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1. Type of Application

This application is being made for a Class | injection well permit:

New Permit XX Modified Permit

2. Name of Facility: Lost Creek Project

The Lost Creek disposal wellfield will include five (5) Class | disposal wells.

LC DW No. 1 (currently Lost Creek Test Well No. 1): NE 4, SW V4, Section 25,
Township 25 North, Range 93 West, 6th Principal Meridian, Sweetwater County,
Wyoming.

1,542 feet from the West line; 1,880 feet from the South line of Section 25.

LC DW No. 2: NE Y4, SE V4, Section 19, Township 25 North, Range 92 West, 6th Principal
Meridian, Sweetwater County, Wyoming.

960 feet from the East line; 1,478 feet from the South line of Section 19.

LC DW No. 3: SE 4, SW V4, Section 13, Township 25 North, Range 93 West, 6th Principal
Meridian, Sweetwater County, Wyoming.

1,575 feet from the West line; 981 feet from the South line of Section 13.

LC DW No. 4: NW V4, SE V4, Section 18, Township 25 North, Range 92 West, 6th
Principal Meridian, Sweetwater County, Wyoming.

2,263 feet from the East line; 1,558 feet from the South line of Section 18.

LC DW No. 5: NW Y4, SE V4, Section 17, Township 25 North, Range 92 West, 6th
Principal Meridian, Sweetwater County, Wyoming.

1,339 feet from the East line; 2,664 feet from the South line of Section 17.
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Mailing Address of the Operator

Lost Creek ISR, LLC
10758 W. Centennial Road
Suite 200

Littleton, CO 80127

Street Address where the records will be kept

Lost Creek ISR, LLC
5880 Enterprise Drive #200
Casper, WY 82609

Name and title of responsible individual

Wayne Heili, President

Lost Creek ISR, LLC

5880 Enterprise Drive #200
Casper, WY 82609

3. Name, address, and telephone number of the operator on site

Lost Creek ISR, LLC

- 5880 Enterprise Drive #200
Casper, WY 82609

(307) 265-2373

4. Description of the discharge

This permit application is for the injection of mining and industrial wastes, which are
non-hazardous under the Resource Conservation and Recovery Act (RCRA).

The wastes consist of operational and restoration bleed streams and liquid waste from
plant processes from in-situ recovery (ISR) uranium mining operations, including but not
limited to: normal overproduction (wellfield bleed) streams, yellowcake wash water, bleed
from eluant and precipitation circuits, sumps, membrane cleaning solutions, laboratory
waste, reverse osmosis brine, groundwater sweep solutions and plant washdown water
from the Lost Creek operation and other Wyoming ISR facilities. Lost Creek operation
wastes will be generated by operations covered under a pending Wyoming Department of
Environmental Quality (WDEQ) Land Quality Division (LQD) Permit to Mine and pending
U.S. Nuclear Regulatory Commission (NRC) Source Material License. These waste
streams are benefication wastes, exempt from RCRA regulation under the Bevill
Amendment found in 40 CFR 261.4(b)(7).
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The Standard Industrial Classification (SIC) code for this waste is 1094. This is being
replaced by the North American Industrial Classification System (NAICS) code, which for
this operation is 212291.

5. Area Permit
This permit application is for five (5) Class | non-hazardous injection wells.

This permit request includes disposal of the waste listed in Section 4.0 of this application
into the Fort Union Formation through one existing exploratory well and four new wells to
be drilled expressly for the purpose of wastewater management for Lost Creek operations.
The location of the Lost Creek Project is shown on Figure 1.

Lost Creek Test Well No. 1 (TW1) was drilled during November and December 2008 and
tested in February 2009 under a Wyoming Department of Environmental Quality/Land
Quality Division (WDEQ/LQD) mineral exploration permit. For the purposes of this permit,
TW1 will generally be referred to as the proposed LC DW No. 1 well. The four new wells
are referred to as the LC DW No. 2, DW No. 3, DW No. 4, and DW No. 5. The existing
well and the proposed new wells are located in the Lost Creek Permit Area, as shown on
Figure 2.

Information from Section 2.0 and Attachments A through Q are included for the proposed
wells. The Area of Review (AOR) for each of the Class | disposal wells is shown on Figure
3. The calculation of the AOR is provided in Attachment D.

6. Summary of the ownership

a. Land ownership within the Area of Review

Land ownership within the Areas of Review is shown on Figure 4 and listed in Table 1.

b. Ownership of oil and gas lease(s) within the Area of Review

Oil and gas leases within the Areas of Review are shown on Figure 5 and listed in Table
1.

c. Owners of mineral rights within the Area of Review

Mineral rights within the Areas of Review are shown on Figure 6 and listed in Table 1.

d. Water rights within the Area of Review

There are no water rights within the Areas of Review. The closest water rights to the Lost
Creek Project are shown on Figure 7 and listed in Table 5.
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7. Status as Federal, State, private, public or other entity

Lost Creek ISR, LLC (LC ISR) is a subsidiary of Ur—Energy USA, Inc., a publicly traded
company.

8. Facility on Indian land? No

9. CERTIFICATION

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

- President
Wayne Heili ‘ Lost Creek ISR, LLC
e ?:(_[J// a8 G- 23— 2onYy
Signafure of Applicaht Date Signed
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LIST OF ATTACHMENTS

This permit application is for five (5) Class | non-hazardous injection wells to dispose in the
Fort Union Formation. This UIC Permit application is organized and presented as
attachments, tables, figures, and appendices summarized below:;

I oGmMmmoOoOw»

pPOPOoOZETrAXCE

Discharge Zone(s) and Confining Layer(s)

Wells Penetrating Receiver

Geologic Cross-Sections

Area of Review (AOR)

Water Quality Information — Proposed Injection Zone
Further Description of Discharge

. Description of the Wells

Operating Data
Monitoring Plan
Well Abandonment
Financial Surety
Mechanical Integrity

. Signatory Requirements

Reports

Regional Water Quality
Location Maps
References

LIST OF TABLES

Table

1

Title
Summary of Surface Ownership, Mineral Rights, and Oil and Gas Leases
Within Areas of Review

Estimated Physical and Chemical Data, Fort Union Formation, Lost Creek
Disposal Wells

Gas Permeability Data from Cores, Lost Creek Test Well No. 1
Brine Permeability Data from Cores, Lost Creek Test Well No. 1

Summary of Water Rights Outside of Areas of Review, Lost Creek
Disposal Wells
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6 Calculation of COI, ULEW, and AOR for a Single Well, Lost Creek
Disposal Wells

7 CHDT Formation Pressure Data, Lost Creek Test Well No. 1, Fort Union
Formation
Fort Union Formation Fluid Sampling Data, Lost Creek Test Well No. 1
Fort Union Formation Water Quality Data, USGS Produced Waters
Database, Greater Green River Basin

10 Anticipated Injection Water Quality and Comparison to Fort Union Water
Quality Data

11 Summary of Shallow (Wasatch/Battle Spring Formation) Water Quality
Data, Lost Creek Baseline Monitoring Program

12 FMT Fluid Sample Summary, Lost Creek Test Well No. 1

13 Calculation of Limiting Surface Pressure, Base of Injection Zone, Lost
Creek Disposal Wells

14 Calculation of Limiting Surface Pressure, Top of Injection Zone, Lost
Creek Disposal Wells

15 Plugging and Abandonment Cost Estimate - Fort Union Well

16 Water Quality Calculations, Federal 32-22 Well, Sweetwater County,
Wyoming

17 Water Quality Calculations, Stratton 1-21 Well, Sweetwater County,
Wyoming

18 Lance Formation Water Quality Data, USGS Produced Waters Database,
Greater Green River Basin

19 Lance Formation Water Quality Data, WOGCC Data, Greater Green River
Basin

20 Fox Hills Sandstone Water Quality Data, USGS Produced Waters
Database, Greater Green River Basin

21 Fox Hills Sandstone Water Quality Data, WOGCC Data, Greater Green
River Basin

22 Lewis Shale Water Quality Data, USGS Produced Waters Database,
Greater Green River Basin ’

23 Lewis Shale Water Quality Data, WOGCC Data, Greater Green River
Basin

24 Mesaverde Group Water Quality Data, USGS Produced Waters Database,
Greater Green River Basin

25 Mesaverde Group Water Quality Data, WOGCC Data, Greater Green
River Basin
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26 Cody/Steele Shales Water Quality Data, USGS Produced Waters
Database, Greater Green River Basin

27 Cody/Steele Shales Water Quality Data, WOGCC Data, Greater Green
River Basin

28 Frontier Formation Water Quality Data, USGS Produced Waters
Database, Greater Green River Basin

29 Frontier Formation Water Quality Data, WOGCC Data, Greater Green
River Basin

30 Cloverly/Dakota Formations Water Quality Data, USGS Produced Waters
Database, Greater Green River Basin

31 Cloverly/Dakota Formations Water Quality Data, WOGCC Data, Greater
Green River Basin

32 Morrison Formation Water Quality Data, USGS Produced Waters
Database, Greater Green River Basin

33 Sundance Formation Water Quality Data, USGS Produced Waters
Database, Greater Green River Basin

34 Nugget Formation Water Quality Data, USGS Produced Waters Database,
Greater Green River Basin

35 Nugget Formation Water Quality Data, WOGCC Data, Greater Green
River Basin

36 Phosphoria/Tensleep Formations Water Quality Data, USGS Produced
Waters Database, Greater Green River Basin

37 Madison Formation Water Quality Data, USGS Produced Waters
Database, Greater Green River Basin

38 Madison Formation Water Quality Data, WOGCC Data, Greater Green
River Basin

39 Flathead Sandstone Water Quality Data, USGS Produced Waters
Database, Greater Green River Basin

LIST OF FIGURES

Figure Title

1 Lost Creek Project Location Map

2 Lost Creek Project and Proposed Well Locations

3 Proposed Class | Well Locations and Areas of Review

4 Land Ownership within the Areas of Review

5 Oil and Gas Leases within the Areas of Review
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6 Mineral Rights within the Areas of Review

7 Water Rights Outside of the Areas of Review

8 Stratigraphic Column, Sweetwater County, Wyoming

9 Lower Fort Union Formation, TW1

10 Middle Fort Union Formation, TW1

11 Upper Fort Union Formation, TW1

12 Stratton 1-21 Type Log, Lance Formation

13 Stratton 1-21 Type Log, Fox Hills Sandstone

14 Stratton 1-21 Type Log, Lewis Shale

15 Stratton 1-21 Type Log, Mesaverde

16 Lower Fort Union Isopach Map, Northern Great Divide Basin

17 Map of Great Divide Basin and Related Structural Elements

18 Precambrian Basement Map, from Blackstone (1991)

19 Regional Cross-Section J-J', from Blackstone (1991) -

20 Regional Cross-Section K-K’, from Blackstone (1991)

21 Regional Cross-Section M-M’, from Blackstone (1991)

22 Structure Contour Map, Fort Union Formation, Great Divide .Basin

23 Oil and Gas Wells Outside AORs of Proposed Injection Wells

24 Water Wells Outside AORs of Proposed Injection Wells

25 Cross-Section Index Map, Lost Creek Area

26 Stratigraphic Cross-Section A-A’

27 Stratigraphic Cross-Section B-B’

28 Areas of Review, Cones of Influence, and Ultimate Limits of Emplaced
Waste of Proposed Injection Wells

29 Preliminary Well Completion Schematic, Lost Creek DW No. 2 to No. 5

30 Preliminary Wellhead Schematic

31 Preliminary Surface Facilities Schematic

32 Indication of Gas in Lance Formation, Stratton 1-21 Well

33 TDS Data in Mesozoic Hydrogeologic Units from Produced-Water
Samples, Sweetwater County, Wyoming

34 TDS Concentrations in the Nugget Aquifer, Sweetwater County, Wyoming
(from Mason & Miller, 2004)

35 Lost Creek Test Well No. 1 Schematic and Sample Depths
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LIST OF APPENDICES

APPENDIX A — Summary of Drilling and Formation Testing Conducted at Lost
Creek Test Well No. 1

APPENDIX B — Wireline Logs, Lost Creek Test Well No. 1

Surface Logs Induction (11/17/08)
CNL-FDC (11/17/08
BHC/Sonic (11/17/08)
CBL-VDL (12/6/08)

Production Logs  Induction (12/6/08)
CNL-FDC (12/6/08)
BHC/Sonic (12/6/08)
CBL-VDL (2/19/09)
Water Salinity Analysis (2/3/09)

APPENDIX C — Laboratory Analytical Data, Lost Creek Test Well No. 1
(Enclosed CD)
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INTRODUCTION

The Lost Creek ISR, LLC (LC ISR) Lost Creek uranium project is located in northeastern
Sweetwater County, Wyoming. LC ISR plans to develop and extract uranium from the
Eocene-age Battle Spring Formation.

This Class | UIC Permit application is for five (5) disposal wells in the Paleocene-age Fort
Union Formation. The waters in the injection zone and all formation waters below the
injection zone qualify for a Class VI designation, pursuant to Chapter VIII of the WDEQ
Water Quality Rules and Regulations. The upper confining zone is the low-permeability
basal shale sequence of the Wasatch/Batile Spring Formation. Additional confinement
exists in the top of the Fort Union Formation above proposed injection depths. The
confining zone separates the injection zone from the overlying Wasatch/Battle Spring
Formation that extends from ground surface to depths greater than 6,000 feet in the Lost
Creek Project area. The shallow Wasatch/Batile Spring Formation is the only
underground source of drinking water (USDW) in the area near Lost Creek.

Formation and water quality tests were conducted in a test well (Lost Creek Test Well No.
1 [TW1]) completed in the Fort Union Formation in the southwest portion of the Lost Creek
permit area (Figure 1). For the purposes of permitting, TW1 will be referred to as the
proposed LC DW No. 1. Multiple fluid samples were collected from the proposed injection
zone and analyzed to evaluate water quality. Laboratory results (Table 8; Appendix C)
indicate degraded water quality due to the following:

o Total dissolved solids (TDS) concentrations in excess of 10,000 mg/L

o Exceedances of groundwater quality standards for organic constituents (benzene,
ethylbenzene, and oil and grease)

» Exceedances of groundwater quality standards for several inorganic constituents
(mercury, manganese, barium, lead, arsenic, and iron)

o Exceedances of groundwater quality standards for radionuclides (gross alpha
particle activity and combined radium [226 + 228])

These analytical results clearly demonstrate that the waters in the Fort Union Formation
qualify for WDEQ designation as Class VI groundwater, as defined by Chapter VIl of the
WDEQ Water Quality Rules and Regulations. This supports the permit application for
these wells as Class | injection wells.

Groundwater quality calculations were conducted utilizing well logs near the Lost Creek
Project for the underlying Lance Formation, Fox Hills Sandstone, Lewis Shale, and
Mesaverde Formation. Calculated salinity values for sand intervals within these
formations indicate average TDS concentrations in excess of 10,000 mg/L (as NaCl). In
addition, these formations are known hosts of petroleum source rock (excluding the Fox
Hills Sandstone, which contains hydrocarbons that likely have migrated from adjacent
units) within the northern Great Divide Basin (USGS 2005). Further, there is coalbed
methane (CBM) development in the Fort Union Formation located approximately 25 miles
west-northwest of Lost Creek in the Scotty Lake area. Based on drilling and logging data,
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the units below the injection zone contain elevated levels of organic contaminants which
would make the exploitation of these waters for drinking water economically and
technologically impractical. Based on TDS calculations and demonstrated petroleum
occurrence, these waters (Lance through the Mesaverde) meet the criteria for Class VI
groundwater classification under Chapter VIl of the WDEQ regulations. Further, these
formations are not considered USDWs due to: 1) lack of demonstrated use, 2) TDS levels
in excess of 10,000 mg/L, 3) significant depths, and 4) levels of organic constituents
exceeding applicable groundwater standards.

The following table summarizes the stratigraphy as well as observed and calculated water
quality at Lost Creek from the Wasatch Formation through the Mesaverde Formation. No
wells near Lost Creek penetrated the base of the Mesaverde, so water quality data were
compiled from regional produced waters data from oil and gas wells.

Summary of Stratigraphy and Water Quality — Lost Creek Permit Area
(Based on Lost Creek Test Well No. 1, Stratton 1-21 Well, and Federal 32-22 Well)

Formation Depth (feet) Estimated Water Quality

Wasatch / Battle Spring GS — 6158 300 mg/L (shallow) — 4,000
Formation' ’ mg/L TDS

. . B . 13,945 mg/L TDS (average
Fort Union Formation 6,158 — 11,000 (estimated) from testing at TW1)
Lance Formation® 9,150 — 11,960 6,700 — 60,000 ppm NaCl®
Fox Hills Sandstone? 11,960 — 12,635 12,100 — 12,800 ppm NaCl
Lewis Shale® 12,635 -14,010 10,000 — 36,000 ppm NaCl
Mesaverde Formation? 14,010 — 16,000 (estimated) 15,500 — 42,000 ppm NaCl
Notes:

! _ Formation depths from logging data at TW1; water quality from cased-hole formation testing conducted at
TW1.

% _ Formation depths from Stratton 1-21 well, located 4 miles southwest of Lost Creek, where stratigraphic
section is approximately 2,000 feet shallower. Water quality data represents range of water quality
calculations (as ppm NaCl) from resistivity and porosity data in sand intervals from Stratton 1-21 Well
and Federal 32-22 Well.

3 _ Presence of gas observed in sand intervals in the Lance which results in lower calculated NaCl
congcentrations.

In the stratigraphic section below the Mesaverde (depths greater than 16,000 ft below
ground surface in the Lost Creek area), produced water samples from more distal portions
of the Great.Divide Basin and regional geological reports indicate that formation waters in
these deeper formations have TDS concentrations in excess of 10,000 mg/L. In addition,
these waters are located at such great depths as to make the use of these waters for
drinking water supplies economically and technologically impractical. Regional data
indicate that the waters encountered from the Mesaverde to basement are Class VI
groundwater, as defined by Chapter VIl of the WDEQ regulations, and are not considered
to be USDWs.

In summary, the waters in the proposed injection zone (Fort Union Formation) and all
waters below the injection zone qualify for WDEQ classification as Class VI groundwater;

Form: UIC-1-I Page 11
June 2009




Lost Creek ISR, LLC

Application for Wyoming UIC Permit

Under Chapter XIII (1993)

the formations below the Fort Union are not USDWs. Hence, the proposed wells are
Class | injectors, as defined in Federal and State Underground Injection Control (UIC)
regulations (40 CFR Part 144 and WDEQ Chapter Xlll, respectively). Upper level
confinement is provided by a thick (approximately 300 feet) shale sequence in the basal
Wasatch/Battle Spring and injection will be confined below by low-permeability shales of
the Upper Lance Formation. The following application presents more detailed information
relating to the proposed injection wells.
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A. Discharge Zone(s) and Confining Layer(s)

The injection zone to be utilized for the five (5) disposal wells under this proposed UIC
Permit is the Paleocene-age Fort Union Formation. A thorough analysis of the geologic
units was conducted at the Lost Creek ISR site, ‘and the Fort Union Formation is the
optimal disposal zone: Confinement above and below the injection zone is provided by
low-permeability shales (approximately 300 feet thick) in the basal Wasatch/Battle Spring
Formation, and shales within the Upper Lance Formation, respectively. Water quality
information for the proposed injection formation is presented in Attachment E. Water
quality in formations underlying the injection interval and extending to basement is
discussed in detail in Attachment O.

The proposed disposal wells will be located within the Lost Creek Permit Area in
northeastern Sweetwater County, Wyoming (Figures 1 and 2). Locations for the five
disposal wells are in Sections 13 and 25 of T25N, R93W, and Sections 17, 18, and 19 of
T25N, R92W.

