Knode, 1984; McFadden and Hunt, Jr., 1998).

Eocene-Olig-ocene

White River Group
The White River Group consists of the Chamberlain Pass Formation overlain by
the Chadron Formation, which is, in turn, overlain by the Brule Formation. Strata
assigned to this group were deposited within fluvial, lacustrine, and eolian
environments (Terry and LaGarry, 1998). In northwest Nebraska, it rests
unconformably on weathered Pierre Shale. The bulk of the White River Group
consists of airfall and reworked volcaniclastics derived from sources in Nevada
and Utah (Larson and Evanoff, 1998; Terry and LaGarry, 1998).

The history of stratigraphic nomenclature for the White River Group of Nebraska
and South Dakota has had various interpretations as described by Harksen and
Macdonald (1969). The following stratigraphic nomenclature retains the formal
and informal members based on nomenclature by Schultz and Stout (1955) but
also includes more recent nomenclature (Terry and LaGarry, 1998; Terry, 1998;
LaGarry, 1998; Hoganson et al., 1998).

Brule Formation
The Brule Formation (Oligiocene) is the stratigraphically-lowest unit within the
White River Group that crops out extensively in the study area; underlying and
older units of the same group are unexposed (Gutentag et al., 1984). The Brule
Formation was originally subdivided by Swinehart, et al. (1985) and later revised
by LaGarry (1998) into three members, from youngest to oldest: the "brown
siltstone" member, the Whitney Member, and underlying Orella Member. The
"brown siltstone" member consists of pale brown and brown, nodular, cross-
bedded eolian volcaniclastic siltstones and sandy siltstones.
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The contact with the underlying Whitney Member varies from a gradational

contact to a sharp disconformity where the "brown siltstone" fills valleys incised

into the older stata of the Whitney Member. The Whitney Member consists

mostly of pale brown, massive, typically nodular eolian siltstones with rare thin

interbeds of brown and bluish-green sandstone, and volcanic ash. The lowest 10

meters of the Whitney Member, however, consist of white or green laminated

fluvial siltstones, sheet sandstones, and channel sandstones. The contact

between the Whitney Member and the underlying Orella Member is

intertonguing. The Orella Member consists of pale brown, brown, and brownish-

orange volcaniclastic overbank clayey siltstones and silty claystones, brown and

bluish-green overbank sheet sandstones, and thin volcanic ashes. Rare thick,

fine- to medium-grained, channelized sandstones appear throughout the Orella

Member. These sandstones appear to have very limited lateral extent. The

overall thickness of the Brule Formation within the MEA is generally less than

400 feet and ranges from approximately 50 to 350 feet.

The contact between the Brule Formation and underlying Chadron Formation is

difficult to identify in some places, as the contact between the two formations is

inter tonguing (LaGarry 1998). Regionally, the contact is recognized as the

lithologic change from thinly interbedded and less pedogenically-modified brown,

orange, and tan volcaniclastic clayey siltstones and sheet sandstones of the

Orella Member to pedogenically-modified green, red, and pink volcaniclastic silty

claystones of the Big Cottonwood Creek Member in the upper Chadron

Formation (Terry and LaGarry 1998). The Brule Formation is characterized by

rapidly fluctuating geophysical log curves, or "log chatter". This response is

recognized in resistivity curves, and to a lesser extent in SP curves, throughout

the MEA. Such fluctuations result from resistivity contrasts between the thinly

interbedded siltstones and sandstones of the Orella Member. Because the

sandstones are porous and constitute a part of the regional aquifer, the contacts

with the interbedded, dry siltstones are sharp and easily recognized on logs

(Gutentag et al., 1984). Lateral correlation of beds within the Brule Formation is

very difficult due to generally thin bed thicknesses and limited lateral extent.

The contact between the interbedded siltstones and sandstone of the Brule

Formation and the silty claystones of the Upper Chadron Formation is
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distinguished by a drop off of "log chatter" and establishment of relatively flat or
straight curves (i.e., the shale baseline) on both resistivity and SP logs. Because
of the intertonguing nature of the Lower Brule and Upper Chadron Formations,
thin, isolated sandstones and siltstones may be present in the Upper Chadron,
making it appear that the formation contact is deeper in some wells.

Chadron Formation
The Eocene-Oligocene Chadron Formation is the lower part of the White River

Group. The Chadron Formation conformably overlies the basal sandstone of the
Chadron Formation and is conformably overlain by the Brule Formation. From
top to bottom, the Chadron Formation historically consists of the following
stratigraphic units: Big Cottonwood Creek Member (herein referred to as the
upper Chadron and upper/middle Chadron to be consistent with historical
permitting), Peanut Peak Member (herein referred to as the middle Chadron to
also be consistent with historical permitting), and basal sandstone of the Chadron
Formation. The basal sandstone of the Chadron Formation represents the
production zone and target of ISL mining within the MEA.

Upper Chadron and Upper/Middle Chadron Formation
The Upper Chadron Formation and Upper/Middle Chadron Formation are
composed primarily of volcaniclastic overbank silty claystones interbedded with
tabular and lenticular channel sandstones, lacustrine limestones, pedogenic
calcretes, marls, volcanic ashes, and gypsum (Terry and LaGarry 1998). Tuffs in
the Toadstool Park area that occur in the Upper Chadron were dated by
40Ar/39Ar methods as late Eocene (-34 Ma) in age (Terry and LaGarry 1998).
The lower boundary of this member is an intertonguing contact with the
underlying Middle Chadron of the Chadron Formation, or is a local unconformity
where the Upper/Middle Chadron fills valleys and depressions (Terry and
LaGarry 1998). The upper boundary is recognized by a lithologic change from
pedogenically modified green, red, and pink volcaniclastic silty claystones of the
Upper Chadron to thinly interbedded and less pedogenically modified brown,
orange, and tan volcaniclastic clayey siltstones and sheet sandstones of the
Orella Member of the Brule Formation (Terry and LaGarry, 1998).

The Upper Chadron is the youngest member of the Chadron Formation. The
upper part of the Upper Chadron is light green-gray bentonitic clay grading
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downward to green and frequently red clay, though interbedded sandstones also
occur. Based on the predominance of fine-grained lithologies that comprise the
Upper Chadron, this unit represents a distinct and rapid facies change from the
sandstones present in the underlying Upper/Middle Chadron and Basal Chadron
Sandstone. On the basis of aviailable well control data, the Upper Chadron is
continuous under the MEA. The Upper Chadron ranges in stratigraphic
thickness from approximately 410 to 650 feet in the MEA.

Two core samples (M-1454c, Run 1 and M-1624c, Run 1) were collected from
the Upper Chadron by CBR at boreholes M-1454c and M1624c, Sections 1 and
12, T29N, R51W of the MEA. X-ray diffraction analyses of M-1454c Run 1 and
M-1624c Run 1 samples indicate varied compositions. M-1454c Run 1 was
primarily comprised of calcite, montmorillonite and quartz. Minor amounts of
plagioclase, potassium feldspar and illite/mica were recorded. M-1624c was
primarily comprised of mixed layered illite/smectite, calcite and quartz. Minor
amounts of plagioclase, potassium feldspar, magnetite and illite/mica were
recorded. Particle size distribution analyses of M-1454c Run 1 and M-1624c Run
1 give median grain sizes of 0.056 mm (silt) and 0.049 mm (silt), respectively.
Both samples are dominated by silt-sized grains, however M-1454c Run 1
contained more medium sand than M-1624c, which increased the median grain
size. M-1454c Run 1 contained 47.25% silt and 9.64% clay. M-1624c Run 1
contained 54.65% silt and 8.73% clay. As M-1454c Run 1 and M-1624c Run 1
both contain greater than 50% combined silt and clay-sized particles, and
because greater than 67% of the silt+clay component is silt, they are classified as
siltstones (Brown and Harrell, 1991).

Typical GR, SP, and resistivity log signatures for the Upper Chadron exhibit
curves representative of the relatively flat shale baseline. Fluctuations are
present among Upper Chadron log curves, representing interbedded siltstones,
sandstones, limestones, and volcanic ash deposits that occur less commonly
than in the overlying Brule Formation.

The Upper/Middle Chadron is directly overlain by the Upper Chadron. At some
locations, the Upper/Middle Chadron is similar in appearance to the channel
sandstone facies of the upper portion of the basal sandstone of the Chadron
Formation (described later in this section) and is typically very fine to fine
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grained, well-sorted, poorly cemented sandstone. However, within the MEA
permit boundaries, the water-bearing sandstones of the upper/middle Chadron
Formation that are recognized in other locations such as TCEA are not present
within the MEA. Geophysical logs (discussed below) and core samples indicate
the presence of a finer-grained facies than is present at TCEA. Therefore,
because the sandstones of the upper/middle Chadron are absent, the upper
Chadron and middle Chadron Formation comprise a thick continuous mudstone
and siltstone sequence within the MEA.

Review of geophysical logs from within the permit boundaries indicates that the
upper/middle Chadron has poor reservoir characteristics and minimal water
saturation. When compared to aquifers of the Brule Formation and basal
sandstone of the Chadron Formation (discussed below), inflections in resistivity,
neutron and SP curves are almost wholly unseen within the upper/middle
Chadron. At TCEA, the upper/middle Chadron was recognized and correlated
primarily on the basis of decreased neutron counts (indicating increased
porosity), increased resistivity (indicating the possible presence of relatively fresh
water) and other log signature combinations. Correlation of the upper/middle
Chadron at MEA using GR log signatures is problematic due to the presence of
bentonitic deposits throughout the upper and middle Chadron Formation.
Occasional, very minor increases in resistivity are present at the stratigraphic
level likely to represent the upper/middle Chadron, but are not consistent across
the MEA. These comparatively muted log signatures indicate that water may be
intermittently present within the upper/middle Chadron. However, water
saturations are not significant enough to create strong log responses as
recognized in other known aquifers within the MEA. Therefore, a continuous
sandstone aquifer within the upper/middle Chadron is interpreted to be absent
within the MEA.

Middle Chadron Formation
The Middle Chadron is a clay-rich interval that grades from brick red to grey in
color with interbedded bentonitic clay and sands. Light green-gray "sticky" clay
within this unit serves as an excellent marker bed in drill cuttings and has been
observed in virtually all regional test holes both within the MEA, TCEA, NTEA
and the current CBO. The Middle Chadron unconformably overlies the Basal
Chadron Sandstone (Chamberlain Pass Formation) in South Dakota and
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Nebraska (Terry 1998). As described above, the upper boundary is variable and
is overlain either by the Upper/Middle Chadron, where present, or by the Upper
Chadron. The Middle Chadron differs from the overlying Upper/Middle and Upper
Chadron in that the Middle Chadron is composed of bluish-green, smectite-rich
mudstone and claystone, weathers into hummocky, "haystack-shaped" hills and
slopes with a popcorn-like surface, is less variegated in color, and has less silt
(Terry 1998). The predominantly clay lithology of the Middle Chadron represents
a distinct and rapid facies change from the underlying Basal Chadron Sandstone.
Within the MEA, the unit ranges in stratigraphic thickness from about 20 to 290
feet.

Two core samples (M-1454c Run 2 and M-1624c, Run 2) were collected from the
Middle Chadron by CBR at boreholes M-1454c and M-1624c, Sections 1 and 12,
T29N, R51W of the MEA. X-ray diffraction analysis of the M-1454c Run 2 and
M-1624 Run 2 samples indicate varied composition. Samples M1454c Run 2 and
M-1624c Run 2 are primarily comprised of mixed-layered illite/smectite; however,
M-1454c Run 2 also contains a high amount of calcite. Other minor minerals
found within the samples include quartz plagioclase, potassium, feldspar, chlorite
and illite/mica. Particle size distribution analysis of M-1454c Run 2 and M-1624c
Run 2 give median grain sizes of 0.0027 mm (silt) and 0.065 mm (very fine
sand), respectively. Both were mainly comprised of silt sized particles, however,
M-1624c Run 2 contained more medium sand than M-1454c Run 2, which
increased the median grain size. M-1454c Run 2 contained 46.36% silt and
20.65% clay. M-1624c Run 2 contained 34.6% silt and 16.54% clay. Both are
classified as siltstones (Brown and Harrell, 1991).

Typical GR, SP, and resistivity log signatures for the Middle Chadron exhibit
curves representative of the shale baseline. The contact between the top of the
Middle Chadron and the overlying upper Chadron is difficult to ascertain due to
similarities in grain size. At MEA, due to like lithology and geophysical log
responses between the upper/middle and middle Chadron Formation, it is difficult
to define the contact between these units.

Basal Sandstone of the Chadron Formation - Mining Unit
The basal sandstone of the Chadron Formation is the oldest unit in the White
River Group. The lower part is a coarse-grained, arkosic sandstone with
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common, discontinuous interbedded thin silt and clay lenses of varying thickness.

The basal Chadron sandstone overlies a marked regional unconformity with the

underlying Yellow Mounds Paleosol (Terry 1998). The lower contact is easily

recognized as change from the underlying black or bright yellow, pedogenically

modified surface of the Pierre Shale (i.e., the Yellow Mounds Paleosol) to white

channel sandstone. In places,, the basal sandstone of the Chadron Formation
grades upward to fine sandstone containing varying amounts of interstitial clay

and persistent clay interbeds. Vertebrate fossils from the Basal Chadron

Sandstone in northwestern Nebraska and South Dakota indicate a late Eocene

age (Chadronian) (Clark et al. 1967; LaGarry 1996; Lillegraven 1970; Vondra

1958). The Upper Interior Paleosol, occurring as a persistent clay horizon,
typically brick red in color, developed on top of the Basal Chadron Sandstone

and generally marks the upper limit of the Basal Chadron Sandstone.

The basal Chadron sandstone occurs at depths ranging from about 817 to 1,130

feet bgs and was encountered at all exploration holes. Stratigraphic thickness of

the unit within the MEA ranges from approximately 20 to 110 feet. The thickest

sections of the unit occur in the western portions of the MEA. Up to four distinct

sandstone horizons are present in the thickest portions of this unit and are

separated by variable amounts of interbedded clay. Regionally, the unit ranges

in thickness from 0 to 250 feet.

The greenish-white channel sandstones of the Basal Chadron Sandstone that

overlie the Yellow Mounds Paleosol are the target of ISR mining activities in the

MEA. Regionally, deposition of the Basal Chadron Sandstone has been
attributed to large, high-energy braided streams (Collings and Knode, 1984;
Hansley et al., 1989). In this regard, the Basal Chadron Sandstone is lenticular

with numerous facies changes occurring within short distances. The interbedded

thin silt and clay lenses most likely represent flood plain or low velocity deposits

normally associated with fluvial sedimentation.

Core samples (M-1454c Runs 3 and 4 and M-1624c Runs 3 and 4) were

collected from the basal sandstone of the Chadron Formation by CBR at
boreholes M-1454c and M-1624c in Sections 1 and 7, T29N, R51W. X-ray

diffraction analysis of the M-1454c sample indicates a varied composition. Run 3

is mainly comprised of quartz whereas Run 4 is mainly comprised of mixed-
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layered smectite. Minor amounts of plagioclase feldspar, potassium feldspar,
kaolinite and illite/mica were found in both samples. Run 3 also had trace
amounts of calcite, siderite, pyrite, magnetite and magnesium vanadium oxide,
while Run 4 had minor amounts of dolomite and chlorite. Particle size
distribution analysis of M-1454c Run 3 and M-1624c Run 4 give median grain
sizes of 0.075 mm (very fine sand) and 0.711 mm (coarse sand), respectively.
M-1454c Run 3 contained 29.85% silt and 19.92% clay. M-1624c Run 4
contained 11.56% silt and 4.5% clay. Both are classified as sandstones (Brown
and Harrell,1991).

The sandstones of the basal sandstone of the Chadron Formation within the
CBO are dominated by quartz (50% monocrystalline) and feldspar (30 - 40%
undifferentiated feldspar) with the remainder made up of chert, pyrite and various
heavy metals and polycrystalline and chalcedonic quartz (Collings and Knode,
1984). X-ray diffraction analyses indicate that the basal sandstone of the
Chadron Formation within the area of the CBO is 75 percent quartz and the
remaining 25% consisting of a combination of potassium feldspar, plagioclase,
illite, smectite, expandable mixed layer illite-smectite and kaolinite (Collings and
Knode, 1984).

Geophysical logs record a unique signature for the Basal Chadron Sandstone. A
distinct GR spike is present at the base of the unit in most of the MEA exploration

boreholes, indicating an abundance of radioactive material. Increased resistivity
(i.e., log curve shift to the right), decreased N-N count (i.e., log curve shift to the
left), and decreased SP (i.e., log curve shift to the left) are typically associated
with GR spikes. These log signatures support interpretations of a uranium-
bearing, fluid-filled sandstone interval. Overlying channel sandstone intervals
that are present in the middle and upper portions of the unit typically have lower
GR readings, indicative of both lower amounts of radioactive materials and
potentially non-uranium bearing intervals. Such intervals are typically marked by
increased resistivity (i.e., higher porosity and fluid-filled) and lower N-N counts
and, in contrast to the uranium-bearing units, typically have positive SP curve
deviations. This log response indicates that within the higher uranium-bearing
units, mud filtrate resistivity is higher than formation water resistivity, which may
be the result of the presence of higher salinity waters in uranium-bearing units.
Pervasive interbedded clay intervals are indicated by high GR responses
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accompanied by lower resistivity (i.e., reduced porosity and decrease in water
content), an interpretation that is further supported by driller or geologist's notes.
The high radioactivity of these clay-rich units suggests the presence of rhyolitic
ash (Hansley and Dickenson, 1990). The top of the formation is marked by a
gradual return of SP and resistivity curves to the shale baseline.

Near surface sediments consist of the Tertiary age White River Group which
includes the Brule and Chadron formations. The Brule is the main source of
fresh water in the area. The basal sand unit of the Chadron Formation, typically
40 to 80 feet in thickness, is the target of uranium extraction operations.

Cretaceous Age Sediments

The Cretaceous age Pierre Shale, Niobrara Formation, Carlisle Shale,
Greenhorn Limestone, Graneros Shale and the upper portion of the Dakota
Group comprise a confining interval approximately 2,100 feet thick which
provides an excellent aquitard between the shallow water in the Brule and
Chadron Sands and the proposed Injection Zone.

The Pierre Shale is thick regionally continuous homogenous black marine shale
with low permeability that represents one of the most laterally extensive
formations of northwest Nebraska. Regional geologic data indicate that this
formation can be up to 1,500 feet thick in the Dawes County area (Figure 2.2-2).

