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United States Department of the Interior

BUREAU OF LAND MANAGEMEN'T
Rock Springs Field Office
280 Highway 191 North

Rack Springs, Wyoming 824013447 1792/3160 (040)

August 15, 2002

Dear Reader:

Attached you will find a new Decision Record that modifies the Vermillion Basin Natural Gas
Exploration and Development Environmental Assessment. This document complies with the
order from the Interior Board of Land Appeals (IBLA) to resolve the appeal on the
environmental analysis. The Bureau of Land Management (BLM) released a notice seeking
additional comment on January 11, 2002. All issues raised during the additional comment period

have been considered.

BLM appreciates the public’s participation in resolving the appeal. The attached document can
be linked from the Rock Springs Field Office’s website. The address for Rock Springs’

website is http://www.wy.blm.gov/rsfo/index.htm. Copies are also available at the

Rock Springs Field Office in Rock Springs. Please call Teri Deakins at 307-352-0211 to

request copics. If you have questions about this action, please call Ted Murphy at 307-352-0321.

Sincerely,

Ted A. Murphy
Acting Field Manager

Attachment



DECISION RECORD
FINDING OF NO SIGNIFICANT IMPACT

And

CHANGES TO MODIFICATIONS/CORRECTIONS

TO THE ENVIRONMENTAL ASSESSMENT
For
VERMILLION BASIN NATURAL GAS
EXPLORATORY AND DEVELOPMENT PROJECT

INTRODUCTION AND BACKGROUND

On October 30, 2000, the Bureau of Land Management (BLM), Rock Springs Field Office (RSFQ)issued the
Decision Record and Finding of No Significant Impact, Vermillion Basin Natural Gas Exploration and
Development Project (DR). This decision approved the drilling of up to 56 natural gas wells and related
facilities. This decision was appealed, first in the form of a State Director Review (SDR) which affirmed the
original decision by the Field Manager. The SDR was then appealed to the U.S. Department of Interior, Board
of Land Appeals (IBLA). IBLA ruled on the appeal. The origina! decision of October 30, 2000 was affirmed
but set aside to the extent that the record failed to explain the facts and analysis supporting rejection of the
alternatives of project-wide well densities and varying numbers of wells, and failed to provide arational basis
for failing to analyze fully the alternative of directional drilling. The case was remanded to allow BILM to
further document the record.

This decision tiers to the Decision Record and Finding of No Significant Impact, Vermillion Basin Natural
Gas Exploration and Development Project (October 2000} and is meant to supplement the information
contained therein. The Environmental Assessment for the Vermillion Basin Natural Gas Exploration and
Development Project as well as the DR can be downloaded from the Rock Springs' website at
hpfwww.wy.blm. gov/rsfo/nepa htm (scroll down to Vermillion Basin Project). Maps of the project area can
be found in the original documents at the aforementioned website. Issuance of permits to conduct oil and gas
operations has been placed on hold until the record can be further documented.

Further Public Comment

Based on IBLA's decision, BLM released a letter, dated January 11, 2002, seeking further comment on IBLAs
order. Fleven comment letters were received in response. One letter providing comment on the three
alternatives also served as a cover letter to submit two wilderness proposals to BLM for consideration. Limited
portions of the two wilderness proposals, known as the Citizen’s Wilderness Inventories for Kinney Rim North
and Kinney Rim South areas, overlap the project area. BLLM has considered the proposals to the extent they
overlap the Vermilion Basin Project area and has made a preliminary determination that public lands within the
Vermillion Basin project area do not contain wilderness qualities due to existing human intrusions (Attachment
A).

Comments raised specific to the three alternatives include the following:
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] Technical feasibility of directional and/or horizontal drilling techniques including reference to the
Bush Administration’s policy for employing use of directional drilling techniques (technological
advances) to enhance environmental protection (reduction of surface disturbance) and specific
problems associated with employing such methods in the Vermillion Basin area.

. State responsibility for establishing well densities within the State of Wyoming,

. Economic effects to the State and local governments from the alternatives (loss or gain of revenues
from the three alternatives).

. Economic feasibility of employing a directional or horizontal drilling program.

DESCRIPTION OF THE ALTERNATIVES ANALYZED IN THE ENVIRONMENTAL
ASSESSMENT

Two alternatives were fully analyzed in the EA and are briefly summarized below:
Proposed Action

A complete description of the Proposed Action, including company-committed measures, can be found in the
EA. The DR identifies other mitigation required for approval. To briefly summarize the Proposed Action,
Wexpro Company, Questar Exploration, Marathon Oil Company, Basin Exploration and other companies
(Operators) proposed to drill up to 56 natural gas wells in and around three existing, producing oil and gas
units (Trail, Kinney Rim, and Canyon Creek). The wells would be completed in the Canyon Creek zone and
Trail zone of the Mesaverde Formation. Three to eight wells would be exploratory but located no further than
2 miles from the existing development units. The remaining wells would be production wells. Well densities
would not exceed a 40-acre spacing although spacing could range from one well per 640 acres to 40 acres per
well. The State of Wyoming, via the Wyoming Oil and Gas Conservation Commission (WOGCC), establishes
well spacing (density) requirements for lands in the State of Wyoming. Although BLM has the authority to
require alternative well spacing, BLM seldom deviates from State requirements unless required to achieve

maximum ultimate economic maximum recovery of the federal fluid mineral resource in accordance with 43
CFR 3160-0-5.

Approximately 50 percent of the wells would be drilled during a 5-year period within known producing areas
(units). Drilling the balance of the wells would be dependent upon the success of exploratory wells and could
be developed over a 10-20 year period.

No Action Alternative

Under the No Action Alternative, the project would not be allowed to proceed as proposed by the Operators.
The EA analyzed the impacts of not proceeding with the project and provided a benchmark for comparison

with the environmental effects of the Proposed Action.

Alternatives Considered but Eliminated From Detailed Study

Other alternatives were considered but dropped from detailed analysis in the EA in accordance with 43 CFR
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1502.14(a) which requires that an agency “[rligoursly explore and objectively evaluate all reasonable
alternatives, and for alternatives which were eliminated from detail study, briefly discuss the reasons for their
having been eliminated.” IBLA ordered BLM to fully explain the rationale for eliminating these alternatives
from further review. Appendix B of this document modifies Appendix A, Modifications/Corrections to the
Environmental Assessment, of the original decision of October 30, 2001 and further documents the record as to
the facts and analysis supporting rejection of the alternatives of project-wide well densities and varying

numbers of wells, and provides a rational basis for eliminating from detailed study, the alternative of
directional drilling.

DECISION

It is my decision to reaffirm and implement the decision as stated in the Decision Record and Finding of No
Significant Impact, Vermillion Basin Natural Gas Exploration and Development Project, dated
October 30, 2000. A full description of the DR can be found at the Rock Springs Website

http:/fwww.wy.blm. govirsfo/nepa.htm. All aspects of the decision are in effect with the exception of the
following two corrections:

The Decision Record (October 30, 2000), page 3, 1* bullet, should read as follows:
“- Up to 560 natural gas wells including three to eight exploratory wells and 48 to 53 production welis

at well densities not to exceed 16 locations per section (40-acre spacing) resulting in a total surface
disturbance of no more than 213 acres.”

The Decision Record (October 30, 2000), Appendix A, page A-1, section entitled Modifications/Corrections to
the Environmental Assessment. Add to page A-4, before section 3.2.4., Threatened, Endangered, Proposed,
and Candidate Species (TEP&C), the following.

Section 2.3 Alternatives Considered but Rejected

Delete wording in the section. Replace with Appendix B (Changes to Modifications/Corrections to the
Environmental Assessment) of this decision.

MANAGEMENT CONSIDERATION/RATIONALE FOR THE DECISION

Appendix B to this decision provides additional information as to why certain alternatives were dropped from
detailed analysis in the Environmental Assessment for the Vermillion Basin Natural Gas Exploration and
Development Project (available at the aforementioned website) in accordance with an Order by IBLA (IBLA
Docket 2001-166, dated December 6, 2001). This Order mandated BLM to explain the facts and analysis
supporting rejection of project-wide well densities and varying numbers of wells, and to provide a rational
basis for failing to analyze fully the alternative of directional drilling. BLM has complied with IBLA's Order.

Other Management Considerations include:
e All comment letters received in response to BLM’s request for additional comment have been
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considered and incorporated as appropriate. Substantive comments made that did not apply to the
specific geological conditions found in the Vermillion Basin area were responded to with an
explanation as to the reason/s why the comment did not warrant further action on the part of BLM in

accordance with 40 CFR 1503.4(5). All letters and BLM’s responses can be found in Appendix C of
this document.

The rationale explained in the original decision of October 30, 2001 continues to apply.

FINDING OF NO SIGNIFICANT IMPACT

Based on the discussion herein, I continue to determine the Proposed Action, as described in the
Environmental Assessment for the Vermillion Basin Natural Gas Exploration and Development Project, and as
approved in the original Decision Record and Finding of No Significant Impact, Vermillion Basin Natural Gas

Exploration and Development Project with the aforementioned corrections remains in conformance with the
Green River Resource Management Plan. Implementation of the original decision will not have a significant
impact on the human environment. Therefore, an environmental impact statement is not required.

APPEAL

Under BLM regulations, this decision is subject to administrative review in accordance with 43 CFR 3165.
Any request for administrative review of this decision must include the information required under 43 CFR
3165.3(b) (State Director Review), including all supporting documentation. Such a request must be filed in
writing to the State Director, Bureau of Land Management, P.O. Box 1828, Cheyenne, WY 82003, within 20
business days of the date such notice of decision was received or considered to have been received. This
decision will be considered to have been received 5 days from the date of this document.

The decision of the State Director could be appealed to the Interior Board of Land Appeals in accordance with
the regulations contained in 43 CER 3165.4 and 43 CFR Part 4. Each adverse party to any such appeal must
be provided with all documentation in accordance with 43 CFR 4.413(a). Adverse parties to an appeal of the
decision of the State Director include:

Questar Wexpro Marathon Oil Company
189 East 100 South P.O. Box 458 Rocky Mountain Operations
P.O. Box 45601 Rock Springs, Wyoming 82902 1501 Stampede Avenue
Salt Lake City, Utah 84145 Cody, Wyoming 82414
oa'/fé’%/ /// August 15, 2002
Acting Field Managl{r Date
— J



APPENDIX A

BLM FINDING ON CITIZEN WILDERNESS PROPOSAL
VERMILLION BASIN PROJECT AREA



1792, 8500

July 24, 2002

Mr. Erik Molvar
Biodiversity Associates
P.O. Box 6032

Laramie, Wyoming 82073

Dear Mr. Molvar:

In February of this year our office received two reports from you. The first report is titled A Citizen's
Wilderness Inventory of Kinney Rim South and the second report is titled A Citizen's Wilderness Inventory of
Kinney Rim North (citizen report(s)). We have updated our inventory and added these reports to our
permanent files. Because the public lands contained in your report for Kinney Rim South are under the

Jurisdictional control of our Rawlins Field Office (RFO), we have forwarded that citizen report to them for
their review.

The public lands you included in your citizen reports for both Kinney Rim North and Kinney Rim South were
reviewed in 1980 for wilderness characteristics and were considered not suitable for further wilderness study.
In the years since that review took place, these public lands have been managed in accordance with the
requirements and guidance contained in the applicable land use plans, most recently the Green River and Great

Divide Resource Management Plans (GRRMP, 1997; GDRMP, 1990). These plans were developed using the
1980 wilderness inventories, study and review,

Our office recently performed a pretiminary review of a portion of the public lands included in your citizen
reports for Kinney Rim North and Kinney Rim South that overlap a portion of the Vermillion Basin Natural
Gas Exploration and Development Project area (Vermillion Basin project, refer to Map 1). In April 2002 our
office conducted aerial and on-the-ground reconnaissance of the Vermillion Basin project area where the
project area overlaps public lands included in your citizen reports. The public lands contained in the
Vermillion Basin project area were found to contain sufficient human intrusions, including producing oil and
gas wells in long-established oil and gas units, maintained roads, reservoirs and pits so as to preclude
wilderness characteristics.