The formation characteristics of the Fort Union Formation and overlying confining zone
used for this permit application are based primarily on testing conducted at the Lost Creek
Test Well No, 1 (“TW1”"). LC ISR drilled and installed TW1 at Lost Creek (Section 25,
T25N, R93W; see Figure 2). TW1 was drilled through approximately 3,800 feet of the Fort
Union Formation, to a total depth of 9,997 feet relative to rig kelly bushing (ft RKB).
Multiple zones within the well were perforated, and formation testing was conducted to
characterize formation pressure and water quality. A detailed description of testing
procedures is included in Appendix A. Logs from TW1 are included in Appendix B, and
fluid sample laboratory reports are included in Appendix C. Additional discussions of the
geology, lithology, hydrology, and formation characteristics for the Fort Union, overlying
and underlying confining zones, and deeper portions of the stratigraphic section are based
on: (1) regional and local geology from published sources, (2) oil and gas logs, and (3)
logs utilized to construct cross-sections through the site.

Summary of Stratigraphy

At the Lost Creek Permit Area, the Eocene-age Wasatch/Battle Spring Formation
conformably overlies the Fort Union Formation and outcrops at the surface. The waters
of the Wasatch are relatively fresh and tend to degrade slowly with depth. The Fort
Union is the target injection interval since formation testing indicates TDS
concentrations exceed 10,000 mg/L. Unconformably underlying the Fort Union
Formation is the Late Cretaceous-age Lance Formation. A regional stratigraphic
section for Sweetwater County is provided in Figure 8.

At TWA1, the Fort Union Formation underlies the Wasatch/Battle Spring Formation and
extends from 6,158 ft RKB to below the total depth of the well (9,997 ft RKB). The Fort
Union Formation commonly is divided into three units based upon general lithology and
the presence or absence of coal-bearing intervals. At TW1, the tops of the Upper,
Middle, and Lower Fort Union are 6,158, 7,265, and 9,544 ft RKB, respectively. The
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underlying Lance Formation was not penetrated by this well. A resistivity and gamma-
ray log from TW1 for the Lower, Middle, and Upper Fort Union Formation is presented
in Figures 9 through 11, respectively. Based on offset logs, the top of the Lance
Formation at Lost Creek is projected at approximately 11,000 ft below ground surface.
A type-log (Stratton 1-21 well) was selected for this site to characterize deeper
formations below the Fort Union and is presented on Figures 12 through 15. This type-
log extends through the Lance Formation (Figure 12), Fox Hills Sandstone (Figure 13),
Lewis Shale (Figure 14), and into the Upper Cretaceous-age Mesaverde Group (Figure
15).

The Wasatch/Battle Spring Formation is the uppermost sedimentary unit in the northern
Great Divide Basin. The formation is exposed at the surface and extends to a depth of
more than 6,100 feet at Lost Creek, where it conformably overlies the Fort Union
Formation. The Wasatch is composed of interbedded sandstone, silistone, limestone,
conglomerate, and lignitic beds, and was deposited in a fluvial and/or lacustrine
environment. In the north and northeastern portions of the Great Divide Basin the
Wasatch interfingers with the Battle Spring Formation, which is a coarse-grained alluvial
sandstone/conglomerate sequence composed primarily of arkosic and siliciclastic
materials. The source of sediment for the Wasatch/Battle Spring in this portion of the
basin was the ancestral Granite Mountains to the northeast.

Based on neighboring well control, the Lower Fort Union in the Great Divide Basin near
Lost Creek is approximately 1,800 feet thick and consists of “fine to coarse-grained
quartzose, angular to sub-rounded fluvial sands, interbedded with silts and clays”,
derived from uplift along basin margins (Russell, 2008). The Lower Fort Union
generally consists of over 30% sand, but intervals can be relatively “ratty” due to the
presence - of re-worked finer grained Lance Formation sediments (Figure 9).
Thicknesses of the Lower Fort Union in the area are presented on an isopach map in
Figure 16. Formation thicknesses tend to decrease to the north, as sediments were
derived from upland areas to the south.

The Middle Fort Union is defined by a rapid transition from sand deposition with no coal
to widespread and prominent coals and lignites. The Middle Fort Union contains
significant interbedded sands (up to 50 feet thick, or more [Figure 10]) and thinly
bedded silts, lignites, and coals up to 20 feet or more in thickness. The Upper Fort
Union formation is significantly sandier than underlying units, and contains little to no
coal or lignite (Figure 11). The upper fluvial sands are widespread, medium to coarse
grained sands that may be more arkosic due to increased exposure of granitic and
metamorphic core rocks in uplift areas.

The Late Cretaceous-age Lance Formation unconformably underlies the Fort Union
Formation and is a non-marine sequence of silts, fine sands, and coals deposited at the
end of the Lewis marine transgression and subsequent to the Laramide Orogeny. On
the type-log, the unit is approximately 2,800 feet thick and is separated into two
intervals. The lower Lance (approximately 860 feet thick) is composed of thin near
shore sands, interbedded with silts, clays, and coals deposited in back-beach marsh
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and swamp environments. The upper Lance consists of relatively thinner sands and
silts deposited during a relatively quiet tectonic period with little subsidence and with
little significant sand accumulations. The lower Lance interval commonly contains
hydrocarbon shows, but is not considered a viable hydrocarbon target and there are no
known Lance completions in the area. Well testing conducted to the west of Lost Creek
in the Lance Formation indicates permeabilities in the range of 0.01 to 0.1 md (Friend,
2009).

Near Lost Creek, data from several wells indicate hydrocarbon shows within the
Mesaverde Group below the targeted injection formation. Logs from these offset wells
provide characterization of Cretaceous-age sediments underlying the Lance Formation,
including the Fox Hills Sandstone, Lewis Shale, and Mesaverde Group. Well logs
indicate the occurrence of the Mesaverde at depths of approximately 16,000 feet below
ground surface. No wells in the area penetrate below the Mesaverde. Figure 8
presents a regional summary of stratigraphy within the Great Divide Basin.

Injection Interval — Fort Union Formation

The proposed injection interval is the permeable and sand-rich portions of the Fort
Union Formation. At TW1, the Fort Union Formation extends from approximately 6,158
ft RKB to below the total depth of the well (9,997 ft RKB). The uppermost perforated
interval tested in TW1 is a sand interval at approximately 6,618 ft RKB with the
lowermost perforated zone extending to approximately 9,580 ft RKB. As previously
mentioned, TW1 is referred to as LC DW No. 1 for this permit. A summary of drilling
and testing of TW1 is presented in Appendix A, and a well schematic including
perforation intervals is provided on Figure 35.

Specific injection interval depths for proposed disposal wells DW No. 1 to No. 5 will be
similar, but will vary slightly due to differences in ground surface elevation and the
presence of dipping strata. Therefore, the specific depths of proposed injection zones
for DW No. 1 to No. 5 will be based upon subsequent logging conducted on these wells.

The injection interval includes all of the Fort Union Formation, with the Middle and Upper
sequences projected as being more favorable for injection use based on sandstone
development and permeability. Based on logging conducted at the Lost Creek Test Well
1, porosities in the Fort Union generally range from 11 to 15% (based on an average of
neutron, density, and soriic porosity data from DW No. 1 [TW1]), generally decreasing with
depth into the Lower Fort Union.

Based on the formation depths encountered at the TW1 location, the proposed injection
zone (Fort Union) extends from the formation top at approximately 6,158 ft RKB to the
base of the Fort Union, which was not reached at TW1. From offset logs, the base of the
Fort Union likely occurs at approximately 11,000 ft RKB. The anticipated perforation
intervals for the proposed disposal wells will range from approximately 6,170 to 8,100 ft
below ground surface. Anticipated total depths for the proposed wells will extend past the
prominent coal horizon encountered at approximately 8,098 ft RKB at TW1. Sand
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intervals below this coal and extending deeper into the Fort Union are generally “rattier”
and have decreased permeability and porosity, as well as minor natural gas shows. The
anticipated surface elevations for the DW No. 1 to DW No. 5 range from approximately

6,800-7,000 feet above mean sea level (ft AMSL).

The variable surface elevation,

combined with regional structure, will result in the injection interval depths for each well to
vary to a small degree.

The following table summarizes formation depths encountered at TW1 (DW No. 1), as well
as expected formation depths for DW No. 2 to DW No. 5, accounting for the regional
structure at Lost Creek.

Summary of Expected Formation Depths, Proposed Disposal Wells

DW No. 1

Formation (TW1) DW No. 2 DW No. 3 DW No. 4 DW No. 5
Ground Level 6,816 6,873 6,984 6,959 6,995
Elevation (ft AMSL)

Top of Fort Union 6,139 6,323 6,464 6,539 6,685
(ft BGS)

Top of Fort Union 677 550 520 420 310
(ft AMSL)

Prominent Coal 8,077 8,260 8,410 8,500 8,650
Horizon (it BGS)

Prominent Coal -1,261 -1,387 -1,426 -1,541 -1,655
Horizon (ft AMSL)

Top of Lance 11,000 (est.) 11,200 11,400 11,500 11,650
(ft BGS)

Top of Lance -4,184 (est.) -4327 -4,416 -4,541 -4,655
Formation (ft AMSL)

Note:

Depths for DW No. 1 based on logging at TW1; depths for DW No. 2 to No. 5 extrapolated from TW1 logging
and regional structure presented on Figure 22.
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The following table summarizes pertinent data for the proposed injection zone. Data and
depths based on logging conducted at TW1.

Summary of Fort Union Data

Data Sources

Lost Creek Test Well 1 (“TW1") (Section 25, T25N, R93W; RKB
elevation 6,835 feet AMSL; ground surface elevation 6,816 ft AMSL.

Age Tertiary (Paleocene)
, Interbedded sandstones, siltstones, shales, and coals deposited in fluvial
Lithology .
environment
Upper Confining Zone | Wasatch/Battle Spring Formation (~300 feet of shale); 6,158 ft to 5,855

and Thickness

ft RKB (677 to 980 ft AMSL)

Lower Confining Zone
and Thickness

Upper Lance Formation (~1,900 feet); 12,900 to 11,000 ft BGS (-6,084
to -4,184 ft AMSL)

Top of Fort Union at
Well

677 ft AMSL (6,158 ft RKB)

Estimated Base of Fort
Union Injection Interval

-1,259 ft AMSL (approx. 8,094 ft RKB)

Gross Injection Interval
Thickness

Approximately 1,940 feet (completing to coal horizon at ~8,094 ft RKB;
total thickness of Fort Union Formation is ~4,800 ft)

Fort Union Net Sand
Thickness; Porosity >
8%

625 feet (based on log data from TW1 in interval from 6,158 to 8,094 ft
RKB)

Permeability,
Injection Zone

8.5 md (TW1 core data, logs, and regional information)

Water Saturation,
Injection Zone

~100% (occasional gas shows of 1-2% in sands)

Initial Pressure,
Injection Zone

2,985 psi @ midpoint depth of 7,107 feet BGS (0.42 psi/ft gradient
based on formation testing data in TW1; see Appendix A)

Physical and chemical data for the Fort Union, based on data from the Lost Creek Test
Well 1, are presented in Table 2. A type-log for the Fort Union injection interval is shown
from TW1 on Figures 9 to 11. Copies of logs from TW1 are provided in Appendix B. It is
noted that ground surface elevation on the logs is 6,940 ft AMSL, and elevation relative to
rig kelly bushing is 6,958.5 ft, both of which are incorrect. The correct ground surface
elevation is 6,816 ft AMSL, and elevation RKB is 6,834.5 ft.

Confining Zones

The Fort Union Formation is confined above by the low-permeability shale sequence at
the base of the Wasatch/Battle Spring Formation (encountered at 5,855 ft RKB and
approximately 300 feet thick at TW1, see Figure 11). Combined with lower permeability
intervals of the shallow Fort Union, this shale sequence will act as the confinement
interval to arrest upward fluid movement.
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Underlying confinement below the injection zone is provided by the Upper Lance
Formation, which is composed of shales, siltstones, and lesser sandstone, and is
approximately 1,900 feet thick from the type-log (Figure 12).

Sidewall cores were collected from TW1 to evaluate shale and sand permeabilities.
Appendix A summarizes core data collection testing and procedures, and core data testing
results are summarized in Tables 3 and 4. Brine permeability measured from the shale
core collected at 6,032 ft RKB (2.22 x 10™* md) was approximately five orders of magnitude
less than the permeability measured from the sand core at 6,630 ft RKB (1.53 md). This
permeability was evaluated in the horizontal direction. Due to the anisotropic nature of
clay minerals in shale (i.e., permeability in the vertical direction is at least an order of
magnitude less than in the horizontal), the actual vertical permeability in the shale
confining sequence overlying the injection interval is likely at least six orders of magnitude
less than the targeted sands in the Fort Union Formation.

Summary of Regional Structure

Lost Creek is located southeast of the Wind River Range, northeast of the Rock Springs
Uplift, and northwest of the Rawlins Uplift. Lost Creek is located to the south of the Wind
River Thrust, separating the relatively simple local structural setting of Lost Creek from the
more complex area north of the fault, where numerous faults, anticlines, and synclines
bound or form regional structures. The Lost Creek area is also located to the southwest of
the West Lost Soldier Fault, which is west of the Lost Soldier and Wertz oil and gas fields.

A general map of structural features in the Great Divide Basin is presented on Figure 17.
A regional Precambrian basement map prepared by Blackstone (1991) is presented in
Figure 18 that shows the location of regional features as well as the structural
configuration of the Precambrian basement. Cross-sections constructed by Blackstone
(1991) are presented on Figures 19 (cross-section J — J'), 20 (K- K’), and 21 (M- M’). A
structure contour map of the top of the Fort Union Formation in the northeastern Great
Divide Basin is presented on Figure 22.

The Lost Creek site is located on the downthrown sides of both the Wind River and West
Lost Soldier Faults. As such, the stratigraphy to the north of these faults is significantly
higher in the section than at Lost Creek. These regional structural features likely influence
the hydrogeological characteristics within formations observed across the fault. On the
northern side of these faults where the section has been upthrown, formations are located
closer to the areas of recharge to the north and located higher within the section. To the
south of these structures, formations are encountered at greater depths and are located at
greater distances and depths from potential recharge areas. Additionally, the regional
hydraulics of groundwater flow in the basin may also be affected by the presence of the
regional fault systems. If these faults act as full or partial barriers to regional groundwater
flow (toward the basin center to the south and southwest), residence times of groundwater
are expected to be relatively higher to the south than on the north side. As regional
groundwater quality within the Great Divide Basin is generally controlled by depth and
distance from areas of recharge, it is likely that formation waters observed on the south
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side of these faults exhibit more saline water qualities than in equivalent formations to the
north.

The Lost Creek site is located approximately two miles south of the Wind River Thrust,
which is the major structural feature in the area. The Wind River Thrust is mapped
approximately four miles north of DW No. 1 and more than a mile and a half north of DW
No. 5 (Figure 22), and dies out to the northeast of Lost Creek. While there may be
associated smaller-scale faulting present on the south side of the thrust front, potential
migration of fluid through fault planes within the Fort Union Formation at Lost Creek is
unlikely due to lithology. The Fort Union is a relatively young sedimentary unit and is rich
.in finer grained sediments. The scale of individual fault trace throws in the injection zone is
likely minimal. Due to the presence of fine grained clays, fault planes are likely smeared
and will have a higher probability of acting as boundaries rather than flow conduits.

B. Wells Penetrating Receiver

As discussed in Attachment D, the Cone of Influence (COIl) and the Area of Review (AOR)
are calculated based on WDEQ specified formulae for the proposed wells and are small in
comparison to the extent of the Fort Union in the Lost Creek Area. No active oil and gas
production or plugged exploratory wells penetrate the receiver (the Fort Union) within the
Cone of Influence or within the minimum AOR for any of the proposed wells. Figure 23
presents oil and gas wells located near the Lost Creek mine, none of which intersect the
minimum AORs of the proposed wells. Further, the Wyoming Oil and Gas Conservation
Commission website shows there to be no coal bed methane (CBM) or other wells
penetrating the Fort Union Formation within the AOR. Locations for water wells near the
AORs (all completed within the Wasatch/Battle Spring Formation) of the proposed Class |
wells are shown on Figure 24 and presented in Table 5.

C. Geologic Cross-Sections

A cross-section index map is provided as Figure 25. North-south and east-west geologic
cross-sections are included as Figures 26 and 27, respectively. These cross-sections,
prepared for TW1 well design, have been updated to include data acquired from the test
well.

D. Area of Review (AOR)

The Area of Review (AOR) for the proposed wells has been evaluated in accordance with
WDEQ-WQD Chapter XIll, Section 5. Determination of the Fort Union Formation AOR
requires calculation of the cone of influence (COI), which has been performed for each
individual well as specified by Chapter XllII, Section 5(b)(iv)(A), and calculation of the
volumetric fillup (also referred to as the ultimate limit of emplaced waste [ULEW]) as stated
in Chapter XIIl, Section 5(b)(iv)(B)).

The equations specified by WDEQ for these calculations, including the input data and
assumptions required, are summarized in Tables 2 and 6. The calculated values for the
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COl and volumetric fillup are summarized in the following sections, and are shown in detail
on Table 6. This information is followed by the identification of the final AOR.

AOR calculations were completed utilizing the actual thickness of the expected interval of
perforations, which is less than the full thickness of the Fort Union Formation and leads to
more conservative calculations of the COIl. Calculations were considered for the optimal
injection zone between 6,158 to 8,094 ft RKB, which represents the top of the Fort Union
Formation and the base of the sand overlying the prominent coal horizon at 8,096 ft RKB,
respectively.

TW1 was perforated at a depth of 9,580 ft RKB in an attempt to circulate cement (see
Figure 35). Based on logging data from TWH1, porosity and injection capacity decreases
with depth below approximately 8,100 ft RKB and into the Lower Fort Union. The target
zones for perforations for wells DW No. 2 to No. 5 are expected to be similar to TW1
(6,158 to 8,094 ft RKB at this well), with minor variations due to structure. In terms of AOR
calculations, utilizing less thickness of the Fort Union results in a COI that is larger than
what would be calculated for the entire thickness of the Fort Union.

It is also noted that utilizing data from TW1 for AOR calculations leads to a more
conservative (i.e. larger) COI calculation, relative to the expected depths encountered at
DW No. 2 to No. 5 due to regional structure. As seen in Figure 22, the elevation of the top
of the Fort Union Formation is approximately 400 feet deeper to the northeast at DW No.
5, relative to TW1. Assuming all other data inputs remain constant, the increased depth of
the base of the injection zone results in a smaller calculated COIl at DW No. 5.

For consistency, all depths in this section are based on the LC ISR Test Well 1 surface
elevation of 6,816 feet AMSL.

a. Cone of Influence (COI)

As mentioned previously, the completion interval thicknesses for the proposed wells (DW
No. 1 — No. 5) are expected to be similar to that encountered at TW1. Hence the same
thicknesses were used for each of the wells. As stated previously, depths do vary and
become deeper to the north and east of TW1. To be conservative, the depths from TW1
were utilized to calculate the COls for all five wells. Reservoir data used in the calculation
were obtained from integrating core permeability analysis and logging conducted at the
Lost Creek Test Well 1.