The Pierre Shale is not a water-bearing unit, exhibits very low permeability, and
is considered a regional aquiclude. Regional estimates of hydraulic conductivity
for the Pierre Shale range from 10-7 to 10-12 centimeters per second (cm/sec).
The Pierre Shale has a measured vertical hydraulic conductivity at the current
CBO of less than 1 x 10(51o cm/sec, which is consistent with other studies in the
region. Particle grain-size analyses of two samples collected from the Pierre
Shale within the MEA indicate low permeability silty clay and clayey silt
compositions. Regional studies also indicate there is no observed transmissivity
between vertical fractures in the Pierre Shale, which appear to be short and
unconnected.

The Pierre Shale is underlain by the Niobrara Formation consisting of organic-
rich shale and marl with minor amounts of sandstone, siltstone, limestone, and
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chalk. The Niobrara, another regional aquiclude, is similar to the Pierre Shale in

that it is laterally extensive and exhibits low permeability.

The Niobrara Formation is underlain by a sequence of shale with intermixed sand

and limestone, most notably the Greenhorn limestone, the D Sand and the J

Sand. The D and J sands are known to be petroleum producers in some areas

but not in the MEA.

The Dakota Group comprises the basal Cretaceous sediments overlying the

Morrison Formation. The Dakota is approximately 100 to 150 feet thick and

consists of interbedded siltstones and sandstones separated by layers of

mudstone and shale.

Jurassic Age Sediments

The Jurassic age Morrison Formation is described as a white, very fine to fine

grained non-calcareous sand interbedded with siltstone and calcareous shale.

The Sundance Formation underlies the Morrison and consists of very dark to

black occasionally reddish brown shale interbedded with light gray to off white

very fine grained sandstones. The Sundance is typically on the order of 300 feet

thick

The Sundance has been divided into upper, lower, and basal units, with the basal

unit separated from the overlying units by a regionally continuous limestone and

shale layer.

Permian Age Sediments

The Sundance is underlain by the Permian age Satanka Shale which consists of

impermeable limestone, shale and anhydrite. The Satanka forms an excellent

aquiclude below the proposed Injection Zone consisting of the Lower Dakota,

Morrison and Sundance.
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. 2.3.2 Structure

The most prominent structural expression in northwest Nebraska is the Chadron

Arch. It is an anticline striking northwest-southeast along the northeastern

boundary of Dawes County (Figure 2.3-1).

The MEA area is situated just outside the southern boundary of the Crawford

Basin along the Cochran Arch. The Crawford Basin is structurally folded into a

westward-plunging syncline that trends roughly east-west. The basin is a

triangular asymmetrical basin about 50 miles long in an east-west direction and

25 to 30 miles wide that is bounded by the Hat Creek Anticline to the west, the

Chadron Arch to the east, and the Cochran Arch to the south (Figure 2.3-2).

Regional dip on the formations of primary importance to underground injection

operations at the MEA (Pierre Shale down through the Satanka Shale), is

generally towards the west.

Approximately five miles north of the MEA is the inferred Pine Ridge Fault,

located along the northern edge of the Pine Ridge escarpment (Figure 2.3-2).
The 230-mile long Pine Ridge escarpment exhibits an average of 1,200 feet of

topographic relief (Nixon 1995). The Pine Ridge escarpment is an arc roughly

concentric to the Black Hills Dome, which suggests an apparent structural

relationship. The escarpment has been interpreted to represent the southern

outermost cuesta of the Black Hills Dome (Nixon 1995). The escarpment is

capped by sandstone of the Arikaree Group with exposed deposits of the White
River Group mapped along the topographically lower, northern side of the

escarpment. The Pine Ridge fault trends east to west across both Sioux and
Dawes Counties, is sub-parallel to the Cochran Arch, and has a reported normal,

north side down displacement of roughly 300 feet. This fault is believed to be

post-early Miocene.

The planned subsurface injection operations at MEA will have no affect on this

fault nor will the injection operations be affected by the faulting.
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@ 2.3.3 Seismic Activity

The USGS updated the National Seismic Hazard Maps in 2008, which includes
changes in the methodology used to model potential seismicity in any given
region (Petersen, M.D. 2008). Wheeler and Crone, 2001 described Quaternary
fault zones and their potential seismic activity. Their findings were used in the
prior National Seismic Hazard Map. The revised maps incorporate new seismic,
geologic, and geodetic information on earthquake rates and associated ground
shaking. The maps supersede versions released in 1996 and 2002. The
National Hazard Maps show the distribution of earthquake shaking levels that
have a certain probability of occurring in the U.S. (Figure 2.3-3). The hazard
ranking ranges from the lowest hazard (0.4 %g) to the highest (64+ %g), with the

City of Crawford area and the majority of Nebraska being located in a low hazard
ranking level of 4 to 8 %g. The term "%g" is a unit of acceleration (movement of

earth) measured in terms of gravity (g), i.e., acceleration due to gravity. Peak
acceleration refers to the maximum acceleration (movement) experienced during
a non-uniform earthquake event (i.e., starts off small, achieves a maximum and

then decreases).

The seismic hazard map for Nebraska (Figure 2.3-4) represents the peak
acceleration (%g) with a 2% probability of exceedance in 50 years (USGS
2009a), meaning that in a given 50-year period, there is only a 2% chance of
seismic shaking exceeding any given equivalent percentage of acceleration due

to Earth's gravity. Figure 2.3-4 also shows that the modeled peak acceleration
due to seismic shaking in the City of Crawford area is very low: 6 to 8 %g for the

majority of the immediate area, and 8 to 10 %g in a much smaller area, meaning

that the maximum shaking due to any given earthquake in the region during a 50
year period would be equivalent to only 10% or less of the force of gravity at the

Earth's surface. These estimates demonstrate that the Marsland and City of
Crawford area are at the low end of the USGS hazard ranking system for
earthquake risks. Note that the difference between Figures 2.3-3 and 2.3-4 as to
the hazard ranking values are due to the use of different scales, i.e., 4 to 8
versus 6 to 8, respectively.

Earthquakes release different amounts of energy and the strength of this energy
can be measured by magnitude and intensity. The Richter Scale is used to
measure the magnitude of an earthquake and is a measure of the physical
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energy released or the vibrational energy associated with the earthquake. In

general, earthquakes below 4.0 on the Richter scale do not cause damage, and
earthquakes below 2.0 usually can't be felt. Earthquakes over 5.0 on the Richter
scale can cause damage. An earthquake of a magnitude 6.0 is considered

strong and a magnitude of 7.0 is considered a major earthquake.

A seismicity map of Nebraska that shows the distribution of earthquakes from
1990 to 2006 is shown in Figure 2.3-5. Appendix 2.3-1 includes a NEIC listing of
seismic events within a 200 mile radius of the centerpoint of the MEA site.

The risk of major earthquakes in Dawes County and the state of Nebraska is low.
Based on the preceedings information, and historical records for the proposed

MEA in northwest Nebraska, no major effects would be expected from

earthquakes on the ISR mining operations planned at the MEA.

2.3.4 Injection Zone

The planned injection wells at the MEA will inject liquids into an Injection Zone
comprised of the Lower Dakota, Morrison and Sundance Formations as shown

on Figure 2.3-6.

Drawings 2.3-1 and 2.3-2 are geologic cross-sections that shows the lateral

continuity of the formations comprising the Injection Zone. Drawing 2.3-3 is a
structure contour map on top of the Injection Zone. Note that previous artificial

penetrations near the MEA did not fully penetrate the Injection Zone. However,
the formations comprising the Injection Zone are expected to be present beneath

the MEA given the laterally consistent geology of the region as indicated on

Drawings 2.3-1 and 2.3-2.

The specific injection interval within the Injection Zone will be selected in the field

based on open-hole logging and post-drilling injectivity testing activities as
described in Section 7.0. To assure a successful well installation, the plan calls

for drilling through the Sundance Formation approximately 100 feet into the

underlying Santanka Shale.

Formation testing and actual injection operations at CBO have determined that

the Morrison Formation is highly permeable and behaves as an infinite reservoir.
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The Morrison Formation is currently utilized exclusively for injection at the CBR

and is expected to be the injection interval at MEA.

2.3.5 Confining Zone

The Upper Confining Zone is comprised predominantly of Cretaceous age low

permeability formations from the top of the Pierre Shale down to the top of the
Lower Dakota Formation. Together, these formations provide over 2,100 feet of

low permeability units overlying the Injection Zone (refer to Drawings 2.3-1 and

2.3-2).

The Sundance is underlain by the Satanka Shale which consists of impermeable
limestone, shale and anhydrite forming an excellent Lower Confining Zone below

the Injection Zone (refer to Drawings 2.3-1 and 2.3-2).

Drawings 2.3-1 and 2.3-2 show the lateral continuity of the formations comprising

the Upper Confining Zone and the Lower Confining Zone. Drawing 2.3-4 is a

structure contour map on top of the Upper Confining Zone. Hydraulic resistance
to vertical flow is expected to be very good due to the significant thickness of the

Upper Confining Zone.

2.4 Local Hydrogeology

The water table is typically encountered at less than 200 feet below land surface

across most of the state including the Dawes County area. Nebraska is highly

dependent on groundwater for drinking water and the state's agricultural industry

utilizes vast amounts of groundwater to irrigate crops.

2.4.1 Fresh Water Aquifers

The White River Group contains the fresh water aquifers in the project area as

shown on Figure 2.4-1. The Arikaree Group, Brule Formation, and the

sandstone of the basal Chadron Formation are considered the water-bearing

intervals. The alluvial deposits are not typically considered to be a reliable water

source. Sandy siltstones, overbank sheet sandstones and occasional thick

channelized sandstones that occur throughout the Orella Member of the Brule
Formation may be locally water-bearing units. These sandstone and siltstone
units are difficult to correlate over any large distance and are discontinuous
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lenses, rather than laterally continuous strata. The Brule Formation has

historically been considered the shallowest aquifer above the Basal Chadron

Sand aquifer and water supply wells have been completed in this unit.

Available groundwater data for both the Brule Formation and basal sandstone of

the Chadron Formation at the MEA do not indicate any documented flow rate
variations or recharge issues that would impact groundwater quality as a result of

ISR mining operations in the basal sandstone of the Chadron Formation. There

are no surface-water ponds within the MEA permit boundary and only limited,

intermittent flow in ephemeral drainages. The Brule Formation, while considered

an overlying aquifer, is not an extensive or exceptionally productive system. The

available monitoring data do not indicate any seasonality or pumping effects by

domestic wells within this zone.

The primary groundwater supply in and near the MEA is the Brule Formation,

typically encountered at depths from approximately 30 to 200 feet below land

surface (ft bls), with the exception of locations where the overlying alluvium is not
present. In general, the static water level for Brule Formation wells in the MEA
ranges from 50 to 150 ft bls, depending on local topography.

Groundwater from the basal sandstone of the Chadron Formation Aquifer is not

used as a domestic supply within or near the MEA because of the greater depth

(580 to 940 ft bls) and inferior water quality. Gosselin et al. (1996) state that:

(1) "the sands near the bottom of the Chadron Formation yield sodium-sulphate

water with high total dissolved solids," and (2) in proximity to "uranium deposits in

the Crawford area, groundwater from the Chadron Formation is not suitable for

domestic or livestock purposes because of high radium concentrations."

2.4.2 Base of Underground Source of Drinking Water

The base of the Chadron Sand of the White River Group is the base of the

Underground Source of Drinking Water (USDW) in the MEA (refer to Figure 2.4-

1). Fresh water wells are completed primarily in the Brule Formation because

the Brule is shallower than the Chadron Sand and historically known to contain

fewer minerals. Furthermore, the Chadron Sand is the source of uranium for ISR

operations in this area.
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The subsurface geologic characteristics beneath the MEA will prevent disposal

fluids injected into the Injection Zone from impacting the overlying fresh water

aquifers. Between the lowermost USDW and the Injection Zone are over 2,500

feet of sediments primarily consisting of low permeability shale. This separating

aquitard protects against vertical migration of injected fluids to the USDWs.

Shales above and below the Injection Zone will encase the disposal fluids within

the receiving formations and no structural elements with the potential to disrupt

the natural vertical containment have been identified.

3.0 INJECTION ZONE

The subsurface interval composed of the Lower Dakota, Morrison and Sundance

Formations has been identified as the Injection Zone at the MEA. The Morrison

Formation has demonstrated the capability to accept large volumes of the injected

waste stream over an extended period of time at the nearby CBO, located

approximately six miles to the northwest. It is anticipated that the Morrison

Formation will be the injection interval at MEA.

The Injection Zone is defined on the geologic cross-sections presented on

Drawings 2.3-1 and 2.3-2. Structural contours on top of the Injection Zone are

presented as Drawing 2.3-3.

3.1 Estimated Porosity and Permeability

The average porosity of the Injection Zone is estimated to be approximately 25

percent and the average permeability is estimated to be approximately 500

millidarcies based on information collected from the same geologic formations in

DDW #1 and DDW #2 at the CBO site, located approximately six miles to the

northwest. These estimated values were selected assuming the Morrison would

be the predominant receiver of fluids. Site-specific data will be collected from all

potential injection intervals (Morrison and Sundance Formations) during the

installation of DDW #1 at MEA to provide porosity and permeability data for each

formation within the Injection Zone (refer to Section 7.0).
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@ 3.2 Estimated Formation (Bottom-Hole) Temperature

The bottom-hole temperature at the midpoint (D) of the Injection Zone is estimated

to be approximately 118 0F (Taverage) based on a mean surface temperature (TMean)

of 50°F and an average geothermal gradient (m) of 0.020 °F/ft. This is comparable
to the bottom-hole temperatures recorded at 138 0F to 151°F in the DDW #1 and
DDW #2 at CBO six miles to the northwest (refer to Table 3.0-1).

Taverage = TMean + mD

= 50 + 0.020 (3150 + 3,6 5 0

= 118' 0F

3.3 Estimated Formation (Bottom-Hole) Pressure

The bottom-hole pressure (PBH) at the top of the Injection Zone at an estimated

depth of 3,150 ft bls is estimated to be approximately 729.2 psi based on a fluid
level of 1,504 feet and an average pressure gradient of 8.52 pounds per gallon
(lb/gal) (0.443 per square inch per foot [psi/ft]) for the fluid column above the
Injection Zone. This estimate is comparable to original bottom-hole pressures

recorded in DDW #1 and DDW #2 at CBO six miles to the northwest; which was

measured at values ranging from 890 at 3,359 feet to 1,015 psi at 3,784 feet (refer

to Table 3.0-1).

3.4 Estimated Formation Brine Characteristics

The estimated concentrations of total dissolved solids within the Injection Zone are
in excess of 10,000 mg/I. No harmful or reactive incompatibility between the

formation brine and the waste constituents are expected.

Total dissolved solids (TDS) of formation water recovered from the Morrison and

Sundance Formations in DDW #1 and DDW #2 at the CBO approximately six
miles to the northwest demonstrate both formations contain fluids in excess of

10,000 mg/L TDS. The Morrison Formation fluid TDS is in excess of 23,000 mg/L

and the Sundance Formation fluid TDS is in excess of 35,000 mg/L (refer to Table

@ 3.0-1). Formation water quality for the Lower Dakota is not currently available.
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Formation water samples will be collected from the Morrison and Sundance
Formations in the first well drilled at MEA to document water quality in both
formations is greater than 10,000 mg/L TDS beneath this site.

3.5 Calculated Formation Fracture Pressure

The fracture gradient at the top of the Injection Zone, estimated to be
approximately 3,150 feet deep, was estimated from a graph of formation pore
pressures, depth and fracture gradient (Figure 3.5-1) adapted after Eaton, 1969.
Using an assumed pore pressure of 9.0 lb/gal, the estimated fracture gradient at
the top of the Injection Zone was determined to be 13.725 lb/gal which is
equivalent to 0.714 psi/ft (13.725 lb/gal x 0.052 psi/ft/lb/gal). Therefore, the
calculated fracture pressure at the top of the Injection Zone, estimated to be at a
depth of approximately 3,150 feet deep, is 2,249 psi (3,150 feet x 0.714 psi/ft).

3.6 Calculated Critical Pressure Rise

Critical pressure rise (Ape) is defined as that level of pressurization in the Injection
Zone sufficient to drive fluids from the Injection Zone to the base of the USDW
through a hypothetical wellbore or other artificial penetration. Such an artificial
penetration may be assumed to be filled with mud, as are all the known inactive
wellbores in the MEA Area of Review (AOR).

Mud-filled wellbores may have been partially or never cased, and were left full of
drilling mud to the ground surface. Over decades, drilling mud may settle partially,
and it is assumed that the top 50 feet of such wellbores is filled with freshwater
rather than mud. It is also assumed that the old drilling fluid has gel strength of at
least 20 pounds per square foot (lb/ft2). Drilling muds may be assumed to be
heavier than 9 pounds per gallon (lb/gal), so this is the assumed worst-case mud
density.
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The critical pressure rise (Apc) for the Injection Zone is calculated as follows:

ApCritica1 Rise 4 (Injection Interv'al -d faliback) ("Mud) (0.05 )+ PGel Strength - "Initial

= (3,150 feet -50 feet) (9.0 lblgal),(0.052) +

0.00333 (Linjection Interval - d Fallback )(SGel Strength)_(,5-150 8.2002
(DO - D2 ) )(3,1 50- ) 0.052

= (3,150 feet- 50 feet) (9.0 lb/gal)(0.052) + 0.00333(3,150feet - 50 feet)(20 lbf, 2 )- 729.2

(9.875 inches - 7 inches)

= 1,450.8 psi + 71.8 psi - 729.2 psi

= 793.4 psi

Where,
APc
Linjection Interval

dFallback

PMud

PGel Strength

SGel Strength

D0
D2

0.052

= Calculated Critical Pressure Rise (793.4 psi)
= Estimated distance from top of the Injection Interval to

ground level (3,150 feet)
= Amount of fallback of drilling mud (50 feet assumed)
= Minimum expected drilling fluid density in abandoned oil

and gas wells (assumed 9.0 lb/gal)
= Pressure needed to overcome gel strength force from

drilling mud left in abandoned oil and gas wells (psi)
- Gel Strength (assumed 20 lb/ft2)
= Diameter of wellbore, inches (assumed 9 Y8 inches)
= Diameter of casing in wellbore, inches (assumed 7

inches)
= Conversion Factor (psi/ft per lb/gal)

It will require a pressure rise of at least 793.4 psi in the Injection Zone to exert
enough force to drive fluid from the top of the Injection Zone at 3,150 feet to the

base of the USDW at 1,050 feet.