Therefore, the public lands included in your citizen reports for Kinney Rim North and Kinney Rim South that
overlap the Vermillion Basin project area have been dropped from further wilderness consideration because

they do not provide outstanding opportunities for solitude and/or unconfined types of recreation (refer to Map
2.).

The GRRMP remains in effect for the Vermillion Basin project area. On-going oil and gas development, as
well as other public uses, in the Vermillion Basin project area remain in conformance with the GRRMP.



The remaining public lands included in your citizen report for Kinney Rim North are under review by this
office. You will be notified of our finding once the review has been completed. The remaining public lands in

your citizen report for Kinney Rim South will be handled by our Rawlins Field Office. Once they have
completed their review they will inform you of their finding,

If you have any questions, please contact Bernie Weynand, Assistant Field Manager for Resources at (307)
352-0246.

Sincerely,

{s/ Pamela J. Lewis

Pamela J. Lewis

Acting Field Manager
2 Attachments:
1 B Map of North and South Kinney Rim Citizens= Inventory areas and Vermillion Basin ~ Project
Area

2 B Map of Vermillion Basin Project, delineating existing and proposed developments.

cC: SD, WSO (910) w/attachments
FM, RFO (030) w/attachments
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APPENDIX B

CHANGES TO MODIFICATIONS/CORRECTIONS
TO THE ENVIRONMENTAL ASSESSMENT
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APPENDIX B
CHANGES TO MODIFICATIONS/CORRECTIONS
TO THE ENVIRONMENTAL ASSESSMENT

The Decision Record (October 30, 2000), Appendix A, section entitled Modifications/Corrections to the
Environmental Assessment is supplemented. Page A-4, before section 3.2.4. Threatened, Endangered,

Proposed, and Candidate Species (TEP&C), add the following discussion,

Section 2.3 Alternatives Considered but Rejected

Delete wording in the section. Replace with:

Other alternatives were considered but eliminated from detailed study in the EA in accordance with 43 CFR
1502.14(a) which requires that an agency “[r]igoursly explore and objectively evaluate all reasonable
alternatives, and for alternatives which were eliminated from detail study, briefly discuss the reasons for their
having been eliminated.” These are the alternatives that IBLA ordered BLM to explain the facts and analysis
for eliminating them from detailed study. The discussion below supplements the record.

Alternative of Varying Numbers of Wells

The WOGCC ruled in Chapter 3, Section 2, that in this area any gas wells drilled shall be located in the center
of a one hundred-sixty (160) acre subdivision, unless brought in front of the commission and changed for
cause. The project encompasses 92,490 acres, which equates to 578 potential wells with one well in each 160-
acre subdivision. One hundred fifty-four wells had already been drilled, leaving 424 potential well locations
available for drilling. To evaluate this number of wells exceeded the reasonably foreseeable number of wells
that could be anticipated in the area. To determine and evaluate a reasonable foreseeable number of wells, the
BLM sent a certified letter (dated 9/17/1999) to all the oil and gas lessees in the Vermillion Basin area asking
for drilling plans over the next five years. Based on the lessees’ response, BLM determined that five operators

planned activity in the area and the operators’ foreseeable projection of 56 wells would provide the upper limit
of additional development.

Based on public comments, and subsequent meetings and conversations, BLM and the operators considered
numerous alternatives including how the Proposed Action should be handled. It was recognized that a certain
level of exploratory drilling was required (three to eight wells) to determine the number of wells actually
needed to fully develop the areas of operator interest. In the absence of further exploratory drilling, it was
impossible to make an exact projection of total new wells that could be drilled, but a maximum projection of
no more than 56 new wells was made. Since it was not possible to project a realistic number of wells as an
alternative, the Proposed Action was developed to incorporate the analysis of impacts for any number of wells
within a range from one to 56 possible wells, with 56 wells representing the maximum number of wells which
could be drilled under the Proposed Action. Table 1 provides the acreage or miles potentially affected and
impacted and was evaluated for the range of wells between one and 56. This information comes from the
footnotes found in Table 2.1, page 12, Vermillion Basin Natural Gas Exploration and Development Project
Environmental Assessment.
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Number
Of
Wells

Proposed

Agtion
(56
wells)
55
54
53
52
51
50
49
48
47
46
45
44
43
42
41
40
39
38
37
30
35
34
33
32
31
30
29
28
27
26

New Surface
Disturbance
From Well
Locations

(acres)

213

209
205.2
201.4
197.6
193.8

190
186.2
182.4
178.6
174.8

171
167.2
163.4
159.6
155.8

152
148.2
144.4
140.6
136.8

133
129.2
125.4
121.6
117.8

114
110.2
106.4
102.6

98.8

Table 1

Surface Disturbance by Well

Surface Disturbance
From Well
Locations After
Reclamation

{acres)

56

55
54
53
52
51
50
49
48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33
32
31
30
29
28
27

26

New Surface

Disturbance From
Roads
(miles) (acres)

187
28
27.5 183.37
27 180.04
26.5 176.70
26 173.37
25.5 170.03
25 166.70
24.5 163.37
24 160.03
23.5 156.70
23 153.36
22.5 150.03
22 146.70
21.5 143.36
21 140.03
20.5 136.69
20 133.36
19.5 130.03
19 126.69
18.5 123.36
18 120.02
17.5 116.69
17 113.36
16.5 110.02
16 106.69
15.5 103.35
15 100.02
14.5 96.69
14 93.35
13.5 90.02
13 86.68

14

Surface New Gathering
Disturbance From Systems'
Roads After
Reclamation
(acres) (miles) {acres)
85
109 28
107.25 275 83.6
105.3 27 82.08
103.35 26.5 80.56
101.4 26 79.04
99.45 25.5 77.52
97.5 25 76
95.55 24.5 74.48
93.6 24 72.96
91.65 235 71.44
89.7 23 09.92
87.75 225 68.4
85.8 22 60.88
83.85 21.5 65.36
81.9 21 63.84
79.95 20.5 02.32
78 20 60.8
76.05 19.5 59.28
74.1 19 57.76
72.15 18.5 50.24
70.2 18 54.72
68.25 17.5 53.2
66.3 17 51.68
64.35 16.5 50.16
62.4 16 48.64
©60.45 15.5 47.12
58.5 15 45.0
5G.55 14.5 44.08
54.6 14 42.56
52.65 135 41.04
50.7 13 39.52




Number
of
Wells

e I e e e o T e T T S S5 T G T % T N0 T N T NG
O o=~ N W R LS ] 00N S — R W B Ln
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New Surface
Disturbance
From Well
Locations
(acres)
95
91.2
87.4
83.6
79.8
76
722
68.4
64.6
60.8
57
532
494
45.6
41.8
38
34.2
30.4
26.6
22.8
19
15.2
11.4
7.6
3.8

Surface Disturbance
From Well
Locations After
Reclamation
{acres)

25
24
23
22

— ) W AL OV 00D

New Surface

Disturbance
Roads

(miles)
12.5
12

11.5

11

10.5
10

9.5

9
8.5
8
7.5
7
6.5
6
35
5
4.5
4
3.5
3
2.5
2
1.5
i

0.5

From

(acres)
83.35
80.02
76.68
73.35
70.01
66.68
63.35
60.01
56.68
53.34
50.01
46.68
43.34
40.01
36.67
33.34
30.01
26.67
23.34
20.00
16.67
13.34
10.00

6.67
3.33

Surface
Disturbance From
Roads After
Reclamation
{acres)
48.75
46.8
44.85
42.9
40.95
39
37.05
35.1
33.15
31.2
29.25
27.3
25.35
234
21.45
19.5
17.55
15.6
13.65
11.7
9.75
7.8
5.85
39
1.95

New Gathering

Systems'
(miles) (acres)
12.5 38
12 36.48
11.5 34.96
11 33.44
10.5 31.92
10 30.40
9.5 28.88
9 27.36
8.5 25.84
8 24.32
7.5 22.80
7 21.28
6.5 19.76
6 18.24
5.5 16.72
5 15.20
4.5 13.68
4 12.16
3.5 10.64
3 912
25 7.60
2 6.08
1.5 4.56
1 3.04
0.5 1.52

'All pipeline rights-of-way would be 100% reclaimed and seeded with native species. Long-term disturbance would be O acres.

The Proposed Action recognized and analyzed the impacts of drilling any number of wells within the range of
one to the maximum of 56 wells and determined that drilling the maximum number of wells would not have a
significant impact on the human environment. Therefore, an alternative analyzing a specific well total within

that range was determined to be unnecessary and unreasonable, and eliminated from detailed study in
accordance with 43 CFR 1502.14(a).

Alternative Well Densities

The location of a well is usually determined by subsurface geology; thus, it is nearly impossible to evaluate
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project-wide well densities and different well location densities without full knowledge of the subsurface
geology. Such information is gained from well logs and seismic projects. Map 2.1, page 14, Vermillion Busin
Exploratory and Development Project Environmental Assessment provides a map of the proposed well
locations. Thirty-eight of the proposed wells are within established units and fall within terms and conditions
of each unit. Those 38 in-fill wells will be used to efficiently drain the reservoir.

Seven wells are proposed just outside unit boundaries and are considered to be step-out wells. Step-out wells
would be used to define the outer boundary of the hydrocarbon-containing reservoir. If gas is found in a step-
out well, then additional wells may be drilled in the vicinity. If the step-out well is nonproductive, then
additional wells are not likely to be drilled in the immediate area. The remaining wells are tentatively located

in an arca where minimal development has occurred and little geological information is available. Three to
eight of the proposed wells are considered exploratory; the remaining wells would be in-fill development
depending upon the success of exploratory drilling.

The State of Wyoming, WOGCC, establishes spacing orders for lands within the state including public lands
within the Vermillion Basin project area. Well densities are established to prevent waste and to protect
correlative rights and are based upon evidence of the maximum area that can be efficiently drained by one well.
Currently the well density for the Vermillion Basin project area has been established by the WOGCC at one
well per 160 acres. The Proposed Action identified varying well densities ranging between one well per 640-
acre subdivision and one well per 40-acre subdivision depending upon current and potential future WOGCC
requirements. The Proposed Action recognized that the results of proposed drilling would allow a better
understanding of the hydrocarbon plays recent and possibly cause the WOGCC to change specific spacing
orders. In the Vermitlion Basin project area, the primary target is thin, discontinuous, stacked gas bearing
sandstones in the Mesaverde Formation. If drilling density is insufficient, some gas bearing reservoirs would
not be developed and gas reserves would remain unrecovered which would constitute waste. Until the results
of drilling activity are known, BLM has no basis for modifying established WOGCC spacing requirements.
Since the State of Wyoming is primarily responsible for establishing spacing requirements and there is no
compelling evidence to modify established spacing orders, BLM eliminated from detailed study an alternative
with a differing well density and continues to find such an alternative to be unreasonable.

Directional or Horizontal Drilling Alternative

BLM has reviewed information provided by two Operators (Wexpro/Questar and Marathon Oil, see Appendix
C for letters) conducting drilling activity in the project area. These Operators have experience specific to the
area and the most up-to-date information on the characteristics of subsurface geologic structures found in the
project area. This information has been independently reviewed by BLM's Reservoir Management Group
consisting of Petroleum Engineers and Geologists. BLM concurs with the conclusions.

To date two wells have been drilled employing directional drilling techniques in the Vermillion Basin project
area, the Kinney Rim Unit 13-1 and more recently the Trail Unit 16. The Proposed Action does not precluded
use of directional drilling techniques when such use is desirable and feasible. Directional drilling in the
Vermillion Basin may have application where surface topography or other concerns necessitate pad drilling and
is usually determined at the Application for Permit to Drill stage. Mandating a directional drilling only
program would prove problematic for the reasons described below. It should also be noted that a directionally
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drilled well is not necessarily drilled from an existing well pad. The Trail Unit 16 is a directionally drilled well
but required construction of a new well pad and access road.