Section 5(b)(iv)(A) states that the cone of influence is calculated as follows:
r=((2.25 KHt) / (S10%)) "2

Where: x= (W/G-B): (4nKH /2.3Q)

r= Radius of the cone of influence of an injection well (feet)
K= Hydraulic conductivity of the injection zone (feet/day)
Form: UIC-14 Page 20
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Thickness of the injection zone (feet)

Time of injection (days)

Storage coefficient (dimensionless)

Hydrostatic head of underground source of drinking water (feet),
measured from the base of the injection zone

Specific gravity of fluid in the injection zone (dimensionless)
Original hydrostatic head of injection zone (feet) measured from the
base of the injection zone

Injection rate (cubic feet/day)

3.142

To convert intrinsic permeability (in millidarcies [md]) to permeability (or hydraulic
conductivity) in ft/day, the following formula is used:

K=Ki(pg/ mp)

Where:

K= Permeability (cm/sec)

Ki= Intrinsic permeability (8.5 md)

T Jao

1.005 gm/cm3 - the density of water
980 cm/sec? - the acceleration of gravity
0.01 gm/(sec-cm)

0.40 centipoise

And 1 Darcy = 9.87 x 10° cm? and 2,835 ft/day per cm/sec

Based on core analysis and log data and the discussion of results presented in Appendix
A, the average intrinsic permeability of the Fort Union Formation is estimated to be 8.5
millidarcies (md). The calculated permeability value was converted to hydraulic
conductivity as follows:

Ki = 8.5 millidarcies = 0.0085 Darcies

K; = (0.0085 Darcies) - (9.87 X 10 cm?/Darcy)

Ki=8.39 X 10" cm?

K =(8.39 X 10" cm?)-(1.005 gm/cm®)-[(980 cm/sec?) / (0.004 gm/sec-cm)]
K =2.07 X 10° cm/sec |

K = (2.07 X 10" cm/sec) - (2835 ft/day / cm/sec)

K = 0.059 ft/day
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Other assumptions and input parameters used for calculations in this section are
summarized below:

e Perthe WDEQ Guidance Document #1, Permitting of Class | Injection Wells (page 4),
the Coefficient of Storage (S) has been assigned as the thickness of the injection zone
multiplied by 10/t

e The value for B (specified by WDEQ regulations as the original hydrostatic head of
injection zone in feet measured from the base of the injection zone) was based on the
results from testing at TW1, which indicate an original pressure gradient in the Fort
Union Formation of 0.42 psi/ft. A discussion of formation testing procedures and
results is presented in Appendix A and results are summarized in Table 6. Using this
gradient, the head in the Fort Union (B) is 7,833 feet.

e Based on water levels from the Lost Creek baseline wells, it is assumed that the head
(W) in the overlying USDWs is approximately 8,000 ft. The head (W) was measured
from the base of the optimal Fort Union Formation injection zone from 6,158 to 8,094 ft
RKB (assumed to be 8,075 feet BGS at TW1).

e Based on log analysis from the TW1 well, the net sand thickness of the injection zone
is projected to be 625 feet. This thickness was based on an 8 percent porosity cutoff
and minimum sand body thickness of four feet. From TW1, effective porosity was
calculated from logging (obtained by multiplying the density-neutron crossplot porosity
by the calculated sand volume [1 — Vghae]). Average effective porosity is approximately
11 percent for the net effective thickness. It is noted that the use of effective porosity in
calculations represents a conservative approach for COI determination.

e The injection period is 10 years.

o For each well, the requested injection rate is 1,714 bbl/day (50 gpm), or 9,626 cubic
feet per day.

e Based on formation sampling conducted within the Fort Union Formation at LC ISR
Test Well 1 (summarized in Appendix A), the average TDS concentration of the
injection zone (Fort Union) is 13,945 mg/L; the specific gravity is 1.005 (WDEQ UIC
Guidance Document #1, page 5).

e The injection zone fluid viscosity (0.40 cp at 144 degrees F, which represents the
midpoint depth of the injection interval at approximately 7,107 ft BGS) was estimated
from Figure D-16 in the text “Well Testing” (John Lee; Society of Petroleum Engineers
of AIME, 1982).

e The COIl and ULEW have been calculated for each well with an assumption of a single
well in an isotropic, homogeneous infinite-acting reservoir consistent with WDEQ UIC
Guidance Document #1.
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AOR calculations are based on the condition of a single and infinite-acting well. Based on
the COI equations required by WDEQ regulations, and the input variables shown above,
the COI for each of new wells (DW No. 1 to DW No. 5) is 1,036 feet. The detailed
calculations are shown on Table 6; the COI for each well is shown on Figure 28.

b. Area of the ultimate limit of emplaced waste (ULEW)

The following formula was used for this calculation:
R=(Qt/nHp)"”
Where:

R = Radius of volumetric fillug) (feet)
Q = Injection rate (9,626 feet’/day)
t = Time of injection (3,650 days)

n=23.142

H = Thickness of the injection zone (625 feet)

p = porosity expressed as a pure decimal (0.11)

Using the assumptions listed in the previous section, the ULEW for DW No. 1 — No. 5 is
403 feet (Figure 28). These calculations are shown on Table 6.

c. Minimum Area of Review

In accordance with Chapter XIlll, Section 5(b)(iv)(C) and (D), the minimum area of review
for a Class | non-hazardous well shall never be less than one-quarter (%4) mile, the cone of
influence, or the area of emplaced waste, whichever is greatest. As such, the minimum
AOR for each of the wells is ¥4 mile (1,320 feet).

d. Final Area of Review

In accordance with Chapter XllI, Section 5(b)(iv)(E), the final areas of review shall conform
to the public land survey and be legally described by Township, Range and Section to the
nearest quarter section. The final AORs for DW No. 1 — No. 5 are presented below and
shown on Figure 28.

For reference purposes, the COl and AOR for the disposal wells are shown on Figure 28.
Review of that figure indicates that the wells are spaced a sufficient distance from each
other that the COI’s do not intersect.

DW No.1 AOR

Township 25 North, Range 93 West, 6th P.M
Section 25: NE %, SW V4
SW Va, NW %,
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Section25: SE ¥4, NW 4
NW V4, SW V4
NE Y4, SW V4
SW V4, SW V4,
SE Y4, SW V4
NW Y, SE V4
SW Y, SE V..

DW No. 2 AOR

Township 25 North, Range 92 West, 6th P.M
Section 19: NE %, SE V4

SW Y4, NE V4

SE V4, NE Va

NW V4, SE V4

NE V4, SE V4

SW V4, SE Va

SE Y4, SE V4
Section 20 : NW Y, SW 4

SW Vi, SW Va.

DW No. 3 AOR

Township 25 North, Range 93 West, 6th P.M
Section 13: SE %, SW Y

NE %4, SW v

SW Y4, SW Vi

SE V4, SW V4

NW %4, SE V4

SW Y4, SE Y4
Section 24 : NW Vi, NW %4

NE Y4, NW V4

DW No. 4 AOR

Township 25 North, Range 92 West, 6th P.M
Section 18: NW %, SE V4

SE 74, NW V4

SW Vi, NE V4

NE Y, SW 4

SE Y4, SW V4

SW Vi, SE V4

NW V4, SE V4

NE %, SE V4

SE Y4, SE V4
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DW No. 5 AOR

Township 25 North, Range 92 West, 6th P.M
Section 17: SW ', NE '

SE V4, NW V4

NE V4, SW Y4

SW V4, NE V4

SE V4, NE Va4

NW V4, SE Vi

NE %4, SE Va

E. Water Quality Information - Proposed Injection Zone

a. Water quality data

A thorough evaluation was performed to identify all drinking water wells within a two-
mile radius surrounding the proposed well locations. Data were obtained from the
Wyoming State Engineer’s Office. Available data show there to be no permitted wells
that utilize the Fort Union Formation for drinking water within a 2-mile radius of any of
the proposed Lost Creek disposal wells.

To further assess Fort Union water quality at Lost Creek, cased-hole formation sampling
was conducted at multiple intervals within TW1. Formation sampling was conducted
utilizing a formation testing tool (Cased Hole Dynamic Tester [CHDT], Schlumberger
Wireline Services, Casper, WY). Fluid samples were collected at discrete intervals
(through-casing sample collection) as well as in-bore that produced commingled
samples of Fort Union produced water collected within casing after the Fort Union was
perforated. Additional fluid samples were collected at the surface from fluid returns
‘during nitrogen jetting conducted at TW1. These samples represent a composite fluid
sample over the entire perforated interval of the Fort Union Formation. A more detailed
discussion of sample collection and procedures is presented in Appendix A.

Table 8 presents a summary of formation sample analytical results from TW1 compared
to applicable EPA Maximum Contaminant Level (MCL) or Secondary Maximum
Contaminant Level (SMCL). Fluid samples were submitted for analysis of volatile
organic compounds (VOC), metals, and radionuclides. All of the eleven representative
fluid samples analyzed for TDS exceeded 10,000 mg/L. The average TDS
concentration from TW1 samples is 13,945 mg/L. The MCL for benzene (5 ug/L) was
also exceeded in the six samples collected by the CHDT (through-casing samples
7060B and 6843, and in-bore samples BH1-t3, BH1-t4, BH2-t1, and BH2-t2) and ranged
from 71.5 to 344 ug/L. The reported concentration of ethyl benzene from sample 6843
(1,860 pg/L) also exceeded the MCL (700 pg/L) for this analyte. It is noted that VOC
results from surface samples collected from fluid returns during nitrogen jetting may not
be fully representative of formation conditions, due to fluid agitation and volatilization;
the true value likely is higher. Additional exceedances of MCL groundwater standards
were reported for mercury, barium, lead, arsenic, gross alpha particle activity, radium-

Form: UIC-1-| Page 25
June 2009



Lost Creek ISR, LLC
Application for Wyoming UIC Permit
Under Chapter XIIl (1993)

226 + -228, and oil and grease. A complete summary of these results is presented in
Table 8.

Additional water quality data were reviewed for the Fort Union Formation in the northern
Great Divide Basin from produced waters samples from the Wyoming Oil and Gas
Conservation Commission (WOGCC) website (http://wogcc.state.wy.us) and from the
USGS Produced Waters Database (http://energy.cr.usgs.gov/prov/prodwat/intro.htm).
Table 9 presents a summary of data obtained from the USGS database for the Fort
Union. Average TDS concentration of all samples listed for the Fort Union within the
basin is in excess of 22,000 mg/L. Upon review of the WOGCC database, no water
quality data from Fort Union Formation were available within 30 miles of the Lost Creek
area in the WOGCC database.

Based on formation fluid testing and logging data at TW1, the waters of the Fort Union
Formation at Lost Creek exceed multiple regulatory standards and are unusable due to
high concentrations of TDS (greater than 10,000 mg/L) and hydrocarbon-related organic
constituents. The Fort Union waters meet the criteria for Class VI designation, pursuant to
Chapter VIII of the WDEQ Water Quality Rules and Regulations. The Fort Union is not a
USDW because it is not used as a drinking water supply, has TDS levels exceeding
10,000 mg/L, has naturally occurring organic and inorganic constituents in excess of
applicable groundwater standards, and occurs at great depth.

Representative data from ISR mining solutions that are typical of the water to be injected
into the Fort Union Formation at Lost Creek were compared to the observed water quality
data collected and analyzed from TW1 (Table 10). A comparison of the expected quality
of water to be injected to the Fort Union water indicates the two have similar TDS. The
anticipated waste stream (injection water) is sodium-bicarbonate type; the Fort Union
water is primarily sodium-chloride. However, significant compatibility issues between the
injection water and receiver are not anticipated. Due to the similarity of water quality and
minimal water compatibility issues, the Fort Union Formation is an optimal receiver for Lost
Creek’s waste streams.

b. Analysis of water from any usable aquifer within the AQOR

Information from the Wyoming State Engineer's Office (SEO) indicates that there no
water supply wells within the “4-mile AORs. There are four stock wells located within a
mile of the Lost Creek Project (outside of the Permit Boundary), which are summarized
in Table 5 and shown on Figure 28. However, none of these wells penetrate the Fort
Union Formation and well depths indicate that all are completed into the Wasatch/Battle
Spring Formation. The maximum depth of these four wells is 900 feet, which is
approximately 5,200 feet above the top of the proposed injection formation. There are
also numerous LC ISR monitoring wells associated with exploration activities within the
proposed Permit Boundary. All monitor wells are completed in the Wasatch/Battle
Spring Formation, and all wells are completed to depths of 985 feet or shallower.
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Water quality data from the Lost Creek Mine Unit 1 baseline monitoring wells completed
within the Wasatch/Battle Spring Formation is provided in Table 11. These data
represent the shallow water-bearing zones (DE and LFG Sand aquifers) above the
proposed mining zone (HJ Horizon) and immediate underlying zone (UKM Sand).
These groundwater data were submitted as part of LC ISR’'s US NRC Source Material
License (Lost Creek ISR, 2007). Groundwater samples were analyzed for major cations
and anions, general water quality parameters, radionuclides, and trace elements.

Though not considered to be representative, water quality data were also collected from
the Wasatch/Battle Spring Formation and uppermost Fort Union during testing at TWH1,
utilizing a Baker Atlas Formation Multi-Tester (FMT). A summary of analytical results is
presented in Table 12. Multiple fluid samples were collected in the open-hole within the
Wasatch/Battle Spring; a single sample from the Fort Union Formation. During drilling
approximately 50 mg/L nitrate was added to the drilling mud to act as a tracer. High
nitrate levels (ranging between 16 to 24 mg/L) were found in three discrete formation
water samples (depths of 3,525, 4,733, and 6,196 ft RKB). Because nitrate
concentrations in the native fluid are low, the high nitrate levels indicate the collected
samples were primarily drilling mud filtrate and samples therefore are not representative
of actual formation fluid. A more detailed summary of testing is provided in Appendix A.

¢. Quality assurance data

Data quality information is available on the USGS and WOGCC websites
(http://enerqy.cr.usgs.qgov/prov/prodwat/intro.htm and http://wogcc.state.wy.us,
respectively).

d. Groundwater classification

According to Section 4(d)(ix) of Chapter VIII of the WDEQ Water Quality Rules and
Regulations, groundwater is classified as Class VI water and unusable or unsuitable for
use according to the following guidelines: '

(A) Due to excessive concentration of total dissolved solids or specific constituents; or

(B) Is so contaminated that it would be economically or technologically impractical to
make the water usable; or

(C) Is located in such a way, including depth below the surface, so as to make use
economically and technologically impractical.

The formation waters of the Fort Union Formation at Lost Creek qualify as Class VI
water and satisfy all three guidelines for this classification. Total dissolved solids
measured within the Fort Union Formation at TW1 exceed 10,000 mg/L. Discrete and
commingled concentrations of benzene significantly exceed the USEPA MCL for
benzene (5 pg/L), with reported concentrations of benzene as high as 344 pg/L (sample
7060B). The levels of organic contaminants are expected, because the Fort Union
Formation is a known host of petroleum source rock in the Great Divide Basin. Due to
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this level of contamination, it is not economically or technologically practical to treat
waters of the Fort Union Formation to acceptable levels for drinking water supply.

Additionally, the Fort Union Formation at Lost Creek occurs at great depth (>6,000 feet
below ground surface). Outside of the uranium ore bodies, groundwater supply within
the overlying Wasatch/Battle Spring Formation is more than adequate to supply any and
all potential’ drinking water supply uses in the northern Great Divide Basin, even
considering an unlikely significant rise in population. Due to the plentiful supply, more
favorable groundwater quality, and relative ease of exploitation of groundwater within
the shallow Wasatch/Battle Spring Formation (in comparison to the contaminated and
significantly deeper Fort Union Formation), it would not be practical to utilize and treat
the Fort Union Formation as a source of drinking water supply in the Lost Creek area.

F. Further description of the discharge

This permit application is for the injection of wastes that are non-hazardous under the
Resource Conservation and Recovery Act (RCRA). The anticipated water chemistry of
the injected waste stream is presented in Table 10. Minor concentrations of corrosion
inhibitors, scale inhibitors, and/or biocides may be used as needed to maintain the wells in
optimum condition.

The wastes consist of operational and restoration bleed streams and liquid waste from
plant processes from in-situ recovery (ISR) uranium mining operations, including but not
limited to: normal overproduction (wellfield bleed) streams, yellowcake wash water, bleed
from eluant and precipitation circuits, sumps, membrane cleaning solutions, laboratory
waste, reverse osmosis brine, groundwater sweep solutions and plant washdown water
from the Lost Creek operation and other Wyoming ISR facilities. Lost Creek operation
wastes will be generated by operations covered under a pending Wyoming Department of
Environmental Quality (WDEQ) Land Quality Division (LQD) Permit to Mine and pending
U.S. Nuclear Regulatory Commission (NRC) Source Material License. These waste
streams are benefication wastes, exempt from RCRA regulation under the Beuvill
Amendment found in 40 CFR 261.4(b)(7). ~

G. Description of the Wells

A preliminary well schematic is shown on Figure 29; a preliminary wellhead schematic is
shown on Figure 30. Based on drilling and logging at TW1, the injection zone targets for
DW No. 2 to No. 5 will include designated portions of the Upper and Middle portions of the
Fort Union Formation. At TW1, these depths coincide to the top of the Fort Union (6,158 ft
RKB) to the base of the sand that lies above the prominent coal marker bed at
approximately 8,094 ft RKB (logs are included as Appendix B). These depths will vary for
DW No. 2 to No. 5 due to regional structure at Lost Creek, as the top of the Fort Union
deepens to the north at Lost Creek (Figure 22).
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Drilling Prognosis

A general, preliminary drilling prognosis follows. Final design will be performed prior to
mobilizing a drilling rig.

Drill and set 16" conductor casing (if needed)
Drill 12 4" surface hole to 2,000’; run 8 4" casing to bottom; cement to surface
(Class A or 50/50 Poz)

N —

3. Drill 7 %" hole to approximately 8,400°

4. Run CBL on surface casing

5. Run 5 2" casing to bottom; cement to surface; release drilling rig

6. Rig up completion rig; run CBL on production casing

7. Perforate Fort Union and develop as needed (swabbing and/or jetting)
8. Run 2 %" or 3 /2" tubing and packer

9. Run RAT log, temperature log and perform pressure falloff test
10. Perform SAPT and release rig.

a. Packer, Annulus Fluid, Wellhead and Tree

The injection tubing in each well will be anchored with a packer to form a casing annulus.
It is anticipated that the packer likely will be a Baker Lok-Set mechanical packer, or
suitable equivalent. If warranted, an on/off tool may be installed above the packer. The
tubing will be internally coated (e.g., TK-69, TK-99 or similar).

The annulus fluid will consist of fresh water with corrosion inhibitor.

For each well, the tubing will hang in a 5 2" x 2 %" tubing head and a tree will be installed
above the tubing hanger. It is anticipated that a nominal 3’ tree (rated for 2,000 or 3,000
psi by ANSI or API) will include a bottom master valve, a flow tee with one side outlet and
valve, a swab valve, and a pressure gauge above the swab valve (Figure 30).

b. Cementing

Each of the proposed wells will be cemented in accordance with Chapter XllI, Section 11.
The 8 %" or 9 %" surface casing strings will be cemented from total depth to surface using
lite cement (lead) and Class G tail, or suitable equivalent cement.

The 5 2" production casing will be cemented as follows: (1) Class G or 50/50 Pozmix in
the interval from 8,400 to 5,000 feet (approximately 1,000 feet above the top of the Fort
Union injection interval) to total depth; and (2) lite cement from 5,000 feet to surface. It is
anticipated that the 5 12" casing will be cemented in two stages, with the DV tool placed at
about 5,000 feet depending on conditions at the time of completion. Hole conditions
encountered will be used to derive the final cement job procedures and volumes.
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c. Log and Cores

Open-hole and cased-hole logs will be run in accordance with Chapter Xlil, Section 11. If
available data are not sufficient from nearby wells, cores (whole or sidewall) may be
collected and standard oil field core testing conducted (e.g. porosity and permeability).