4.0 CONFINING ZONE

The subsurface interval between approximately 1,050 and 3,150 feet beneath the
MEA has been identified as the Upper Confining Zone overlying the Injection Zone.

This 2,100-foot thick interval consists predominantly of low permeability shale.

The Upper and Lower Confining Zones are defined on the geologic cross-section

presented on Drawings 2.3-1 and 2.3-2. As depicted on the cross-section, the

Confining Zones are laterally continuous on a regional basis. Structural contours

on top of the Upper Confining Zone are presented on Drawing 2.3-4.
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5.0 WASTE STREAM CHARACTERISTICS

The waste stream that will be injected underground via the nonhazardous waste
injection wells at MEA consists of materials generated during ISR uranium mining

operations as follows:

1. Production bleed wastes which constitute 0.5 - 1.5 percent of the total
production flow from active ISR operations. (During excursions, may range
to 5 percent.)

2. Groundwater sweep waste from restoration activities in the mining area.
3. Brine waste from the water treatment system (reverse osmosis) used to

restore groundwater.
4. Treated wastewater from lined ponds.
5. Laboratory wastes from mining-related analysis.

A characterization of the typical (composite) waste stream is provided in Table 5.0-
1. Appendix 5.0-1 includes a copy of the original analytical reports.

The Total Dissolved Solids (TDS) levels of the disposal fluid are generally lower

than the measured TDS of formation waters in the Morrison and Sundance
formations. With the exception of an increase in minor amounts of radionuclides,
the injection stream will not impact existing water quality.

Compatibility tests will be performed with formation water and disposal fluids
during completion of Well #1 at MEA.

The Nebraska Administrative Code, Title 128 - Chapter 4 "Determination,
Notification, Reporting and Recordkeeping" Section 002 "Hazardous waste
determination" requires generators of a waste to determine whether the waste is a
solid waste under regulatory definition and if so, whether it is a hazardous waste.

CBR has made this determination per Chapter 2 "Definition of Solid Waste and
Hazardous Waste". The water being discharged into the MEA injection well is not
characterized as a hazardous waste based on the following:

U ..URFACEI

30



0 Section 008.04 exclusions, source or by-product material as defined by the
Atomic Energy Act of 1954, as amended, 42 U.S.C. 2011 et. seq. unless the
material is mixed with hazardous waste as defined in Chapter 3, 005 through
016 are not solid waste. Also, Per Section 009.05 05 solid waste from the
extraction, beneficiation and processing of ores and minerals (including coal,
phosphate rock and overburden from the mining of uranium ore), as
described in 40 CFR 261.4(b)(7) are not hazardous wastes. Hazardous
waste regulations exclude source, special nuclear, and byproduct materials
from the definition of hazardous waste.

0 Section 009.05 05 solid waste from the extraction, beneficiation and
processing of ores and minerals (including coal, phosphate rock and
overburden from the mining of uranium ore), as described in 40 CFR
261.4(b)(7) are not hazardous wastes. Therefore wastes resulting from in-situ
uranium mining are not regulated as hazardous wastes.

* 40 CFR 261.4(b)(7)(i) clarifies activities considered within the realm of
beneficiation as follows. "For purposes of 40 CFR 261.4(b)(7), beneficiation
of ores and minerals is restricted to the following activities; crushing; grinding;
washing; dissolution; crystallization; filtration; sorting; sizing; drying; sintering;
pelletizing; briquetting; calcining to remove water and/or carbon dioxide;
roasting, autoclaving, and/or chlorination in preparation for leaching (except
where the roasting (and/or autoclaving and/or chlorination)/leaching sequence
produces a final or intermediate product that does not undergo further
beneficiation or processing); gravity concentration; magnetic separation;
electrostatic separation; flotation; ion exchange; solvent extraction;
electrowinning; precipitation; amalgamation; and heap, dump, vat, tank, and
in situ leaching.

Based on process knowledge of ongoing ISR mining operations at CBO, no listed
hazardous wastes are contained in the waste stream to be injected underground
via the planned injection wells at the MEA.
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O 6.0 ZONE OF ENDANGERING INFLUENCE AND AREA OF REVIEW

6.1 Anticipated Operational Life of Injection Wells

The expected operational life of the two injection wells currently being permitted at

MEA is approximately 17 years (2015 through 2032) corresponding to current

projections of the ISR uranium mining operations.

6.2 Anticipated Change in Reservoir Conditions

Anticipated changes in reservoir conditions include the emplacement of the

injected waste fluid and associated pressurization of the Injection Zone. The

interface between injected fluid and the formation brine (the waste front) will

expand radially away from the point of injection over time. As fluid is injected, the

Injection Zone will continue to pressurize due to the resistance of fluid movement

and the compression of the formation fluid and matrix.

The maximum radial spread of the emplaced fluid and associated in-situ formation

pressure increase during the initial 10-year permit time frame and the anticipated

17 year life of the MEA are projected in the following sections. An assumed

constant injection rate of 200 gallons per minute per well (gpm/well) was utilized in

the following calculations. (Note: this calculation will be updated in the future

based on the actual capacity of existing DDW's if additional injection wells are

permitted and installed under the Area Permit.)

6.3 Calculation of Radius of Emplaced Fluid

The following equation is used to calculate the future radius of emplaced fluids,

e.g., waste front location or waste plume radius:

0.13368 Vf
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Where:

rp= radial distance of wastewater front (feet)

Vf = Cumulative volume of fluid to be injected into the Injection Zone for

the 10-year life of the permit, in gallons (2 wells x 200 gpm/well x
1440 min/day x 365.25 days/yr x 10 yrs = 2,103,840,000 gallons).

= assumed average effective porosity, in percent (25 percent)(')

b = effective reservoir thickness, in feet (200 feet)

Since the two injection wells could potentially be injecting simultaneously at 200
gpm/well, it was assumed that all of the flow (2 wells x 200 gpm/well = 400 gpm)

would enter the Injection Zone simultaneously at a single point of injection to

determine the maximum potential radius of emplaced fluid in the Injection Zone.

Substituting the above values into the equation above:

rp= / .13368 ( 2,103,840,000)
7r ( 200 ) ( 0.25)

= 1,338 feet

Assuming a constant injection rate of 400 gpm for the 10-year permit life, the

predicted radius of emplaced fluids within the Injection Zone will extend a
maximum radius of 1,338 feet from the point of injection as shown on Figure 6.3-1.

Assuming a constant injection rate of 400 gpm for the currently anticipated 17 year
life of the project, the predicted radius of emplaced fluid within the Injection Zone

will extend a maximum radius of 1,745 feet from the point of injection as shown on

Figure 6.3-2.

= .13368(31576,528,000)r. = T(20X0o.25)

= 1,745 feet

1 Assumed porosity of 25 percent is consistent with measured porosities in well DDW #1 and DDW #2 at
CBO six miles away. The actual porosity value will be determined when MEA WDW #1 is drilled and
logged.
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@6.4 Calculation of Zone of Endangered Influence

The Zone of Endangered Influence (ZOEI) is an area in which pressure in the

Injection Zone could potentially cause vertical migration of the injected fluid into a

USDW via a man-made wellbore or transmissive fault. Vertical migration is

otherwise inhibited by the confining shales which serve as aquitards (see Section

2.3.5).

The equation used to calculate the reservoir pressure at the top of the injection

interval is as follows:

APRie = Future Pressure Rise

ApR5e = 162.6 l [ ( P o Ctr,, )

k [q2 log( (kt, >3.2275~J

The above expression is the same equation presented in Mathews and Russell,

1967, Pressure Buildup and Flow Test in Wells, American Institute of Mining, Met.

Eng. Monograph, Vol. 1, 18p, where the variables are expressed in the following

units:

Explanations of the equation variables are presented in Table 6.4-1 and below:

APRise = Pressure Rise in WDW #1 at the wellbore radius, (psi);

0 = Porosity (0.25, fraction);
p = Viscosity (0.63 cp);

k = Permeability (500 md);

h = Injection interval net thickness (200 feet);

ti = Injection period (24 hrs/day x 365.25 days/yr x 10 yrs = 87,660 hrs);

q, = Injection rate per well (200 gpm x 1440 min/day x 1 bbl/42 gal =

6,857.14 bbl/day);

Sq2 = q1 = 6,857.14 bbl/day;

ct = Total compressibility (rock + fluid; 6.3 x 106 psi1 );

SUBSURFACE

34



ri = Wellbore radius (0.51 feet);
172 = Distance between WDW #1 and WDW #2 (1,320 feet);

Substituting the above values into the equation, the projected pressure rise at the

point of injection following 10 years of injecting at the maximum rate of 400 gpm

(200 gpm/well) into the two planned injection wells will be 106.6 psi, as calculated

below:

16. 06)((6,857.14) liog(--- (50(760 -)3.2275 J+1
'6pie= 162.6 (0.63)/ t L(0.25)(0o.63T)6.3 x 10-r)(0.51" I ,

(500)(200) (6.857.14) log (500)(87,660) -3 - J
I ý ((0.25)(0.63)(6.3 x 10 -~6)(1,3i#)

= 106.6 psi

Since the pressure rise (106.6 psi) in the Injection Zone due to injection will never

exceed the Critical Pressure Rise (793.4 psi) calculated in Section 3.6, there will

never be a ZOEI at the site.

Substituting the above values into the equation, the projected pressure rise at the

point of injection following 17 years of injecting at the maximum rate of 400 gpm

(200 gpm/well) into the planned injection wells will be only 107.7 psi, as calculated

below:

APiS-16. (0 6 ,857.14) lg(500)(1 49,022) 2 -3.227 +16PRise 162.6(0.63)'[ t, t, 0O25)(O.'63)(6"3x lO -6)(0-51)')- )

S(0.25)(0.63)(6.3 x 1-')(1,322)

= 109.9psi

This pressure rise is still considerably less (685.7 psi) than the pressure rise

needed to exceed the Critical Pressure Rise for the Injection Zone. It would

require an average injection rate of 1,513 gpm per well over 17 years for the

pressure rise at each well to equate to the Critical Pressure Rise. Therefore, the
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two wells are located a sufficient distance apart and injection operations at each

well will not result in endangerment to the USDW.

6.5 Area of Review Determination

The AOR for the MEA Area Permit is determined to be two miles surrounding the

calculated ZOEI using guidelines established in NDEQ Title 122, Chapter 14.

Since there is no ZOEI (refer to Section 6.4), the AOR has arbitrarily been set at a

conservative distance of 2 miles surrounding the Area Permit boundary as

depicted on Figure 6.5-1.

The nearest well intersecting the Injection Zone within the AOR is the Josephson

Joe et al Hollibaugh No. 1 which is located approximately 6,000 feet north of
planned WDW #1. The maximum pressure rise at this well will be 39.5 psi which is

753.9 psi below the critical pressure. All of the other non-freshwater (oil and gas)

penetrations intersecting the permitted Injection Zone within the 2-mile AOR are

outside the cone of influence boundary and have either been properly constructed

or have been properly plugged and abandoned (Table 6.7-1). Therefore, no

corrective action is required for any of the AOR wells.

6.6 Freshwater Penetrations Within Area of Review

Under current Nebraska law, domestic or livestock wells completed prior to

September 09, 1993 do not have to be registered (NRS 2008). Therefore, there is
little public information available for the pre-1993 completed wells. However,

efforts were made by CBR to gather available information on the wells completed
in the MEA through interviews with land owners and local drillers. Available

information is presented in Table 6.6-1. Based on the available information, there

are no known private water supply wells completed in the basal Chadron Sand in

the MEA and associated AOR.

There are a total of 140 private water supply wells (121 active, 14 inactive, 4

abandoned and 1 unknown status) within the AOR. Sorted by use, 89 are

livestock, 23 are multi-use, 13 are agricultural, 6 are domestic, 5 are unknown, 2

are other, 1 is garden and 1 is a CBR exploration well. The available information
shows that 45 wells are completed in the Brule Formation, 8 are completed in the

Arikaree, 44 are completed in the Arikaree/Brule and 43 have unknown zones.
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Of the 140 wells, 14 private water supply wells (11 active, 2 inactive and 1

abandoned) are located within the permit boundaries of the MEA. Livestock usage

accounts for 11 of the wells, with 1 classified as domestic, 1 as other and 1 as

unknown.

Based on available information, all water supply wells within the MEA and AOR are

completed in the relatively shallow Arikaree or Brule Formation, with no domestic

or agricultural use of groundwater from the Basal Chadron Sand (Figure 6.6-1 and

Table 6.6-1).

6.7 Non Freshwater (Oil and Gas) Penetrations Within Area of Review

A total of six (6) abandoned oil and gas exploration test holes were identified in the

designated AOR, with one (Hollibaugh 1) identified in the MEA (NOGC 2011). The

six wells were drilled and plugged in 1952/1953 (1 well), 1956/1956 (1 well),

1969/1969 (2 wells), 1981/1981 (1 well) and 1981/1982 (1 well). The total depths

of these wells ranged from 2,641 to 3,956 feet. There are currently no active oil

and gas exploration activities within the MEA or the associated AOR.

The locations of the six abandoned oil and gas exploration test holes within the

AOR are shown on Figure 6.7-1. One well (Hollibaugh 1) was drilled within the
MEA and one well (Smith 1-A) was drilled adjacent to the MEA permit boundary. A

tabulation of all oil and gas exploration test holes within the MEA and associated

AOR, which have penetrated the injection zone are shown on Table 6.7-1.

Based on data provided by the Nebraska Oil and Gas Conservation Commission

(NOGCC), Plugging Affidavits were available for all six of the abandoned

exploration test holes. Well information and plugging affidavits for the test holes

are presented in Appendix 6.7-1.

6.8 Artificial Penetration Corrective Action Program

NOGCC records were searched to identify oil and gas wells within the AOR. The

records show there is one abandoned well within the MEA and there are five

abandoned wells within the AOR. Table 6.7-1 provides a list of these wells and

Figure 6.7-1 shows the approximate location of each well. Based on available
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Plugging Record forms obtained from NOGCC records, all oil and gas penetrations

identified within the MEA and AOR have been properly plugged and abandoned.

No corrective action is required.

7.0 WELL CONSTRUCTION

The following sections describe how each injection well within the MEA Area

Permit will be installed and constructed to satisfy NDEQ well construction

requirements. In general, the wells will be constructed such that:

1. Injected fluids and formation fluids in the Injection Zone do not cause

deterioration of the water quality of fresh and/or usable water zones;

2. The loss of fresh and/or usable water due to downward migration is

prevented;

3. The release of injected fluids into an unauthorized zone is prevented; and

4. Corrosion will be prevented from compromising these measures.

7.1 Drilling Procedures

The injection wells will be drilled and installed utilizing typical oil field well

installation procedures. Appendices 7.1-1 and 7.1-2 include detailed descriptions

of the procedures for drilling and completing each well. Figures 7.1-1 and 7.1-2
present proposed below ground and wellhead construction details for the wells,

respectively.

7.2 Open-Hole Logging

Open-hole electric logs will be run from the base of conductor pipe to the total

depth of the drilled borehole advanced for construction of each well. Table 7.2-1

summarizes the open-hole logging program.

7.3 Casing and Cementing Program

Table 7.3-1 summarizes the casing and cementing program for the injection wells.

Figure 7.1-1 provides a schematic of the proposed below ground construction

details for the injection wells.
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@ 7.4 Injection Tubing, Packer and Annular Fluid

Figure 7.1-1 provides a schematic of the proposed below ground construction
details for the wells. The injection tubing, packer and annular fluid proposed for
use in the well are depicted on the schematic.

7.5 Mechanical Integrity Demonstration

The mechanical integrity of each well will be demonstrated during the construction
of the well utilizing well logs and pressure tests. Table 7.5-1 provides a summary
of the Mechanical Integrity Testing Program.

7.6 Injectivity Testing and Formation Fluid Testing

After each well has been constructed, demonstrated to maintain mechanical
integrity, and perforated, an injectivity test will be performed to determine the well
injection capacity and reservoir characteristics (refer to Appendix 7.1-2).

Prior to performing the injectivity tests, the bottom-hole pressure, bottom-hole
temperature, and static fluid level will be determined. A representative sample of
formation fluid will also be obtained from the Injection Interval to provide for
compatibility testing between the waste stream and the formation fluid (refer to
Appendix 7.1-2).

7.7 Well Completion Report

A report documenting the drilling, installation, construction and testing of each
injection well will be submitted to NDEQ within 90 days of completion of all well
installation and testing activities.

8.0 INJECTION WELL OPERATING PROCEDURES

The following sections demonstrate that each of the injection wells will be operated
in such a manner that is protective of the USDW.

8.1 Maximum Allowable Surface Injection Pressure

To prevent fracturing in the Injection Zone and the overlying Confining Zone, the

0 maximum surface injection pressure at each injection well is calculated to be 739
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psi. This is based on an assumed fracture gradient of 0.714 psi/ft and no tubing

friction pressure losses or pressure losses due to skin damage.

Maximum Allowable Surface Injection Pressure (MASIP) is calculated using the

following formula:

MASIP = 0.85 (BHP - H) + TF + SE

= 0.85 (2,249.0 - 1,379.2) + 0 + 0

= 739.3 psi

Where:
MASIP
BHP
H

TF
SE

= maximum allowable surface injection pressure (894.0 psi);
= bottomhole fracture pressure (2,249 psi, from Section 3.5);
= hydrostatic pressure in the wellbore corresponding to the

maximum requested specific gravity (1.01 x 0.4335 psi/foot x

3,150 feet BGL= 1,379.2 psi);
= pressure drop due to tubing friction (assumed to be zero);
= pressure drop due to skin damage (assumed to be zero).

The completion procedures discussed in Section 7.0 include a step rate test to

determine the actual fracture gradient for the wells resulting in a maximum fracture

pressure.

8.2 Pre-injection Facilities

Figure 8.2-1 includes a flow diagram of the planned pre-injection equipment

associated with operation of the injection wells (i.e., surface facilities). The pre-

injection equipment includes:

* a transfer pump to obtain water from the ISR mining operation;

" a solids control system to remove any remaining suspended solids in the

waste stream to reduce potential of well fouling;

" a surge tank for temporary storage of the waste stream prior to injection;

" an injection pump to pump the waste stream down the well; and

* a Well Annulus Monitoring System (WAMS).
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O 8.3 Injection Well Instrumentation and Monitoring Systems

Recording devices located on the discharge side of the injection pump will
continuously record that well's injection rate/volume/temperature, surface
injection pressure, and annulus pressure between the casing and injection
tubing. The locations of these monitoring devices are depicted on Figure 8.2-1.