Horizontal drilling techniques are typically commercially successful in productive zones that are continuous
without significant faulting and severe inclination. Horizontal drilling methods are used mainly to develop
fractured reservoirs consisting of one pay zone with low matrix permeability, or to limit water encroachment
from below. Sometimes wells which use horizontal completion techniques are drilled vertically to evaluate the
prospective horizon, and then the well is plugged back, kicked off, and completed with one or more horizontal
legs. The stacked, discontinuous sandstones of the Mesaverde Group in the Vermillion Basin project area
consist of a series of low permeability gas pay zones that would not be efficiently exploited by horizontal
drilling and completion techniques. A horizontal drilling requirement is not a reasonable drilling option in the
Vermillion Basin project area.

Economics must be considered when drilling a directional well. Costs can prove to be substantially higher for
a directional well than for a vertical well. Depending on the price of natural gas, such increased cost may
effectively preclude the drilling of a commercial well. For example, the costs to drill the Trail Unit 16
directional well in the Vermillion Basin area were about $400,000 more than the costs to drill a nearby vertical
well that was drilled about the same time. Wexpro (Operator) estimated that based on the costs and
recoverable reserves associated with the two wells, a directional well in the Vermillion Basin would not be
economic if the initial production rate of the well were at or less than 750,000 cubic feet per day and gas prices
were less than $2.00 per thousand cubic feet. Although it is appropriate to require directional drilling under
certain circumstances, requiring a directional drilling only program could conceivably preclude drilling entirely
from an economic standpoint. Forcing a drilling method that could render development uneconomic could
result in an adverse effect on the energy supply as defined in Executive Order 13211 (Sec 2 (b) (i)) and reduce
revenues to the federal, state, and local governments.

INDEPENDENT EVALUATION OF THE GEOLOGIC STRUCTURE FOUND IN YERMILLION
BASIN PROJECT AREA

The following discussion was prepared by Daniel H. Stright Jr., P.E. (Colorado Registration PE-22313),
Reservoir Management Services Inc., Lakewood, Colorado. This discussion has been reviewed by BLM's
Reservoir Management Group and concurs with the discussion.

Description of the Mesaverde Group in the Vermillion Basin

The Mesaverde Group is a major productive interval and drilling target in the Vermillion Basin. This
sedimentary sequence has a variety of names and subdivisions in various basins and often within the same
basin in the Western U.S. It literally has over 100 different local names. The Mesaverde Group in the
Vermillion Basin includes the Almy Formation, un-named Mesaverde zones, Erickson sandstones, "Rusty”
beds, Blair Formation and informally named and numbered field zones called Trail sands and Canyon Creek
sands. It is a complex series of often difficult to correlate fluvial to marginal marine sandstones that in total
include a gross interval of approximately 2,300 feet (at Canyon Creek Field).
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These sands have produced in Trail, Kinney, Hiawatha, and Canyon Creek fields in the vicinity of the
Vermillion Basin project area with varying degrees of success. Because of the complexity and because of the
great thickness of the stratigraphic section involved, a true "type log" adequate to convey that complexity (just
for the Mesaverde section without considering the Wasatch, Fort Union or Nugget Formations) would be
difficult to construct. For more details on stratigraphy and depositional environments see GRI publication
"Atlas of Major Rocky Mountain Gas Reservoirs” (1993) page 43.

Chart 1
Canyon Creek Productive Sands Study
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Several operators are involved in the development of existing productive fields in the area and in the
exploration for new production adjacent to existing production. Much of the existing production is from old
wells with limited modern logs. An operator study completed last year on Canyon Creek field illustrates the
complexity of the Mesaverde sandstones. Chart 1 shows the percentage of wells in the Canyon Creek Field
completed in the 22 named sand zones. Note that there are some sand zones that are not currently named but
which may prove to be productive. Also note that all potentially producible named sand zones are not
completed in every well. Thus, the need for many recompletions and infill wells.

The net sand thickness for the 22 named sands in the Vermillion Basin project area ranges from 10 to 80 feet

with an average of about 30 feet. The porosity ranges from 9% to 17%. The permeability ranges from less than
1 millidarcy (md}) to over 20 md.

Sands in the Mesaverde exhibit normal hydrostatic pressure unless production has occurred to reduce it.
Individual sand units behave as distinct reservoirs. Because of the selective completions done in the past, there
are multiple stacked reservoirs remaining with some having normal pressures and some being partially depleted
within active field areas. This situation complicates new infill drilling operations.

These details for the Mesaverde Group provide a good analogy for the type of geologic situation found in the
Wasatch and Fort Union although they are less complex and have fewer individual sands. The geology
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situation is similar for these other formations in that they are relatively thick gross intervals with muitiple
stacked sand reservoirs.

Preferred Vermillion Basin Project Area Well Architecture

The large number of thin sands distributed over a long interval impacts the selection of the well configuration.
The possible well configurations for Vermillion Basin project area are show on:

Exhibit 1: Vermillion Basin Well Options

Four well types are shown on this diagram: vertical well, s-shaped deviated well, high angle inclined well, and
horizontal well. The vertical well intersects all zones directly under the surface location. Several zones are
perforated, hydraulically fractured, and produced in a single wellbore (commingled). Drilling and completion
operations are based on well-established, low risk technology. Recovery of reserves is optimized by selecting
zones suitable for completion based on minimum levels of reservoir properties and sufficient levels of pressure
(no depletion from offset wells). If the initial completion becomes depleted then the vertical well can be
recompleted in other behind pipe zones, thus increasing reserve recovery and extending the life of the well.

The horizontal well can be drilled from vertical or high angle inclined wellbores. The horizontal section is
kicked off close to the depth of the target zone and can easily reach lengths of 1,500 feet to 3,000 feet from the
kick off point. The main problem with this well architecture at Vermillion Basin project area is that it can
produce from only one of the 22 potential target zones. If the target zone is missing, is pressure-depleted, or has
poor reservoir characteristics, then the horizontal well is a failure. If the horizontal well finds a good zone, then
the reserve recovery from that zone will be potentially higher than recovery from a vertical wellbore in the
same zone; however, the horizontal well has no access to the other 21 potential producing zones. Furthermore,
unlike the vertical well, the horizontal well does not provide any information about the remaining 21 zones for
geologic interpretation. Finally, drilling experience in the area indicates that the expected success rate for
horizontal wells in low permeability gas reservoirs is about 20% 10 25%.

The high angle inclined well is drilled at 300 to 600 feet from vertical starting at a 1,500-foot kickoff point.
This well intersects the reservoir zones at increasing distances from the surface location of the well;
therefore, targeting of zones becomes more difficult than with vertical wells. There is increased cost
associated with drilling time required for the longer, deviated well in addition to increased mechanical risk
of directional drilling. A major problem of this type of well for Vermillion Basin project area is that, based
on operator experience, the success rate for hydraulically fracturing the individual zones is about 1 in 3 due
to screenout problems. During hydraulic fracturing, sand is carried into a fracture created by high-pressure
fluid. If there is a restriction at the wellbore, the sand packs off, prematurely terminating the fracture
treatment. Screenouts are common in wellbores inclined more than 10°.

The theoretical reasons for the screen outs in inclined wells are related to fracture initiation problems
caused by certain well orientations in the stress field (Hossain, et al. 1999, and Sankaran, et al. 2000). It is
critical that the inclined well be correctly oriented in order to have successful hydraulic fracture treatments.
However, the stress field is usually poorly defined leading to poor success rates for hydraulic fracturing in
inclined wells. Zones that screenout during fracturing are generally not successfully refractured and the
reserves are not produced.
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Orientation in the stress field is not a factor in vertical wells; consequently, success rates for hydraulic
fracturing are very high.

The s-shaped well is the most common deviated well drilled for field development. A well of this type at
Vermillion Basin project area would be kicked off at about 1,500 feet and straightened to vertical before
entering the first pay zone at about 5,500 feet. From a completion standpoint, this well looks like the vertical
wel] with possible problems working inside a deviated well with two doglegs (bends) in the well path. The
main reservoir problem with this well type at Vermillion Basin project area is drainage area limitations due to
limited reach relative to effective drainage areas of the individual zones.

Exhibit 2: S-shaped well -Vertical cross-section

The reach of the S-shaped well at Vermillion Basin project area is limited to 1,500 feet due to mechanical
constraints imposed by having the well vertical at the top zone (5,500 feet).

While S-shaped directional wells allow multiple wells to be drilled from a single pad, thus reducing surface

disturbance, the limited reach of the directional well imposed by depth of the top zone, negatively impacts
reservoir drainage per well.

Wexpro (2002) has determined from reservoir analysis of existing Mesaverde production in the Canyon Creek
and Trail fields of the Vermillion Basin, that the effective drainage area for the Canyon Creek zone is 160 acres
(1,500-foot radius) and 80 acres for the Trail zone (1,050-foot radius).

For these effective drainage areas, two S-shaped wells per pad without a vertical well have the same reserves
per well as two vertical wells on the same spacing but with a 25% increase in per-well cost. If the S-shaped
well offsets an existing vertical well, the overlap in effective drainage area reduces the per-weli reserves by
25% in the Canyon Creek and by 12.5% in the Trail. The reserve reduction combined with 25% increase in
well-cost makes the two wells uneconomic.

Four S-shaped wells per pad without a vertical well results in a 12.5% reduction in per-well reserves and a
25% increase in per-well cost. Adding a vertical well to the pad further reduces the per-well reserve. An
aerial view of the effective drainage areas illustrates this point.

Exhibit 3: S-shaped well - Aerial view of effective drainage areas

In summary, vertical, hydraulically fractured, multiple zone completions are the only economically feasible
well architecture for Vermillion Basin project area. It can be concluded that:

21



T

TYPICAL VERMILLION BASIN WELL

POPTCAL WEL. i (e DR T ST PR

TYPICAL VERMILLION BASIN WELL

™ P
s e e ¥ el LY

Exindetd #9. 2: Cropa satioa viow

L - -

T

“—— e (PRSP V.ﬁ.‘

n-.r...; — =
——— | e
{ e 1| 1 reme omnmaon
- | - oy — ]
- v s
=

oo

WELUND. 1 WELL NO. 7
VERDBCAL DIRBCTIONAL "1” WELL

T OB YIS VL I ORI g R

Toue
LTINS 11 AT CUCTION

BODE Dovmatod aatha #15k Took Sy ot et o A

P Tk B e Y L A o L O

LSEVIN ¥

o et

— e
L !
 — ]
-
L. __I TANYON C Rl Lk
LYY el
S— gl
B e— 1
-
SRR RO,
TRAN,
@ acas o Amaa 08
-
I DA N LG
- ; .
- vetacom 1
WELL NO1 I WELL MG 2
DIRECTICH AL 5" WELL - D ECTIOMAL =3~ WELL
|

- !

TCENARI 2 1Y ELL PAGY 2 DIRECTIOMAL *5” SHAFEY
|

|

%, OV L 4 SARY N G T
TRNG y 1 T SETYE ABOUCTIOW

X OVERLAR 1 TR TOwE
FEULTING Y 1 IR T THM

TS, AR LOSE PROW 44 ACRIN
OF Thaa, bt

7 Mqugxy



Exhibit 3

VERMILLION BASIN DRAINAGE AREAS

N K
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Horizontal wells that target a specific sand are not feasible at Vermillion Basin project area because:

The sands are thin and the gas reserve target for individual sands would be small and non-commercial.
If the target sand is non-productive or pressure depleted, the horizontal section of the well must be
redrilled to test other sands.

Recompletions to another sand are not possible in the horizontal well.

If natural fractures are not encountered, hydraulic fracturing in the horizontal well may be required to
communicate vertically in the sand. This defeats the purpose of drilling the horizontal well.

The mechanical risk of drilling and completing horizontal wells is high,

High angle wells are not feasible because:

There is increased cost and mechanical risk associated with drilling the directional well.
The target zones are intersected at varying (increasing) distance from the surface location and may
miss some of the target zones.