H. Operating Data

a. Discharge Rates

LC ISR, LLC is requesting that the permit limit be equal to a total injection rate under the
area permit of 250 gpm (50 gpm for each of the five wells).

b. Injection Pressure

Per WDEQ guidance, the following equation was used to estimate fracture pressure for
the proposed wells.

P=FxD

Where: P = Fracture pressure of the receiver (psi)
F = Fracture gradient (psi/ft of depth)
D = Depth to the bottom of the receiver (feet)

Based on regional data presented in WDEQ UIC Guidance Document #1, a fracture
gradient of 0.70 psi/ft was assigned to the Fort Union Formation. This fracture gradient is
consistent with a calculated gradient based on the observed pore pressure and estimated
overburden and tensile stresses.

Using the equation above, the fracture pressure of the receiver for DW No. 1 (TW1) is
calculated to be 5,653 psi (see Table 13 for detailed calculations).

Calculation of the Limiting Surface Injection Pressure requires input of the fracture
pressure, hydrostatic head, and friction losses as follows:

Limiting surface injection pressure (L in psi)= (P -h + T +L;) - (0.90)
Hydrostatic head (h) = G x D x 0.433
Where: h = Hydrostatic head at the bottom of the receiver (psi)
G = Specific Gravity of the injection fluid
D = Depth to the bottom of the receiver (feet)

e Tubing pressure loss (T) was obtained from Western Company charts. The
pressure loss for the maximum injection rate of 50 gpm in 2 %" tubing is 55 psi for
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each of the proposed new wells. Tubing pressure loss was considered for new,
bare pipe.

e Perforation pressure loss (L) was neglected.

Based on the above equation, and the noted assumptions, the Limiting Surface Injection
Pressure (LSIP) for each of the proposed wells is 1,974 psi (Table 13). An additional
calculation of LSIP was conducted based on the top of the injection zone, which is 6,139 ft
BGS at TW1 and summarized in Table 14. The calculated LSIP from the top of the
injection zone was 1,513 psi.

Since the fracture gradient was estimated, a step-rate injection test may be performed
either (1) during the initial completion, or (2) within the first one year of operation.
However, because of potential fines migration in the Fort Union, LC ISR may request to
operate at a lower (approved) pressure during the initial stages of the project, rather than
run a step-rate injection test to determine fracture pressure to avoid damage of injection
capacity. A pressure falloff test will be run on each well within 90 days of the start of
injection operations.

c. Proposed stimulation program

The need for formation stimulation will be assessed during the completion of each well. At
that time, it is anticipated that each of the wells may be stimulated with 8 to 15 percent
HCI. It is possible that mud acid treatments (HCI: HF) may also be performed. The need
for subsequent (periodic) treatments will be assessed during operation of the well.

While hydraulic fracture treatments (using sand as a proppant) are not considered
necessary at this time, they may be considered to enhance the injection capacity of the
wells. Any potential hydraulic (propped) frac job would be (1) designed to contain the
fracture within the zone of interest in the Fort Union Formation, and within the cemented
interval of the production casing, and (2) performed after approval by WDEQ.

In addition, small-scale scour fracture treatments using either acid or water may be
performed to overcome near-wellbore damage caused during drilling. Such treatments,
which utilize minimal or no proppant, typically create fractures with a length and height of
one to five feet.

d. Injection procedure

The specific injection procedure for each well will depend on (1) the capacity of each well
as determined from testing performed during the well completion operations, and (2) LC
ISR’s disposal requirements at that time. In general, it is anticipated that injection
operations will commence at 25 to 50 percent of the well's anticipated injection capacity for
a period of 1 to 5 days, with subsequent increases to the maximum rate over the next
week. During the startup period, the flow monitoring and injection equipment, the annulus
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monitoring system and the pressure shutdown systems will be checked to assure proper
operation.

To protect the well tubulars, low concentrations of corrosion inhibitor and antiscalant may
be added to the injection stream at the surface. In addition, periodic batch treatments with
an oxygen scavenger may be performed. This type of treatment/prevention program is
similar to that which has been used on the other Class | wells in Wyoming.

e. Surface Equipment

A schematic drawing of typical surface equipment including storage tanks, pumps, filters,
meters, valves, recording devices, wellhead monitoring devices and control valves to be
used for the operation of DW No. 1 — No. 5 is included as Figure 31.

f. Description of flow monitoring devices

The surface injection facilities for DW No. 1 through DW No. 5 will include continuous
recording devices to monitor injection pressure, flow rate, and annulus pressure between
the long string and the tubing.

g. Methods and procedures used for inspection and failure detection

The wells will be equipped with a high-level shutoff switch on the injection tubing to
prevent operation of the pumps at pressures greater than the permitted Limiting Surface
Injection Pressure. In addition, the wells will be equipped with a low-pressure shut-down
switch on the surface injection line that will deactivate the injection pump in the event of a
surface leak. Finally, the wells will include a high/low pressure shutdown switch with a
pressure sensor on the tubing/casing annulus. This switch will stop the injection pump in
the event of either (1) a tubing leak or (2) a casing, packer, or wellhead leak.

h. Staffing and training information

The Lost Creek disposal wells will be staffed and operated consistent with other Class |
disposal wells in Wyoming. LC ISR will prepare written standard operating procedures
for well startup, operation, and shutdown. Currently, the personnel at LC ISR have over
40 collective years of experience with disposal well operations.

Operation and maintenance will be the responsibility of the Lost Creek Site Management
and operating personnel. The on-site organization will include a Radiation Safety Officer.
The Lost Creek operating personnel will operate and monitor the disposal well pumps,
valves, annulus system, and scale/corrosion inhibitor systems. They will be instructed in
the purpose of the continuous recording devices and procedures to implement if a problem
is indicated. :

Continuous and proper operation of the Lost Creek Project, including uranium production
and wellfield restoration, is contingent upon the availability of properly functioning disposal
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wells. Hence, operation and monitoring of the disposal wells will be an integral part of the
Lost Creek operational activities.

I. Monitoring Plan

a. Monitoring Injected Water

A composite sample of the waste stream will be collected quarterly, or when any major
process change occurs that could significantly alter the chemical composition of the waste
stream. Samples will be collected upstream of the high-pressure injection purnp.
Analyses will be performed using approved methods and in accordance with WDEQ Rules
and Regulations, Chapter VIll, Section 7. The current proposed minimum parameter list
for waste analysis is as follows:

Ra-226 (pCi/L)
Uranium (mg/L)

TDS (mg/L)

pH (units)

Total Alkalinity (mg/L)

It is understood that WDEQ recently has previously requested that an EPA Method 624
analysis be conducted for ISR waste streams. Although these organic constituents are not
likely waste components, if this standard should be required by the WDEQ, Lost Creek
ISR will comply.

Monitoring records will be submitted to WDEQ quarterly (within 30 days after the end of
the quarter) and will include:

1) Date, location and time of sampling

2) Date(s) of analysis

3) Analytical laboratory and Laboratory Chains of Custody
4) Analytical procedures or methods used

5) Analytical results

Reporting will include injection and annulus pressures. Further, the average reservoir
pressure will be determined once per year by conducting a pressure falloff test on one of
the LC ISR disposal wells per WDEQ regulatory requirements.

Quality control/quality assurance related to sampling and pressure monitoring operations
will remain consistent with those already in place for the selected analytical laboratory and
other Class | disposal wells.

b. Monitoring wells

Due to the significant depth of the Fort Union Formation, the lack of demonstrated local
use of the shallow USDW (Wasatch/Battle Spring Formation), and the presence of suitable
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confining zones above and below the injection horizon, the installation of monitoring wells
within the final AORs to assess fluid migration in the Fort Union Formation is not
necessary.

Shallow water quality monitoring for the Lost Creek ISR operations within the vicinity of the
disposal wells will be performed as required under the WDEQ Permit to Mine.

¢. Quality assurance plan

Upon final plans to install additional wells, a quality assurance program will be developed
as needed for the LC DW No. 1, DW No. 2, DW No. 3, DW No. 4, and DW No. 5.

J. Well Abandonment

a. Abandonment Procedures: LC DW No. 1 to DW No. 5

Well abandonment will be performed in accordance with WDEQ and the Wyoming Oil and
Gas Conservation Commission regulations. The general proposed procedures for DW
No. 1, DW No. 2, DW No. 3, DW No. 4, and DW No. 5 will include the following:

1. Rig up pulling unit. R/D tree and R/U 3,000 psi BOPs. Test same.
2. Latch tubing, release packer; POOH L/D tubing.
3. P/U workstring. RIH, latch on/off tool and pull packer. POOH and LD same.

3a. (DW No. 1 [TW1] only) Set BP at 9,540°. Squeeze 15 sx 50/50 Pozmix cement
below; dump 15 sx on top.

4. SetBP at 8,100°. Squeeze 15 sx 50/50 Pozmix cement below; dump 15 sx on top.

5. RIH and cement well from TD to approximately 4,000’ in 2 runs with 425 sx 50/50
Pozmix cement (1.26 ft¥sx). Tag top of plug. Cement from 4,000’ to 20’ in 3 runs
with 400 sx 50/50 Pozmix cement. Note: This approach is proposed due to the
extensive perforated interval in the Fort Union, and may be changed, on approval
from WDEQ, to include multiple conventional squeeze jobs rather than filling the
casing.

6. Tie into 9 %" x 5 %2" annulus and attempt to bullhead 40 sacks 50/50 Pozmix A
cement.

7. R/D BOPs and pulling unit.

8. Cut and remove wellhead at 5-10 feet below ground surface. Place a dry hole
monument in a 10-sack cement plug at the surface.
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K. Financial Surety

LC ISR will provide a surety instrument equal to the estimated cost for plugging and
abandonment of the proposed disposal wells prior o the commencement of construction.
A detailed plugging and abandonment estimate can be found in Table 15. The annual
updates of LC ISR’s financial surety estimate will be reviewed and approved by both the
Wyoming Department of Environmental Quality and the U.S. Nuclear Regulatory
Commission once a license is issued.

L. Mechanical Integrity

After completion of DW No. 1, DW No. 2, DW No. 3, DW No. 4, or DW No. 5, Part |
mechanical integrity will be demonstrated for each well before injection commences, in
accordance with the annulus pressure test procedures specified by WDEQ.

After completion, part Il integrity will be demonstrated prior to injection by utilizing either a
(1) Radioactive Tracer Log and Temperature Survey coupled with a casing pressure
check, or (2) an oxygen activation log. Part Il MIT will also be demonstrated (1) if any
abnormal annulus pressures are observed, (2) every five years at a minimum, and (3)
upon the request of WDEQ any time the tubing and packer are removed from the well.

M. Signatory Requirements

In accordance with Chapter XIll, Section 5(b) (xiv), this permit application has been signed
by Wayne Heili, President, Lost Creek ISR, LLC.

N. Reports

The required quarterly and annual reports for Class | injection wells will be filed no later
than 30 days after the end of the calendar quarter. Annual reports will be submitted
along with the 4" Quarterly Report. Those reports will be signed in accordance with
Section 5(b)(xiv) and 5(b)(xv) of Chapter Xill of WDEQ Water Quality Rules and
Regulations. '

O. Regional Water Quality

Water quality information was evaluated and compiled for the stratigraphic section
below the injection zone (Fort Union Formation). For underlying units from the Lance
Formation (underlying confining zone) through the Mesaverde Group, water quality
calculations were evaluated from proximal well logs that penetrate the Mesaverde.
Near Lost Creek, two wells were utilized to calculate water quality, including the Federal
32-22 well (Section 22, T25N R93W; located approximately 1.5 miles to the west) and
the Stratton 1-21 well (Section 21, T24N R93W; located approximately 5 miles to the
southwest). The Federal 32-22 well was a dry hole completed to the Mesaverde and
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was subsequently plugged and abandoned. The Stratton 1-21 well had minimal gas
production within the Mesaverde (3,114 MCF in 1982) and was plugged in 1984.

Water quality calculations from these well logs were evaluated in relatively “clean” sand
zones to calculate concentrations of sodium chloride (NaCl) as a conservative
approximation of TDS levels. Additional data from produced waters databases and
published reports were also evaluated for these formations (including the Lance
Formation, Fox Hills Sandstone, Lewis Formation, and the Mesaverde Group). Due to
the lack of nearby wells with reported water quality data, much of the available data are
located significant distances away from the Lost Creek site and may not be
representative of water quality and hydrogeologic conditions near Lost Creek. In
particular, much of the data are available for the fresher waters on the fringes of the
Great Divide Basin and north and east of the Wind River Thrust and Lost Soldier Faults.
Since no wells penetrated deeper than the Mesaverde near Lost Creek, water quality of
formations underlying the Mesaverde Group and extending to basement was evaluated
from data reported from the USGS Produced Waters Database and from the WOGCC
database. Additional regional water quality information for these units was evaluated
from published reports available for the Great Divide Basin. It is noted that many of the
wells with water quality information from the USGS and WOGCC databases are located
far from Lost Creek in other portions of the Greater Green River Basin where
hydrogeologic conditions may not be representative of conditions at Lost Creek.
Additionally, there is a paucity of data in published reports within the northern portion of
the Great Divide Basin near Lost Creek, and most data are reported for the more prolific
hydrocarbon producing areas of the basin.

The following is a unit-specific summary of available water quality data for those
formations underlying the Fort Union Formation, beginning with the youngest unit (late
Cretaceous-age Lance Formation), and extending to all units overlying the Precambrian
basement. All units from the injection zone and extending from the Lance Formation to -
basement qualify for Class VI designation according to Chapter 8 of the WDEQ Water
Quality Rules and Regulations. These formations are not USDW due to 1) lack of use
as drinking water supply, 2) TDS levels in excess of 10,000 mg/L, 3) and great depth.

Lance Formation

Water quality within the underlying Lance Formation was calculated from well logs at
two proximal wells, the Federal 32-22 and Stratton 1-21 wells. Water quality
calculations for the two wells are presented in Tables 16 and 17, respectively. From the
Federal 32-22 well, six relatively clean sand zones were identified and calculated TDS
concentrations ranged between 16,000 to 60,000 mg/L as NaCl. Within the Stratton 1-
21 well, three sand zones were evaluated and calculated TDS concentrations ranged
6,700 to 10,200 mg/L as NaCl. An important point to consider in analyzing these data is
the presence of gas within these zones, as illustrated on Figure 32, showing the wireline
tool response in two sand intervals from the Stratton 1-21 well. The presence of gas in
these zones is seen as the “crossover effect”, where the density porosity is greater than
the neutron porosity. The presence of gas tends to result in an overestimate of the
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actual formation resistivity and the actual porosity of the sand unit. An overestimation of
deep resistivity and porosity leads to a higher apparent formation water resistivity
calculations, which in turn leads to an underestimation of NaCl concentrations within the
formation water. NaCl concentrations calculated in these circumstances will be lower
than representative values. '

An examination of data from the USGS Produced Waters Database did not yield any
pertinent Lance water quality data in the Lost Creek area. The closest available data
are from wells located more than 20 miles to the south, with most data from the Lance
Formation originating from farther south in the Washakie Basin. Data from the USGS
produced waters database and the WOGCC database for the Lance Formation are
summarized in Tables 18 and 19. Within the entire Great Divide Basin and from USGS
Produced Waters data, the average TDS concentration was in excess of 17,000 mg/L.
A review of water quality data from the WOGCC database revealed similar results, with
the majority of data to the south and no reported water quality data from the Lance
Formation closer than 25 miles. From 12 unique well samples from the WOGCC
database in the basin, the average TDS concentration for these wells was 27,624 mg/L.

Mason and Miller (2004) reported 65 produced water samples from the Fort Union
Formation in Sweetwater County, Wyoming that had TDS concentrations ranging
between 1,170 to 153,000 mg/L, with a median concentration of 15,400 mg/L. The
depths of these sarnples ranged from 1,950 to 7,700 ft, with a median depth of about
4,100 ft.

Within the Greater Green River Basin, the Lance Formation has been identified as a
major petroleum system (USGS 2005). Near Lost Creek, the lower Lance interval
commonly contains hydrocarbon shows produced from coal beds in the lower portion of
the formation. In the Lost Creek area, the Lance has not been considered a viable
hydrocarbon target and there are no known Lance completions in the area (Russell
2008).

Due to the poor water quality within the Lance Formation from elevated levels of TDS
(in excess of 10,000 mg/L as NaCl), the presence of petroleum source rock within the
formation, and the great depth (in excess of 11,000 ft BGS near Lost Creek) the
formation waters in the Lance Formation near Lost Creek meet the criteria for Class VI
designation according to Chapter 8 of WDEQ Water Quality Rules and Regulations and
the Lance is not a USDW at Lost Creek.

Fox Hills Sandstone

Water quality within the Fox Hills Sandstone was calculated from well logs at two
proximal wells, the Federal 32-22 and Stratton 1-21 in Tables 16 and 17, respectively.
From the Federal 32-22 well, one clean Fox Hills sand zone was identified and the TDS
concentration was calculated as 12,500 mg/L as NaCl. Within the Stratton 1-21 well,
two sand zones were evaluated and calculated TDS concentrations were 12,100 and
12,800 mg/L as NaCl.
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An examination of data from the USGS Produced Waters Database did not yield any
pertinent Fox Hills water quality data in the Lost Creek area. The closest available data
are from wells located more than 25 miles to the south, as most data from the Fox Hills
originates from farther south in the Washakie Basin. Within the Greater Green River
Basin, TDS concentrations from the USGS Produced Waters Database were reported
for 11 unigue sample intervals at an average concentration of 18,316 mg/L. A review of
water quality data from the WOGCC database revealed similar results, with majority of
data to the southwest and no reported water quality data from the Fox Hills within more
than 25 miles of Lost Creek. From seven unique well samples from the WOGCC
database, the average TDS concentration for these wells was 30,398 mg/L. Data from
the USGS and WOGCC databases for the Fox Hills are presented in Tables 20 and 21.

The Fox Hills consists of superposed, coarsening-upward sequences of shale and fine-
grained sands, and is a conformable transitional sequence between the underlying
marine shales of the Lewis and overlying terrestrial sediments of the Lance Formation.
Within the Greater Green River Basin, the Lewis Shale and Lance Formation are each
identified as major petroleum systems containing petroleum source rock (USGS 2005).
The Fox Hills often contains minor shows of gas, but is rarely, if ever, completed as a
hydrocarbon producer in the southern Great Divide Basin (Russell 2008).

Due to poor water quality within the Fox Hills Sandstone from elevated levels of TDS
(calculated to be in excess of 10,000 mg/L as NaCl), the presence of petroleum-related
contaminants from adjacent source rock, and the great depth (approximately 14,000 ft
BGS near Lost Creek), the formation waters in the Fox Hills Sandstone near Lost Creek
meet the criteria for Class VI designation according to Chapter 8 of WDEQ Water
Quality Rules and Regulations and the Fox Hills is not a USDW at Lost Creek.

Lewis Shale

Water quality within the Lewis Formation was calculated from well logs at two proximal
wells, the Federal 32-22 and Stratton 1-21 wells. Water quality calculations for the two
wells are presented in Tables 16 and 17, respectively. From the Federal 32-22 well,
four sand zones were identified and the calculated TDS concentration ranged from
10,000 to 36,000 mg/L as NaCl. Within the Stratton 1-21 well, one sand zone was
evaluated and the calculated TDS was 17,000 mg/L as NaCl.

Water quality data for the Lewis are not available in the Lost Creek area from the USGS
and WOGCC databases. Average reported TDS concentrations for the Lewis from the
USGS database was 11,416 mg/L. From the WOGCC database, the two closest wells
were: located approximately 15 miles south in Sections 15 and 11, T22N, R94W. These
two wells have reported TDS concentrations of 10,424 mg/L and 11,777 mg/L. Data
from the USGS and WOGCC databases for the Lewis Formation are presented in
Tables 22 and 23.
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The Lewis Shale has been identified as a major petroleum system within the Greater
Green River Basin, complete with source rock, reservoir rock, and seals (USGS 2005).
The upper Lewis sands are a viable gas target in some fields located to the west and
south from Lost Creek, but there are likely no potential Lewis sands located near Lost
Creek (Russell 2008).