A corrosion resistant or noncorrosive fluid; e.g., nitrogen, will be maintained
under pressure in the annular space between the injection tubing and the
protection casing. A WAMS unit will continuously monitor the annular space
above the packer between the injection tubing and protection casing. The unit
will automatically compensate for temperature changes by increasing or
decreasing nitrogen or pump pressure in the top of the pressure vessel. The
annulus pressure will always be maintained at a pressure that exceeds the
operating injection pressure.

8.4 Mechanical Integrity Monitoring Plan

Mechanical integrity of each injection well will be monitored in accordance with
Chapter 20, Monitoring Requirements, of NDEQ Title 122 Rules and Regulations
for Underground Injection and Mineral Production Wells (effective April 2, 2002).

Except during workovers or routine maintenance, any well which is not
operational shall conform to the mechanical integrity requirements of this section
and shall sustain a positive pressure on the annulus during the period of non-
use. If a well cannot meet the mechanical integrity requirements of this section,
the operator shall submit a plan to NEDQ within 30 days of the test, to properly
bring the facility into compliance.

8.5 Well Stimulation Plan

Should it ever be necessary to artificially stimulate the well, CBR will devise a
stimulation plan and provide the plan to NDEQ for approval prior to
implementation.
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@ 8.6 Contingency Plans for Shut-In or Well Failures

Each injection well will be equipped with a high-level shutoff switch to prevent

operation of the injection pump at pressures greater than the designated MASIP.
The wells will be equipped with a low pressure shutoff switch that will deactivate

the injection pump in the event of a surface leak. In addition, each well will be

equipped with a high/low pressure shutdown switch with a pressure sensor on

the tubing/casing annulus. This pressure switch is intended to stop the injection

pump in the event of 1) a tubing leak, or 2) a casing, packer, or wellhead leak.

If an alarm or shutdown is triggered, the cause of the alarm or shutdown will be

immediately investigated to identify the root cause of the situation.

" Immediately cease injection operations;
• Take all necessary steps to determine the presence or absence of a leak;

and
" Provide verbal notification to NDEQ within 24 hours.

If the alarm or shutdown is not related to mechanical integrity and the cause of

the alarm or shutdown is corrected, injection operations will be resumed.

If the mechanical integrity of the well is in question, the well will remain out of

service until the mechanical integrity of the well is restored to the satisfaction of
NDEQ and the agency approves resumption of injection operations.

8.7 Recordkeeping and Reporting

Operations and monitoring records will be maintained, and written monitoring

reports will be submitted periodically to NDEQ in accordance with Chapter 22,
Reporting Requirements of NDEQ Title 122 Rules and Regulations for
Underground Injection and Mineral Production Wells (effective April 2, 2002).

9.0 INJECTION WELL CLOSURE AND SITE RESTORATION

The following sections describe the closure plans and associated costs for

properly plugging and abandoning each injection well installed within the MEA

Area Permit in accordance with NDEQ regulations.
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A Notice of Intent to Close will be provided to NDEQ at least 180 days prior to the

anticipated well closure start date.

9.1 Plugging and Abandonment Procedures

A schematic of the below ground details of the proposed closure is included as
Figure 9.1-1. The proposed plugging and abandonment procedure is presented

below:

1. Remove all flow lines and instrumentation connected to the wellhead and in
the immediate area of the injection well.

2. Rig up a pump truck and cement truck and pump 10 bbls (56 cubic feet (ft3)
or 53 sacks) of Class H cement down the 4/2 inch tubing followed by 56 bbls
of fresh water to spot a cement plug across the perforated completion from
approximately 3,200 feet to 4,000 feet up to the packer at approximately
3,150 feet. Allow the cement to cure overnight.

3. Pressure test the tubing to 500 psi for at least 30 minutes.
4. Rig up a wireline unit and tag the top of cement inside the 4½ inch tubing,

and perforate the 4/2 inch tubing with a tubing puncher above the cement

plug at approximately 3,150 feet.
5. Rig up a pump truck and a cement truck and establish circulation between

the tubing and tubing annulus through the holes punched in the tubing at
approximately 3,150 feet. Circulate 338 bbls (1,896 ft3) of Class H cement
between the tubing and tubing annulus to fill the well to land surface with

cement.
6. Remove the wellhead, and cut-off all casings and tubing at least three feet

below surrounding land surface.
7. Add additional cement as necessary to ensure the top of the cement is at the

top of the tubing and all casing strings.
8. Weld a steel plate over the 16 inch conductor casing.
9. Install a permanent marker on the surface above the well inscribed with the

following information: operator's name, well class, well name and number,
serial number, section, township, range, parish and date plugged and
abandoned.
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0 9.2 Plugging and Abandonment Costs

The estimated cost to plug and abandon each well is presented in the table
below. This cost estimate has been prepared to reflect costs in effect in May
2011 that would be imposed upon the state should the well be abandoned.

Description of Service Estimated Cost
Wireline Services 10,000
Rental Tools 10,000
Pumping Service 10,000
Cementing Service 20,000
Excavating and Welding 5,000
Mud/Brine 5,000
Frac Tanks 5,000
Vacuum Trucks 5,000
Miscellaneous 5,000
SUBTOTAL 75,000
Field Supervision, Project Management, 15,000
Procurement

Total Estimated Cost (January 2012) $90,000

9.3 Injection Operations Surface Restoration

Estimated land surface restoration will include removal of all surface facilities
directly associated with the injection operations, power line removal, installing the
well abandonment marker, re-grading the well site, replacement of topsoil, and
reseeding the site to the landowner's specifications.

9.4 Well Closure Report

An Injection Well Closure Report will be submitted to NDEQ within 90 days after
completion of all planned closure activities at each well. If multiple wells are closed
at the same time, an Injection Well Closure Report will be prepared for each well.
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9.5 Financial Responsibility

A demonstration of financial responsibility for closure (well abandonment) will be

submitted under separate cover.
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TABLE 1.7-1

APPLICABLE REGULATORY PERMITS
CROW BUTTE RESOURCES, INC.
MARSLAND EXPANSION AREA
DAWES COUNTY, NEBRASKA

ISSUING AGENCY PERMIT DESCRIPTION
Underground Injection Control Class III Auth.
NE0122611
Approved: April 24, 1990
Amended to increase flow on Auqust 16, 2007
Aquifer Exemption
Approval Effective: March 23, 1984
*Aquifer Exemption for North Trend Expansion
Area
Approval: Pending
Underground Injection Control Class III Permit
Application for North Trend Expansion Area
Submitted: August 15, 2008
Approval: Pending
Underground Injection Control Class I Authorization
NE0206369
Approved: September 9, 1994
Replaced July 2, 2004

Nebraska Department of Environmental Quality
P.O. Box 98922
Lincoln, Nebraska 68509-8922

Underground Injection Control Class I Authorization
NE0210457
Approved: July 2, 2004
National Pollutant Discharge Elimination System
Permit NE0130613
Approved: September 30, 1994
Mineral Exploration Permit NE0209317
Approved June 3, 2003
Replaced July 16, 2007
Mineral Exploration Permit NE0210679
Approved July 16, 2007
Mineral Exploration Permit NE0210678
Approved: July 16, 2007
Mineral Exploration Permit NE0210680
Approved: July 18, 2007
Mineral Exploration Permit NE0210824
Approved: August 19, 2009
Underground Injection Control Class V
Authorization NE0207888
Approved: November 6, 2000
Evaporation Pond Design
Approved: July 21, 1988

Nebraska Department of Environmental Quality
P.O. Box 98922
Lincoln, Nebraska 68509-8922

Construction Stormwater NPDES General Permit
NER 100000
Authorization No. NER105203
Approved: December 19, 2006
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TABLE 1.7-1 (CONT'D)

APPLICABLE REGULATORY PERMITS
CROW BUTTE RESOURCES, INC.

MARSLAND EXPANSION AREA
DAWES COUNTY, NEBRASKA

ISSUING AGENCY PERMIT DESCRIPTION
Nebraska Department of Natural Resources Industrial Ground Water Permit
301 Centennial Mall South Approved: August 7, 1991
Lincoln, Nebraska 68509-4676
NE Dept of Health & Human Services Class IV Public Water Supply Permit NE3121024
Regulation & Licensure Approved: April 12, 2002
P.O. Box 95007
Lincoln, Nebraska 68509-5007

*Source Material License
SUA 1534
Amendment for New Satellite Facility: North Trend
Expansion Area
Submitted: May 30, 2007
NRC Approval: Pending

Source Material License
SUA - 1534
License Renewal request by CBR

US Nuclear Regulatory Commission Submitted: November 27, 2007
Washington, DC 20555 NRC Approval: Pending

Source Materials License
SUA-1 534
Amendment to Increase Flow
Issued: November 30, 2007

Source Materials License
SUA-1 534
Issued December 29, 1989
Renewed: February 28 1998
Aquifer Exemption

US EPA Approval Effective: June 22, 1990
1200 Pennsylvania Ave, NW
Washington, DC 20460 Aquifer Exception for North Trend Expansion Area

I Approved April 7, 2011
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TABLE 1.7-1 (CONT'D)

APPLICABLE REGULATORY PERMITS
CROW BUTTE RESOURCES, INC.

MARSLAND EXPANSION AREA
DAWES COUNTY, NEBRASKA

ISSUING AGENCY PERMIT DESCRIPTION

Nebraska Department of Environmental Quality
P.O. Box 98922
Lincoln, Nebraska 68509-8922

Underground Injection Control Class III Permit for
North Trend Expansion Area
NE0210740
Approved August 15, 2011

Underground Injection Control Class I
Authorization, Well #2 at existing Crow Butte
Operation
NE0210825
Approved November 25, 2010

Underground Injection Control Class I Amendment,
Revision to Vanadium Standard
NE022210457
Approved July 1, 2010
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TABLE 2.2-1

Generalized Geologic and Hydrostratigraphic Framework of Nebraska 2011, ver. 2
J.T. Korus and R.M. Joeckel, Conservation and Survey Division, SNR, UN-L

Diagram is not to scale relative to geologic time and stratigraphic thicknesses.

Hydrostratigraphic characteristics and water quality

primary aquifers with good quality water
secondary aquifers with good quality water
secondary aquifers with generally poor quality water
aquitards with local low-yield aquifers
aquitards

'lower White River Group - Includes Chamberlain Pass and
Chadron Formations according to some authors; CChadron
Aquifer historically refers to aquifer In lower White River Group

'important aquifer In Colorado, but present In Nebraska
only in extreme southwestern Panhandle

'Dakota Formation In adjacent states
4 includes correlative units with different names in northwest Nebraska
$ Cherokee. Marmaton & Pleasanton Groups are not exposed

In Nebraska
present only In subsurface

Groundwater uses and related aspects

D major domestic use I major irrigation use
d minor domestic use i minor Irrigation use

M major municipal use
m minor municipal use

C major commercial/industrial use
C minor commerciaVlndustrial use

/ units used for wastewater injection
fi units with potential use for wastewater injection

U unit mined for uranium by In-situ leaching (Dawes Co.)

unit with potential use for carbon sequestration

• unit producing petroleum or natural gas

* unit with natural gas potential

Cite as: Korus, J.T., and Joeckel, R.M. 2011. Generalized geologic and hydrostratigraphic framework of Nebraska 2011,
ver. 2. Conservation and Survey Division, School of Natural Resources, Institute of Agriculture and Natural Resources,
University of Nebraska-Uncoin. Geologic Maps and Charts (GMC) 38.

M"bi, E"0,
inwoln



TABLE 2.3-1

SHALLOW STRATIGRAPHY NOMENCLATURE
CROW BUTTE RESOURCES, INC.

MARSLAND EXPANSION AREA
DAWES COUNTY, NEBRASKA

SYSTEM FORMATION OR GROUP SUBFORMATION OR GROUP

Quaternary Alluvium
Oligocene / Miocene Arikaree Group Upper Harrison Beds

Harrison-Monroe Creek Formation

Gering Formation
Eocene/Oligocene White River Group Brule Formation

Chadron Formation
* Upper Chadron
* Upper/Middle Chadron
• Middle Chadron
* Basal Chadron Sandstone

Cretaceous Pierre Shale



TABLE 3.0-1

PHYSICAL AND CHEMICAL DATA FOR MORRISON/SUNDANCE FORMATIONS
CROW BUTTE RESOURCES, INC.

MARSLAND EXPANSION AREA
DAWES COUNTY, NEBRASKA

SOURCE/MEASUREMENTPARAMETER VALUE METHOD

Formation Temperature 138 0F to 151OF Downhole gauges (falloff testing)
Formation Pressure 890 psi @ 3,359 feet to Pumping Testing Analyses

1,015 psi @3,784 feet
Static Water Level 1,300 to 1,500 feet BGS Slick line measurements
Formation Fracture 2,148 psi @ 3,580 feet Estimated from (1) pressures
Pressure to induced during drilling &

2,270 psi @3,784 feet cementing operations, and (2)
regional information

Formation Porosity 20 to 26% (25%) Calculated from open hole logs
Gross Formation Thickness 370 to 415 feet Calculated from open hole logs
Net Formation Thickness 67 to 130 feet Calculated from open hole logs
Average Permeability / 14 tol,000 md (500 md) Falloff Testing Analyses
Hydraulic Conductivity (to 0.079 to 4.84 ft/d
Formation Water)
Average Permeability / 8.85 to 625 md (500 md) Falloff Testing Analyses
Hydraulic Conductivity (to 0.049 to 3.03 ft/d
Injection Water)
Formation Transmissivity 2.94 to 215 ftz/d Falloff Testing Analyses
(to Injection Water)
Formation Storativity 4 x 10--5 Estimated based on rock

compressibility & porosity
Formation Water TDS 23,181 mg/I (Morrison) Laboratory analyses of formation

35,529 mg/I (Sundance) water samples
Formation Water Specific 1.01 (8.40#/gal) to 1.03 Laboratory analyses of formation
Gravity / Density (8.58#/gal) I water samples

Sources: Harlan & Associates, Inc. and Crow Butte Resources, Inc., Request for
Modification of Class I UIC Permit, March 27, 2000"(Well No. 1) and Petrotek, CBR
DDW No. 2 Frilling-Completion Report (Well No. 2)



TABLE 5.0-1

WASTE STREAM CHARACTERIZATION DATA (1)
MARSLAND EXPANSION AREA

CROW BUTTE RESOURCES, INC.
DAWES COUNTY, NEBRASKA

Waste Stream Constituent Typical Concentration Range Requested Permit Limit Units
Uranium (U308) 3 - 5 25 mg/L

Radium-226 650- 1,300 5,000 pCi/L
Arsenic 0 - 0.30 5 mg/L
Barium 0- 0.10 100 mg/L

Cadmium 0- 0.010 1 mg/L
Chromium 0 - 0.050 5 mg/L

Lead 0 - 0.050 5 mg/L
Mercury 0 - 0.0007 0.20 mg/L

Selenium 0 - 0.25 1 mg/L
Silver 0 5 mg/L

Vanadium 1-2 100 mg/L
Alkalinity 700 - 2,000 4,100 mg/L
Calcium 50 - 200 report only mg/L
Chloride 450 - 7,000 40,000 mg/L
Sodium 900 - 6,000 40,000 mg/L
Sulfate 600- 2,000 10,000 mg/L

pH 7.0 - 9.0 5.0 - 9.5 S.U.
Specific Gravity NA

mg/L
pCi/L
S.U.
NA
'(1)

Milligrams per liter
Picocurriers per liter
Standard Units
Not applicable
Waste stream characterization data obtained from identical underground injection operations ongoing at CBO
approximately 6 miles to the northwest of MEA



TABLE 6.4-1

ASSUMPTIONS USED IN ZOEI CALCULATIONS
MARSLAND EXPANSION AREA

CROW BUTTE RESOURCES, INC.
DAWES COUNTY, NEBRASKA

Number of Injection Wells: 2

Maximum Injection Rate: 200 gallons per minute/well

Injection Period: 10 years (life of permit)

Injection Interval Thickness: 200 feet

Injection Zone Porosity: 25 percent

Injection Zone Permeability: 500 millidarcies

Injection Zone Fluid TDS: 25,000 mg/L

Injection Zone Fluid Density: 1.01 (viscosity 0.63)

Waste Stream Fluid Density: 1.01 (viscosity 0.63)

Note: Assumptions were derived from data collected from identical underground
injection operations ongoing at CBP approximately six miles to the northwest of MEA.