Difficulties in hydraulically fracturing in high angle wellbores results in a 1 in 3 success rate in
completing the target zones leading to uneconomic wells.

S-shaped wells have some of the technical advantages of vertical wells but are not economically feasible
because:

There is increased cost and mechanical risk associated with drilling the directional well.

The limited reach of the well (1,500 feet) relative to the effective drainage areas of the target
Mesaverde zones, reduces the reserves per well if more than two wells are drilled per pad or the §-
shaped well offsets an existing vertical well on a two-well pad.

Two S-shaped wells per pad (without a vertical well) give the same reserves per well as two vertical
wells on the same spacing but at a 25% increase in the per-well cost.

With two wells per pad the cost savings in surface infrastructure do not offset the increase in well
drilling and completion cost.

Offsectting an existing vertical well with an S-shaped well will result in a decrease in the per-well
reserve and an increase in the per-well cost.

Vertical wells have the following advantages:

The risk of not finding a sufficient number of productive sands in the 22 sand section is low.

Multiple sands can be hydraulically fractured and commingled in a single completion with low risk,
proven technology.

Vertical wells can be recompleted to other sands if production from the initial completion drops to
noncommercial levels.

The mechanical risk of drilling and completion operations is low.
Vertical wells will maximize the recovery of gas reserves in this multi-reservoir producing section.
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By estimating cost and reserve factors, it is possible to evaluate the tradeoff between increased well-cost and
reduced surface infrastructure cost associated with pad directional drilling for Vermillion Basin project area.
The following tabie compares the cost and reserve factors for vertical, S-shaped, high angle, and horizontal
wells.
Table 2
Vermillion Basin Natural Gas Exploration and Development Project
Comparison of Well Configuration Alternatives

I Percent of total well cost — Vertical Wmerlica] &Mv_ﬁaiﬂl_ﬁwﬂm&
Mechanical Rigk 0.98 0.95 0.9 0.6
Cost Factors

# wells per location 1 2 8 8
Location and Road 0.7% 1.00 0.800 0.250 0.250
Drilling and Logging 55.0% 1.00 1.400 1.400 1.400
Perforation 1.0% 1.00 1.100 1.200 0.000
|Hydraulic Fraciuring or Stimuiation 25.0% 1.00 1.100 1.500 0.250
Gathering line 2.5% 1.00 0.800 0.250 0.250
Surface facilities 4.5% 1.00 0.750 0.750 0.750
Remediation 5.0% 1.00 0.500 0.125 0,125
Risk Cost Factor 100% 1.00 1.246 1.468 1.508
Reserve Factor (Vertical Well = 1.0Y 1.00 1.060 0.31 Q.10

In the above table, the total well cost for the vertical well is allocated to several categories. The cost factors are
then applied for each type of deviated well to reflect their relative cost. Drilling multiple wells from a pad
offers some cost savings but at the expense of increased risk and drilling cost. The risked cost of the deviated
wells ranges from 1.25 (S-shaped) to 1.5 (horizontal) times the cost of a vertical well. This appears to be in
line with industry experience.

The relative reserves were estimated by applying success rates based on experience for each type of well with
the vertical well = 1.0.

The projected reserves per well for the S-shaped well are the same as the vertical well if a maximum of two S-
shaped wells are drilied per pad (no vertical well on the pad). However, the cost of the S-shaped deviated weli,
including estimated savings in surface infrastructure cost, is 1.25 times the cost of the vertical well. If the
number of S-shaped wells per pad is increased to three or four, or a vertical well is added to the pad, the
reserves per well decrease relative to the vertical well case. The 25% increase in per well cost will likely make
these wells uneconomic.

The horizontal well in the Vermillion Basin project area has an estimated cost of 1.5 times the vertical well and
a projected reserve of only 16% of the vertical well. The low projected reserve is based on two factors: 1) a
probability of success of 25% due to a variety of factors, including missing the target zone, not finding gas in
the target zone, finding depleted pressure, not finding natural fractures, or intersecting a water bearing
fractured zone, and 2) if a productive, single pay zone is found by the horizontal well, it will represent 25% of
the gas in the total interval (optimistic) but will recover 2 times the gas that would be recovered by a
hydraulically fractured vertical well in the same zone. Combining all of these factors gives a reserve factor of
0.16 for the horizontal well.
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High angle deviated wells have an anticipated cost of 1.5 times the cost of the vertical well. The major cost
components are drilling and stimulation. High angle wells can be hydraulically fractured similar to vertical
wells; however, completion operations have higher risk. Fracture initiation and containment in highly deviated

wellbores is a poorly understood, high-risk process (Sankaran 2000) that results in a high frequency of
screenouts and contributes to higher completion cost.

The reserves for a high angle deviated well are about 1/3 those of the vertical well. This is a direct result of
problems associated with hydraulically fracturing highly deviated wells. Operators’experience has shown that
the success rate for fracturing in high angle wellbores will be about 1 in 3 due to screenouts. Reserves from
zones where fracturing fails will be significantly reduced. Based on the foregoing, it is concluded that the only
technically and economically feasible well architecture for Vermillion Basin project area is the vertical well
completed in multiple pay zones.

CONCLUSION

Reservoir analysis has determined that the Canyon Creek Zone (Mesaverde) has an effective drainage area of
160 acres which corresponds to a radial drainage radius of approximately 1,500 feet. The Trail Zone
{Mesaverde) has an effective drainage area of only 80 acres which corresponds to a radial drainage radius of
approximately 1,050 feet. Assuming that a vertical well has already been drilled, and that a new Canyon Creek
Zone and Trail Zone well would be directionally drilled from that same well pad, a portion of the drainage
areas for the two wells would overlap (see Figure 1). It is also assumed that the reach of an S-shaped
directional well is only 1,500 feet. Any S-shaped directional well drilled from an existing well pad would
encounter some new reserves, and some reserves that will already be recovered by existing wells on that pad.
By requiring that all Canyon Creek Zone and Trail Zone wells be directionally drilled (and assuming the 1,500-
foot directional distance limitation), the amount of new reserves that may be recovered by these directional
wells may not be sufficient to pay out the well's drilling and completion costs (i.e., the wells would be
uneconomic to drill). Potential reserves would not be recovered which would result in waste.

It simply would not be feasible to develop the Mesaverde Formation reservoirs by locating all wells in a section
on one or two well pads and drilling directional wells. If a directional drilling option were selected, significant
gas reserves would be left in the ground due to the limited reach of S-shaped directional wells, and the

increased drilling costs associated with this type of drilling would preclude development of some gas bearing
sandstones.

Based on the information provided above, BLM determines that a directional drilling only alternative remains
unreasonable and was correctly dropped from detailed analysis in the EA. In addition, the other two
alternatives {varying numbers of wells and alternative well density) were in essence incorporated into the
Proposed Action and resuited in a finding of no significant impact even if the maximum number of wells is
authorized. Consequently, it is unnecessary to analyze these alternatives in detail. Therefore, BLM concludes
the analysis contained in the EA remains appropriate and that the documentation provided above meets the
requirements as ordered by IBLA.
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Appendix C
Comment Letters and BLM Responses

BLM received 11 comment letters in response to the request seeking further comment on the three alternatives
due to IBLA’s Order. Comments are summarized in italics and BLM responses are in regular type.

Biodiversity Associates/Wyoming Outdoor Council

These are the comments of Biodiversity Associates and Wyoming Outdoor Council on the need to evaluate new
directional drilling alternatives concerning the Vermillion Basin Natural gas project. It is important to note
that since the BLM's decision was set aside and remanded as pertains to the failure to adequately evaluate
directional drilling and well spacing options, the DR is no longer in effect and a new decision needs to be
reached via supplemental NEPA processes including at minimum a Supplemental EA evaluating fully an
option to require directional drilling and thereby prevent incursions into sensitive wildlife habitats and
roadless areas as delineated in the Citizens’ Wilderness Inventory of the Kinney Rim South Unit and the
Citizens’ Wilderness inventory of the Kinney Rim North Unit. The Kinney Rim South document is included with
this submission, and the Kinney Rim North Unit will be mailed to you on Monday, February 11. We
incorporate these documents in full by reference. Our comments also are accompanied by a thorough review
of pertinent scientific and technical literature regarding the proposed project, and we also incorporate these
studies intg our comments by reference.

BLM has complied with IBLA’s order. The BLLM, Rock Springs Field Office, has made a preliminary
determination as to the lands in Biodiversity’s wilderness inventory that lie within the Vermillion Basin project
area. See Appendix A.

First, the proper remedy for a NEPA violation -in addition 10 all proposed and ongoing projects (including
those whose NEPA is tiered to the invalid NEPA analysis) being enjoined -is a remand to the agency for
supplemental NEPA. In this case, the EA was defective for failing to thoroughly analyze directional drilling
that would lessen impacts to the environment. Accordingly, the proper "next step” on IBLA’ s remand is for the
Rock Springs Field Office to initiate the EA process once again, and o prepare an entirely new or
supplemental EA consistent with the deficiencies found by IBLA. See, e.g., Sierra Club v. Hodel 848 F.2d
1068, 1093, 1096 (10th Cir. 1988) revd in part on gther grounds, Village of Los Ranchos De Albuquerqgue v.
Marsh, 956 F.2d 970 (10th Cir. 1992) (where existing agency studies did not satisfy NEPA, BLM was required
on remand 1o perform an new EA, which may or may not lead 1o a full EIS -"if the agency has not considered
all relevant factors. . .the proper course. . .is to remand to the agency for additional investigation or
explanation) (citations omitted),; Fritiofson v. Alexander. 772 F.2d 1225, 1248 (5th Cir. 1985) revd in partgn
other grounds. Sabine River Authority v, U.8. Dept. of Interior. 951 F.2d 669 (5th Cir. 1992) (where EA is
defective in cumulative impacts analysis, the proper remedy was a remand for a new EA 1o reconsider its
FONSI).

BLM was ordered by IBLA to further document the record as to why three alternatives were dropped from
detailed study. All other issues brought forth in the appeal were affirmed.

Second, we stress that, as before, the EA be made available for public comment and participation. In
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addition, BLM, given the IBLA findings on directional drilling, should initiate scoping on the new EA to better
frame and formulate the issues.

The public was given the opportunity to comment further on the three alternatives.

We are concerned about the significant impacts on the human environment inherent to this project. Impacts 1
sage grouse, mountain plover, black-footed ferret, Wyoming pocket gopher, Preble’s shrew, and raptors need
10 be minimized. Two-mile buffers should be established around active prairie dog towns, sage grouse leks,
and raptor nest sites, and one-mile buffers should be established around mountain plover nest sites. In
addition, black-footed ferrets have been released on lands in the Linle Snake Black-Footed Ferrel

Management Area, immediately across the border from the project area.

We are also concerned that unnecessary road construction within roadless areas will impact BLM Sensitive
Species such as sage sparrow and Brewer’s sparrow through habitat fragmentation. Fragmentation of
sagebrush steppe habitats is known to have deleterious effects on sagebrush obligate species such as sage
sparrow, Brewer’s sparrow, and sage thrasher (Kick and Rotenberry 1995). Oil and gas development has
specifically been shown to negatively impact these species in Wyoming (Inglefinger 2001). BLM should take

concrete sieps to reduce road and well-pad construction to avoid further fragmenting the sagebrush steppe
habitats used by these species.

IBLA affirmed BLM’s management of special status species in the project area.

In the past, BLM has contested the credibility of evidence and testimonials presented to it that roadless areas
exist within the Vermillion Basin project area. The Citizens’ Wilderness Inventories for the Kinney Rim North
and South Units present significant new information dispelling any doubt that the lands within the proposed
boundaries are indeed roadless, and also demonstrates unequivocally that many wells proposed under the
original Vermillion Basin EA intrudes into these roadless land, which have been proposed for wilderness.