Based on the poor water quality within the Lewis Shale due to elevated levels of TDS .
(calculated in excess of 10,000 mg/L as NaCl), the presence of petroleum source rock

and related organic contaminants, and the great depth (in excess of 14,000 ft BGS near

Lost Creek) the formation waters in the Lewis at Lost Creek meet the criteria for Class

VI designation according to Chapter 8 of WDEQ Water Quality Rules and Regulations

and the Lewis is not a USDW at Lost Creek.

Mesaverde Group

Water quality within the Mesaverde was calculated from well logs at two proximal wells,
the Federal 32-22 and Stratton 1-21 wells. Water quality calculations for the two wells
are presented in Tables 16 and 17, respectively. From the Federal 32-22 well, three
sand zones were identified and the calculated TDS concentration ranged from 21,000 to
42,000 mg/L as NaCl. Within the Stratton 1-21 well, two sand zones were evaluated
and the calculated TDS was 15,500 mg/L and 17,500 mg/L as NaCl.

Lirnited water quality data were available near Lost Creek from the USGS and WOGCC
databases. Table 24 presents the USGS data for the Mesaverde, showing only wells
located in T20N and north because of the large number of samples within the entire
basin. The average TDS concentration from samples for these wells is in excess of
19,000 mg/L. The closest well identified in the Mesaverde is located in Section 17,
T26N, R94W, approximately 12 miles to the northwest. Based on review, the formation
tops in this well have been misidentified in state files, as the depth of the perforated
zone (3,661 to 3,675 ft) is too shallow to be the Mesaverde. The top of the Fort Union
in this well was identified at approximately 2,880 feet, which follows from the regional
structural throw of the Wind River Fault in the area (approximately 3,500 to 4,000 feet
higher on the north side of the fault). At a depth of approximately 800 feet below the top
of the Fort Union, it is likely that this perforated zone is in the Fort Union or upper Lance
Formation, not the Mesaverde.

Due to the large number of samples from the WOGCC database (in excess of 1,000
sample records), only those wells located in T22N and north are summarized in Table
25, with an average TDS concentration of 13,094 mg/L. The closest wells to Lost Creek
are located in Sections 19, 27, and 29 of T23N, R93W, and indicate completion
intervals to the Lewis-Mesaverde. Reported TDS concentrations ranged from 8,140 to
11,000 mg/L. '

Mason and Miller (2004 ) reported 221 produced-waters samples in the Mesaverde, with
a median TDS concentration of 13,400 mg/L (see Figure 33).
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Near Lost Creek, the Mesaverde (including the Almond, Ericson, and Rock Springs
Formations) is the predominant zone of interest for gas completions. The Mesaverde
has been identified as a major petroleum system within the Greater Green River Basin
(USGS 2005). The entire Mesaverde is moderately overpressured due to a lack of
dewatering caused by the presence of the Lewis Shale acting as a regional aquitard.
Within the Great Divide Basin, the Mesaverde is a major hydrocarbon producing interval
and as Russell (2008) states, “hydrocarbon generation has undoubtedly contributed to
the moderately overpressured environment seen beneath the Lewis Shale.”

Based on elevated levels of TDS (calculated to be in excess of 10,000 mg/L as NacCl),
the presence of petroleum source rock and related organic contaminants, and the great
depth (approximately 16,000 ft BGS near Lost Creek) the formation waters in the
Mesaverde at Lost Creek meet the criteria for Class VI designation according to
Chapter 8 of WDEQ Water Quality Rules and Regulations and the Mesaverde Group is
not a USDW at Lost Creek.

Cody Shale

No wells near Lost Creek penetrate deeper than the Mesaverde Group. Water quality
information for the Cody Shale is based on data available from the USGS and WOGCC
databases, and from published geologic reports. The Cody Formation (including
equivalent Baxter and Steele Shales, and associated sands) occurs conformably below
and interbedded with the Mesaverde in the northern Great Divide Basin. Based on a
Mesaverde thickness of 500 feet, the top of the Cody is projected to be approximately
16,500 ft BGS at Lost Creek.

Water quality data from the USGS Database are limited. The closest well to Lost Creek
with water quality data are located in Section 17, T26, R94W (1 R.E. Murphy),
approximately 12 miles northwest of Lost Creek and located on the north side of the
Wind River Fault. Two TDS values were reported for the well and the average TDS
concentration is 9,511 mg/L (see Table 26). It is noted that these samples (indicated as
Steele Shale) were collected from a well on the upthrown side of the Wind River Fault,
where regional water quality is likely higher than at Lost Creek. As Lost Creek is
located farther from recharge areas to the north, and the Cody/Steele is located at
greater depths (indicated depths of samples at 1 R.E. Murphy are approximately 5,600
feet; the Cody at Lost Creek is projected to be greater than 16,000 feet), groundwater
quality in the Cody at Lost Creek is likely of lesser quality, and contains higher TDS
levels. 4

Data from the WOGCC database is only reported for wells located south of Lost Creek,
in the Washakie Basin. The average TDS concentration reported for these wells was
approximately 25,000 mg/L and is presented on Table 27.

Mason and Miller (2004 ) reported TDS values from 34 samples within the Baxter-Mowry
confining unit, which includes the Baxter, Cody, Steele, Mowry, and Thermopolis
Shales, and includes the underlying Niobrara, Frontier, and Muddy Formations (Figure
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33). TDS values ranged from approximately 5,000 mg/L to greater than 50,000 mg/L,
with a median value of about 20,000 mg/L.

The Cody Shale and equivalents are a major host for petroleum source rocks,
equivalent to the Hilliard-Baxter-Mancos petroleum system in southwestern Wyoming
and to the Niobrara petroleum system, located in the eastern portion of the Great Divide
Basin (USGS, 2005).

Due to the poor water quality in the Cody and equivalent shales due to elevated TDS
levels (in excess of 10,000 mg/L near Lost Creek), the presence of petroleum source
rock and associated organic contaminants, and the extreme depth of this unit (projected
formation top at 16,500 ft BGS), the waters in the Cody at Lost Creek meet the criteria
for Class VI designation according to Chapter 8 of WDEQ Water Quality Rules and
Regulations and the Cody is not a USDW at Lost Creek.

Frontier Formation

Water quality information for the Frontier Formation is based on data available from the
USGS and WOGCC databases, and from published geologic reports. The Frontier
Formation conformably underlies the Cody Shale. It is noted that the Bison Basin Field
located approximately 12 miles northwest of Lost Creek (on the north side of the Wind
River Thrust Fault) produces from the Frontier Formation. Within the Bison Basin, this
unit is mapped as being approximately 900 to 2,100 feet thick (Kirschbaum and
Roberts, 2005). Within the northern Great Divide Basin south of the Wind River Fault
near Lost Creek, the top of the Frontier Formation likely occurs at depths greater than
18,000 ft BGS. :

Few water quality data from the USGS and WOGCC databases near Lost Creek are
available. Most data are to the northwest (Bison Basin), northeast (Lost Soldier and
Wertz Fields) and to the south and southwest in other more distant hydrocarbon
producing areas. Produced-waters data from the USGS and WOGCC databases are
presented in Tables 28 and 29, respectively. From the USGS database, the average of
all reported Frontier Formation TDS concentrations is in excess of 25,000 mg/L. Eight
samples were reported in the Lost Soldier and Wertz Fields (located north and east of
the Wind River Fault), ranging from 1,577 to 14,324 mg/L TDS, with an average TDS
concentration of about 8,070 mg/L. It is noted that the samples collected from the
Frontier in the Lost Soldier and Wertz Fields were collected from wells on the upthrown
side of the Lost Soldier Fault, where regional water quality is likely higher than at Lost
Creek. As Lost Creek is located farther from recharge areas to the north, and the
Frontier is located at greater depths (approximately 400 to 3,700 feet; the Frontier at
Lost Creek is projected to be greater than 17,000 feet), groundwater quality in the Cody
at Lost Creek is likely of lesser quality, and contains higher TDS levels. The average
TDS concentration for Frontier water samples from the WOGCC database was
approximately 12,300 mg/L (Table 29).
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Mason and Miller (2004) presented available water quality data for the Baxter-Mowry
confining unit, which includes the Frontier Formation. Figure 33 presents a summary of
this data, and the authors note that most samples were collected from the Frontier
Formation. TDS values in this unit range from approximately 5,000 to 50,000 mg/L, with
a median value of approximately 20,000 mg/L.

The Frontier Formation has been identified as a minor source of petroleum from the
Allen Hollow Shale Member and from coal and lacustrine facies in the terrestrial units of
the Frontier Formation (USGS 2005). Additionally, reservoirs have been identified in
the sandstones of the Frontier Formation where hydrocarbons migrated from the shale
source rock in the underlying Mowry Shale, identified as a major petroleum system in
southwestern Wyoming.

Due to the poor water quality in the Frontier Formation due to elevated TDS levels
(consistently in excess of 10,000 mg/L near Lost Creek), the migration of hydrocarbons
from underlying source rock and minor source rock within this unit, and the extreme
depth of this unit (greater than 18,000 ft BGS), the waters in the Frontier at Lost Creek
meet the criteria for Class VI designation according to Chapter 8 of WDEQ Water
Quality Rules and Regulations and the Frontier is not a USDW at Lost Creek.

Cloverly Formation (including Inyan Kara/Dakota/lL.akota Formations)

The formations listed above are relatively time-equivalent units within the Lower
Cretaceous stratigraphic section in the Great Divide Basin. This includes the overlying
Muddy Sandstone and the Cloverly Formation, and relatively time equivalent Lower
Cretaceous Dakota and Lakota/lnyan Kara Formations. The top of the Cloverly Formation
likely occurs at depths of approximately 18,000 ft BGS.

Water quality information for these units was evaluated from the USGS and WOGCC
databases, and is presented in Tables 30 and 31, respectively. The closest sample is
located in Section 17, T26N, R94W, approximately 12 miles northwest of Lost Creek, and
located on the north side of the Wind River Fault. Two samples from a single well (R.E.
Murphy No. 1, APl #4903705970) were reported at TDS concentrations of 16,841 and
17,059 mg/L (Table 30). The majority of the produced waters samples are reported to the
southwest in the Baxter Basin and to the south within the Washakie Basin, with an
average TDS concentration greater than 18,000 mg/L. The Average TDS concentration
for WOGCC sarmples is greater than 13,000 mg/L (Table 31).

The Cloverly and Dakota Sandstone Formations and Muddy Sandstone represent
reservoirs where hydrocarbons have migrated and are included in the Mowry petroleum
system, identified by USGS (2005), which primarily includes source rock from the
Mowry and Thermopolis Shales, with. minor source rock contributions from coals and
carbonaceous shales within the Dakota. The Cloverly, Dakota, and Muddy units all
represent reservoir rocks for hydrocarbon accumulation.
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Due to the poor water quality in these units due to elevated TDS levels (in excess of
10,000 mg/L near Lost Creek), the migration of hydrocarbons from underlying source
rock and minor source rock within these units, and the extreme depth of this unit
(greater than 19,000 ft BGS), the waters in the Cloverly/Dakota at Lost Creek meet the
criteria for Class VI designation according to Chapter 8 of WDEQ Water Quality Rules
and Regulations and the Cloverly/Dakota is not a USDW at Lost Creek.

Morrison Formation

Water quality data from the Jurassic-age Morrison Formation is limited in the Lost Creek
area. Available USGS water quality data are generally available to the southwest, within
the Baxter Basin and is presented in Table 32. The average TDS concentration from
USGS sample results is approximately 19,000 mg/L. A single sample was reported
approximately 15 miles to the north and east of Lost Creek (T26N, R90W) with a TDS
concentration of 9,695 mg/L, near the Lost Soldier/Wertz Fields and from a depth of 2,270
feet. It is noted that this well location is to the north of the Wind River and West Lost
Soldier Faults, and closer to areas of recharge than the Lost Creek location. The Morrison
at Lost Creek is also encountered at a much greater depth (likely in excess of 19,000 ft
BGS) compared to the well to the northeast, where TDS levels are likely higher. An
additional sample (WOGCC) located southeast of Lost Creek that is likely more
representative of the site (T14N, R91W) has a TDS concentration exceeding 26,000 mg/L.

Mason and Miller (2004) also compiled TDS data from produced-water samples in
Sweetwater County. As indicated in Figure 33, samples from the Morrison Formation (and
confining unit) reported TDS concentrations from 2,000 to 40,000 mg/L, with a median of
about 17,000 mg/L. Lower TDS values likely represent samples collected from the
shallower portions of the basin, likely near areas of outcrop and/or recharge areas, and are
not considered representative of the Lost Creek site.

The Morrison Formation is a minor hydrocarbon producing interval in the Greater Green
River Basin. The largest concentration of Morrison completions is on the eastern side of
the Rock Springs Uplift. Closer to Lost Creek, there are two wells in the Lost Soldier Field
and one well in Bison Basin (USGS 2005).

Due to the poor water quality in the Morrison (TDS levels in excess of 10,000 mg/L near
Lost Creek), the presence of petroleum related contaminants, and the extreme depth of
this unit (greater than 19,000 ft BGS), the waters in the Frontier at Lost Creek meet the
criteria for Class VI designation according to Chapter 8 of WDEQ Water Quality Rules
and Regulations and the Morrison is not a USDW at Lost Creek.

Sundance Formation

Water quality data from the Jurassic-age Sundance Formation (and time-equivalent
Entrada Sandstone) are not available in the Lost Creek area. Available water quality data
are generally available in fields to the northeast (Lost Soldier) and to the southwest in
Baxter Basin.

Form: UIC-1-I Page 43
June 2009



lLost Creek ISR, LLC
Application for Wyoming UIC Permit
Under Chapter Xill (1993)

Water quality data from the USGS Produced Waters database is generally from the Baxter
Basin area to the southwest and is presented in Table 33. The average TDS
concentration in the Sundance is approximately 17,000 mg/L (Table 33). From wells
within the Lost Soldier Field to the northeast (located northeast of the Wind River and
West Lost Soldier Faults), limited data indicate TDS values with a mean concentration of
about 4,800 mg/L. Wells in the Lost Soldier Field are located on the upthrown side of the
West Lost Soldier Fault, and closer to recharge areas to the north, where regional water
quality is likely higher than at Lost Creek. The Sundance in the Lost Soldier Field is
encountered at approximately 1,900 to 5,100 ft BGS, while this formation is projected to
occur at depths of approximately 20,000 ft BGS at Lost Creek. A single well near Baggs,
WY has a reported TDS concentration in excess of 36,000 mg/L.

Mason and Miller (2004) also compiled TDS data from produced-water samples. As
indicated in Figure 33, samples from the Sundance Formation ranged from approximately
9,000 to 40,000 mg/L, with a median concentration of about 16,000 mg/L.

The Sundance Formation is a viable hydrocarbon producing interval in the Greater Green
River Basin. The largest concentration of wells (26) is located in Lost Soldier Field (USGS
2005).

Due to the poor water quality in the Sundance Formation due to elevated TDS levels (in
excess of 10,000 mg/L near Lost Creek), the presence of petroleum related
contaminants, and the extreme depth of this unit (approximately 20,000 ft BGS), the
waters in the Frontier at Lost Creek meet the criteria for Class VI designation according
to Chapter 8 of WDEQ Water Quality Rules and Regulations and the Sundance is not a
USDW at Lost Creek.

Nugaget Formation

Water quality data from the Triassic/Jurassic-age Nugget Formation are not available in
the Lost Creek area. Based on Blackstone (1991) and formation thickness data presented
by Osborne (1981), it is estimated that the Nugget Formation is present beneath the Lost
Creek site at depths of approximately 18,000 ft. The closest available water quality data
from the USGS database is to the northeast in the Lost Soldier and Wertz Fields, located
north and east of the Wind River Fault, where reported TDS concentrations range from
3,081 to 8,107 mg/L (Table 34). As these wells are located on the upthrown side of the
fault system (formation depths of the Nugget at Lost Soldier/Wertz are approximately
2,900 to 5,500 ft BGS; the Nugget at Lost Creek is projected at depths greater than 20,000
ft BGS) and closer to recharge areas to the north, TDS concentrations in the Nugget at
Lost Creek are likely much higher. A basin-wide average of TDS concentrations in the
Nugget is in excess of 25,000 mg/L. '

Limited water quality data are available from the WOGCC to the southeast and south
(near Baggs, WY) of Lost Creek, and in areas southwest of Lost Creek near the Rock
Springs Uplift. Water quality samples for TDS were generally greater than 10,000 mg/L,
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with several wells exhibiting TDS values in excess of 50,000 mg/L. WOGCC data for the
Nugget are presented in Table 35.

Mason and Miller (2004) present data from produced-water samples which are presented
in Figure 33 indicating the water quality in the Nugget Formation ranges from 5,000 to
40,000 mg/L TDS, with a median TDS concentration of approximately 10,000 mg/L. As
presented in Freethey and Cordy (1991), TDS concentrations range from 3,000 to 10,000
mg/L in the Rock Springs Uplift area, to greater than 35,000 mg/L in most other areas of
the Great Divide Basin. A basin-wide map of TDS concentrations produced by Mason and
Miller (2004) is presented in Figure 34 and indicates that TDS values in the Nugget
Formation near the Lost Creek area range from 10,000 to 35,000 mg/L.

Due to the poor water quality in the Nugget Formation due to elevated TDS levels (in
excess of 10,000 mg/L near Lost Creek), the likely presence of petroleum related
contaminants, and the extreme depth of this unit (greater than 20,000 ft BGS), the
waters in the Frontier at Lost Creek meet the criteria for Class VI designation according
to Chapter 8 of WDEQ Water Quality Rules and Regulations and the Nugget is not a
USDW at Lost Creek.

Tensleep Formation / Phosphoria Formation

Mason and Miller (2004) combined the Pennsylvanian-age Tensleep Sandstone (and
time-equivalent Weber Sandstone) and the Permian-age Phosphoria Formation (and
time-equivalent Goose Egg Formation) into the Upper Paleozoic Aquifer unit in the
Great Divide Basin. Water quality data from these aquifers in the Lost Creek area is not
available, and the majority of produced-waters data originates from the Lost
Soldier/Wertz Fields area to the northeast, fields to the southeast near Rawlins, and
within the Baxter Basin and areas closer to the Rock Springs Uplift to the southwest.

USGS water quality data from the Tensleep and Phosphoria Formations is presented in
Table 36. The average TDS concentration in the Lost Solder and Wertz Fields to the
northeast of Lost Creek is in excess of 13,000 mg/L, and for the entire basin, the
average TDS concentration is greater than 14,000 mg/L.

According to data presented by Lindner-Lunsford (1989), TDS concentrations in the
Upper Paleozoic aquifer units where data are available are generally greater than
35,000 ppm. While data are extremely sparse in the northeastern portion of the basin,
data presented by Lindner-Lunsford (1989) and Geldon (2003) indicate that Lost Creek
is located in an area of the basin where Tensleep TDS values were projected to be
greater than 10,000 mg/L.

Due to the poor water quality in the Tensleep and Phosphoria Formations due to
elevated TDS levels (in excess of 10,000 mg/L near Lost Creek), the likely presence of
petroleum related contaminants, and the extreme depth of this unit (greater than 20,000
ft BGS), the waters in these aquifers at Lost Creek meet the criteria for Class VI
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designation according to Chapter 8 of WDEQ Water Quality Rules and Regulations and
the Tensleep/Phosphoria is not a USDW at Lost Creek.