TABLE 6.6-1

REGISTERED WATER WELLS WITHIN MEA AREA OF REVIEW
CROW BUTTE RESOURCES INC.
MARSLAND EXPANSION ARýEA

DAWES COUNTY, NEBRASKA

Well # Estimated Formation Well Use Well Status Within MEADepth (ft) Wti E

700 180-200 Brute Livestock Active Yes
701 180-200 Brule Livestock Active C Yes
702 180-200 Brule Livestock Active No
703 280 Brule Domestic/Livestock Active No
704 Unknown Unknown8  Livestock Active No
705 Unknown Arikaree Livestock Active Yes
706 Unknown Unknown' Livestock Active No
707 Unknown Unknown" Livestock Active No
708 Unknown Unknowna Livestock Active No
709 Unknown Unknown" Livestock Active No
710 Unknown Unknown' Livestock Active No
711 Unknown Unknowna Livestock Active No
712 Unknown Unknown' Livestock Active No
713 Unknown Unknown' Livestock Active No
714 135 BruteP Domestic/Livestock Active No
715 135 Arikaree Agricultural Active No
716 135 Brule Agricultural Active No
717 160 Arikaree/Brule Livestock Active No
719 160 Brule Livestock Active No
720 Unknown Unknown8  Other Active No
721 Unknown Unknowna Other Active Yes
722 160 Brute Livestock Active Yes
723 220 Brule Domestic/Livestock Active No
724 Unknown Unknowna Domestic/Livestock Inactive No
725 240 Brule Livestock Active No
727 180 Anikaree/Brule Livestock Active Yes
728 260 Brule Livestock Active Yes
729 Unknown Unknown" Livestock Active No
730 Unknown Unknown8  Domestic Active Yes
731 180 Brule Livestock Active Yes
732 280 Brule Agricultural Active No
733 Unknown Unknown8  Livestock Active Yes
734 300 Brule' Livestock Active No
735 375 Brule" Livestock Active No
736 200 Brule0  Agricultural Active No
737 340 Bruleo Agricultural Inactive No
738 260 Arikaree/ Brulea Livestock Active No
739 60 Arikaree Livestock/Garden Active No
740 110 Brule Agricultural Active No
741 190 Brule Agricultural Active No
742 60 Arikaree0  Livestock Active No
743. 140 Brule 0  Livestock Active No
744 80 Arikaree Livestock Active No
745 140c Brule Livestock Active No
746 Unknown Unknown' Livestock Active No
747 225 Arikaree/Brule Livestock Active Yes
748 Unknown Unknowna Livestock Active No
749 Unknown Unknown8  Livestock Active No
750 Unknown Unknown' Livestock Active No
751 Unknown Unknowna Livestock Active No
752 200-300 Brule Domestic/Livestock Active No
753 200-300 Brule Domestic/Livestock Active No
754 200-300 Brule Livestock Active No
755 200-300 Brule Livestock Active No



Review

well # Estimated Formation Well Use Well Status Within MEADepth (ft)
756 200-300 Brule Livestock Active No
759 200-300 Bi'ule Livestock Active No
760 Unknown Unknowna Agricultural Active No
761 Unknown Unknown" Livestock Active No
762 200-300 Arikaree/ Brule' Livestock Active No
763 200-300 Arikaree/ Bruleo Livestock Active No
764 200-300 Arikaree/ Brue" Livestock Active No
765 200-300 Arikaree/ Brute' Livestock Active No
767 200-300 Arikaree/ Brute0  Livestock Active No
768 200-300 Arikaree/ Brute' Domestic Active No
769 200-300 Arikaree/ Bruleu Livestock Active No
771 200-300 Arikaree/ Bruleo Livestock Active No
772 200-300 ArIkaree/ Brute0  Livestock Active No
773 200-300 Arikaree/ Brule0  Livestock Active No
774 200-300 Arikaree/ Brulev Domestic/Livestock Active No
775 220 Arikaree/ Brule' Livestock Active No
776 200-300 Arikaree/ Bruleu Livestock Active No
777 60 Arikaree Domestic/Garden Active No
778 60 Arikaree Garden Active No
781 60 Arikaree/Brule Livestock Active No
782 100 Brule' Agricultural Active No
783 70 Arikareel Brute' Domestic Active No
784 40-60 Arikaree/ Brulev Livestock Inactive No
785 140 Arikareel Brule0  Livestock Inactive No
786 140 Arikaree/ Brute Livestock Inactive No
787 130 Brule Livestock Inactive Yes
788 130-140 Arikaree Livestock Inactive Yes
790 Unknown Unknowna Livestock Active No
791 Unknown Unrknowna Livestock Active No
792 Unknown Unknown' Livestock Active No
793 300 Arikaree/ Brule' Livestock Active No
794 300 Arikaree/ Brule, Domestic/Livestock Active No
795 350 Arikaree/ Bruleu Domestic/Livestock Active No
796 350 Arikaree/ Bruleu Domestic/Livestock Active No
798 200 Brule Livestock Active No
799 250 Brute Livestock Active No
800 Unknown Unknowna Livestock Active No
801 220 Arikareel Brule0  Domestic/Garden Active No
802 180-200 Brule Livestock Active No
803 Unknown Unknowna Livestock Active No
804 Deep Unknown" Domestic/Livestock Active No
805 Shallow Unknowna Livestock Inactive No
806 Unknown Unknowna Livestock Inactive No
808 160 Arikaree/ Brute' Domestic/Livestock Active No
809 300 Brule Livestock Active No
810 >300 Unknown8  Domestic/Livestock Active No
811 >300 Unknown' Domestic/Livestock Active No
812 260 Unknown6 Domestic/Uvestock Active No
813 280 Unknowna Livestock Active No
814 Unknown Unknown CBR Exploration Inactive No
815 140 Brule Domestic Active No
816 140 Brule Livestock Active No
817 160 Brule Livestock Active No
818 140 Arikaree/Brule' Livestock Active No
819 140 Arikaree/Brule0 Livestock Active No

0



Well # Estimated Formation Well Use Well Status Within MEA
Depth (ft) ....

821 160 Brule 0  Livestock Active No
822 140 Brulev Livestock Active No
823 100 Arikaree/Brule' Livestock Active No
827 Unknown Unknown' Livestock Active No
828 160 Arikaree/BruWe0  Domestic Active No
834 300 Brule Domestic/Livestock Inactive No
835 300 Brule Livestock Inactive No
836 220 Brule Livestock Active No
837 300 BruleP Livestock Active No
838 300 Arikaree/Brule0  Livestock Active No
839 300 Arikaree/Bruleb Livestock Active No
840 300 Arikaree/Brule' Livestock Active No
841 220 Brule 0  Livestock Active No
842 300 Arikaree/Brule0  Livestock Active No
843 300 Brule' Livestock Active No
845 Unknown Unknowne Domestic/Livestock Active No
846 Unknown Unknown' Livestock Active No
849 Unknown Unknown' Livestock Active No
850 200 Arikaree/Bruleu Agricultural Active No
851 140 Arikaree/Brule0  Agricultural Active No
853 150 Arikaree/Brule0  Agricultural Active No
856 Unknown Unknown4 Unknown Unknown No
857 40-50 ArikareelBruleu Domestic/Agricultural Inactive No
858 200 Arikaree/Brule0  Agricultural Active No
859 120 ArIkaree/Brule0  Domestic Inactive No
861 40 Arikaree/Bruleb DomesticiLivestockl Active No

I I Agricultural
862 155 Arikaree/Brule0  Domestic/Agricultural Active No

ABANDONED WELLS
726A 300 Brule Unknown Abandoned Yes
867A Unknown Unknown8  Unknown Abandoned No
868A Unknown Unknowns Unknown Abandoned No
869A Unknown UnknownO Unknown Abandoned No

Information provided by well owner and information from nearby wells is Insufficient to make a definite determination of aquifer
utilized. However, based on discussions with land owners and known completion depths of private water wells in the area suggest
these wells are completed within the Arikaree or Brule Formations.

8 Information provided by well owner and information from nearby wells Indicate that one or more aquifer is utilized, but cannot be
specifically determined. Assigned formation based on available Information.0 Well Is designated as active but Is unused.



TABLE 6.7-1

NON-FRESHWATER (OIL AND GAS) PENETRATIONS WITHIN AREA OF REVIEW
CROW BUTTE RESOURCES, INC.

MARSLAND EXPANSION AREA
DAWES COUNTY, NEBRASKA

LOCATIONI| SP'UD DATE TD
OPERATOR WELL NAME ITWPIRGE SECTION LONGITUDE LATITUDE DATE PLUGGED (FT)

Currently Unassigned Hollibaugh No. 1 T29N R51W Sec 12 -103.246563 42.508268 1/31/1969 1/18/1969 3,295
Leclair-Westwood Inc. Chicoine 1 T30N R50W Sec 30 -103.241768 42.551971 10/28/1981 11/1/1981 2,641
Leclair - Westwood Inc. Chicoine 1A T30N R50W Sec 30 -103.241702 42.54835 11/3/1981 8/9/1982 3,069
Toltek Drilling Co. Smith 1-A T29N R50W Sec 29 -103.207949 42.464678 2/11/1969 2/14/1969 2,091
Potter, Tom Porter 1 T30N R51W Sec 20 -103.325346 42.554958 2/23/1956 3/28/1956 3,779
Gulf Oil Corp. Royal 1 T30N R51W Sec 23 -103.280293 42.555982 12/15/1952 1/23/1953 3,956



TABLE 7.2-1

OPEN-HOLE LOGGING PROGRAM
CROW BUTTE RESOURCES, INC.

MARSLAND EXPANSION AREA
DAWES COUNTY, NEBRASKA

Interval Open Hole Log Description

Surface Casing Dual Induction/Spontaneous Potential/Formation Density/
Borehole Compensated Neutron/Caliper/Gamma Ray

Four Arm Caliper

Protection Casing Dual Induction/Spontaneous Potential/Formation Density/
Borehole Compensated Neutron/Caliper/Gamma Ray/Fracture Finder

Four Arm Caliper



TABLE 7.3-1

CASING AND CEMENTING PROGRAM
CROW BUTTE RESOURCES, INC.

MARSLAND EXPANSION AREA
DAWES COUNTY, NEBRASKA

Interval
Type (ft) Description Cement

Conductor 0-80(+/-) 16 inch, 62.58 lb/ft, Augured and grouted or
Grade B, welded driven

Lead Cement 850 ft to
surface: Light Type I - II

312 sx, 692.6 ft3, mixed at 12
ppg with 2.22 ft3/sack yield.

Surface 10% inch, 40.50 lb/ft, Tail Cement 850 ft to Total
Casing 0-1,050 (+/-) J T55, 4 I&C Depth (-=1,050 ft): =161 sx,

188.4 ft , premium, mixed at
15.8 ppg with 1.17 ft3/sack
yield. Final volumes to be
calculated from caliper log

plus 50% excess.
Lead Cement 3,400 ft to

surface: Light Type I - II =
502 sx, 1,044.2 ft3, mixed at
12.2 ppg with 2.08 ft3/sack

Protection 7 inch, 26 Ib/ft, yield. Tail Cement 3,400 ft to

Casing 0-4,000(+/-) K-55, LT&C Total Depth (=4,000 ft): =173
sx, 199.0 ft3, premium, mixed
at 15.8 ppg with 1.17 ft3/sack

yield. Final volumes to be
calculated from caliper log

plus 20% excess.
Injection 0-3,600 (+/) 4 1/2 inch, 11.60 Ib/ft, N/A
Tubing _K-55, LT&C

(')Injection tubing will be coated for corrosion prevention purposes.



TABLE 7.5-1

MECHANICAL INEGRITY TESTING PROGRAM
CROW BUTTE RESOURCES, INC.

MARSLAND EXPANSION AREA
DAWES COUNTY, NEBRASKA

Well
Component(s)

Tested Test Description

Pressure Test Surface Casing above Float Shoe to 1000 psi for 30 minutes10-3(4'

Surface
.Casing Cement BondNariable Density/Gamma Ray Log from Surface to base of

casing

Pressure Test Protection Casing above Float Shoe to 1500 psi for 30
minutes

7" Cement BondNariable Density/Gamma Ray Log from Surface to base of
Protection casing

Casing Base Casing Inspection Survey from the Surface to total depth

Base Temperature Survey from the Surface to total depth

7" Protection Casing Radioactive Tracer Survey (Pump-Log and Time-Drive)
and 4 1/2" Injection

Tubing System 7" x 4 1/2" Annulus Pressure Tested to 1500 psi for 30 minutes
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Bass of Chadron Sand
Base of USOW

Proposed Injection
Zorn:

±3,150' - 3,700'
(to be determined

from open-hole
logging)

.4

*4

S.

I

J
Conductor Casing: 16", 62.58 lb/ft (0.375" wall),
Grade B, plain end, beveled with drive shoe,
driven to refusal at -80'.

Land Surface

Surface Casing: 10 J", 40.5 lb/ft, J-55, ST&C set
in a 14 J" hole and cemented to land surface.
* Cement volume to be determined from open hole

caliper log.
" Surface casing to be set approximately 200 feet

below Base of Chadron Sand.

Injection Tubing: 4 1", 11.6 lb/ft, K-55 8rd tubing (tubing
depth to be based on depth to top of Injection Zone).

Injection Packer: 7" x 4 1" Packer.

PBTD: +/-4,000'

NOTE: Depths depicted on figure are estimated. Actual
depths will be presented on updated figure included
in well completion report.

Injection Perforations: (depths to be determined.)

Protection Casing: 7", 26 Ib/ft, K-55, LT&C set in an
8 Y" hole and cemented to land surface.
" Cement volume to be determined from open-hole

caliper log.
" Protection casing to be set approximately at total

drilled depth.

SUSRAE HOUSTON. TX

ýý J' ATON ROUGE. LA

FIGURE 7.141

CROW BUTTE RESOURCES, INC.
MARSLANO EXPANSION AREA
DAWES COUNTY, NEBRASKA

PROPOSED WELL SCHEMATIC

-01/.~I0912 ICHECKED W. 1JOBM~ NODS00753
ft4 WO O I APPROVED Or lOG. NO.



Bottomhole Test Adapter 2 i"

Crown Valve 2 1", 3,000 psi Flanged

Adapter 5" by 2 1" 3,000 psi WP
Flow Cross 5", 3,000 psi WP

Wing Valve 5", 3,000 psi WP Flanged Gate Valve

Master Valve 5", 3,000 psi WP Flanged Gate Valve

Tubing Hanger 7 1j" 3,000 psi WP by 5" 3,000 psi
WP with hanger for 5" tubing.

Casing Head 7 J" 3,000 WP Slip Weld 7" casing
with 2 - 2" LP outlets, bull plug and ball valve.

Well Annulus Pressure Control System

Land Surface
16" Conductor Casing

10 j "Surface Casing

7" Protection Casing

4 •" Injection Tubing

FIGURE 7.1-2

CROW BUTTrE ESOURCES, INC.
MARSLN4D EXPANSION AREADAWES COUNTY, NEAA

PROPOSED WELLHEAD SCHEMATIC

DAML-01/09/12 ICHECKED WV: IJO Not SODOM
-W W.~ NCO IPNONIED WV 1. I Mo: o
U
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6 Marker denoting well information.

Land Surface
All casing cut 3' below ground level with a steel
plate welded over the 16" Conductor casing.AJ

Bes of Chadron Sand
Base of USDW

Proposed Injection
Zorn:

±3,150' - 3,100'
(to be determined
from open-le

logging)

=

*4*

* 4.

* ~ 4,

.9 'S. -.

* 4. .'

'a

4. . .1.

b *~ ,.

4.

i*i
e', Conductor Casing: 16", 62.58 lb/ft (0.375" wall),

Grade B, plain end, beveled with drive shoe,
driven to refusal at -80'.
Class H cement, 338 bbl (1,896 ft), between the
tubing and tubing annulus to the surface.

17 p

iii
Surface Casing: 10 J", 40.5 lb/ft, J-55, ST&C set
in a 14 i" hole and cemented to land surface.
" Cement volume to be determined from open hole

caliper log.
" Surface casing to be set approximately 200 feet

below Base of Chadron Sand.

Injection Tubing: 4 J", 11.6 Ib/ft, K-55 8rd tubing (tubing
depth to be based on depth to top of Injection Zone).

Injection Tubing Perforations @ approximately 3,150'

Injection Packer: 7" x 4 i" Packer.

Class H cement, 10 bbls in 7" casing from approximately
3,700' to 4,000'.

Injection Perforations: (depths to be determined.)

Protection Casing: 7", 26 Ib/ft, K-55, LT&C set in an
8 Y4" hole and cemented to land surface.
o Cement volume to be determined from open-hole

caliper log.
e Protection casing to be set approximately at total

drilled depth.
of SUBSURFACE

~R~jjEHOUSTON. TX
SOUTH SEND. IN

BATON ROUGE. LA

FIGURE 9.1.1

CROW BUTTE RESOURCES, INC.
IMARSLAND EXPANSION AREA
DAWES COUNTY, NESRASKA

ted. Actual PROPOSED PLUGGED AND
figure included ABANDONED WELL SCHIEMATIC

-01/09 12 ICIECIED BW. JOS NO 6=7W
JORNIN Wf: WOO I APPRONED W. I am NQ

PBTD: +/-4,00(

NOTE: Depths depicted on figure are estima
depths will be presented on updated
in well completion report.

I
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APPENDIX 2.3-1

NEIC LISTING OF SEISMIC EVENTS WITHIN 200-MILE RADIUS

SUBSRAE



NEIC: Earthquake Search Results Page 1 of I

'a4Q `- U G
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APPENDIX 2.3-1

NEIC: Earthquake Search Results
U. S. G E O L O G I C A L S U R V E Y

EARTHQUAKE DATA BASE

FILE CREATED: Thu Jan 19 20:19:33 2012
Circle Search Earthquakes= 21
Circle Center Point Latitude: 42.502N Longitude:
Radius: 124.280 km
Catalog Used: PDE
Data Selection: Historical & Preliminary Data

1974 -Present

103.255W

CAT YEAR MO DA ORIG TIME LAT LONG DEP MAGNITUDE IEM DTSVNWG DIST
NFO km
TF

PDE
PDE
PDE
PDE
PDE
PDE
PDE
PDE
PDE
PDE
PDE
PDE
PDE
PDE
PDE
PDE
PDE-W
PDE-Q
PDE-Q
PDE-Q
PDE-Q

1975
1978
1983
1987
1989
1990
1990
1992
1994
1994
1996
1996
1998
2006
2007
2008
2011
2011
2011
2011
2012

05
05
05
01
02
01
03
11
03
03
04
05
06
09
04
08
03
11
11
11
01

16
07
06
01
09
28
02
02
18
20
09
03
18
07
24
22
10
14
15
19
16

055701.50
160619.60
061446.95
080224.07
051545.80
045959.19
041527
065410.34
225143.15
071506
024808.19
074751.53
162638.32
062320.02
093501.26
230131.81
013813.68
065138.40
093146.13
082808.38
134110.73

43.24
42.30
42.96
42.79
42.69
43.31
43.30
42.74
43.40
43.40
43.07
43.04
42.62
42.98
42.58
43.08
42.86
43.04
43.05
43.07
43.45

-103.68
-101.93
-102.20
-103.48
-101.90
-102.50
-102.50
-104.39
-103.50
-103.50
-104.10
-104.02
-103.00
-102.24
-102.94
-104.29
-104.09
-103.42
-103.50
-103.46
-103.05

5
15

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

4.3
3.3
3.5
3.8
4.0
3.2
3.0
2.8
2.3
3.7
3.1
3.4
2.6
2.7
3.1
2.9
4.0
3.3
2.8
3.0

MLGS
MLGS
LgGS
LgGS
LgTUL
MLGS
MLGS
LgGS
LgGS
LgGS
LgGS
LgGS
LgGS
LgGS
MLGS
LgGS
mbGS
LgGS
LgGS
LgGS

4F.
5F.

3F.
5F.
5F.
4F.
5F.
F.
F.

3F.

F.

2F.
3F.
4F.

3F.