The Wyoming BLM State Director’s Decision affirming the original DR for this project claimed that "BLM
does not have a 'roadless’ designation.” Decision at 3. This is incorrect-BLM does in fact have an official
"roadless” designation. The BLM definition of “roadless"” was published in the Wilderness Inventory and
Study Procedures Handbook (H-6310-1) early in 2001 and also appeared in the Federal Register:

roadless: refers to the absence of roads which have been improved and maintained by
mechanical means in insure relatively regular and continuous use. A way maintained solely
by the passage of vehicles does not constitute a road" (BLM Handbook H-631 0-1at Glossary,
p.-2)

In its ruling, IBLA noted that it found "no support for appellants’ position in the record before us” to support
claims that the Vermillion Basin project would impact roadless lands. If this case again comes under judicial
review, the record will now speak loudly and unequivocally to the effect that roadless lands do exist in the
area and stand to be impacted by the Vermillion Basin project. Thus, the BLM would be well advised to take
seriously potential impacts to roadless lands that may inhere to this project, and take steps to safeguard the
primitive qualities of these lands. We ask BLM 1o thoroughly evaluate a directional drilling alternative as parl

32



of its supplemental NEP A, and select a directional drilling alternative that keeps surface disturbance out of
roadless areas as its chosen course of action.

See Appendix A.

The need to employ directiondl drilling technologies to reduce environmental impacts of mineraldevelopment
is a high priority of the Bush administration. The President’s National Energy Policy contains a section titled,
"21st Century Technology: The Key to Environmental Protection and New Energy Production, " which states:

“Producing oil and gas from geologically challenging areas while protecting the
environment is important to Americans and to the future of our nation’s energy security. New
technology and management techniques will allow for sophisticated energy production as
well as enhanced environmental protection... Smaller, lighter drilling rigs coupled with
advances in directional and extended-reach drilling significantly increase protection of the

environment...Modular drilling rigs, "slimhole" drilling, directional drilling, and other
advances enable: {...]

production of oil and gas with increased protection to wetlands and other sensitive
environments;

Other examples of advanced technology include: {...]

Highly sophisticated directional drilling that enables wells to be drilled long
horizontal distances from the drilling site [.]"

National Energy Policy, May 2001, "Reliable, Affordable, and Environmentally Sound Energy for America’s
Future: Report of the National Energy Policy Development Group, p. 5.5.

Likewise, the Secretary of the Interior has emphasized the need to begin utilizing directional drilling
technology:

We must also harness 21st Century technology to help our environment. Where we once
needed scores of wells to tap underground reserves, today in some areas we can use one hole
on the surface to drill for oil in a circle extending seven miles. We can use the resources
below ground while we preserve the landscape and habitat above.

Presentation of Gale Norton, Secretary of Interior, to the National Newspaper Association (Washington, DC,
March 23,2001 ).

In the case of the Vermillion Basin project, we feel strongly that directional drilling technigues must be

mandated in order to preveni significant impacts to the roadless lands in the Kinney Rim North and South
Units.

The reduced environmental impacts of directional drilling are well-documented. Cluster drilling from a single
well pad (French Oil and Gas Association 1990} can reduce the footprint of oil and gas development on the
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landscape by concentrating the activity and impacts of many wells at a few widely dispersed sites. Because
fewer directional wells are required to drain a subsurface reservoir, well spacing is always greater for
directional wells (Fritz et al. 1991). Indeed, Joshi (1991, p. 4) stated that "to achieve larger producible
reserves, horizontal wells will have to be drilled with a larger well spacing than vertical wells.” Horizonial
drilling can now reach subsurface reservoirs up to 29,000 feet away from the drilling site in horizontal
distance (Al-Blehed et al. 2000). Thus, by requiring cluster development (used in conjunction with horizontal

or deviated directional-drilling technology), the BLM can minimize environmental damage and habitat
degradation that is inherent 10 oilfield development.

Not only is directional drilling more environmentally responsible, it is also more effective at removing oil and

gas from geologic formations than conventional vertical wells. Thakur (1999) reported that because
horizontal drilling is a more efficient extraction method, it can increase the recoverable reserves for a given
reservoir. Fritzetal. (1991) reported that directional drilling has had a higher percent success that vertical
drilling in both the Austin Chalk and Williston Basin fields. Joshi (1991) asserted that for natural gas
production, horizontal wells improve drainage area per well for low-permeability geologic formations,
reduced near-wellbore turbulence and increased delivery efficiency for high-permeability formations.
Horizontal drilling technology is so effective that it has become the benchmark for the industry: Miller and
Steiger (1999) boasted that their array of vertical and directional wells had production that equaled high
benchmark projections from horizontal drilling. Furthermore, directional drilling reduces "coning,” the

mixture of oil with gas and water that reduces production efficiency for oil and gas (Joshi 1991, Thakur
1999).

Directional drilling is a universally practical solution to oil and gas recovery. It is suitable for both
exploration and full-field development (French Oil and Gas Association, 1990). Aguileraetal. (1991) lauded
the potential of horizontal drilling in infill situations. In 1991, Fritz et al. (p. 36) noted that, "If the cost of
drilling a horizontal well was equal to that of drilling a vertical well, most reservoirs would be candidates for
horizontal driiling.” These costs have in fact equalized in modem times. Aguilera et al. (1991, p.1} stated
that, "Theorerically, all reservoirs can benefit from horizontal wells." Al-Blehed er al. (2000) asserted tha
horizontal drilling is superior to vertical drilling for a variety of conditions including for naturally fractured
reservoirs, thin reservoirs, heterogeneous reservoirs, vertical permeability homogeneous reservoirs, reefs or
isolated sand bodies, and faulted reservoirs. Horizontal drilling has proved to be a superior technology ina

variety of geological settings, and we know of no examples of cases where vertical drilling offers superior
results.

The economic feasibility of directional drilling has been well demonstrated. Cluster development of many
wells on a single pad offers minimizes (sic) the capital investments of lessees (French Qil and Gas Association
1990), and reduces costs for an expensive and ecologically damaging network of improved roadways. In
1991, Joshi (p. 7) noted that costs for directional wells were 1.4 to 3 times higher than costs for vertical wells,
but further noted that "In some cases, with extensive drilling experiences, the horizontal well costs are
reported 1o be almost the same or even lower than vertical well costs.” But because directional drilling
requires fewer wells and vields more production per well, overall oilfield development costs may have been
lower even with the older technology available in the early 1990s. Because each directional well drains a
greater reservoir volume than a corresponding vertical well, fewer wells are required to drain a reservoir,
reducing up-front project costs (Fritz et al. 1991). These researchers further compared the costs of older-
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technology directional drilling with vertical drilling, and found that oil production costs per barrel were lower

Jor directional drilling in the Austin Chalk, but higher in the Williston Basin of North Dakota. In modem
times, the technology continues to improve and efficiencies rise. Al-Blehed et al. (2000) stated that their use of
horizontal wells reduced drilling, flowline, and facilities costs by 20-25% over vertical drilling.

Directional drilling has proven to be a remarkably versatile as alternative to conventional vertical drilling in
recovery. Directional drilling has been shown to increase rate of gas production and overall recoverable
quantity for tight gas sands (e.g., Cassetta 1998). O’Rourke et al. (1997) found horizontal drilling of paired
wells to be effective in gas production using steam injection techniques. For heavy oil recovery, Shirif (2000,
b. 894) noted that, "For a given pattern, there is a horizontal well configuration {that] maximizes the total
production rate.” In all cases, directional drilling has resulted in superior economic yields when compared to
conventional vertical drilling. Thus, directional drilling minimizes the environmental impacts associated with
mineral development, is geologically and economically feasible, and produces equal and frequently superior
recovery of minerals compared to vertical drilling.

Directional drilling is proven as an effective alternative to vertical drilling in Wyoming. The first directional
well in Wyoming was completed in 1987, and as of 1994, 80 producing wells were completed out of 117
attempts {Stewart 1995). As of October 2001, Wyoming has 504 horizontal or directional wells on-line,
according to State of Wyoming data. Stewart (1995) stated that "Recent developments in the gas play in the
Green River Basin, particularly the Mulligan Draw, Echo Springs, and Stagecoach fields, indicate favorable
exploitation by horizontal drilling" (at p. 253).

The target geological strata for the Vermillion Basin project also have shown themselves conducive to
directional drilling. The Frontier formation has substantial and well-developed fractures through which
natuyral gas migrates (Lorenz 1995), properties which are more conducive to horizontal drilling, which
intercepts more fractures than conventional vertical drilling (Mark Kirschbaum, USGS, pers. comm.).
According to Krystinik (2001), a horizontal well drilled in the Green River Basin's Frontier formation reached
a depth greater than 15,000 feet in tight-gas sandstone, was drilled at a cost that was reduced to 50% of the
industry average, and achieved economic production of greater than 14 mmcffday. Dunn et al. (1995) used
horizontal drilling in the Almond formation and found extensive fracturing here as well, though limited in
areal extent. These researchers noted that "horizontal well completions may provide an efficient method to
access the enormous natural gas resource present in Mesaverde group of the Greater Green River Basin" (at
p. 268). Iverson et al. (1995} found that even without hydraulic fracturing, a horizontal well tapping into the
Almond formation produced as much gas as a conventional well that used hydraulic fracturing.

Proof that directional drilling is feasible for the Vermillion Basin region is the fact that a producing
directional well has already been drilled and completed in the Kinney Unit of the project area. According to
State of Wyoming records, a Wexpro well, API #3724085 at TI3N RIOOW sec. 13 NE 1/4, has been drilled
directionally to a total depth of 15,131 feet (at the maximum projected depth for the Vermillion Basin unit)
and is currently producing gas from the Nugget formation. The fact that directional wells are already
producing natural gas within the Vermillion Basin project area demonstrates beyond a shadow of a doubt that
directional drilling is appropriate for the particular geological conditions found in this area.

In its Decision Record for this project, BLM noted that "Directional drilling may be used if economically
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viable" DR, App. at A-13. Now that the technical and economic viability of directional drilling has been
established, BLM should require its use to protect other resource values in the Vermilion Basin project area.
Failure to require directional drilling would be to accord oil and gas development an absolute priority over
all other resources in the project area-a result that would be unlawful under FLMPA's multiple-use, sustained
vield mandate,

In its original Decision Record for this project, BLM noted that "the BLM does not believe it is necessary or
appropriate o mandate the use of this procedure [directional drilling] for this project.” DR, App. Aat A-13.
This statement reveals the Rock Springs Field Office’s past deference to the oil and gas industry, its
misunderstanding of controlling law and policy, and its unwillingness 10 adopt reasonable mitigation

measures which would protect the interests of the general public that owns lands managed by BLM. As «
steward of public lands that belong to all Americans, BLM must exercise its discretion to condition
development of public resources on respecting the greater public interest in maintaining viable wildlife
populations, recreational opportunities, and open spaces for the enjoyment of generations present and future.

No evidence in the existing record lends support to the assertion that directional drilling would in fact be more
expensive and no analysis has been performed to balance any actual increased costs with environmental and
public health benefits, as well as direct savings resulting from the reduction in new roads, pipeline facilities,
right-of-ways and other infrastructure associated with drilling more wells at maximum densities.

It is absolutely appropriate for increased production expenses to become part of the cost of doing business on
public lands when these increased production costs translate into reduced harms to the public interests und
the environment. Not only would it be appropriate from both a legal and ethical perspective for BLM to
mandate directional drilling, but in order to reduce impacts to both developed and roadless areas within the
proposed project boundary, we believe that BLM has the responsibility to mandate directional drilling in
order to avoid impacts to roadless lands and sensitive species.

See Appendix D for response to Biodiversity’s letter and listing of literature cited. BLLM’s Wyoming
Reservoir Management Group has reviewed and concurs with the response.

Land and Water Fund of the Rockies

The Land and Water Fund of the Rockies (LAW Fund) has been retained by Biodiversity Associates in regard
to Biodiversity's pending appeal to the Interior Board of Land Appeals (IBLA) of the Vermilion Basin Natural
Gas Project and Biodiversity's participation in the ongoing NEPA analysis of the project. The LAW Fund
submits these interim comments in response to BLM's January 11, 2002 notice in regard to supplementing the
administrative record.