Madison Formation

Water quality data for the Mississippian-age Madison Formation, including data from the
Mississippian-Pennsylvanian age Darwin Sandstone and Amsden Formation, were
compiled from available data from the USGS Produced Waters Database and from the
WOGCC website. Within the Great Divide Basin, water quality data from oil and gas
wells for this formation are primarily reported within the Lost Soldier and Wertz Fields,
located approximately 15 to 20 miles to the northeast, on the north sides of the Wind
River and Lost Soldier Faults, in T26N R90W. The Madison Formation in this area is
significantly higher in the stratigraphic section, with the top of the formation ranging
between 4,000 to 7,000 ft BGS. In the Lost Creek area, the Madison Formation top is
estimated to be at approximately 21,000 ft BGS, based on data from Blackstone (1991)
and Osborne (1981).

Data from the USGS and WOGCC databases are presented in Tables 37 and 38,
respectively. Based on the available water quality data, the TDS values within the
Madison Formation to the northeast in the Lost Soldier and Wertz Fields are all greater
than 3,000 mg/L, and many wells have reported TDS concentration greater than 10,000
mg/L. The average TDS concentration from available USGS data are approximately
12,500 mg/L (Table 37), and data from the WOGCC indicates an average TDS value of
approximately 14,000 mg/L (Table 38). All available data from both sources are from
wells located in the Wertz and Lost Soldier Fields area, located northeast of the Wind
River and Lost Soldier Faults, relative to the Lost Creek Project area.

- The Lost Creek site is located on the basinward and downthrown sides of two major
regional structural features, the Wind River Thrust and the Lost Soldier Fault. Water
quality data from the Lost Soldier/Wertz Fields are located on the upthrown side of the
Lost Soldier Fault, where regional water quality is likely higher than at the Lost Creek
site. As Lost Creek is located farther from the recharge areas to the north, and the
Madison Formation is located at greater depths, groundwater quality in the Madison at
the Lost Creek site is likely of a lesser quality, and contains higher concentrations of
TDS. Additionally, the presence of the Lost Soldier Fault likely retards the path of
regional groundwater flow from the recharge areas in the north to the basin center,
resulting in a higher concentration of TDS within the Madison Formation to the south of
these faults.

The previous conclusion is supported by the regional hydrogeologic investigations
completed by several authors. Mason and Miller (2004) reported a median TDS value
of 11,100 mg/L from produced-water samples, and noted that these samples were
collected from depths ranging from 4,800 to 15,800 ft, with a median depth of about
6,100 ft. Within most of the Great Divide Basin, the depth of the Madison Formation is
much greater, and as Mason and Miller (2004) reported that the “median TDS value of
11,100 mg/L is more representative of the shallower parts of the aquifer.”
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Based on the poor water quality in the Madison Formation due to elevated TDS levels
(in excess of 10,000 mg/L near Lost Creek) and the extreme depth of this unit (greater
than 21,000 ft BGS), the waters in these aquifers at Lost Creek meet the criteria for
Class VI designation according to Chapter 8 of WDEQ Water Quality Rules and
Regulations and the Madison is not a USDW at Lost Creek.

Flathead Sandstone

Water quality data for the Cambrian-age Flathead Sandstone was compiled from
available data from the USGS Produced Waters Database and from the WOGCC
website. Data within the Great Divide Basin are sparse, with oil and gas data reported
only in the shallower northeastern portion of the basin, within the Lost Soldier and Wertz
Fields, located approximately 15 to 20 miles to the northeast, in T26N R90W.

Water quality data from the USGS database indicate an average TDS value of greater
than 14,000 mg/L, and a single well from WOGCC data with a TDS value of 10,970
mg/L (Table 39). The depth and thickness of the Flathead in the Lost Creek area is
unknown (at least 21,000 ft), but the Cambrian-age sediments in the Lost Creek area
are located at greater depths and farther distance from recharge areas, and therefore
are expected to exhibit a higher degree of water quality degradation than the formation
intervals sampled to the northeast. Mason and Miller (2004) did not present water-
quality data for the Flathead aquifer, but noted that throughout most of Sweetwater
County, the “water in the Flathead aquifer is likely a brine.”

Based on the poor water quality in the Flathead Sandstone due to elevated TDS levels
(in excess of 10,000 mg/L near Lost Creek) and the extreme depth of this unit (greater
than 21,000 ft BGS), the waters in these aquifers at Lost Creek meet the criteria for
Class VI designation according to Chapter 8 of WDEQ Water Quality Rules and
Regulations and the Flathead is not a USDW at Lost Creek.

P. Location Maps

All tables, figures, and plates have been previously referenced in this application.
A list of those information sources follows.
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APPENDIX A

Formation Testing Conducted at Lost Creek Test Well No. 1

This section documents the installation and testing of the Lost Creek ISR, LLC, Lost
Creek Test Well No.1 (TW1) in Sweetwater County, Wyoming. The well was drilled
during Novermber and December 2008 and most of the testing took place in February
20009.

The objective of the test well was to collect geophysical well log data and water
samples, along with cuttings and core samples to ascertain potential uranium
mineralization and the probable depth of the USDW and potential injection zones
present at the Lost Creek Project. The data collection objectives were successfully
achieved and the well has been completed for probable conversion for future use as an
injector.

Three strings of carbon steel casing were set and cemented as follows: 16-inch
diameter conductor casing at 100 feet (based on an RKB of 19 feet); 9 %-inch surface
casing at 2,955 feet RKB; and 5 '-inch production casing set in the Fort Union
Formation at 9,933 feet RKB. Cement bond logs were run on the surface casing and
the production casing as part of the demonstration of isolation of the targeted injection
zone from possible underground sources of drinking water (USDW). Cement was
circulated to the surface on the conductor casing. The top of cement behind surface
casing is approximately 180" RKB and the top of cement behind the production string is
approximately 500’ RKB (more than 2,400’ inside the surface casing).

After location preparation, conductor pipe was set on October 24, 2008 and rotary
drilling began on November 14, 2008. An attempt was made to drill a directional hole,
but holding the desired angle proved to be problematic. A total depth of 9,997 feet RKB
was reached on December 3, 2008.

Coring at TWA1

Following installation of surface casing to 2,995 ft RKB and open-hole wireline logging,
a Schlumberger Rotary Sidewall Coring Tool was used to extract sidewall cores from
various depths and lithologies at TW1. Ten sidewall core samples were retrieved from
various depths (Figure 35) and lithologies. Cores were submitted for analysis of
physical properties, including porosity and permeability (air permeability with
Klinkenberg correction), the results of which are summarized in Table 3. Two cores
were selected as most representative of shale (6,032 ft) and sand (6,630 ft) and were
submitted for brine permeability analysis, which is summarized in Table 4. The shale
core had a liquid permeability value of 2.22 x 10™ md, and the sand core had a liquid
permeability of 1.53 md.

The results of permeability analysis of the sand core (6,630 ft RKB) is likely on the lower
end of the true formation permeability within the clean sand units of the Fort Union
Formation. The results of wireline logging at TW1 indicate a permeability that is likely
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higher than the 1.53 md measured from the core. Observed porosities from these clean
sands are on the order of 12 to 15%, and there are prominently observed invasion
profiles within these sand units (separation between the shallow and deep resistivity
readings), both of which indicate a system with permeabilities more on the order of 10
md. Due to the nature of the fluvial depositional environment of the Fort Union
Formation, there is also a high degree of heterogeneity within this formation. The core
dimensions collected from the coring tool are 2 inches long by 0.92 inches in diameter,
and may not be representative of the hydraulic characteristics of a larger sand body that
can have thin laminations of finer-grained sediments present. Therefore, for the
purposes of AOR calculations, a permeability value of 8.5 md is assigned to the Fort
Union Formation.

It is important to note that the core analyzed from a shale (6,032 ft) was analyzed for
horizontal permeability. Shales are composed of platy clay minerals which exhibit
anisotropy and have a higher permeability in the horizontal direction (assuming an
unfractured matrix) relative to vertical permeability. Generally, the anisotropy within a
shale unit will cause the vertical permeability to be at least an order of magnitude less
than the horizontal. As the analyzed core exhibited a permeability (horizontal) of 2.22 x
10 md, the permeability in the vertical direction is likely on the order of 1 x 10° md, or
less. The contrast in permeability between the sands of the injection zone and the
shales overlying the injection zone is at least six orders of magnitude, which indicates
adequate vertical confinement above the injection zone.

Formation Fluid Collection and Sampling at TW1 (Open-Hole)

Fluid from the Wasatch/Battle Spring Formation and the uppermost portion of the Fort
Union Formation was collected from the open-hole utilizing a Baker Atlas Formation
Multi-Tester (FMT). Table 12 presents a summary of TDS values and nitrate levels.
Nitrate was added as a tracer to the drilling mud at a concentration of approximately 50
mg/L to evaluate whether formation fluid was representative of the formation (naturally
occurring nitrate levels in formation less than 1 mg/L). It is noted that due to the
observed nitrate concentrations (approximately 16 to 24 mg/L), all samples were
composed primarily of drilling mud filtrate and are not considered to be representative of
formation fluid.

Formation Pressure Testing at TW1 (Cased-Hole)

Formation pressure testing was conducted at TW1 utilizing a Schlumberger Cased Hole
Dynamics Tester (CHDT). Table 7 presents a summary of calculated reservoir
pressures. Excluding the questionable data collected from a depth of 6,843 ft, where a
pressure gradient of 0.212 psi/ft was calculated, formation pressure gradients ranged
between 0.419 and 0.428 psi/ft. For the purposes of the reservoir calculations
presented in this report, a pressure gradient of 0.42 psi/ft was utilized.

Formation Fluid Collection and Sampling at TW1 (Cased-Hole)

Fluid from the Fort Union Formation was collected using the Schiumberger CHDT. A
summary of fluid sample analytical results is presented in Table 8. The following is a
summary of fluid collection procedures.
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The CHDT has four sample collection tanks within the tool and can collect fluid samples
and pressure data sets from multiple intervals on a single run into the hole. The tool
also has flow-through capability which allows the purging of potential mud filtrate
through the tool prior to the collection of a formation sample that is more representative
of actual conditions.

Prior to arrival on site, the tool was decontaminated in the Schlumberger shop and
cleaned with a non-phosphate detergent. As this was not practical to repeat in the field,
the CHDT was flushed prior to all sample runs to reduce potential cross-contamination
between sampling runs. The CHDT was then filled with distilled water to collect as an
equipment blank.

The CHDT can be used to collect two types of samples referred to as through-casing
samples and in-bore samples. Through-casing sampling involved drilling through the
casing to collect formation fluid behind cement. In-bore sampling collects a commingled
fluid sample from within the casing. In-bore sampling was conducted after perforation of
a given interval and jetting with nitrogen using a coil-tubing unit (CTU) to induce flow of
formation fluid into the wellbore.

Six samples were collected via through-casing sampling and identified by the depth of
collection (in ft RKB). Three samples (6890, 6623.5, and 6488) consisted of drilling
mud and were not analyzed. Sample 7060A was compromised due to a complete loss
of power to the tool and monitoring equipment during sampling. Only two samples
(7060B and 6843) are considered to be representative of formation fluid.

Five commingled samples were collected from the Fort Union utilizing in-bore sampling
from inside the casing (8400, BH1-t3, BH1-t4, BH2-13, and BH2-t4). Sample 8400 was
composed of mud and filtrate and was not analyzed. BH1 and BH2 are considered
representative and were collected at depths of 7,515 ft RKB and 6,630 fi RKB,
respectively.

Six samples (AG1, Jet 1-3, FC, and FC2) were collected at the surface from returns
during nitrogen jetting. These composite samples represent an average of overall Fort
Union Formation fluid data, as opposed to the discrete samples obtained from the
CHDT. It should be noted that this process tends to volatilize any existing organic
compounds and thus the analytical results from these samples are likely to exhibit lower
volatile organic compound (VOC) concentrations than actual concentrations.

Form: UIC-1- Page 51
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Table 1. Summary of Surface Ownership, Mineral Rights, and Oil and Gas Leases

Township 25 North, Range 93 West, 6th P.M

Within Areas of Review

Surface Mineral Oil and Gas

DW No. 1 AOR Ownership Rights Leases
Section 25 SW1/4, NW1/4 1 4 1,7
Section 25 SE1/4, NW1/4 1 4 1.7
Section 25 NW1/4, SW1/4 1 4 1.7
Section 25 NE1/4, SW1/4 1 4 1,7
Section 25 SW1/4, SW1/4 1 4 1.7
Section 25 SE1/4, SW1/4 1 4 1.7
Section 25 NE1/4, SE1/4 1 4 1,7
Section 25 SW1/4, SE1/4 1 4 1,7
Township 25 North, Range 92 West, 6th P.M.
DW No. 2 AOR
Section 19 SW1/4, NE1/4 1 4,6 1
Section 19 SE1/4, NE1/4 1 4 1
Section 19 NW1/4, SE1/4 1 4 1
Section 19 NE1/4, SE1/4 1 4 1
Section 19 SW1/4, SE1/4 1 4 1
Section 19 SE1/4, SE1/4 1 4 1
Section 20 NW1/4, SW1/4 1 4 1
Section 20 SW1/4, SW1/4 1 4 1
Township 25 North, Range 93 West, 6th P.M.
DW No. 3 AOR
Section 13 NW1/4, SW1/4 1 4 1
Section 13 NE1/4, SW1/4 1 4 1
Section 13 SW1/4, SW1/4 1 4 1
Section 13 SE1/4, SW1/4 1 4 1
Section 13 NW1/4, SE1/4 1 4 1
Section 13 SW1/4, SE1/4 1 4 1
Section 24 NW1/4, NW1/4 1 4 1,7
Section 24 NE1/4, NW1/4 1 4 1,7
Township 25 North, Range 92 West, 6th P.M.
DW No. 4 AOR
Section 18 SE1/4, NW1/4 1 4 1
Section 18 SW1/4, NE1/4 1 4 1
Section 18 NE1/4, SW1/4 1 4 1

- Section 18 SE1/4, SW1/4 1 4 1
Section 18 SW1/4, SE1/4 1 4,6 1
Section 18 NW1/4, SE1/4 1 4 1
Section 18 NE1/4, SE1/4 1 4 1
Section 18 SE1/4, SE1/4 1 4,5 1
Lost Creek ISR, Class | Application: June 2009 Page 1 of 53 PETROTEK



Table 1. Summary of Surface Ownership, Mineral Rights, and Oil and Gas Leases
Within Areas of Review

DW No. 5§ AOR
Section 17
Section 17
Section 17
Section 17
Section 17
Section 17

SE1/4, NW1/4

NE1/4, SW1/4

SW1/4, NE1/4
SE1/4, NE1/4
Nw1/4, SE1/4
NE1/4, SE1/4

—_ = A A

n
-U_I-h-h-h-h

4,5

1-USA (BLM)
2 - State of Wyoming

3 - DAR GAP Lode Claims

4 - DAR Lode Claims
5 - Sage Lode Claims
6 - Tony Lode Claims

7 - Federal Oil and Gas Leases

Lost Creek ISR, Class | Application: June 2008
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Table 4. Brine Permeability Data from Cores, Lost Creek Test Well No. 1

=

Lore i.a

RESERVOIR BETIMIZATION

SUMMARY OF LIQUID PERMEABILITY MEASUREMENTS

Net Confining Stress: 1200 psi
Fluid: 10,500 ppm NaCl Brine

Temperature: 70°F

PETROLEUM SERVICES

Petrotek Engineering

Well: Lost Creek Test

Field: Lost Creek

Location: Sweetwater County, Wyoming

File: HOU-081334

Specific
Depth Permeability Permeability
Sample Interval, Length, Area, o Air, - to Brine,
Number - feet cm cm? millidarcies millidarcies
4 6032.00 3.35 4.26 6.00E-03 2.22E-04
6 6630.00 2.97 430 6.75 1.53
Lost Creek Class | Application:
June 2009 Page 5 of 53 PETROTEK
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Table 6. Calculation of COIl, ULEW, and AOR for a Single Well
Lost Creek Disposal Wells

Permeability/Hydraulic Conductivity Conversion
K= K=Ki(pg/mu)
u= 0.40 cp @ 154 deg. F. BHT
mu = 0.40 cp * 0.01 gm-sec/cm = 0.004 _
Ki K Assume kh = 5313 md-ft
(md) (ft/day)
8.50 0.058 Source: Core permeability and logs (TW 1) and regional data
Source

Base of Fort Union (lowermost injection zone) 8075 feet; bgs 1
Depth to Water in USDW 75 feet; bgs 2
Head in USDW from base of Fort Union (W) = 8000 feet; bgs Calculated
Pressure Grad. of Fort Union = 0.42 psi/ft 3
Pressure in Fort Union = 3392 psi Calculated
Head in Fort Union (B) = 7833 feet Calculated
W-B= 167 feet Calculated
Thickness of Fort Union (H) = 625 feet 1
Storage of Fort Union (S)= 6.25E-04 Calculated
Average Fort Union Porosity (f ) = 0.11 1
Injection Rate = 50 gpm Estimated
Injection Rate (Q) = 9626 ft’/day Calculated
Injection Period (t) = 10 years Estimated
Injection Period (t) = 3650 days Calculated
Fluid in Inj. Zone = 13,945 TDS 3
SP Gravity(G) = 1.005 Calculated based on TDS
CONE OF INFLUENCE CALCULATION
Cone of Influence (r) = (2.25KHYS10%) "
Where x = (W/G-B) * (4*7*KH/2.3Q)
X = 2.652
r= 1036 feet
ULTIMATE LIMIT OF EMPLACED WASTE
R = radius of volumetric fillup (feet)
R= (Qt/gHm)"?
R = 403 feet
MINIMUM AREA OF REVIEW
Cone of Influence = 1036 feet
Radius of Volumetric Fillup (ULEW) = 403 feet
Minimum Radius (1/4 mile) = 1320 feet

Notes:

1 - Data based on drilling and logging data at Lost Creek Test Well No. 1

2 - Groundwater monitoring conducted by LC ISR at ISR mine monitoring wells
3 - Formation fluid and pressure testing conducted at Lost Creek Test Well No. 1

Lost Creek Class 1 Applicaiton:
R Paae 7 of 53
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Table 7. CHDT Formation Pressure Data, Lost Creek Test Well No. 1, Fort Union Formation

Lost Creek Class | Application:

June 2009

Assumed Residual Pressure

Depth Mobility Viscosity Perm Pressure Gradient
(ft RKB) (mdicp) (cp) (md) (psig) (psig)
6,890 71.71 0.40 28.7 2,899 0.421
6843* 5.12 0.40 2.0 1,452 0.212
6,624 N/A 0.40 0.0 2,837 0.428
6,488 0.36 0.40 0.1 2,717 0.419

Note:

Pressure testing conducted utilizing Schlumber Cased-Hole Dynamics Tester (see Appendix A)
* Indicates questionable pressure data.