88
ill
100

36
113
108
107

96
101
101

93
87
24
98
27

105
78
61
64
65

106

USGS National Earthquake Information
Center
USGS Privacy Statement I Disclaimer

FIRSTGOvI

http://neic.usgs.gov/cgi-bin/epic/epic.cgi?SEARCHMETHOD=3 &FILEFORMAT=4&SE... 1/19/2012
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WASTE STREAM ANALYTICAL DATA
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LABORATORY ANALYTICAL REPORT
TO BE PROVIDED BY CAMECO



APPENDIX 6.7-1

WELL RECORDS FOR NON-FRESHWATER (OIL AND GAS)

PENETRATIONS WITHIN AREA OF REVIEW

mSUBSURFACEI



NEBRASKA SCOUT TICKET

County:

Fid:

Oper:

Name:

Spud Dt:

Comp. Dt:

1st PR Dt:

P&A Dt:

DAWES

CURRENTLY UNASSIGNED

HOLLIBAUGH 1

API: 26045210040000

Loc: NE NE 12-29N-51W 660 FNL 660 FEL

NAD83 Latitude: 42.5082676941368

Longitude: -103.246562991091

01/13/1969

01/18/1969

Formation Tops

NIOBRARA

CARLILE

GREENHORN

BELLE FOURCHE

MOWRY "X" BENTONITE

GURLEY "D" SAND

HUNTSMAN SHALE

CRUISE "J" SAND

Well Construction

Type. -. Dia Top

12.25 0

8.625 0

HOL2 7.875 0

HOL2 7.875 0

GR Elev:

KB Elev:

BHT:

TVD:

DTD:

1915

2231

2462

2500

2600

2730

2970

3130

Bot

216

216

3295

3295

4236

4244

102

3295

Lse No: 99999

Status: DA

Type: DH

Natural IP

Oil: 0

Gas: 0

Water: 0

Stat Dt: 01/18/1969

Treated IP

Oil: 0

Gas: 0

Water: 0

CoresProduction Tests

Cement

Sacks Top

Perforations

Bot ShtBot Top Comment

216

10 310

35 2930

Well - Specific Stimulations

Bot Perf:

Prop:

Formation:

Type:

Comment:

Top Perf:

Vol: LBS Acid Conc:



Nebraska OII and Gas Conservation Commission
Form 2

NOTIFICATION OF INTENT TO DRILL OR RE-ENTER

APPLICATION TO DRILL El RE-ENTER EJ
IwstrinltttmOht Notice must be given to the Director, and approval obtained before proceeding with the work decrilbod hersin, Submit this fein In triplicate far
wells an patented or Federal land$, and in quadruplicate for w.els on State lands. One approved copy will be returned to the operator.

Operator

GABLE DRILLING COMPANY, INC.---Joe Josephson & V. E. Autry _ __

Address DEC___

508 Patterson Bldg., Denver, Colorado 80202 , ,

DESCRIPTION OF WELL AND LEASE

Well Number Name of Lease Elevation (gf~towd

5 4236'
Well Location County

NE NE Sec. 12 Twp. 29 Ron,. 51 Dawes
Footage Location

660 ft. from (N) ( line, 660 ft. from iEI 1Wh line of NE 'A
Field & Reservair (It wildcat, so state) Will hole be directionally drilled? Contractor

Wildcat _ r Yes GABLE DRILLING CO., INC.
Nearest distance from proposed location to property or lease line: Distance from proposed location to nearest drilling, completed or applied-for

well on the same least:

Not Known feet None Known feel
Proposed depth and deepest formation to be tested Rotary or cable tools Approximate date work will start

Morrison
_Aprox. 3600' Rotary. 1.7/69_

Number of acres in lease: Number of wells on lease, including this well, completed in or drilling to this reservoir;

320 None
Surface casing program:

Amt.: 150 ft. Size: 8 5/8 in. 0.0. Wr. 24 lbs/ft. Cement 100 socks
Status of bond (check one)

$2500.00 "one well" bond attached ] $10,000.00 blanket bond on file

Permit ............... .........2 6 0 4. 5 Z 1 _0_. ............ .............. . . . .

.................................................................................r.a.d................. .........................................

Titles

Approved By:. . .... .. N. ovember 29, 1968
..................... . ............... ........ ..........................................................................................

Smocut raequired by Nebraska Geological Survey "&"a*e, Complete the location plot on reverse side. fie sure that you have
~given all information requested. Much unnecessary Colrrillpondence will thus

Y•ALINo be avoided.



. Nebraska Oil and Gas Conservation Commission
Form 6 (A~ /

PLUGGING RECORD

lInttn~loees Within thirty days following the plugging of a dry hole, or the abandonment of a producing well, the owner or operator shall submit this form In
duplicale for wells on patented or Federal lands, and in triplicoie for wells on State lands. Geological information will be held confidential far a period of
twelve months If requested in writing. Fill out form as completely as possible.

Operator

GABLE DRILLING CO., INC. --- Joe Josephson & V. E. Autry
Address

508 Patterson Bldg., Denver, Colo. 80202
Well Number Lease Name Field and reservoir (if wildcat, so state)

1 Hollibaugh Wildcat
Location County

NE NE Sew. 12 . .p. 29 N Range 51 W Dawes
Footage Location

660 ft. from (N) X) line, 660 ft. from (E) (*• line of Northeast /4 section
Spud Date Date reached TO. Date Plugged Total Depth P.B. T. 0.

1-13-69 1-18-69 3295 dlr. 32831o NA
Elevation Reference (indicate) Producing rate on initial completion

4244 KB (1,8 tGL (OF) Oil (bbis/doy) Gas (MCF/doy) Water (bbls/day)

4236 GL NA
Application to drill this well was filed In name of: Producing rate at time of abandonment

Oil ibbls/doy) Gas (MCF/day) Water (bbls/doy)

CONDITION OF HOLE

Name each formation containing oil or gas. Indicate Fluid Depth Size, kind and depth of plugs used. Indicate
which formations open to well bore at time of plugging. Content Interval zones squeeze cemented giving amount of cement.

Muddy - J, Zone3 Water 2810-2930 #1 35 sacks cement

Tertiary sands & gravels Water 280-310 #2 10 sacks cement

Top plug omitted at landowner' request for his conversion into a domestic water well.

Size, kind and depth of any additional plugs

Heavy drilling mud between cement plugs.

CASING RECORD

Size casing Weight Setting Amount Amount left Method of partino
In 0. D. ibs/ft. Depth Recovered in well (shot, riced, etc.)

8 5/8 24# 216' KB none 208' NA

Wus hole filled with evu-ke fluE -d
6,• .,-• . .- •

Niobrara Shale
Co6l.l sandstone
Greenhorn limestone
Bantonite Marker
Muddy J Zone 1

Zone 2
Zone 3
Zone 4

Cheyenne sandstone

1913
2224

2465
2595
2731

2771
2848
2927
3132

I 'e •wei, give •erf• details of plugging operations to base of fresh water sand. Attach letter from surface
qtreshs I qeie,wpil and agr',lelti to assume full liability for subsequent plugging which may be required.

1.. lr il core ai.cl -le or_

R3 10~69 ow Pee 7f~t(~(
.......... ........................................

% A Signalure

\ .II )li~l' : :r i .... i'Geologistcon01s. t ' " " / .................................................................... T ..ie ................................................................

•I/:,, , " •,'/March 28 t 1969
_ / - . ................... t............................................. ... ......................................................

No cores or teste.



NEBRASKA SCOUT TICKET

County: DAWES

Fid:

Oper: PETRONOMICS INC

Name: CHICOINE 1

API: 26045210670000

Loc: NW NW 30-30N-50W 660 FNL 660 FWL

NAD83 Latitude: 42.5519706998262

Longitude: -103.2417684602

Spud Dt: 10/28/1981

Comp. Dt: 11/01/1981

1st PR Dt:

P&A Dt: 11/01/1981

GR Elev:

KB Elev:

BHT:

TVD:

DTD:

4455 Lse No: 99999

Status: DA

0 Type: DH

Natural IP

2641 Oil: 0

Gas: 0

Water: 0

Production Tests

Stat Dt: 11/01/1981

Treated IP

Oil: 0

Gas: 0

Water: 0

CoresFormation Tops

Well Construction

.Type Dia Top Bot

HOLl 12.25 0 484

SURF 8.625 0 484

HOL2 7.875 0 2641

HOL2 7.875 0 2641

HOL2 7.875 0 2641

Formation: Top Perf:
Type: Vol:

Comment:

Cement

Sacks Top

500

Perforations

Top Bot Sht CommentBat

484

50

500

2100

Well - Specific Stimulations

Bot Perf:

Prop: LBS Acid Conc:



.5-.-. 5"- Ge. ~e.5*.5#5- Ce.-..--

NOTIFICAT ION OF INTENT TO DRILL 01 RE-IMTER a

Petronamite , LeCloir-Weetood, Inc. - Agent

388 Denner tlS.Old8 ,._onnet CO 80202 C303) 825-4238

Plate to be sent when
I1 Chinoine noeved

C NW/4 NW/4 30 ., 30N 350 Doses

.ý (. -. . . noo.

Wiidcat S. = Circle H Drillin! Int.

660 '[ None

31501 or Skull Creek noayNon I, l881

80[ Noneno- :- IIIo..
1 1300 ex or

30 . at 8-5/8 u. ,. 1-. 24 W.. e. suff tlent

,:an.N, se e. Std. .. .......... . ....eo ie .e/ - ee

1n - -0::] r. /-- -

e s a-0 Vke e e

P- 4lee 5.eeeee 2eo 1so e0 eeedeoS

te _0 ~- *

R. 5oo
H - +, AIA1'_.,

11

r.' d .... 4455'+'

I--

II

- ......I....e.

T.
30
N

I I I

Scale... le, tO00'

Powers Elevotion of Denver, Colorado
hoe in accordance with a request from .ebble 3hort
for L*CLaitr Westwood, Ina.
determined the location of No.1 Chloolne
to be C4W NW Section 30 Township 30N

ROnge U5(3 of the 6th lr1'nolpal MeridiOn
&Kea County. Nebraska

I hereby certify that this plot is an
accurate representoftln of. a cOlrect
survey showing the ocation

Licensed "Lan -Sutve yor ao. 2oo

State of 4 abrask.



Naska Oil and Gas Conservation Coamimuaon
Form 6

PLUGGING RECORD \ -p.

lhetrttem: Within thirty days foiowing the plugging of a dry hole, or the abandonment of a producing well, the owner or operator shall submit this form in

duplicate for wells on patented or Federal lands, and in triplicate for wells on State lands. Geological Information will be held confidential for a period of
twelve months if requested in writing. Fill out form as completely as passible.

Operator •.
Petronomis_, Inc._ (/

Address

3603 Westcenter Drive. Houston. Texas 77042
Well Number Lease Name Field and reservoir (If wildcat, so state)

1 lVernon P. Chicoine I Niobrara
Location County

NW/4 NW/ 4 Sec. 30 _ Tp._30N R, . 50W _ __ Dawes
Footage Location

ft. from .N) iS) lrin, ft. from iE) [W) line of t4

Spud Date Date reached T.D. Date Plugged Total Depth P. 9. T. D.

10-28-81 1i0-3 1-81 11-1-81 2641
Elevation Reference (indicate) Producing rate on initial completion

4455 (r) (GL) (1X Oil (bbla/day) Gas,(MCF/dav) Water (bbli/doy)

Application to drill this well was filed In name of: Producing rate ot time of abandonment
Oil (bbls/day) Gas (MCF/day)I Water (bbis/day)

Petronomica inc,- -.

CONDITION OF HOt.LE

Name each formation containing oil or go,. Indicate Fluid Depth Size, kind and depth of plugs used. Indicate
which formations open to well bore at time of plugging. Content interval zones squeeze cemented giving amount of cement.

Nihbrarna _ - .... .w er- 21301 Cement Plug 1900 - 2100'

484 Cement Plug 450 - 5001

-Cement Plug 5 - 50'

Size, kind and depth at any additional plugs

CASING RECORD

Size casling Wegt Setting Socks Cement Amount Amount left Method of porting
In 0. 0. bs!Ft. DOepth Recovered in well eshot, rioped, etc,)

8 5/8 24 484 500 484

Wjs hole filled with mud-laden fluid? y s_

If this well was Plugged back for use as a ft details of plugging operations to base of frost water sand. Attach letter from surfacj
owner authorizing completion of this well al(o'lVltrwater we1/'adlleang to asume full liability for subsequent pluggino wtic. maw be reauired.

I/We hereby -swear or affirm tho 5yt.I ts\\* vyade N plate and correct.

NO CORES 9 ................................NO~~ ~ ~ ~ ~s TESTS- •1, ,• ,r• ,2 ...................... .. ";= . .... ..............

NO TESTS VieOrs
N O L G ..............N L S. .. ............................................. .. . .. . .. ...................................................
LOST HOLEC / March I8a 1.,02

............................. .. i. ....I ....................Date..........



NEBRASKA SCOUT TICKET

County:

FId:

. Oper:

Name:

DAWES

LECLAIR-WESTWOOD INC

CHICOINE 1-A

API: 26045210680000

Loc: SW NW 30-30N-50W 1980 FNL 660 FWL

NAD83 Latitude: 42.5483496148749

Longitude: -103.241701560481

Spud Dt:

Comp. Dt:

1st PR Dt:

P&A Dt:

11/03/1981

11109/1981

08/09/1982

GR Elev:

KB Elev:

BHT:

TVD:

DTD:

4484

4490

118

3050

Lse No: 99999

Status: PA

Type: OIL

Natural IP

Oil: 0

Gas: 0

Water:

Stat Dt: 08/09/1982

Treated IP

Oil:

Gas:

Water:

CoresFormation Tops

PIERRE SHALE

NIOBRARA

GREENHORN

BELLE FOURCHE

MOWRY "X" BENTONITE

GURLEY "D" SAND

Well Construction

Type. Dia Top

HOLl 11 0

SURF 8.625 0

S 7.875 484

7.875 0

PLG1 4.5 470

PROD 4.5 1175

Formation:

Type:

Comment:

Production Tests

1258

2144

2683

2704

2818

2960

Bot

484

484

3050

30

500

2633

Cement

Sacks Top

Perforations

• •Bot Sht. . commentBot . Top

500 0 484

20 0 30

20 470 500

175 1175 2633

Well - Specific Stimulations

Bot Perf:

Prop:

Top Perf:

Vol: LBS Acid Conc:



0~, 1 ansd Gztý Co.nser~aosn Commnis~on

- -- pillills 9ý

NOTIFICATION OF INTENT TO DRILL OR RE-ENTER -

APPLICATION TO DRILL JR RE-ENTER C

Imosuittllnt. Notice ninta be given to tho Director, and aDOroval obtained before proceeding with the work descrF. t*in. it thaVO a to
werll 3n 2aO*ntrd or Federal lands, and in quadruplicate for wells on S•oie aon • , n, approved copy w.l he ttn the

Operce2r

I AAddress-T-R-ONQMICSILP.CL,&IRWESTWQQDl 1NC-=-Ag=n - .

I Iyfl0's onc,.n~o
UOUU!I5 xY- -- -Yy--MWLLL. --- -U -LU = 6.1

DESCRIPTION ..OF WELL AND LEASE

Well Number Name of Lease Elevation (groundl
i Plats to be sent when

#1-A Chicoine when received.
Well Location County

C SW/4 NW/4 sec. 30 TiP. T30N Ra,,. R5OW Dawes
Footage Location

1980' ft. fron ON} _ ne. 660' ft. from (M frm, of SW/4, NW/4 1/4
.Field & Reservoir (if wildcat, so state) Will hole be derectionally drilled? Contractor

Wildcat No I Circle M Drilling, Inc.
Neatest distance from proposed location to property or lease line: Distance from proposed location to nearst drilling, completed or applied-forwell an the same lease:

660' feet _1320 feel
Proposed depth and deeoest formation to be tested Rotory or cable tools Apierotimalt dale work will start

3150' or Skull Creek I Rotary , Nnvphp 3 1981
Number of acres in lease: Number of wells on lease, including this well, completed In or drilling to this reservoir:

80 None
Surface casing pogram: 300 sx or

Ant. 350!~i~!L.~~L8 in. .0.sufficient to
Amt.; 350 Y_ s_ ls 8-5/8._ in. 0. D L 24 t.socks circulate
Status of bond (check one)

52500.00 "one well" bond attachedc] S 10,000.00 blank@ m on file

PermitNum be• ......... 2. 0 4 . . ....... . .........................
•, , . • e ......1 .-. • ..• ......................................... ................

Approval ate ...... . ...........................

Approved By%. ... .......... ... ................................

.. .... • ' ......................................... ...... I ......
:i S,9nal ýf roor 01a gent

.. ......... p r t on Sup ri t d ...........................................
Title

............ Novemb.ar. 3. 1.98.1 " .

Sample cut required by Nebraska Geological Survey

yes PNo F

Noil"e: Complete the location Plat on reMesle side. Be sure that you have
given all information reqluested. Much unncessary cOrreipondence will thui
be avoided.

cc: Pettenomics

Verbal Approval given by Mr. Paul Roberts on 11/3/81. DSH



Nebraska Oil and Gos Conwlooltion Comrnilio,
F-r, 5 II

WELL COMPLETION OR RE-COMPLETION REPORT ' -• ,•............ .. ;•, • ---

it.f,.tto.,, Within thirty days following the conoplotion or ,O-CompiioI of oMY .1, tt11 . o ,w. " , Otopr hl l thopll bffi1TTfI. for. i duplictt, forwellp
paontvl ot Fderaol lonra. and in tripicate for "Hells on Stoole lnds. Geological Inlormiolion will be hold conidential for a period of tI.0- iontho t r d r

w wriling. It mufIplo cohapl.llon. s ehmo mparate f. prpt t.r .0.1e C•0pleton. /

DESIGNATE TYPE OF COMPLETION

N ,, Well Woro-nr [0] Do,,o 0 Back 01 Son. R....noi

Dltff-t Resnornoi, C] oil 0 (f m% Unsuccessful 1:

DESCRIPTION OF WEL.AINJ9.

operator

Patronnmien Liarlair-WgiRtwesndr Tonv- AgpintI
Addres

,%no n r~l .. it.-1A4mn.. .
Well No. I Lease No,. Fio-d nod Resrvoir (It wildcat. so rtole)

IA rCh. rn4Ins, f I/t
Locollon

C S.- S. V. T.p. RoIoN aoge CfW Counoty ln,
Footago Location

o1980 f rt fom iN) In,., lon less fr- W iMo. I W/-- ! 1/

Spud Dot. DOt. rooohod T.D. Dole Co-pl.ftd Ele.vaion Refer.nac .indicate)

11-3-81 11-- 81 11-9-81 I. IS"), I, M)

Total Deplh P,.T.D. Sinai. or mullptl coorpiliao, Woo wool diractionolly drhlod?