As the notice stated, the IBLA remanded the Vermilion Basin EA with directions that BLM comply with NEPA
by carefully analyzing an alternative that considers directional drilling, project well densities, and varying
numbers of wells or wellpads. The notice provided that "no new surface disturbing activities can occur until
the record is updated.” Additionally, ongoing surface disturbance activities which could detrimentally impact
resources identified by Biodiversiry should be enjoined. When an agency's NEPA analysis does not comply
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with the law, activities related 1o that NEPA document and authorized by the final decision should be enjoined
until the agency has complied with NEPA.

As stated in Biodiversity's comments dated February 8, 2002, BLM's responsibility under the IBLA remand is--
at a minimum--to reopen the NEPA process with regard to the alternatives noted by IBLA. This can only be
accomplished by publishing a draft” directional drilling and well density” alternative, and making it available
for public comment after BLM has reviewed the initial public comments on its January 11, 2002 notice. The
IBLA decision {(at 9) stated that the EA "is set aside to the extent the record fails to explain the facts and
analysis supporting rejection of the alternatives of project-wide well densities and varying numbers of wells,
and fails to provide a rational basis for failing to analyze fully the alternative of directional drilling, and the
case is remanded to allow BLM to do so.” (emphasis added). Accordingly, it is incumbent on BLM to issue a
new draft or supplemental draft EA for review and comment.

BLM has complied with IBLA’s order.

After the IBLA decision was released on December 6, 2001, Biodiversity submitted to BLM (on February 8,
2002) two documents entitled Citizens' Wilderness Inventory of the Kinney Rim South Unit and Citizens'
Wilderness Inventory of the Kinney Rim North Unit. These documents were submitted pursuant to the BIM
Wilderness Inventory and Study Procedures, H-631 0-1. The Citizens' Wilderness Inventories fully comply
with the requirements in the BLM Manual for submission of request for the public identifying public lands that
have wilderness characteristics. The Citizens' Inventories establish that roadless lands with wilderness
qualities overlap with the Vermillion Basin project area.

Because gas drilling and the associated access roads, wellpads, pipelines, etc. would disqualify Kinney Rim
lands for future wilderness designation, BLM is required to "postpone the action until wilderness values can
be addressed through a new land use plan or plan amendment [.]" 1610- 1.06(F). Placing mandatory "No
Surface Occupancy” (NSO) stipulations on all roadless lands within the project area will protect the roadless
values and wilderness characteristics of these BLM wildlands. NSO stipulations would not preclude the
recovery of gas from under the roadless lands -directional drilling techniques could still be used to develop
the minerals underlying the road less lands without compromising their roadless nature.

See Appendix A.

As stated above, the IBLA remand focused on the requirement that BLM carefully analyze the feasibility of a
directional drilling alternative (among other issues), including the technical and economic feasibility of
directional drilling in the Vermilion Basin. Biodiversity'’s February 8 comments establish that at least one
directional well is already in use in the project area. This is incontrovertible evidence that directional drilling
is both technically and economically feasible. Biodiversity's comments also establish that directional drilling
is often a superior technique to achieve conservation of minerals by increasing the efficiency of recovery, and
that the costs of directional drilling are competitive with drilling standard vertical wells.

Two wells have been drilled to date using directional drilling techniques. See previous responses for
discussion of technical and economic concerns related to directional drilling techniques in the area.
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In conjunction with BLM's future release of the newly formulated alternative(s) for public review and comment
pursuant to the IBLA remand and NEPA, Biodiversity has a right to review all available seismic or
geophysical data for project lands. IBLA precedent establishes that, as a party o an ongoing IBLA appeal,
Biodiversity is entitled to obtain and review relevant geological and geophysical data, even if such data might
otherwise be exempt from disclosure. In a 1994 decision, IBLA clarified "the applicable, procedures for
limiting' disclosure of claimed confidential information when parties to proceedings before the Department
request access to that information." Yates Petroleum Corp., 1994 GFS (MIN) 76(1994), 131 IBLA 230, 237.
In Yates, IBLA found that 43 CFR ' 4.3] establishes a party to a proceeding to request that confidential

information that it has submitted as evidence be kept confidential, However, such a request generally bars
only non-parties to the proceeding. from obtaining the information. In order to prevent the disclosure of

proprietary information to a party, the submitted of the information must establish that its disclosure is
prohibited by law. 43 CFR 4.31(d)(1).

In Yates, the IBLA held that "since exemptions under FOIA are permissive and not mandatory, those
exemptions do not forbid disclosure of information." Id. at 238. Because FOIA exemptions are permissive,
"the fact that the claimed confidential information falls within a FOIA exemption does not suffice to establish
that disclosure of the information is prohibited by law.” !d. at 238. Yates cites numerous legal authorities
which establish that the law on this issue is settled. Therefore, Biodiversity is entitled to obtain and review
geological and geo-physical information. Biodiversity is willing to draft a confidentiality agreement thar will

restrict the use of such data and guarantee that potential competitors will not be allowed access to the
information.

BLM is not provided the results of data obtained through geophysical operations. Geologic information on
individual wells and producing units in the area are available for review and can be obtained from the BLM
{Rock Springs Field Office) or from the Wyoming Oil and Gas Conservation Commission upon request.

As IBLA correctly held, BLM cannot defer to the project proponent's preference for conventional drilling
unless BLM's decision is supported by a thorough analysis of the facts. In this case, the literature and the facts
establish that directional drilling can and should be required to protect sensitive project lands. Therefore,
FLPMA requires that BLM mandate directional drilling where it can be employed to protect special resources
in the project area from "unnecessary or undue degradation”.

Application of directional drilling methods will be employed when necessary.

FLPMA provides that "{i]n managing the public lands the Secretary shall, by regulation or otherwise, take
any action necessary to prevent unnecessary or undue degradation of the lands."" 43 U.S.C. 1732(b). FLPMA
requires that the Secretary manage the public lands under the principles of multiple use and sustained yield. .
43 U.S.C. 1732(a). The multiple use mandate requires BLM to ensure that land management activities [ best
meet the present and future needs of the American people.” 43 U.S.C. 1702(c). It also requires “management
of the various resources without permanent impairment of the productivity of the land and the quality of the
environmen!t with consideration being given to the relative values of the resources” 43 U.S.C. 1702(c).

Finally, FLPMA contains a provision that acknowledges "the nation's need for domestic sources of
minerals{.]" 43 U.5.C. 1701{a)(12).

38



With regard to the Vermilion Basin project, BLM's analysis on remand should consider whether the initial
preferred alternative would violate FLPMA by resulting in unnecessary or undue degradation of the project
lands. Because alternatives are available to reduce the impacts, BLM should impose appropriate stipulations,
niitigation measures and other provisions to bring this project into compliance with the Congressional
mandates stated above.

BLM imposed appropriate mitigation in the original Decision Record.

The LAW Fund appreciates the opportunity to submit these initial comments on the remand of the Vermilion
Basin EA as BLM considers public input on the scope and nature of the new alternative(s) which wiil be
circulated for public review and comment. A summary of the points presented above is that:

The new alternative should impose NSO stipulations on all roadless lands identified in Biodiversity's Kinney
Rim inventories and other lands with sensitive or outstanding natural values (such as the wildlife habitat
identified in Biodiversity's comments).

*  BLM is required to inventory all citizen-proposed wilderness lands within the Vermilion Basin
project area before any development may proceed on these lands.

*  Directional drilling appears to be technically and economically feasible and BLM should
incorporate directional drilling requirements into its preferred alternative for this project.

* Asaparty to apending IBLA case, Biodiversity is entitled to obtain geological and seismic data.

®  NEPA requires that a new alternative, developed pursuant to the IBLA remand, must be made
available for public review and comment.

Thank you for your attention to these comments and I look forward to working with BLM on addressing
our environmental concerns regarding the Vermilion Basin project. By raising the bar for (i) protective
stipulations such as NSO for road less lands, (ii) the employment of directional drilling and varying well
densities and (iii) mitigation measures, BLM can allow gas development to proceed while complying with
statutory and other requirements that BLM manage these public lands as a steward for and future
generations.

Marathon Qil Company

Marathon Oil Company would like to thank you for this opportunity to submit comments in regards to the
Interior Board of Land Appeals’ ruling concerning the Vermillion Basin Natural Gas Project.

In support of the BLM intentions to supplement the record regarding its decision to drop from further analysis
the alternatives of: project-wide well densities, varying number of wells, and directional drilling, Marathon
submits the following.

Project-Wide Well Densities -Presently, the project area contains the Canyon Creek Unit, the Trail Unit, and
the Kinney Unit. The proposed action addresses up to 56 additional wells being drilled within the project
area. It is further emphasized that none of these 56 wells will be located further than two miles from the
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existing development (known geologic structures) that has been present since the mid 1940's. The Project
Area comprises 92,490 acres, while the area of the three units plus a 2 mile buffer represents approximately
82% of the Project Area. It is highly unlikely that additional development activity will occur outside the
buffered area. Because of this, Project-Wide Well Densities should be dropped from further analysis. To
further support ihis, if in, the future, a well is proposed outside the buffered area, an individual EA will be
performed at the APD Stage as addressed in the Lease Terms. With these requirements in effect, no proposed
well will be permitted without an Environmental Assessment.

BLM has explained the facts for eliminating a project-wide well density alternative.

Yarying Number Uf Wells -The P roposed Action presemly addresses UP TO 56 new wells within the Project
Area with two different alternatives, the Proposed Action and the No Action, zero wells. Granted, these two
actions are the extreme ends of the possible number of wells addressed within this EA, however, any number
of wells, be it one, two, twenty, or thirty, would fall within the scope of the 56 well scenario, with lesser
environmental effects than the total 56 wells that were analyzed. Because of this, Varying Number of Wells
should be dropped from further analysis.

BLM has explained the facts for eliminating a varying number of wells alternative.

Directional Drilling -In agreement with the Deputy State Director, Marathon Oil Company believes that this
issue was addressed properly during the public scoping period for this EA. During scoping economic,
geologic, feasibility vs. distance, and other risk factors were brought to light and considered by the
Inrerdisciplinary Team. At that point it was decided to drop this issue from further analysis. Mandating that a
given number of wells, within the Project Area, be directionally drilled by this EA would not follow the
original Lease Terms. Marathon feels that in certain circumstances, where the need arises to vacate the
drilling of a vertical well, a directional well could be utilized for environmental preservation. These
circumstances would include but not be limited to: adverse topographical features, an abundance of Cultural
Material that would require in depth testing and excavation, meeting the criteria of Historical Trail visual set
backs, and avoiding endangered species habitat. These circumstances would arise at the APD Stage and
economic evaluation for those particular instances would be conducted at that time to determine whether or
not a directional well would be utilized. Because given circumstances are not known until the APD Stage,
directional drilling cannot rationally be determined, except at the APD Stage, and therefore should be
dropped from further analysis at the EA Stage.

Application of directional drilling methods will be employed when necessary at the APD stage.

Office of Federal Land Policy

The Office of Federal Land Policy has reviewed the referenced scoping letter on behalf of the State of
Wyoming. This Office also distributed the letter 10 affected State agencies for their review, in accordance with
State Clearinghouse procedures. Attached are comments from the Wyoming Game & Fish Department, State
Geological Survey, and the Wyoming Business Council's Minerals, Energy, and Transportation Division,
based on their reviews. State agency comments are specific to their respective agency missions. While the
State defers 10 its agencies' technical expertise in developing the State's position, the responsibility to
articulate the official unified, balanced State policies and positions lies with the Governor or the Office of
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Federal Land Policy.

As noted in the attached letters, there are potentially both positive and negative impacts -to the various
resources and for the leaseholders -of different well densities, varying numbers of wells, and directional
drilling. Please address the concerns and incorporate the information provided in the attached agency letters
during the supplemental environmental impact analysis and in the supplemental Environmental Assessment.