Page 8 of 53
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Table 8. Fort Union Formation Fluid Sampling Data, Lost Creek Test Well No. 1

Nitrate +
TDS Nitrite as N | Nitrite as N| Sulfate | Fluoride | Selenium | Mercury| lron
Sample Name Source (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) |{mg/L)
EPA Maximum Concentration Levels: 500° 10.00 1.0 250* 4.0 0.05 0.002 | 0.3*
Formation Fluid
AG 1 Flowline (lower perfs) 26,500 0.32 ND 205 1.0 0.007 ND 0.73
7060 B CHDT- Fm @7060 (t#3) 13,500 N/A N/A N/A N/A N/A N/A N/A
6843 CHDT - FM @ 6843 10,500 - 2.49 ND 1,220 0.9 0.028 0.004 | 0.13
Jet 1 Flowline (coil @~6100") 12,700 N/A N/A N/A N/A N/A N/A N/A
Jet 2 Flowline {coil @~6100" 12,300 N/A N/A N/A N/A N/A N/A N/A
Jet 3 FL (coil @ 6850') 14,000 1.66 0.4 170 1.7 0.002 ND 0.08
FC (final clean) FL (coil @ 7607) N/A N/A N/A N/A N/A ND ND ND
BH 1-3 Lower FU 7515' in csg 12,200 1.02 0.2 115 1.8 0.003 0.002 | 0.26
BH 1-t4 Lower FU 7515' in csg 11,300 1.07 0.2 108 2 ND 0.001 0.09
BH 2-t1 Mid FU 6630' in csg 18,200 0.83 0.2 98 1.9 ND 0.001 0.08
BH 2-t2 Mid FU 6630' in csg 10,900 0.96 0.3 81 1.9 ND ND 0.06
FC2 Flowline (coil @~7600") 10,300 N/A N/A N/A N/A N/A N/A N/A
Blank
7060 blank CHDT Tool Chamber #15 72 ND ND 2 ND ND ND 0.09
6980 blank CHDT Tool Chamber 32 N/A N/A N/A N/A N/A N/A N/A
6888 blank CHDT Tool Chamber ND N/A N/A N/A N/A N/A N/A N/A
6842 blank CHDT Tool Chamber 37 N/A N/A N/A N/A N/A N/A N/A
6473.5 blank CHDT Tool Chamber (#2) ND N/A N/A N/A N/A N/A N/A N/A
6292 blank CHDT Tool Chamber (#1) 39 N/A N/A N/A N/A N/A N/A N/A
#15 blank CHDT Tool Chamber 90 N/A N/A N/A N/A N/A N/A N/A
#10 blank CHDT Tool Chamber 73 N/A N/A N/A N/A N/A N/A N/A
DW Distilled Water ND ND ND ND ND ND ND ND
BH 1 blank HCDT t1 18 N/A N/A N/A N/A N/A N/A N/A
BH 2 blank CHDT t2 35 N/A N/A N/A N/A N/A N/A N/A
BH 3 blank CHDT t3 153 N/A N/A N/A N/A N/A N/A N/A
BH 4 blank 48 N/A N/A N/A N/A N/A N/A N/A
Mud
6890 CHDT - FM @ 6890 (#2) N/A N/A N/A N/A N/A N/A N/A N/A
8400 In-bore @ 8400’ N/A N/A N/A N/A N/A N/A N/A N/A
6623.5 CHDT - FM @ 6623.5 (#2) N/A N/A N/A N/A N/A N/A N/A N/A
6488 CHDT - FM @ 6488 (f#1) N/A N/A N/A N/A N/A N/A N/A N/A
Compromised
7060 A CHDT- Fm @7060 (1) 9,310 7.97 ND 337 2.3 0.15 0.002 | 0.11
7515 In-bore @51 5 N/A N/A N/A N/A N/A N/A N/A N/A

ND: Not detected at the reporting limit
N/A: Indicates that analysis for a given parameter was not performed
*Indicates that value is a Secondary MCL
Bold/green: Indicates sample exceeds USDW criteria of 10,000 mg/L.

Bold/yellow: Indicates exceedance of EPA MCLs

Lost Creek Class | Application:

June 2009
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Table 10. Anticipated Injection Water Quality and Comparison to Fort Union Water Quality Data

Estimated Range of UR ISR, LLC Fort Union Water Composition
Waste Stream Water Quality from Lost Creek Test Well No. 1
Minimum Maximum Minimum Maximum Average
Chemical Analyte {mg/l) (mg/1) {mg/l) {mg/l) {mg/l)
pH 6 9 7.67 11.7 8.69
Ammonia as Nitrogen 50 500 12.3 23 16.8
Sodium 150 3,000 2,760 4,080 3,490
Calcium 200 1,000 28 117 68.5
Potassium 10 1,000 73 9,920 1,473
Bicarbonate as HCOs4 1,500 4,000 1 3,390 1,269
Carbonate as CO5 0 500 1 689 121
Sulfate 80 2,000 81 1220 285
Chloride 200 4,000 1,440 6,271 3,830
Uranium as U3;0g 1 15 0.0003 0.0021 0.001
Ra-226 (pCi/l) 300 3,000 0.13 0.35 0.26
TDS 4,000 15,000 10,300 26,500 13,945
Note:
Estimated range of waste stream composition from UR Energy engineering estimate.
Fort Union Formation concentrations from water sampling conducted at TW1.
Lost Creek Class | Application:
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Table 12. FMT Fluid Sample Summary, Lost Creek Test Well No. 1

Nitrate +
TDS Nitrite as N | Nitrite as N
Sample Location/Depth Sample Name Date Time {mg/L) (mg/L) (mg/L)
Equipment Blank/Upper Tank EB 1A 12/8/2008| 11:35 246 0.19 ND
Equipment Blank/Lower Tank EB 1B 12/8/2008| 11:45 246 0.19 ND
3525.6 (Battle Spring) 2A 12/8/2008| 14:00 2,130 241 13.8
6191.6 (Fort Union) 3A 12/8/2008| 19:55 2,340 18.5 4.5
Equipment Blank/Upper Tank EB 4A 12/8/2008| 21:35 272 0.20 ND
Equipment Blank/Lower Tank EB 4B 12/8/2008| 21:42 284 0.22 ND
Flush Hose Blank AB 12/8/2008| 21:45 249 0.19 ND
Boiler Blank BB 12/8/2008| 21:50 28 ND ND
4733 (Battle Spring) 5A 12/8/2008 23?:155 2,210 16.1 5.4

Notes:
ND- Not detected at the reporting limit.

Nitrate added to drilling mud as a tracer at approximately 50 mg/L. High nitrate levels (in bold) are indicative of drilling mud filtrate
rather than formation fluid and samples are not considered to be representative of formation fluid.
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Table 13. Calculation of Limiting Surface Pressure, Base of Injection Zone,
Lost Creek Disposal Wells

Fracture Pressure

P=FxD

P = fracture pressure at the bottom of the receiver (psi) (0.70 psi/ft)
F = Fracture gradient (psi/ft)

D = Depth to the bottom of the receiver (8,075 feet; bgs)
Hydrostatic Head

h =G x D x 0.433 psilfft

h = hydrostatic head at the bottom of the receiver (psi)
G = specific gravity of the injection fluid

D = Depth to the bottom of the receiver (feet; bgs)
Limiting Surface Injection Pressure
L=(P-h+T+Lp)x0.90

L = limiting surface injection pressure (psi)

P = fracture pressure at the bottom of the receiver (psi)
h = hydrostatic head at the bottom of the receiver (feet)

T = tubing pressure loss (psi)
Lp = perforation pressure loss (psi)

Assume: Lp=0
Injection Rate = 50 gpm
Tubing length = 6,100 feet
From charts, friction loss is 9 psi/1000 feet (2 7/8" tubing at 50 gpm)
F D P G h T L
Well (psifft) | (ft) (psi) (psi) __(psi) (psi)
DW No. 1 - No.5 0.70 8,075 5,653 1.005 3,514 55 1,974
Notes:
Tubing pressure loss calculated for bare, new pipe.
Lost Creek Class 1 Application:
June 2009 Page 17 of 53 PETROTEK



Table 14. Calculation of Limiting Surface Pressure, Top of Injection Zone,
‘ Lost Creek Disposal Wells

Fracture Pressure

P=FxD

P = fracture pressure at the top of the receiver (psi) (0.70 psifft)
F = Fracture gradient (psi/ft)

D = Depth to the top of the receiver (6,139 feet; bgs)
Hydrostatic Head

h=G x D x 0.433 psi/ft

h = hydrostatic head at the top of the receiver (psi)
G = specific gravity of the injection fluid

D = Depth to the topof the receiver (feet; bgs)
Limiting Surface Injection Pressure
L=(P-h+T+Lp)x0.90

L = limiting surface injection pressure (psi)

P = fracture pressure at the top of the receiver (psi)
h = hydrostatic head at the top of the receiver (feet)

T = tubing pressure loss (psi)
Lp = perforation pressure loss (psi)

Assume: Lp=0
Injection Rate = 50 gpm
Tubing length = 6,100 feet
From charts, friction loss is 9 psi/1000 feet (2 7/8" tubing at 50 gpm)
F D P G h T L
Well (psi/ft) (ft) (psi) (psi) (psi) (psi)
DW No. 1 - No.5 0.70 6,139 4,297 1.005 2,671 55 1,513
Notes:
Tubing pressure loss calculated for bare, new pipe.
Lost Creek Class 1 Application:
June 2009 Page 18 of 53 PETROTEK



Table 15. Plugging and Abandonment Cost Estimate - Fort Union Well

Well Depth = 8400 GL for all wells

Unit Units Total
FIELD OPERATIONS Cost Req'd. Cost
Subcontractors - Direct bill to UR Energy
Mob/demob & Location Preparation $6,000 1 - $6,000
Workover Rig and Associated Equipment (days) $5,000 4 $20,000
Rental Tools (days) $2,500 4 $10,000
Rental Tubing Inspection $6,000 1 $6,000
Falloff Test $6,500 1 $6,500
RAT Log $4,500 1 $4,500
Trucking $4,000 1 $4,000
Contract Labor $2,000 2 $4,000
Cement (865 sx), pumping & equipment $17,300 1 $17,300
Contingency $8,000 1 $8,000
Total Estimated Subcontractor Charges $86,300
Test Design and Project Management (hours) $115 24 $2,760
Supervision (days) $850 5 $4,250
Travel (hours) $115 8 $920
Field Truck and Fuel (days) $150 6 $900
Per Diem (days) $100 6 $600
Data Analysis (lump sum) $2,000 1 $2,000
Report Preparation (hours) $115 24 $2,760
Total Estimated Petrotek Charges $14,190
TOTAL ESTIMATED COST PER WELL $100,490
Assumptions:
Subcontractors will bill UR Energy directly - otherwise a 12.5% markup will apply.
Field activities can be completed in 5 days; otherwise T&M rates will apply.
Falloff test is required if > 6 months since last test; RAT log required if > 2 years since last log.
The well is cemented from bottom to top in 3-4 stages.
UR will be responsible for disposal of all well equipment.

Lost Creek Class | Application:
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D Lost Creek Permit Boundary
Test Well

Al - Active Injector Well

AP - Permit to Drill

DH - Dry Hole

DP - Drilling or Drilled Permit

Q{:}o\q()

DR - Dormant

FL - Flowing
GL - Gas Lift

O MW - Monitor Well

X

ND - Never Drilled

NI - Notice of Intent to Abandon
NR - No Report

PA - Plugged and Abandoned

PG - Producing Gas Well
PH - Pumping Hydraulic
PL - Plunger Lift

PO - Producing Oil Well
PR - Pumping Rods

PS - Pumping Submersible
Sl - Shut - In

SO - Suspended Operation

SP - Well Spudded
SR - Subsequent Report to Abandonment

b0 o b ME+O® B O O

TA - Temporarily Abandoned

Note: Well Data from WOGCC as of 4/23/09
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Figure 2
Lost Creek Project

and Proposed Well Locations
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Figure 3
Proposed Class | Well Locations

and Areas of Review
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Figure 4
Land Ownership

within the Areas of Review
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Oil and Gas Leases

within the Areas of Review
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Water Rights Outside
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Company: UR ENERGY INC

Schlumberger

Well: LOST CREEK TEST WELL 1
Field: LOST CREEK
County: SWEETWATER State: WYOMING
PLATFORM EXPRESS
¥ \ MW AR
5 E ARRAY INDUCTION TOOL \ \ V v
2R czz' E 2| | sec.2s,T2sn, Ro3W Elev. KB. 6958501 X
kW S Wl GL  6940.00f
EEx g% ES DF.
w o~ zZ =
[ T - -
g 8 8 8 @ 8 Permanent Daturm: GROUND LEVEL Eley.. _6940.001
© 4 ® 2 2 \|J| LogMeasured From KELLY BUSHING 18501t  above Perm. Datum
c 2 Drilling Measured From: KELLY BUSHING
& . 2 S
S 38 = ¢ AP| Serial No. Section Township Range
o 9 o 2 o
oix 32 0 25 25N 93w
Logging Date 6-Dec-2008
Run Number ONE
Depth Driller 9997 ft
Schlumberger Depth 9946 ft
Bottom Log Interval 9946 ft o o o o o
Top Log Interval 2858 ft 8 g 8 g 8
Casing Driller Size @ Depth 9.625in @ 29551t @ [ o o0 (o)) o
Casing Schlumberger 2958 ft L
Bit Size 7.8751in
Type Fluid In Hole WATER BASED MUD w
o Density [ Vviscosity 94Ibrigal [ 53s
2 Fluidloss | PH 7cm3 I
Source Of Sample MUD TANK T \
RM @ Measured Temperature 5520 ohmm @ 38 degF @ “ r |
RMF @ Measured Temperature 4.416 ohmm @ 38 degF @ A o
RMC @ Measured Temperature £.624 ohmm @ 38 degF @ | \ V[l
Source RMF RMC CALCULATED |CALCULATED
RM @ MRT RMF @ MRT 1268 @ 186[1.014 @ 186 @ @ 1
Maximum Recorded Temperatures | 186 degF \l\
Circulation Stopped Time | 5-Dec-2008 18:30
Logger On Bottom Time | 6-Dec-2008 11:07 \ N
Unit Nurnber [ Location 2345 | CASPER, WY | oy i
Recorded By B. ANDEREGG \ '}
Witnessed By MR. GLEN REFFITT 1

Littleton, Colorado 80127-4239 USA

By: JLM | Checked: AP
10288 West Chatfield Ave., Suite 201

Date: May 2009

Lost Creek ISR, LLC
Littleton, Colorado, USA
Figure 9
Lower Fort Union Formation, TW1
Lost Creek Class | UIC Permit
gure_9.ai

LC_Class_|_UICP_Fi

Project: 315-15
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Schlumberger i
Company: UR ENERGY INC 1
Well: LOST CREEK TEST WELL 1 1 ‘
Field: LOST CREEK 1
County: SWEETWATER State: WYOMING 1 | -
PLATFORM EXPRESS A ol | | A‘ v ; m
5 A BN Ank=L I N :
; Ny ol Lo MMz s zadad WAt o asteadwadeo s et | WA NA v
% £ | ARRAY INDUCTION TOOL Vv ¥ \ g v I f V s v ALad \%; |/ \/ W f AN A
[ ; g 2 SEC. 25, T25N, R93W Elev. KB. 6958501 LV Vv
g W 28l GL  6940.001
E5G S ;9 OF.
g g 3 ’g :é Permanent Daturm: GROUND LEVEL Elev. _6940001
= © 3 213 Log Measured From: KELLY BUSHING 1850ft  above Perm. Datum
g § Drilling Measured From: _KELLY BUSHING
g b g g, § AP Serial No. Section Township Range
o i 3 o 25 25N 93w
Logging Date 6-Dec-2008
Run Number ONE
Depth Driller 9997
Schlumberger Depth 994
o tag e 28 8 e B S e S S g S E S S
Casing Driller Size @ Depth 9.625in @ 295511 @ B~ ~ ~ ~ ~ ~ - © «© o © ©
Casing 2958 ft
Bit Size. 7.875in
Type Fluid in Fole WATER BASED MUD \A | | | |
Density %Vnscusllv 9.4 Ibrigal }sas | | I 1 \ | l
g Fluid Loss PH 7cm3 9 n 1 2 3 1 4
e e i W - Tl l\a A A Lﬂj | P T [ \ A [ LFUA
ame a3 E | MY LA | 8 n WQM || lﬁ I i/ ik L L. Ih VL LA T |
AN BRT Rt T 26- B TeE[T0r% G 156 g ) 1V W 101 " | A H N AL | VN\II W VA% I LV \IV| [ L LA A . | 1
Maximum Recorded Temperatures | 186 degF I v I} | "YW AT ind T ’ v A veT [N ht [ bl o7 | | 4
Circulation Stopped Time | 5-Dec-2008 7830 [ WV 1 A |
Logger On Bottom Time | 6-Dec-2008 107 [ ‘ N & v AN u | V\ I
Unit Nurnber Locaion | 2345 | CASPER, WY et ATt A A= A N U= YA~ T~ =~ el e Jh Al aak o [P oo o o S S FrreET -~ ~~+~++ e Pl aa il b = 4 I e e e 5 1 ~= ey M W Y 2 o i~ ) inininde -
Recorded By B.ANDEREGG L r =1 T v/
Witnessed By MR. GLEN REFFITT n | I
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Littleton, Colorado 80127-4239 USA

10288 West Chatfield Ave., Suite 201

www.petrotek.com

Date: May 2009
303-290-9414

Lost Creek ISR, LLC
Littleton, Colorado, USA
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Lost Creek Class | UIC Permit

Upper Fort Union Formation, TW1

Project: 315-15
LC_Class_I_UICP_Fi
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6

C
Schlumberger £ &8 =
O = w— £
= q © o>
Company: UR ENERGY INC [ E
0ne e o N w
©
Well: LOST CREEK TEST WELL 1 = S (@] IE LOL
Field: LOST CREEK L
County: SWEETWATER State: WYOMING g . II
- |
PLATFORM EXPRESS B ) A \
= by A A / A ‘v"\ 3 A
p | |
. g \; \ M1 , F
s E ARRAY INDUCTION TOOL \ {\ v \IJ N } \I V ')
o« ';- - SEC. 25, T25N, R93W Elev. KB. 6958501 \ \l/ 1 re i
w X & X = | W | | VI 4 ! ad
Ewswy GL  6940.001 \/ /
- W =
x - ox IS5 |
E &g &G DF.
@ 'g ¢ ’g $§ Permanent Daturm: GROUND LEVEL Elev.. _6940.001
® J @ 3 53 LogMeasured From: KELLY BUSHING 18501t  above Perm. Datum
i £| | Drilling Measured From: _KELLY BUSHING
s . 2 s
S8 8= ¢ AP Serial No. Section Township Range
o @ g @ o
oS o 25 25N 93W
Logaing Date 6-Dec-2008
Run Number ONE
Depth Driller 9997 ft
S Depth 9946 ft
Bottorn Log Interval 9946 ft o o o o o =] o (=]
Top Log Interval 2058 ft o g g S 8 g 3 8
Casing Driller Size @ Depth 9.625in @ 29551t @ n n © © © © © |
Casing Schlumberger 2958 ft
Bit Size 7.875in
Type Fluid In Hole WATER BASED MUD || ] h 1
o Density [ Viscosity 9.4 Ibrigal [53s U
2 Fluid Loss | PH 7cm3 lo | ! |
Source Of Sarmple MUD TANK {\\ u 1 1 A n
RM @ Measured Temperature 5520 0hmm @ 38 degF @ v\‘
RMF @ Measured Ternperature 4416 0hmm @ 38 deaF @ \\. ‘ \ J ’ f' ’ ’ l\ W\
RMC @ Measured Temperature 6.624 ohmm @ 38 degF @ [ '\ \ j [ i V \ , \ \
Source RMF RMC CALCULATED |CALCULATED 4 ] \
RM @MRT RMF @ MRT 1268 @ 186]1.014 @ 186 @ @ LA \ \
Maximum Recorded Temperatures | 186 degF _ b o =
Circulation Stopped Time | 5-Dec-2008 18:30 q 4‘ I‘\ .l .
Logger On Bottorn Time | 6-Dec-2008 11:07 ,’L_ |/ ~)J \ R N A 4
Unit Number [ Location 2345 | CASPER WY -~ N
Recorded By B. ANDEREGG
Witnessed By MR_GLEN REFFITT I ﬂ
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Figure 26
Lost Creek Class | Permit

Stratigraphic Cross Section A-A’

By: KRS Checked: AAP
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Figure 27
Lost Creek Class | Permit

Stratigraphic Cross Section B-B'
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Figure 28
Areas of Review, Cones of Influence,
and Ultimate Limits of Emplaced Waste
of Proposed Injection Wells
Lost Creek Class | UIC Permit
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Figure 29
Preliminary Well Completion Schematic
Lost Creek DW No.2 to No.5
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Figure 30
Preliminary Wellhead Schematic
Lost Creek Class | UIC Permit

Project: 315-15 Date: May 2009

LC_Class_|_UICP_Figure_30.ai | By: JLM |Checked: AP

” ’ ’ b 10288 West Chatfield Ave., Suite 201
Littleton, Colorado 80127-4239 USA
Dofrofolk
F— & 4 —

|
== wwaw.petrotek.com




WASTE WATER

FROM PC BLEED i

WASTE WATER

FROM RO REJECT TO VENT SYSTEM

i
I
WASTE WATER }7 | - 1
FROM RESIN TRANSFER }
I
I Tank
WASTE WATER D//
FROM FLOOR SUMPS e

Optional Transfer

e to Tanker Truck

WASTE WATER

FROM LAB SINK & WASHING MACHINE

@ STOP PUMPS
MANUAL RESTART

@ STOP PUMPS
MANUAL RESTART

Lost Creek ISR, LLC
— Littleton, Colorado, USA

Figure 31
Preliminary Surface Facilities Schematic
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Lance Formation, Neutron-Density Log
9,826 — 9.844 ft Sand Interval
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Left column includes caliper (dashed) and natural gamma (solid).