3050 2590 1 Single NO
Producing intervnlts) for this conolettlon Type of loge rn in well CSLC - GR

Nliobrara 1A.T CR rNIa
Rotory taoos used (il...l.) aCob . .. d .inlo. ol) Priocipa- Coto-ct or

0 to TD- C--l I-," *',lý

CASING RECORD

Report all s
t
rings olt---urfac., Intermediate, Production, .t1.

Purpose of String Si.. hale. drliled Sint caoin s.t lhn. O.D.) Weight Ib./ft. Solting Depth Sock. Cement

500 ax
Rirr•re' 11" R SIR 71. /484 /22Y g!!

175 ax
Production 7 7/8 411 10.9# 26.21h3' iL. ls. Palz

LINER RECORD PERFORATION RECORD

Tap, It. [ Bottom, I. Sock. C-m-nn Shots per Ft. Size & 
T

ype Deplh lo....l

TUBING RECORD

sin. Setting Depth Pokon .... 0.

ACID, FRACTURE, SHOT. CEMENT SQUEEZE RECORD

A-on ond Kind o. Matelral Used Doilph Interval Troalod

INITIAL PRODUCTION

Dao. of first production Producing enichod (flooing, pnnping, go. lilft, .tc.)

R A T E O P PbODU C T IO N4 1 0 "Y "
PER 24 HOURS hotl.. MCF i Wale. CFPB

Niobrara 2260 to 2457 " ,d)
Oil Pordicrnoo

-n

D-Sd 2965 - 77 0 andocarried

3-Sd 3003 - 3007 It- -7ignlind ~ t ................................................... .

Well S1/ waiting on completion rig. P.e.m. 15....U.e..11 ............50..9.1.............................................................

Date



YAN~Y ODQLtLNC, RE-JI'Ri

cChicon jI' -A

9W1- N%/4 Sec. 3o, TrON R5OW, Dawes County, Nebraska

k|j/8 : Spudded 7:15 PM, midnight depth 523', KB 4490'
11 /,/N : Set 8 5/8 suirface pipe at 485', plug down 12:05 PM

t|I/5/91 7,00 PM depth 1870, start to mud up for Niobrara

LI/S/U!: 8:00 AM, Depth 2603, repairing KB. 8 units gas through

Niobrara. 44.Xb Af4)

],"7/81: Drilled to 3 0 6 9A kelly bushing slipping. Decided to

log. Ran Dual Laterolog and Densilog - Neutron -

Gamma Ray Logs. Finished logging noon 11/7.

11/8/81: Ran 4 1/2" casing to 2633'. Casing on bottom 10:00

AM. Cementd with 30 bbls. cement with 2% KCl, ana

175 sacks 50-50 Poznix with 2% gel and 10% salt.

Landed plug, tested casing to 2000 P.S.I. - OK.

Released rig 12:00 noon.

Final T'ops,

KB 4490
Niobrara 2120
1st Chalk 2186
2nd Chalk 2246
3rd Chalk 2360
Codell Ss. 2436
Greenhorn Ls. 2684
"D" Sand 2963
T.D. 3069

:)eepening and Testing

IZ/f/81 Moved rig tu location, Rigged up. KB4490'
12/2/81 Picked up bit, collars, tubing (2")

Itl/q/I Ran tubing, tagged bottom. Cleaned out 240 ft. of hu.

Circulated hole clean. TD 2900

|Z/ 5/S| Drilled 220 rt. Circulated clean. TD 3120

IV/I /8I :ulled tubLng and collars.
"tarted Drilltrig. Swivel packing went bad. "tr',uat.-i

I:Lle r'1.r'. HFgged up O.W.P. to ],.Ž Niob-.ar'-. -'gj?..

0.W.P. Twr. TD 3,20

~'rilled ro j -..and. Circulated _*iean. Rig-r-:d up 0.W.ý.
and ]og.. :arid. TD 3143

Swat. tc ." -sand. Rigged U. W. F. and Le;forated

12/19/81 (Cont.) Niobrara. Swab tested Rigged down and

prepared to move.

12/21/81 Moved rig out.

Test Results

J sand swab test: Fluid entry 25'/hr. after swab down. No
shows of gas, very little fluid entry in J sand.

Niobrara swab test: Perforated - got some fill-up, no shows

of gas. More fill-up in Niobrara - 60' fill-up after perfs.
After 30 minutes - no show of gas.

Additional tons after deenenino:

"J" Sand - 3071'
TD - 3143'



Nebraska Oil and Gas Conservatlon Comslsion
from 6

PLUGGING RIECORD

Ilmeef~e z Within thirty days foiowing the plugging of a dry hole, or the bandownment of a producing well, the owner or operator shall submit this form in

duplicate for wells an patented or Federal lands, and in triplicate for wells on State lands. Geological information will be held confidential for a period of

twelve months if reluested In writing. Fill out form as completely as Possible.

Operator
PETRONOMICS, Inc.

Address

630 N. Federal Highway, Suite 402, North Palm Beach FL 33408
Well Number Lease Name •Field and reservoir (If wildcat, to state)1-A I Chicoine Wildcat

SW/NW e. 30 Twp. 30N Rag 50W Dawes
Footage Location

182O0. from (N) line, 660 ft. from X) (W) line of

Spud Date t. reached T.D. Date Plugged Total Depth B. T, 0.

11-3-81 11-7-81 8-9-82 3069
Elevation Reference (Indicate)

4490 (KB) MHXM)

Application to drill this well was flied in name of:

Petronomics, Inc.

CONDITION OF NOIA

Nomw each formatian containing oil or gas. Indicate Fluid Depth Size. kind and depth of plugs used. Indicate
which formations open to well bore at plugging. Content Interval zones squeeze cemented giving amonmt of cement.

20 sack cement plug

0-30 feet and

470-500 feet

Size, kind and depth of any additional plugs

CASING RECORD

S Igcsng Weat Setting Socks Cement Amount Amount letMethod of Partina
in 0. D Ce•. Depth Recovered in well (shot, rioed, etc.)

4 " 10.5 2633 175 1175

Wax hole filled withl' mud-laden fluid? Yes

if ithi wett was plugged bock for use as a a t w 4t iv perinent details of plugging Operations to base Of fresh eater sand. Attach letter from sufWAc

onratoizing completion of this we oigt suefl iblt o ubeun lgigwihmyb eurd

I/We hereby swear or affirm h~~~~shripeenere

9~ E LjLVLD V
AUG26 c9~ ' S. Mreaide'itl

Dafte



NEBRASKA SCOUT TICKET

County:

FId:

Oper:

Name:

Spud Dt:

Comp. Dt:

1st PR Dt:

P&A Dt:

DAWES API: 26045210080000

Loc: NE NE 29-29N-50W 640 FNL 710 FEL

NAD83 Latitude: 42.4646778165178

Longitude: -103.207948704242

TOLTEK DRLG CO

SMITH 1-A

02/11/1969

02/14/1969

GR Elev:

KB Elev:

BHT:

TVD:

DTD:

4106

4116

109

2901

Lse No: 999

Status: DA

Type: DH

Natural I

Oil:

Gas:

Water:

~99
Stat Dt: 02/14/1969

P Treated IP

0 Oil: 0

0 Gas: 0

0 Water: 0

.... . .. .. .. . .. -• •-. . ..7 • .• -'Cores ...•
FormaiinTops

PIERRE SHALE

NIOBRARA

CODELL

CARLILE

GREENHORN

BELLE FOURCHE

MOWRY "X" BENTONITE

GURLEY "D" SAND

HUNTSMAN SHALE

CRUISE "J" SAND

mLCREEK SHALE

• .-Well Construction

:Type , Dia Top

HOL1 12.25 0

SURF 8.625 0

HOL2 7.875 0

HOL2 7.875 0

Formation:

Type:

Comment:

947

1716

2038

2050

2294

2310

2418

2554

2703

2760

2800

:Z•,% Production Tests

Cement

Sacks Top Bot

-- .--.

-Perforations

Top Bot Sht ' CommentBot

400

400

2901

2901

Top Perf:

Vol:

10

15

400

32

400

Well - Specific Stimulations

Bot Perf:

Prop: LBS Acid Conc:



. . Ol d a e,.....,r. ca~u.a~n(5)

NOTIFICATION OF INTIENT TO DRILL OR R9-INTER

IS..0 ill* 0. * .0l0 N... ... ..b~l 0b M . * [] .d0..,$04 0 a l ,00

Toltek Drilling Cmpany & 0.N. Beaer

31L0 Denver Club Bldg.. Denver, Colorado 80202

V nCRIFTION OF Wl. AND

I-A SMIth
-w.0'• -.0l. -/C-- .. . P.... ..5,t

lIF 2I -3 1. .. 29 N - SO 4 Do0me

&•D . !..liR' A. 6 0 f. -_lEJIflq_"".... NE v________. _
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Nebraska Oil and Gas Conservation Commission
Form 6 /

PLUGGING RECORD

lestnuctioe: Within thirty days following the plugging of a dry hole, or the abandonment of a producing well, the owner or operator shall submit this form in
duplicate for wells on patented or Federal lands, and in triplicate for wells on State lands. Geological information will be held confidential for a period of

twelve months if requested in writing. Fill out form as completely as possible.

Operator

Tnlo*d, nihlllsn 111 rnm nA r- n mJ fsr

I

Address

30 enve-,r Club Bldg., Denver- Colorado 80202
Wall Number NeameNe Field and reservoir (It wildcat, so state)

]-A Smi th wi ldcat

Loain NE NE Sec. 29 2w.:9 N Range 5QO W ] fy Dawes
Footage Location

6W ft. from (N) X) In'-, 710 ft. from (E) L) line of NE _/4

Spud Date Date rached TO.- Date Plugged Total Depth P.D. T. D.

- 2- - -! 6
Elevation Reference (indicate) Producing rate on initial completion

41061 )W) (GL) OW Oil ibbls/day) Gas (MCF/doy) Water (bbls/day)

Application to drill this well was filed in name of: .... Producing rate at time of abandonment

Tol tek Dri I Ing Company Oil (bbli/day) Gas (MCe/day) Water (bblo/day)

CONDITION OF HOLE

Name each formation containing oil or gas. Indicate Fluid Depth Size, kind and depth of plugs used. Indicate
which formations open to well bore at time of plugging. Content Interval zones squeeze cemented giving amount of cement.

Size, kind and depth of any additional plugs

10 sacks top of surface casing
15 sacks bottom of casing

CASING RECORD

Size casing Weight Setti Amount Amount left Method of parting
in 0. D. lbs/ft. Recovered in well (shot, rlaped, etc.)

Wjs hole filled with mud-laden fluid? Yas

If this well was plugged back for use as a fresh water well, give pertinent details of plugging ope•rations to bo of fresh water sand. Attach letter from surface
owner authorizing completion of this well as a fresh water well and agreeing to assume full liability for subsequent plugging which may be required.

I/We hereby swear or affirm that the statements herein made ore complete and correct. , ,

. . . . . . .......... ... .. - ....... .... .. ..--
.. "Signature

Sdry ,hole, comlete wel ............. IaGault...V....V.1ra..&.. sl.dant .....................................................
-on reverse side of form) Title

............ !Lb u0 .............................................................
Date



NEBRASKA SCOUT TICKET

County:

FId:

Oper:

Name:

DAWES

CURRENTLY UNASSIGNED

PORTER 1

API: 26045050110000

Loc: SE SE 20-30N-51W 660 FSL 660 FEL

NAD83 Latitude: 42.5549578231732

Longitude: -103.32534600137

Spud Dt:

Comp. Dt:

1st PR Dt:

P&A Dt:

02/23/1956

03/28/1956

GR Elev:

KB Elev:

BHT:

TVD:

DTD:

0

3779

Lse No: 99999

Status: DA

Type: DH

Natural IP

Oil: 0

Gas: 0

Water: 0

Stat Dt: 03/28/1956

Treated IP

Oil: 0

Gas: 0

Water: 0

Production TestsFormation Tops-

GREENHORN

BELLE FOURCHE

GURLEY "D" SAND

CRUISE "J" SAND

Well Construction

Type Dia; Top

HOLl 15 0

SURF 10.75 0

HOL2 9.5 0

HOL2 9.5 0

S 9.5 0

9.5 0

Formation:

Type:

Comment:

Cores

2898

2932

3208

3396

Bot

250

250

3779

3779

3779

3779

Cement

Sacks Top Bot

Perforations

Sht nt,Top .Bot Commen

130

5

15

20

50

250

16

262

2550

3394

Well - Specific Stimulations

Bot Perf:

Prop:

Top Perf:

Vol: LBS Acid Conc:



STATZ OF NEBRABKA NOTIFICATION OF INTrNTION TO DRILL M 'Vb Ž. ,

INSTRUCTIONSi Fill In single eo aus ompletely as pouible attach check .......... ............. 2u i
made payable to Nebraska Geologicatl Survey (Plugging eeod Account) for Local@
sum of Twcnty-five dollars ($26.00) and mmil to Nebraska Geologleal Survey well
Nebraska Hall, University of Nebraska, Lincoln, Nebraska. Notifications mus .......... ................ on
be approved prior to spudding. Sllection

."In the case of Irregular Tracts or Unitized Areas Furnish Detailed Map with F

Footage Measurements ...........................

I ýL 0

N am e of Operator ....... QTR, ... ..................................... ,.................... ...............................................................

Locatlon of Lease (Exact Pert of Section) ...... . . t .. -. - ............................................................

Offic Addres ...... 1,517 De~nyer ..Club ... u~ld~in;. D... r Coloradoo a d .... .. ..• .n.. ..".v .. .r ...C .,. .b .. .... .. • • • •." • ... '. .' .. .. .°.•........ ........... .... ............ I............. ... ... •................... I......

MN am e of L e e ........... .............................................................................................. N .................................. ............

Legal Description Location (Example: C NW/4 BW/4):

.C(....SA ... Slk ............ See.....20 ......... ; Twp...30D ......... N.;Rge ..... 5.1W ........... ) (W ); County ...... DAW e ...................................

....... 6.6. ......... rL 4 (w ) of 0 (z) line; ................... .6.0o ................... T (N) A of (S)O line of ........ Sa .......................

Closest distance to property line ........ 660( ........................... feet.

If locatlio less than 330 feet from nearest property line state fully here or on attached sheet reasons for drilling

on irregular location : .........................................................................................................................................................................................

Nature of Well (wildcat) (M-M - -mu) Name of Field ....... Chadxe&..dm j ...... ....................................

Kind of tools to be used: (WW (rotary) Approximate spudding date ...... .w.embha.O.. .. J2. . .....................

Contemplated casing program: Surface pipe: (new) (ma , Si1e ........ 104/4 ........... In Welght ......... 3Lb$ ........... Ike;

cement to be used ........ •..9 .................................... sacks; amount ............................ fL

A dditional eas *ng program It know n: ..........................................................................................................................................................
tro t orNot kgn .own.......... I.......................... .. ........................................................... • . ..................... K..... ............. /..;a. .......................................................

S g a u e o O p r t r o p r t r s A e t................. Z ..& V .. ....... 0. ................................



4UG 21955
• • AUG 2 1956

SNO [.R RI IN PLUGGDIG AFFIDAIM--4TATS OF NOUMIZA

INSTRUCTION111 Fill in completely as possible one copy nd miall to Nebraska Geological Survey. Nebraska Hall,
University of Ncbiaoka, Lincoln Nebraska within 15 days after plugging (Revised Statutes of Nebraska, 1943 sec.
tions 5V-213 to 57-217. amended by Legislative Bill 433. 02nd Session, I.,egslature of Nebraska.) Underline applicable
words or letters, cross out those not applicable.

L o w, m em o .......... PO R M • ............................................................... .... ........ ... . .. . ................. ... ............ ..w on m e,, ... . ..............

Legal Deecrlptlon Loeesle (Examplt: C N/i-N'/4.1E/4):

... 
4 3....•R.s.......... , .... No.. .g. .. (W); County.N.. ............................

.... .... 1--.WI. a m ot (s) lne,; ....60 .... ................. IN) of W (U) line of..,/A ..........................

Complete MailingA r es s ... ... . ................. ...............

ta, l..i... o............ ........ . . .

C n rctor, , .............. ..... ...... .P • ..• * ... ....• ..... ......... .. ...... .............................................................. ..... ........

Complete Malinl dr ...... 1 2. eO. . . ld o ..• .. p Ta . ...............................................

Drilled w•th (cable) (rotary) tools. spudd•ng dale 2/./56 ; eompleal dame /9/5., 3i , dale.

surfac Pipe Deaist Caslng (new) I Site...-10•3/10. In. Weight 32*.75 Ilb

Am ount set 25. 0 ........... ft.; Cem ent u d .e.d 1 .......... ax; kind ...............................................................

Lsoeea Mole Dabs' site ot holt 133-3/4* in.; Depth o1 hole - 24* i......t

Tl 0*•,- of . .bel e3•.... IL (Atach electrie log M. es ........................ raound

Maluis of Well. (wildentl . ........................ derrick floor

............... ... ... u shin
Reo, s In b , Alosen t ...... ssa l V A .P"d 1 ...... ....... ... ...................................................... ; ... .... .................................

Casing reeord olher thMa sreais pipe (indicate amount, size and weight of each string r^ bow set or cemented,

whether pulled or left In hole and where cut If partially r w ) ..............................................................................................l

Pigga e ase (eltei In detail each step in plugging procedure) "' " ..
• ...........,............. ...................... .............................................................I............................. ................. ..... ................ .... .

IPut 50 s.cks of gerant -, 60'"

Puvt 19 sacks of aseent at 50...............................................................,... ..,..,....... ... .....• ..° ...• .... ............................................ ........................................................ .

,... .................................. I............................... :................. I........ :........... ; ................................. I.....................................................................................
Plu s .P.c ur Approved by .ata. .. . . 6 ....................................

Al.r t "blanket approval" In case of fields Or areas where stadart plulging~roeedure, haa been approved by

the Nebraska Geological Survey) .

Name of Witness to Plugging P salAddress ............,.. o•w,•...•, . . •• ....! ...• . ................ • . ..... •....n...o .....•.... ........................