Unless submitted electronically to Charlotte Engen (cengen@state. wy.us), this Office will need seven copies
of future information and documents for distribution to affected State agencies for review.

BLM has provided seven copies of the document.
Wyoming State Geological Survey

These comments regarding the Vermillion Basin Natural Gas Project Additional Alternatives are specific 1o
this agency's starutory mission within State government, which is to promote the beneficial and
environmenlally sound use the State's resources while helping to protect the public from geologic hazards. In
that regard these comments are meant to assist in defining the State position, in association with all other
agency comments, These comments defer to and are subordinate to the State position.

Project -wide well densities are not appropriate for determination in a NEPA document. Qilfield production
practices that prevent waste and protect correlative rights are best determined on a site-specific basis, and
should have flexibility to be adjusted as special circumstances arise during the course of development. A more
flexible approach than dictating well densities through NEPA analysis is necessary for maximum efficiency.
In areas where the BLM does not control 100% of the mineral estate, this mandated well density can result in
drainage of the federal mineral estate and loss of federal and state revenue, not to mention violation of the
lessee's correlative rights.

Field limits of reservoirs are rarely known in advance of development. Trying to control the number of wells
through NEPA analysis ar best futile and of little value. Once again, the best way to determine the number of
wells in a project is to allow development to proceed and let economics dictate the eventual number of wells.

Directional drilling is a technology that may be applicable in some cases in this area, however the BLM
cannot accurately predict the cost or effectiveness involved in the application of such technology. Directional
drilling is known 1o reduce or limit the effectiveness of advanced hydraulic fracturing methods that are
necessary to efficiently produce natural gas from tight reservoirs. For the BLM ito dictate the application of
directional drilling technology in advance presupposes that the BLM has detailed knowledge of producing
characteristics of reservoirs, the precise nature and size of fracturing procedures that will be necessary to
efficiently produce the gas, the appropriate well density necessary and a number of other variables that are
impossible to predict in advance. Without such detailed knowledge, the BLM might well mandate use of
techniques or technology that transforms an otherwise economic play into one thar is non-economic, resulting
in waste, decreased energy security and loss of state revenue.

If there are questions on our comments, please direct them to the appropriate geologist on my staff or to me.
Rod De Bruin handles oil and gas issues.
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The concerns raised in this comment letter have been addressed.
Wyoming Game and Fish Department

These comments regarding the Vermillion Basin Natural Gas Exploration Development Project have been
approved by the Director and are specific to this agency's statutory mission within State government which is
"Conserving Wildlife, Serving People”. In that regard, these comments are meant to, in association with all

other agency comments, assist in defining the Official State Position. These comments defer to and are
subordinate to the Official State Position.

Terrestrial Considerations - The project is within the Bitter Creek antelope herd, the South Rock Springs deer

and antelope herds, and the Petition elk herd. The project aren along the Colorado border, in pam‘cular,
contains winter-yearlong range for the Bitter Creek antelope herd. Total new disturbed area is estimated at
505 acres, although an existing 883 acres of disturbed vegetation from previous gas development activities
will also be used in the new project (total of 1,388 acres impacted by gas development).

Directional drilling could reduce the size of the impacted area and could reduce habitat loss from well pads
and roads, in addition to minimizing disturbance and traffic impacts to animals. This alternative should be
fully analyzed in the environmental document.

The EA/DR provides appropriate restrictions on activities occurring in crucial winter ranges.

We suggest the BLM contact Stan Anderson or Franz Inglefmger from the University of Wyoming Cooperative
Wildlife Research Unit regarding recently conducted research entitled "Songbird Response to Namural Gas
Development in the Pinedale Anticline Project Area, Wyoming". This study may be of direct value in the
discussions of the issues put forth by the additional alternatives.

The EA/DR provides mitigation to protect species. Songbirds are migratory species and are protected under

the Migratory Bird Act. Such species are given further consideration at the APD stage when site-specific field
reviews are conducted.

We have previously commented on this project. The only addition we have is the speckled dace has recently
been found in the Vermillion drainage. This species is listed by the Department as native species status 5.

The speckled dace is a native species status 5. Under Wyoming Game and Fish Department’s Habitat
Protection guidelines, status 5 species are common, widely distributed throughout its native range and
population’s status is stable.

Wyoming Business Council

These comments regarding the Vermillion Basin Natural Gas Exploration Development Project scoping
statement for additional alternatives have been approved by the Director of the Wyoming Business Council's
Minerals, Energy and Transportation Division and are specific to this agency's statutory mission within state
government which is to be directly involved in state and federal pelicy work to assure reasonable access to
public lands. In that regard these comments are meant to, in association with all other agency conunents,
assist in defining the Official State Position. These comments defer to and are subordinate to the Official Staie
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Position.

In regards to directional drilling, industry tells us it is often unreliable and cost prohibitive. Success is often
dependent on underground geologic formations and the position of target reservoirs in relation to such
geologic restrictions. Without full and complete knowledge of the underground geology, the possible
difficulties posed by this geology in relation to potential reservoirs and the economic considerations of
directional drilling versus vertical drilling, any attempt to drill directionally would constitute poor business
practice. If the BLM mandated such drilling without knowledge of subsurface geology, BLM would inflict

additional costs and time restraints on industry, to perform an action proven to be uneconomic.
Economic concerns of a directional drilling only program have been addressed.

In addition, we request the BLM produce a comparison of the findings in the Environmental Assessment for
the Vermillion Basin Natural Gas Exploration and Development Project, August 2000 and the alternatives
that were dropped from further analysis showing the differences in revenue that would be available to the
state, counties, cities and towns. A table, or graph, showing the programs Wyoming funds with these revenues
would also be beneficial.

The EA provides a discussion of the economic condition and effects of drilling up to 56 wells. The State of
Wyoming would need to provide a break down of what programs are funded by royalties paid on production
from public Jands managed by BLM in the Vermillion Basin area.

When discussing the proposed project-wide well densities, BLM needs to make clear their intentions. If the
intention is 1o set the well spacing by allowing a particular number of wells to be drilled, then the BLM may be
unintentionally undermining the authority of the Wyoming Oil and Gas Conservation Commission (WOGCC).
The WOGCC has full authority 1o set well spacing. We suggest BLM consult the WOGCC to discover if this
alternative may be in conflict with the WOGCC.

BLM is complying with IBLA’s order to supplement the record as to why a different well density alternative
was climinated from detailed study.

Varying the number of wells in a staged development, if that is the intention of the BLM, is going to cause
undue economic hardship to the operators who have already purchased the lease. By varying the wells, BLM
will strain the ability of the operator to find drilling equipment in a timely manor, thus causing delays and
incurring increasing costs. This could, in turn, slow the employment and affect the local economy due to
unpredictable work schedules.

The Proposed Action reflected a drilling program of up to 56 wells. BLM is complying with IBLA’s order to
further document the record why an alternative addressing a varying number of wells was eliminated from
detailed study.

Petroleum Association of Wyoming

The Petroleum Association of Wyoming (PAW) would like to thank BLM for the opportunity to comment on the
referenced document. PAW is Wyoming's largest and oldest oil and gas trade association, the members of
which account for over ninety percent of the natural gas and over seventy percent of the crude oil produced in
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the State.
PAW has the following comments regarding BLM's request for information.

Project-wide well densities: The Wyoming Oil and Gas Conservation Commission (WOGCC) regulates well
densities, which provides for 160-acre well densities for gas wells in this area. Each formation and each
reservoir within each formation may vary due to porosity, permeability, thickness, fracturing, etc. Therefore,

WOGCC has determined that 160-acre density will efficiently drain the mineral resource and prevent waste in
this area. BLM, as well as the WOGCC, are charged with allowing for efficient recovery of the oil and gus
resource without waste.

BLM is complying with IBLA’s order to further document why a different well density allemative was
eliminated from detailed analysis.

Directional drilling: The application of directional drilling is geologically and mechanically limited. In most
cases of multiple gas zones, the hole must be vertical when it penetrates the zones. When more than one hole
per pad is drilled, the tanks necessary to handle the volume of production must be adjusted and therefore may
be larger or there may need to be more tanks on one location to satisfy the multiple wells from one pad. The
dehydrator and separator size will also increase. Multiple wells per pad do not translate into a direct
reduction in surface disturbance.

The potential loss of natural gas for the nation's energy needs is higher with directional drilling due to the
rising cost impact on the reserves potentially left in the ground. As the costs accelerate, the exploration and
drilling budgets get stretched. Fewer wells are drilled, less seismic work is done, and much less gas is found
and produced. In some cases, the gas may not be recovered because the cost of drilling directional wells will
render the project un-economic, which will in-turn render the lease un-economic. At that point, the reserves
are left in the ground in violation of the mandate for BLM to recover those resources.

See responses to the letter from Biodiversity Associales.
Wexpro/Questar Exploration and Production Company

Wexpro Company and its affiliate, Questar Exploration and Production Company, (collectively referred to as
"Wexpro") submit the following comments in response to the Bureau of Land Management's (BLM's) letter
dated January 11,2002 regarding its intent to supplement the record it relied on in approving the above
proposed project (the Vermillion Basin Project). In December, 2001, the Interior Board of Land Appeals
(IBLA) set aside the BLM's Decision Record and Finding of No Significant Impact for the Vermillion Basin
Project to the extent that "the record fails to explain the facts and analysis supporting rejection of the project-
wide well densities and varying number of wells, and fails to provide a rational basis for failing to analyze
Sfully the alternative of directional drilling. Wexpro supports the BLM's decision in rejecting all three of these
alternatives, and provides the following additional support for finding that these alternatives, specifically
directional drilling, are not reasonable alternatives.

Directional Drilling Alternative -The Vermillion Basin area to date has been predominantly developed in the
productive formations above 8,000 ft, with the primary objectives being in the Canyon Creek and Trail
member of the Mesaverde Group that range in depth throughout the Vermillion Basin but run generally from
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3,500 fr. 1o 7,600 ft. Reservoir analysis has indicated that the effective drainage for the Canyon Creek zone
(from 5,500 f1. 106,500 f1.} is 160 acres (1500 ft. radius) and for the Trail zone (from 6,500 ft. to 7,500 ft. is 80
acres (1,050 ft. radius).

Due 1o the lack of reserves and low flow rates from a single zone, the completions in the Vermillion Basin
have primarily consisted of stimulating four to six zones, the production from which are commingled to
provide a cumulative flow rate and reserve to render the well commercial. However, most of the productive
zones are less than 20 ft. thick and cannot be linked together by a horizontal wellbore. 1 Therefore, the zones
targeted for completion must be stacked vertically or in the straight part of the hole. Having the zones stacked
as close as possible one on top of the other in a vertical wellbore also maximizes recovery (stimulation is far
more effective in avertical wellbore than an inclined hole), promotes efficient drainage, and reduces waste. As
a result, the only way that directional drilling can be successful in this area and result in a commercial well, is
to drill the wellbore in an "S" shape orientation in order for the wellbore 10 be vertical through the Canyon
Creek and Trail zones from 5,500 fi. 10 7,500 fr. However, due to the limitations of bending drill pipe around
two comers al this depth, the extent of the horizontal displacement, or step out, would be limited to 1,500 f1.

While directional drilling in the Vermillion Basin may have some application where surface topography, water
sheds, etc. preclude pad construction Sor a vertical well, directional drilling in the Vermillion Basin is
generally avoided for many reasons. First, Jfor the reasons discussed above, directional wells are not
particularly well suited for producing gas in the Vermillion Basin. A vertical well is a more efficient, cost-
effective method for penetrating the various zones at the depths desired.

Next, directional wells in general, particularly those of the "S" orientation, are difficult to drill. They are more
susceptible to problems such as stuck pipe, hole instability, fishing jobs and logging problems. They typically
take longer to drill, and will result in more wear and tear on the drill string. Wexpro's recent experience with
directional drilling in the Vermillion Basin is no exception. Wexpro found it necessary to drill a directional
well in the last half of 200 1. It encountered problems, such as stuck drill pipe and production casing, which
were more difficult to deal with and more time consunng to resolve than had the well been drilled vertically.