Right column includes compensated neutron (dashed) and formation density (solid). Scale is

from 0.3 to -0.1.
See Table 15 for water quality calculations.
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Figure 32
Indications of Gas in Lance Formation,
Stratton 1-21 Well
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Figure 33
TDS Data in Mesozoic Hydrogeologic Units
from Produced-Water Samples,
Sweetwater County, Wyoming
Lost Creek Class | UIC Permit

Project: 315-15 Date: June 2009
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o Ground Surface — 0"

16" Diameter Conductor Casing
(0-100")

Battle Spring / Wasatch

—— Cement

Bowen Packer - Type Casing Patch @ 2,731’

2,955’

Sample 2A @ 3,525.6’ (FMT)

Core @ 4,444
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Sample 5A @ 4,733.0’ (FMT)
Core @ 5,758’
. Core @ 6,032’
Top of Upper Fort Union (6,158") Corc @ 6.185
Sample 3A @ 6,191.6' (FMT) '
Core @ 6,630’

Sample 6843 (CHDT) @ 6,843’

Sample 7060 B (CHDT) @ 7,060’ !
: . — — Perforations (7,045'-7,057")
Top of Middle Fort Union (7,265’) Core @ 7,403’
Core @ 7,,433’
Core @ 7714
Core @ 8,000’

Top of Lower Fort Union (9,544")
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-——— Perforations (9,570’-9,580’)

—s————— Dirilling Mud / Formation Fluid

Casing (9,933) | N

Lost Creek ISR, LLC
Littleton, Colorado, USA

L Figure 35
(9,997) Lost Creek Test Well No.1
Schematic and Sample Depths
All Depths per RKB (19) Lost Creek Class | UIC Permit

Not to Scale

Project: 315-15 Date: May 2009
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Schiumbery

Company: UR ENERGY INC
Well:
Field:
County:

LOST CREEK TEST WELL 1
LOST CREEK - '
SWEETWATER

State: WYOMING

PLATFORM EXPRESS
5
g
% = ARRAY INDUCTION TOOL
E « %' t'l—: % SEC. 25, T25N, Ra3w Elev.. KB. 6958.50 ft
g é g é g % G.L.  6940.00 ft
u g o @ i 13| Permanent Datum: GROUND LEVEL Elev.: _6940.00 ft
w2 0 2 2| og Measured From: KELLY BUSHING 18.50ft above Perm. De
. g %‘ Drilling Measured From: _ KELLY BUSHING
= = o
§ 2 § > % AP| Serial No, Section Township Rang
OiL 32 0 25 25N 93W
Logging Date 17-Nov-2008
Run Number ONE
Depth Driller 2951 ft
Schlumberger Depth 2694 ft
Bottom Log Interval 2951 ft
Top Log Interval 102 ft B
Casing Driller Size @ Depth 16.000 in @ 81t @
Casing Schlumberger 102 f L
Bit Size 12.250 in L
Type Fluid In Hole WATER BASED MUD
a Density Viscosity 9.2 Ibm/gal 50 s
2 | Fluid Loss PH 15 cm3 8.5 o
Source Of Sample MUD PIT
RM @ Measured Temperature 7.580 ohm.m @ 78 degF @ -
BRMF @ Measured Temperature 6.064 ohm.m @ 78 degF @
BRMC @ Measured Temperature 9,120 ohm.m @ 78 degF @
Source RMF RMC CALCULATED |CALCULATED
RM @ MRT RMF @ MRT 7035 @ 85 |5628 @ 85 @ @
Maximum Recorded Temperatures | 85 degF
Circulation Stopped Time | 17-Nov-2008 12:00
Logger On Bottom Time | 17-Nov-2008 21:11 =
Unit Number | Location 2211 | CASPER, WY
Recorded By B. ANDEREGG, P. GRANT
Witnessed By MR. GLEN REFFITT




Schiumbery

UR ENERGY INC.

Company:

Well: .
Field:
County:

LOST CREEK TEST WELL 1
LOSTCREEK
SWEETWATER _

State: WYOMING

PLATFORM EXPRESS
- COMPENSATED NEUTRON POROSTIY
2 | THREE DETECTOR LITHO-DENSITY
x B 27 ] seC. 25 Te5N, Roaw Flev.. KB. 695850 f
R E ok GL  6940.00 f
S EPE P
5 O Qo % E D.F.
“;-' g uOJ % E 8 Permanent Datum: GROUND LEVEL Elev.: 6940.00 ft
M - o 2 23 | og Measured From: KELLY BUSHING 18.50ft  above Perm. Dz
" g % Drilling Measured From:; _ KELLY BUSHING
ST § = g— API Seriai No. Section Township Rang
o 9 5 L 0O
ox 320 , 25 25N 93W
Logging Date - 17-Nov-2008 |
Run Number ONE
Depth Driller 2951 ft
Schlumberger Depth 2694 ft
Bottom Log Interval 2951 ft
Top Log Interval 102 ft
Casing Driller Size @ Depth 16.000 in @ 81 ft @
Casing Schiumberger 102 ft
Bit Size 12.250Q in
Type Fluid In Hole WATER BASED MUD
a Density Viscosity 9.2 Ibm/gal 50 s
g Fluid Loss PH 15 cm3 9.5
Source Of Sample MUD PIT
RM @ Measured Temperature 7.580 ohm.m @ 78 degF @
RMF @ Measured Temperature 6.064 ohm.m @ 78 degF @
BRMGC @ Measured Temperature 9.120 ohm.m @ 78 degF @
Source RMF RMC CALCULATED |CALCULATED
RM @ MRT RMF @ MRT 7.035 @ 85 |5628 @ 85 @ @
Maximum Recorded Temperatures | 85 degF
Circulation Stopped | Time | 17-Nov-2008 12:00
Logger On Bottom [ Time 17-Nov-2008 21:11
Unit Number | Location 2211 | CASPER, WY
Recorded By B. ANDEREGG, P. GRANT
Witnessed By MR. GLEN REFFITT




- Schiumberg

Company: UR ENERGY INC

LOST CREEK TEST WELL 1
LOST CREEK S R
SWEETWATER ~ State: WYOMING

Well:
Field:
County:

PLATFORM EXPRESS
5
—1
< ;
§ E BOREHOLE COMPENSATED SONIC
o = = 2 SEC. 25, T25N, Ra3w Elev.. KB. 6958.50 f
RS GL  6940.00 f
< W - w 9|z L .
=T 5o 5o D.F.
ool > =
é g 8 'g) E':J 8 Permanent Datum: GROUND LEVEL Elev.: _ 6940.00 ft
@ J w213 | og Measured From: KELLY BUSHING 18.50ft  above Perm. D:
= S ;ﬂ:;‘ Drilling Measured From: KELLY BUSHING B
5 = E o g APl Serial No. Section Township Rang
S 8= 8 25 25N 93\
Logging Date 17-Nov-2008
Run Number ONE
Depth Driller 2951 it
Schlumberger Depth 2694 ft
Bottom Log Interval 2951 ft
Top Log Interval 102 ft
Casing Driller Size @ Depth 16.000 in @ g1t @
Casing Schlumberger 102 ft
Bit Size 12.250 in
Type Fluid In Hole WATER BASED MUD
| Density Viscosity 9.2 Ibm/gal 50 s
= | Fluid Loss PH 15 cm3 9.5
“ [Source Of Sample MUD PIT
RM @ Measured Temperature 7.580 ohm.m @ 78 degF @
RMF @ Measured Tem perature 6.064 ohm.m @ 78 degF @
RMC @ Measured Temperature 9.120 ochm.m @ 78 degF @
Source RMF RMGC CALCULATED |CALCULATED
RM @ MRT RMF @ MRT 7.035 @ 85 |5628 @ 85 @ @
Maximum Recorded Temperatures | 85 degF
Circulation Stopped Time | 17-Nov-2008 12:00
Logger On Bottom Time 17-Nov-2008 21:11
Unit Number | Location 2211 CASPER, WY
Recorded By B. ANDEREGG, P. GRANT
Witnessed By MR. GLEN BREFFITT




Schiumberyg

Company: UR ENERGY INC

LOST CREEK TEST WELL 1
LOST CREEK
SWEETWATER -

Well:
Field:
County:

State: WYOMING

PLATFORM EXPRESS
5
= ,
3o | CBLVDL

x> = 2[ ] sec. 25 125N, Roaw Elev.. KB. 6958501
EmROx GL  6940.00 f
=4 HEee P
E O g O % 5 D.F.
L g & 'g 1 13| Permanent Datum: GROUND LEVEL Elev.: _6940.00 ft
® o J 2\ | og Measured From: KELLY BUSHING 18.50ft above Perm. D
- g g Drilling Measured From: _ KELLY BUSHING
= = g o £ AP Serial No. Section Township Rang
Si& 3= 8 25 25N 93\

Logging Date 6-Dec-2008

Run Number ONE

Depth Driller 9997 ft

Schiumberger Depth 9946 ft

Bottom Log Interval 3090 ft

Top Log Interval 0ft

Casing Driller Size @ Depth 9.625 in @ 2955 ft @

Casing Schlumberger 2058 ft

Bit Size 12.250 in

Type Fluid In Hole WATER BASED MUD
A Density Viscosity 9.4 Ibm/gal 53s
% Fluid Loss PH 7 cm3 9

Source Of Sample MUD TANK

RM @ Measured Temperature 5.520 chm.m @ 38 degF @

BRMF @ Measured Tem perature 4,416 ohm.m @ 38 degF @

RMC @ Measured Temperature 6.624 ohm.m @ 38 degfF @

Source RMF RMC CALCULATED |CALCULATED

RM @ MRT RMF @ MRT 1.268 @ 186 (1.014 @ 186 @ @

Maximum Recorded Temperatures | 186 degF

Circulation Stopped Time | 5-Dec-2008 18:30

L.ogger On Bottom Time | 6-Dec-2008 11:.07

Unit Number | Location 2345 \ CASPER, WY

Recorded By B. ANDEREGG

Witnessed By MR. GLEN REFFITT




Schiumberg

Company: UR ENERGY INC

LOST CREEK TEST WELL 1
LOST CREEK
SWEETWATER .

Well: .
Field:
County:

State: WYOMING

PLATFORM EXPRESS
5
g ,
S © | ARRAY INDUCTION TOOL
r ; b2 SEC. 25, T25N, R93W Elev.. KB. 695850 f
el ROy G.L  6940.00 f
< W E w8 = L .
= T s T 5O D.F.
T =
g @ 8 @ E:J 8 Permanent Datum: GROUND L EVEL Elev.: _6940.00ft
® 2 o a3 24| ogMeasured From: KELLY BUSHING 1850t above Perm. D:
s < § Drilling Measured From:  KELLY BUSHING
5 O § = g AP Serial No. Section Township . Rang
Q ® 5 @ 0o
O 320 25 25N 93N
Logging Date 6-Dec-2008
Run Number ONE
Depth Driller 9997 ft
Schlumberger Depth 9946 ft
Bottom Log Interval 9946 ft
| Top Log Interval 2958 ft
Casing Driller Size @ Depth 9.625 in @ 2955 ft @
| Casing Schlumberger 2958 it
Bit Size 7.8751n
Type Fiuid In Hole WATER BASED MLID
r | Density Viscosity 9.4 Ibm/gal 53 s
g Fluid Loss PH 7 cm3 9
Source Of Sample MUD TANK
RM @ Measured Temperature 5.520 ohm.m @ 38 degF @
RMF @ Measured Tem perature 4,416 ohm.m @ 38 degF @
BMC @ Measured Temperature 6.624 chm.m @ 38 degF @
Source RMF RMC CALCULATED |CALCULATED
RM @ MRT RMF @ MRT 1.268 @ 186 |1.014 @ 186 @ @
Maximum Recorded Temperatures | 186 degF
Circulation Stopped Time | 5-Dec-2008 18:30
I Logger On Bottom Time | 6-Dec-2008 11:07
Unit Number | Location 2345 | CASPER, WY
Recorded By B. ANDEREGG
Witnessed By MR. GLEN REFFITT




Company: UR ENERGY INC '
Well: LOST CREEK TEST WELL 1.
Field: LOST CREEK T |
County: SWEETWATER = .State: WYOMING
PLATFORM EXPRESS
- COMPENSATED NEUTRON POROSITY,
z = :
S THREE DETECTOR LITHO-DENSITY
o [&]
o = = P SEC. 25, T25N, R93w Elev.. KB. 6958.50 f
Sx%E
Sl GL 6940001
= o oo Ele D.F
E O q © = E .F.
g % 8 % g 8 Permanent Datum: GROUND LEVEL Elev.: _ 6940.00 ft
® 4 » J 21 | og Measured From: KELLY BUSHING 18.50ft above Perm. Dx
2 “5‘ %‘ Drilling Measured From: KELLY BUSHING
BT~ B o 3
53 g s E AP Serial No. Section Township Rang
& 8= 8 25 25N 93\
Logging Date 6-Dec-2008
Run Number ONE
Depth Driller 9997 ft
Schlumberger Depth 9946 ft
Bottom Log Interval 9946 ft
Top Log Interval 2958 ft
Casing Driller Size @ Depth 9.625in @ 2955 ft @
Casing Schlumberger 2958 ft
Bit Size 7.875in
Type Fluid In Hole WATER BASED MUD
| Density Viscosity 9.4 Ibm/gal 53 s
g Fluid LLoss PH 7 cm3 9
Source Of Sample MUD TANK
RM @ Measured Temperature 5.520 chm.m @ 38 degF @
RMF @ Measured Tem perature 4.416 ochm.m @ 38 degF @
RMC @ Measured Temperature 6.624 ohm.m @ 38 degF @
Source RMF RMC CALCULATED |CALCULATED
RM @ MRT RMF @ MRT 1268 @ 186|1.014 @ 186 @ @
Maximum Recorded Temperatures | 186 degF
Circulation Stopped Time | 5-Dec-2008 18:30
Logger On Bottom Time | 6-Dec-2008 11:07
Unit Number | Location 2345 | CASPER, WY
Recorded By B. ANDEREGG
Witnessed By MR. GLEN REFFITT




Company: UR ENERGY INC_
Well: LOST CREEK TEST WELL 1
Field: LOST CREEK
County: SWEETWATER 4 aState: WYOMING:-
PLATFORM EXPRESS
4
g
% = BOREHOLE COMPENSA] I'ED SONIC
c = 2 207 sec. 25 25N, Reaw Elev.. KB. 6958501
Em RN GL. 6940001
< W~ w 9|2 e '
2 O g T &0 D.F.
TR - =
u lg g cg i [Q| Permanent Datum: GROUND LEVEL Elev.: 6940.00 ft
m 2 @ 2 2\ | og Measured From: KELLY BUSHING 18.50 ft  above Perm. D
s = % Drilling Measured From: _KELLY BUSHING
e L= a
§ E § 3 E AP| Serial No. Section Township Rang
St 8=z 8 25 25N 93V
L.ogging Date 6-Dec-2008
Run Number ONE
_Depth Drilier 9997 fi
Schlumberger Depth 9946 ft
Bottom Log Interval 9946 ft
Top Log Interval 2958 ft
Casing Driller Size @ Depth 9.625 in @ 2955 ft @
Casing Schlumberger 2958 ft
Bit Size 7.875in
Type Fluid In Hole WATER BASED MUD
| Density Viscosity 9.4 Ibm/gal 53s
% Fluid Loss PH 7 cm3 9
Source Of Sample MUD TANK
RM @ Measured Temperature ' 5.520 ohm.m @ 38 degF @
RMF @ Measured Tem perature 4.416 ohm.m @ 38 degF @
RMC @ Measured Temperature 6.624 ochm.m @ 38 degF @
Source RMF RMC CALCULATED |CALCULATED
RM @ MRT RMF @ MRT 1.268 @ 186|1.014 @ 186 @ @
Maximum Recorded Temperatures | 186 degF
Circulation Stopped Time | 5-Dec-2008 18:30
Logger On Bottom Time | 6-Dec-2008 - 11:.07
Unit Number | Location 2345 | CASPER, WY
Recorded By B. ANDEREGG
Witnessed By MR. GLEN REFFITT




~ Schiumberger

Company: UR ENERGY INC

Wel:  LOST CREEK TESTWELL1
Field: LOST CREEK
County: SWEETWATER = State: WYOMING

CEMENT MAPPING TOOL
= o MAPPING IMAGES
o
¢ = | CBLVDL
x =z £ 2[ [ sec.25 125N, & Ro3W Elev. KB. 695850 ft
EWaE G.L.  6940.00 ft
sE-dok P
E O ¥ O 4= .D.F.
g 'g 8 'g E é Permanent Datum: GROUND LEVEL Elev.: _ 6940.00 ft
W 4 ® 4 2|l |ogMeasured From: KELLY BUSHING 18.50ft above Perm. Datum
5 g g Drilling Measured From: _ KELLY BUSHING
53 § = g- API Serial No. Section Township Range
Q © 5 & o
Oi 32 0 25 25N 93w
Logging Date 19-Feb-2009
Run Number 1
Depth Diriller 9950 ft
Schlumberger Depth 8965 ft
Bottom Log Interval 8965 ft
Top Log Interval 0ft
Casing Fluid Type FRESH WATER BASED MUD
Salinity :
Density 9.2 lbom/gal
Fluid Level Oft
BIT/CASING/TUBING STRING
Bit Size 7.875in
From
To
Casing/Tubing Size 5.500in
Weight 17 lom/ft
Grade N-80
From
To
Maximum Recorded Temperatures | 194 degF [
Logger On Bottom | Time | 19-Feb-2009 12:00
Unit Number | Location 355 | CASPERWYOMING
Recorded By LAW DICKERSON
Witnessed By MR. RICKLYLE
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annot, and do not guarantee the accuracy or
ur part, be liable or responsible for any loss,
by any of our officers, agents or employees.

ur current Price Schedule.

)-147 Engineer:

B. ANDEREGG

04 _Log Analyst:

Joe Magdits
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