AIFMAVIT

_ . ., ...... i.. • , • • ................ : . .. ....... .• ........... ... i.......... . ........

In Witne, wheieof I haeiebtablere t my had ad amem ny anleta seat this ............... A t ............................ ,dayo
. 4.t.S.••.......,...5'. .....

My cmmls pim .N................................ .........

(Lqu 6?,, /.a,



NEBRASKA SCOUT TICKET

County: DAWES

FId:. Oper: GULF OIL CORP

Name: ROYAL 1

API: 26045050120000

Loc: SWSW23-30N-51W 960 FSL 860FWL

NAD83 Latitude: 42.5559818232852

Longitude: -103.280292679135

Spud Dt: 12/15/1952

Comp. Dt:

1st PR Dt:

P&A Dt: 01/23/1953

GR Elev:

KB Elev:

BHT:

TVD:

DTD:

4465

4469

128

3956

Lse No: 99999

Status: DA

Type: DH

Natural IP

Oil: 0

Gas: 0

Water: 0

Stat Dt: 01/23/1953

Treated IP

Oil: 0

Gas: 0

Water: 0

CoresFormation Tops

NIOBRARA

CARLILE

GREENHORN

BELLE FOURCHE

GURLEY "D" SAND

CRUISE"J" SAND

MORRISON

SUNDANCE

We-lt Construction

Type Dia Top

. 15 0

10.75 0

HOL2 9.5 377

HOL2 9.5 377

Formation:

Type:

Comment:

Production Tests

2287

2512

2768

2800

3098

3226

3624

3747

Bot

377

377

3956

3956

Cement Perforations

Sacks Top Bot Top Bot.. Sht

250 0 377

10 0 22

40 320 400

Well - Specific Stimulations

Comment

Top Perf:

Vol:

Bot Perf:

Prop: LBS Acid Conc: 0/



STATE OF NEBRASKA -

NOTIFICATION OF INTENTION TO DRI1L

INSTRhUtIONsK Fill In single copy as completely as pIosble. attach check made payable to Nebraska Geolog.
Icnl Survey (Plugging Record Account) for sum of Twenty-five dollars ($25.00) and mall to Nebraska Geological
Survey, Nebraska Hull, University of Nebraska, Lincoln, Nebraska.

N am e of O perator O Wl . I. 00. po Wat4 ol ...... ........ .... ..................................... .............................

O ffice A ddress .... 2 0 N di, .J l9 ....Osw, a . ... . ... ......... I... ............................

N am e of Lease 30M 0 ,9 R a sa.1 ..................................... ...................... .. W ell N o ....... I ................

Legal Description Location (Example: C NW/4 SW/4): 300'N and 200' Z of C SW 8,

A1'6 fsO',l/ / S.ec. 23.. ; Twp. N.... N.; Re.. (1 .. IS (W); County ........ DeOS ..............................

W 860 Ft. (E) I of (W) line; ............ . 0 Ft, (N) A) of (S) ) line of..... ......................... %

Closest distance to property line ...... .......... feet.

It location less than 330 feet from nearest property line state fully here or on attached sheet reasons for drillin

on irregular location:. oatlm tfl too cin. to f w 'I ban y . wA . ....................

was tovd 300' no dh aM 2o00 ' t ........ .....

• . .. .. .,. . . . ... . ....... . ....... .. ...... .. ................... ........ .... .. . . . . . . ..... .. ..... . . .. .. . .. ... ..... .. .. .... ....... - -...... . . .... . ......................

Kind of tools to be used: * (rotary) Approximate spudding date ......................................................

Contemplated casing program: Surface pipe: (new) (used), Sie1m .. 3/I .. in., Weight 2 ........... lb.;

cement to be used iU .. -I-VinS**t sacks; amount .. O AV. ' . ...o•I

A dditional c u, ing program ift know n : ....................................................................................................................... .............. ........ .

.. ........ .. ....... .............. . ...... .... ....................... ....................... .. .. ... .... . .. ................ . .................................e........... ....

Signatur of Operator or Operator', A pmm, ............................................. .... .. ..



I,-

PLUGGING A wIDAVIT--TAmT or NnIRAUKA

ITlTRIOY!ON11 Fill in as completely as possible one op and mall to Nebraska Ceological Sur"y, Nebraska Hall,
University of Nebraska. Lincoln, Nebraska within 11 days attar pluggng (Revised Statutes of Nebraska, 1943 se•-
tions 57-213 to 57-217, amended by Legislative Bill 43, 62nd Session, Legislature of Nebraska.) Underline applicable
words or letters, cress out those not applicable.

Lease Nam e. • R0s300 . R OyAl ......... l N........e.......... ..... .. ... w on NO.... ........ ...........

Legal Description Loati (Example: C NX/-NU/4-NU/Q):

C W SW .... ......... se...23 .. w......... T .30 .. No., R .ge. 5 M (w); county .................. PAMP ....................

860 Ft. (r) (0) ot (w) (w ) line; .t. (N) A of (8) O line of SW . ....... %

Operating Com pany Oulft O o1 orporation ............. . ... .............................................................

O fire Address . . 1341 . Z. M dl dwwq t. Avo..j,. Can, o r Wyo .I• ....C.a...o. ... ....................................................

C ontrRctnr D u n b a r D ri n c . .. ... ..... ................................. ..... ................................... .......................

Office Address plpe v¶ers.. Coloredo .. ...........................................

Drilled with AM (rotary) tool. Spudding date 12-15-52 . c completion date ... ,1 3.43 .........................

Surfa Pipe Ota, Cuing (new) sitsse 10-3A In. Weight 32*75 . ibs.

Amount Set. .377 . f......... t.; Cement used . 250 . sx; kind Aih ,roye 3g. .Portland ......................

uufae nale Daita sina of hole 13-3/4.... in.; Depth of hole 1 .......... ft.

Total Depth of Hole 396 .. .• • _ t . lo or drller' log) Elevation: 46 ......... ground
.. .. ...... derrick floor

Nature of Well: (wildcat) (field well offset) (abandoned producer) . W. .......... dery brushin

Rean on for A bandonm ent D ry" Ho le . . .................... .. .... .... . ............................................................. .

Casing record other than surface pipe (Indicate amount. sine amd weight of each atring nuan bow set or cemented,

whether pulled or left in hole and where cut if partially pulled) . ..... .. .. fl S ............................ .....................................

....... .................... ....... .e ...... . .. ,.................e.., .. ......:...•...: . ? ? •. o ...t o • c l .................. ......................... .

......U. . | .......... A p ro e .• ...... ...... , .... ........... .. ...... ....... ..... .. .. .. .... D .t . ........ ........................ ..................... .

Plugging Record (state In detail each smap in Plugging procedure) filledA hole. w.4.bp yn%~ ;r

total d~apth to 10Q1',. pl~ad.0 eal.~ nt..p9 ..mr-rn. 4QQ0...3t.QjzQ 10.4vy r pi rm

.ý201 to 22's..10. ..c. .e~x ......... m .... oi to r b ta.of cellars..........................

Plugging Procedure Approved by As Ge. 111.......................... Date-l.2243.............3.........
(Insert "blanket approval" in eame of fields or mar. whem standard plugging procedure has been approved by
the Nehbrenka lenlolgirai Survey)

Name of Witness to Plugging F, .Ht. Froe.rio Address 7O. Oth l15h.... ............
:Iorland, k/yominn

AW1IDAVIr

I. Lester .LeFavour ......................... of the ...GU.IC 0l1 .oporation ......................
Company, being first duly sworn on oath, state: That I have knowledge of the facts, statements and matters herein
contained and that the same are true and corret

In Witness where o bereinb , st my hand and affix my o ial seal thle ....................... day of

my comm ..i... Expires: ... ....... .



APPENDIX 7.1-1

WELL INSTALLATION PROCEDURES
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APPENDIX 7.1-1

WELL INSTALLATION PROCEDURE
CLASS I NON-HAZARDOUS WASTE INJECTION WELLS

CROW BUTTE RESOURCES, INC.
MARSLAND EXPANSION AREA

DAWES COUNTY, NEBRASKA

Location Preparation

1. Stockpile dirt in location specified by CBO personnel.

2. Construct access roadway and drilling location.

3. Construct reserve pit. Line pit with minimum 12 mil liner. (Reserve pit to be
dewatered and buried at end of project.)

4. Install a containment cellar, approximately 8-foot diameter by 6 feet deep around
the well location.

5. Provide freshwater source to drilling location.

6. Provide storage for required freshwater; i.e., frac tanks.

Conductor Pipe Installation

1. Move in and rig up (MIRU) crew and equipment and auger a 22 inch diameter
hole to 80 feet. Centralize 16 inch, 62.58 lb/ft, 0.375 inch wall, Grade B, plain

end, beveled conductor pipe in the augered hole and fill the annulus to land

surface with approximately 4 yd 3 of redi-mix cement.
2. Cut the 16 inch conductor pipe approximately 4 feet above grade.
3. Install a 4 inch outlet for draining the conductor pipe after cementing the surface

casing.

Drilling Rig Mobilization and Rig Up

1. MIRU drilling rig and ancillary support equipment. Rig up a 24 hour manned mud
logging unit to evaluate drill cutting samples.

2. Install a spill containment earthen berm around the rig diesel tank and other
critical rig components.

ISUBSUFACE 1



APPENDIX 7.1-1 (Continued)

3. Weld a temporary flange to the 16 inch conductor pipe and nipple up an annular

BOP to the flange and function test. Install a bell nipple and flow line to the BOP.

4. Mix spud mud.

5. Drill a 9% inch pilot hole to a depth of approximately 200 feet below the base of
the Chadron Sand at approximately 850 feet. Have the mud logger catch drill
cutting samples at 30-foot intervals from the base of the conductor casing to a
depth of 500 feet, then catch drill cutting samples at 10-foot intervals to the
casing setting depth. Evaluate the drill cuttings and drill time to locate the base
of the Chadron Sand. Continue drilling the 9% inch pilot hole 200 feet below the
base of the Chadron Sand.

6. Conduct deviation surveys 60 feet below the conductor casing, then at 500-foot
intervals to total depth and at the final drilled depth. The hole shall be maintained

at a maximum deviation of 10 from vertical between surveys and no more than 20
at casing point.

7. Upon reaching a depth of 200 feet below base of Chadron Sand at approximately
1,050 feet, stop drilling and condition borehole.

8. MIRU an open-hole wireline unit to run geophysical logs as presented on Table
7.2-1.

9. Open the 9% inch hole to 14% inches with a hole opener to the casing point at
approximately 1,050 feet. Run deviation surveys at 500-foot intervals to assure
the hole is following the pilot hole. Maintain drilling fluid parameters and
hydraulics necessary to prevent or minimize hole washout.

10. MIRU casing crew and run 10% inch, 40.50 lb/ft, J-55, ST&C surface casing to
total depth of approximately 1,050 feet.

11. MIRU cementing equipment. Circulate a minimum of 1/ annular volumes
("bottoms up") prior to cementing.

12. Cement the surface casing annulus from bottom to top as defined in the casing
and cement program presented on Table 7.3-1. Cement volume will be
calculated from the open hole caliper log with a minimum of 50% excess. Catch
and archive dry samples of the cement at the beginning, middle, and end of each
cement type. Catch and archive wet samples of cement at intervals of 100 sacks
mixed. Observe cement returns and obtain a weight of the returned cement.

2



APPENDIX 7.1-1 (Continued)

Catch and archive a minimum of three wet samples of the return cement, with the
final sample caught at "plug down".

13. At plug down, open the bradenhead valve or remove the bull plug and drain the
cement from the drilling nipple and annular BOP and wash out with water. Do not
allow the casing to move for a minimum of 24 hours after cement is in place.

14. If cement does not circulate to surface, run a temperature log and determine the
top of the cement in the annulus. If necessary, run one-inch trim pipe and fill the
annulus to the surface.

15. Wait on cement for a minimum of 24 hours before slacking off of the casing.

16. MIRU a cased-hole wireline unit to run logs as presented on Table 7.5-1.

17. Cut-off the 10% inch surface casing and nipple down the annular BOP and
drilling nipple. Cut off the 16 inch casing flange and install a 3,000 psi WP flange
to the 10% inch surface casing at ground level.

18. Install a 13% inch, 3M annular BOP. Install a test plug and pressure test the
annular BOP to 1,500 psi. Remove the test plug.

19. Trip in the hole with a 9% inch bit and pressure test the surface casing to 1,500
psi.

20. Drill out the float collar, cement joint and cement shoe, and drill to total depth.
Maintain drilling fluids and hydraulics as necessary to minimize hole washout and
to facilitate logging and cementing the protection casing. Continue catching
samples at 30-foot intervals or as required by the mud logging personnel.
Continue deviation surveys at 500-foot intervals to total depth.

21. Circulate the wellbore clean and condition the hole for open hole geophysical
logging.

22. MIRU an open-hole wireline unit to run geophysical logs as presented on Table
7.2-1. Obtain sidewall cores as deemed necessary.

23. Condition the hole for running protection casing.

24. MIRU casing equipment. Run 7 inch, 26 lb/ft, K-55, LT&C casing to total depth.
Run a float shoe and float collar above the first joint. Run centralizers at the
shoe joint and on 90-foot spacing (across the coupling of every other joint) from

3



APPENDIX 7.1-1 (Continued)

total depth to the top of the Injection Zone and then on every third joint to the
surface.

25. MIRU cementing equipment. Circulate a minimum of 1% "bottoms up" prior to
cementing. Reduce the viscosity of the drilling fluid.

26. Cement the annulus from total depth to land surface as defined in the cement
recommendation. Cement volume will be calculated from the open hole caliper
log with a minimum of 20% excess (regulatory requirement is 20%). Catch and
archive dry samples of the cement at the beginning, middle, and end of each
cement type in both stages. Catch and archive wet samples of cement at
intervals of 100 sacks mixed.

27. Displace the cement with drilling mud and bump the plug with 500 psi over
circulating pressure. Release the pressure to assure that the floats are holding.
Observe the returns and catch a sample of the returned cement. Catch and
archive a minimum of three wet samples of the return cement, the last sample to
be caught at "plug down". Open the outlets on the 10% inch casing and drain the
BOP stack and wash out with fresh water.

. 28. If cement does not circulate to surface, run a temperature log and determine the
top of the cement in the annulus. If necessary, run one-inch tremie pipe and fill
the annulus to the surface.

29. Leave the protection casing in full tension for a minimum of 24 hours and

observe the consistency of the returned cement samples.

30. MIRU a cased-hole wireline unit to run logs as presented on Table 7.5-1.

31. Nipple down the BOP stack and cut-off the 7 inch protection casing. Install an
11 inch by 7 inch 3M Slip-on-Weld (SOW) casing head with a hanger bowl for 5
inch injection tubing.

32. Install to the casing head a temporary 11 inch 3M blind flange tapped with
threads for a 2 inch LP nipple and ball valve.

33. Rig down and move out the drilling equipment.

34. Remove reserve pit contents and transport to CBO ponds and/or DDW for fluid

disposal.

SUBSURFACE4



APPENDIX 7.1-2

WELL COMPLETION AND TESTING PROCEDURES
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APPENDIX 7.1-2

WELL TESTING PROCEDURES
CAMECO RESOURCES, INC.

MARSLAND EXPANSION AREA
DAWES COUNTY, NEBRASKA

1. Prepare the location for a completion rig. Cut the 10% inch casing approximately
two feet below ground level and weld a plate from the 10% inch casing to the 7-
inch casing. Cut the 7-inch casing at ground level and install a 7-inch by 7-1/16-
inch, 3000 psi WP casing head equipped for 4/2 inch slips and packoff. Set rig
anchors.

2. Move in a completion rig with circulating and drilling equipment. Install a 7-1/16
inch double gate blowout preventer (BOP) and test BOP.

3. Run a 6½ inch bit, casing scraper, and 4% inch drill collars on a 2% inch work
string. Pressure test the casing and pipe rams to 1500 psi above the cement
plug. Wash the drilling mud out of the casing to the float collar. Drill any excess
cement to the wiper plug and circulate the well with clean fresh water containing
2% KCI.

@ 4. Pressure test the casing according to NDEQ regulations (at minimum test the
casing to 1500 psi for 30 minutes using a calibrated digital pressure recorder).
The annulus pressure test must hold a surface pressure of 0.25 psi/foot x total
vertical depth for a period of 30 minutes with the change in pressure of less than
ten percent.

5. Pull the bit and casing scraper, lay down the drill collars.

6. Run a cement bond log on the 7-inch casing.

7. Install a lubricator and perforate deeper formation to be sampled in selected
intervals as determined by the open hole log evaluation.

8. Run bottomhole pressure gauges (surface readout and down-hole recorder) to
the top of the perforations and record the initial bottomhole pressure of the
reservoir.

9. Run a test packer on the workstring and set the packer approximately 100 feet
above the top perforation.

10. Swab test (or nitrogen jet) the perforations to recover a representative sample of
0 the formation water. Monitor the water returns for pH, specific conductance,
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APPENDIX 7.1-2 (Continued)

temperature and turbidity until at least three samples are consistent. Collect
samples of the water for standard water analysis.

11. Run bottomhole pressure gauges (surface readout and down-hole recorder) to
the top of the perforations. Conduct a step rate test to determine the fracture
pressure in the formation.

12. Run an injection test followed by a pressure falloff test to determine the reservoir
properties. Evaluate the data for prediction of reservoir performance and
determination of the need for further stimulation, acidization, and/or fracture
stimulation.

13. Recover the test packer and run and set a retrievable bridge plug above the
deeper formation sampled, as determined from the open hole logs. Test the
bridge plug to 1,000 psi.

14. Pull the work string and perforate the shallower formation to be sampled in

selected intervals as determined by the open hole log evaluation.

15. Test as described in Steps 8 through 12 above.

16. Pull the test packer out of the well and recover the bridge plug.

17. Lay down the work string and packer. Install an injection packer on 4/2 inch,
11.6 lb/ft, K-55, LT&C injection tubing.

18. Perform the mechanical integrity test as required by NDEQ regulations including
a radioactive tracer survey, annulus pressure test, and baseline temperature
survey.

The radioactive tracer survey results will be evaluated to determine the injection
profile (percent of total injected fluid accepted by the perforated intervals) in order
to estimate aquifer thickness for the radius of influence calculations required for a
Class I application.

The baseline temperature survey will be started no deeper than the base of the
conductor casing (approximately 120 feet).

19. Remove BOP and install a properly sized wellhead.
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