In addition, in existing fields, such as those in the Vermillion Basin that have been producing for many vears,
there are special problems posed by varying formation pressures. These problems are difficult for even
conventional vertical wells and can be more problematic Joradirection ally drilled well, causing excessively
high cost and high risk of total mechanical failure of the well bore.

Finally, as could be expected, the cost to drill a directional well is also higher (at times substantially more so)
than a vertical well. Depending on the price of gas, such increased cost may effectively preclude the drifling of
a commercial well. For example, the costs to drill the recent directional well in the Vermillion Basin, as
referenced above, exceeded the costs to drill a nearby vertical well drilled about the same time by
approximately $400,000.00. Wexpro estimates that based on the costs and recoverable reserves associated
with these two wells, a directional well in the Vermillion Basin would not be economic if the initial production
rate of the well were at or less than 750 mcfd and gas prices were less than $2.00 per mcf, while a vertically
drilled well would be.

Obviously, the main environmental benefit to be gained by directional drilling is that it allows multiple wells
10 be drilled from one well pad, thus reducing surface disturbance. However, given the limitation of the

45



horizontal displacement for directional drilling in the Vermillion Basin to 1,500 fi. (see discussion above),
directional pad drilling in many cases would not be feasible. As mentioned above, reservoir analysis has
determined the Canyon Creek zone has an effective drainage area of 160 acres, or a radial extent of nearly
1,500 f1., and the Trail zone will drain 80 acres, or 1,050 fi. Assuming that the first well drilled is vertical, or
{f drilling from a pre-existing vertical well location, and given that any subsequent directional well could only
be drilled with a displacement of 1,500 fi., there would result a 100% drainage overlap in the Canyon Creek
zones and a 67% overlap in the Trail zones (see Figure). Therefore, this would result in a reserve reduction
per well of 50% in the Canyon Creek Zones and 33% reduction in the Trail Zones resulting in the wells being

uneconomic. Even if the initial well has not been drilled vertically, to efficiently drain the Vermillion Basin,
pad drilling would be limited to no more than two directional wells.

As a result of the foregoing, directional drilling, and especially pad directional drilling is not a reasonable
alternative to drilling the additional developmental and few exploratory wells in the Vermillion Basin. The
requirement that any future wells be directionally drilled may effectively preclude the drilling of many of the
wells and reduce the amount of reserves that could be recovered, thus also reducing the amount of revenues

paid to the federal government. Therefore, the BLM correctly concluded that it need not evaluate that
alternative.

Well Spacing Already Established for the Area - State wide spacing orders already specified by the Wyoming
Oil and Gas Conservation Commission, and as applied to existing fields in the area, would continue to apply
to the additional developmental and exploratory wells drilled under the proposed project until such time as it
was determined that a different spacing would be appropriate. The Environmental Assessment, relied on by
the BLM, provided that the proposed action would include the drilling of wells at densities of one 0 16 welly
per section (640- to 40-acre spacing). It concluded that “[a]s areas of the VBP A are developed and more is
learned about the natural gas resources in the field, Wyoming Qil and Gas Conservation Commission
(WOGCC)-specified spacing orders for the area could change.” (page 13). Therefore, the BLM correctly
analyzed the impact of production at the current spacing as established. Considering any other spacing at
this time would not have been appropriate.

BLM Correctly Analyzed Maximum Number of Proposed Wells is not Reasonable - The proposed project
and the number of wells proposed represents the maximum development for the project, and assumes that
exploration would validate the drilling of this number of wells. As stated in the Environmental Assessment,
"approximately 50% of the proposed wells [total of 56 ] would be drilled during a 5-year period as production
wells within the known producing areas, with the balance of the project being dependent upon the success of
the exploratory wells.” (p. 16). Therefore, depending on the results of the initial wells, (as well as other
factors such as changing economic conditions, mineral lease ownership, and perception of geologic risk), the
actual number of the wells could decrease. It is too early to know or consider reducing the number of wells
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specified. The BLM thus appropriately evaluated the project using the maximum number of wells proposed.
As a result of the foregoing, Wexpro asserts that the BLM appropriately rejected all of the above alternatives
and supports the BLM's decision to supplement the record giving additional explanation and/or analysis

regarding its decision. Ifyou have any questions, please contact me at the above number. Wexpro is willing to
work with the BLM in any way possible so that this issue may be resolved as expeditiously as possible so that
this valuable resource can be further developed and explored.

Your comments have been reviewed by BLM’s Reservoir Management Group concurs with the conclusions
reached. In addition, an independent consultant has reached the same conclusion.

Ken Meade

Please accept my comment on the Vermillion Basin, Kinney Rim area. Believe the area should be protecied
form full-scale development. This is a special wildlife area and I have hunted mule deer on and off in the area
for over 20 years. My wife and I go there on vacation (yearly) just to get away and enjoy the beauty and quite
of the area. I have seen steady development in the area over the years, wells, roads, pipelines. 1urge BLM to
protect wildlife and scenic beauty of this basin, and protect it for future generations.

BLM sought public comment on the three alternatives to comply with IBLA’s Order. Kinney Rimis outside
the project area.

People for the USA

The Record of Decision concerning the gas-drilling program has been appealed and is now being reviewed
with the additional consideration of directional drilling or pad drilling. The Casper Star Tribune published an
article in the Sunday January 20, 2002 issue outlining the comments by the “conservation groups” and the
basis for their appeal of the Record of Decision to allow the drilling activiry.

The area has been under hydrocarbon exploration and production since 1954 with 154 wells drilled and 72 of

these wells subsequently plugged and abandoned. The drilling is an attempt to add to the natural gas reserves
of the area.

Natural gas production has occurred since mid-1940s.

The situation in the United States concerning the availability of natural gas is still critical contrary to the
opinion stated by Mr. Levendosky in the same issue of the paper. The slowdown in the economy of the United
States and abnormally cool summer coupled with a warmer than normal fall decreased the demand of natural
gas. The product cannot be imported as easily as oil except from Canada or Mexico with out adding
considerable cost 1o the consuming public. The baseline is simply the United States needs to develop its
resources of natural gas in an economically viable manner and yet protect the other resources in the area.

Directional drilling is shown to be a cure for access and surface disturbance reduction, however it is not the
answer for all situations.

Directional drilling is expensive and can be 50% to 100% more costly (or even more) than straight
hole drilling. These costs are added to the consuming public.

48



Directional drilling is a higher risk both mechanically and geologically. Drilling personnel are very
good, but the risk increases with the complexity of the operation and tools needed to accomplish the
job.

Directional drilling can also be higher risk to the environment due to the complications of directional
holes in over pressured situations and the possibility of using oil based drilling fluids.

Directional drilling will use alarger footprint due to additional equipment required 1o drill the wells
and additional time required to drill the weils.

Pad drilling will require more time on the individual wells and increased time to develop the project.
Production of the gas usually requires minimal human presence and has very limited impact on
wildlife. The reduced time to drill straight holes would decrease the impact on the wildlife.

In those rare instances where access Is not possible due to topographic, archeological or
palentologjcal reasons directional drilling can and should be used, however the requirement should
be kept to a minimum.

Using directional drilling requirements to not develop the hydrocarbon resources is in fact making the area
into a defacto wilderness. These areas have not been made into wilderness areas or wilderness study areas
and are multiple use areas. The claim of directionally drilling wells 5 miles is not economically viable for this
area or currently mechanically possible. The limited impact on an area currently developed for hydrocarbon
production is necessary to efficiently recover the resource. The limited impact is verified by the claims of
"protecting” an area that already has seen hydrocarbon resource development! We support the Record of
Decision to allow development of the resource.

See Appendix A. See Appendix B and Appendix D for response to Biodiversity Associates’ letter that
provides the evaluation of the technical and economic concerns related to directional drilling.
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Appendix D

Report Prepared by Reservoir Management Services
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RESERVOIR MANAGEMENT SERVICES, INC.

Integrated Consulting Services for the Petroleum Industry

May 10, 2002

Ms. Teri Deakins, Project Manager
Bureau of Land Management

280 Highway 191 North

Rock Springs, WY. 82901- 3447

Re:  Vermillion Basin Natural Gas Project - IBLA Decision 2001-166
Discussion of Biodiversity Associates’ letter dated February 8, 2002 and Analysis of the
Alternative of Directional Drilling

Dear Ms. Deakins:

Wexpro Company retained Reservoir Management Services, Inc. to comment on Biodiversity
Associates’ letter to the BLM dated February 8, 2002 and to analyze the altermative of
directional drilling for the Vermillion Basin Natural Gas Project (VBPA).

In the following discussion, the direct quotes from Biodiversity Associates’ letter to the BLM
dated February 8, 2002 are shown in italics and numbered. It appears that Biodiversity took
quotes from technical references out of context, misinterpreted the data, and omitted major
conclusions presented by some of the authors. Each numbered quote is discussed in detail
based primarily on the references cited in their letter and recent production data from the public
record. The objective is to show how the technical literature relating to directional drilling
applies to the VBPA.

Finally, well architecture alternatives are analyzed and compared based on relative cost and
reserve factors.

The final conclusion is that vertical wells are currently the only reasonable alternative for
development of the VBPA.

Discussion of Biodiversity Associates’ Letter Dated February 8, 2002

When reading the foliowing critique of Biodiversity's letter, it would be helpfui to keep in mind
the general characteristics of the gas reservoirs in VBPA. The primary target of exploratory and
development driling is 22 potentially productive, low permeabilty gas pay zones of the



2122

Mesaverde Group. These zones average 30 ft in thickness and are distributed over 2300 ft of
gross interval starting at about 5500 ft from surface. if potential targets in the Wasatch, Fort
Union, Frontier and Nugget are inciuded, the interval is significantly larger. Previous
completions in the Vermilion Basin consist of commingling of four to six hydraulically fractured
zones in a vertical wellbore. Single pay zones are generally not commercial.

1. Biodiversity states (February 8, 2002, p.3):

The need to employ directional drilling technologies to reduce environmental impacts of
mineral development is a high priority of the Bush administration. The President's
National Energy Policy contains a section titled, “21% Century Technology: The Key to
Environmental Protection and New Energy Production,” which states:

“Producing oil and gas from geologically challenging areas whiled protecting the
environment is important to Americans and to the future of our nation’s energy
secunity. New technology and management techniques will aflow for
sophisticated energy production as well as enhanced envimmental (sic)
protection...Smaller, lighter drilling rigs coupled with advances in directional and
extended-reach  dnlling  significantly  increase  protection  of the
environment...Modular drilling rigs, “slimhole” drilling, directional drling, and
other advances enable: [.. ]
+ Production of oil and gas with increased potection (sic) to wetlands and
other sensitive environments;
Other examples of advanced technology include: [...]
+ Highly sophisticated directional dnlfling that enables wells to be drilled
long horizontal distances from the drilling site [J”

The focus of the National Energy Policy - 2001 relating to oil and gas exploraton and
development is primarily directed at Alaska and OCS (Outer Continental Shelf) areas.

in "Chapter Five — Energy for a New Century: Increasing Domestic Energy Supplies’, the only
recommendation relating to lower 48 oil and gas exploration and development stated:

“The NEPD Group recommends that the President direct the Secretary of the interior to

examine land status and lease stipulation impediments to federal oil and gas leasing,

and review and modify those where opporunities exist (consistent with the law, good

environmental practice, and balanced use of other resources).

« Expedite the ongoing Energy Policy and Conservation Act study of impediments to
federal oil and gas exploration and development.

+ Review public lands withdrawals and lease stipulations, with full public consultation,

especially with the people of the region, to consider meodifications where
appropriate.”

The NEP suggests that there must be a balance of the various land use interests in order to
provide adequate supplies of energy at reasonabie prices. The NEP aiso stated:

“The most significant long-term challenge relating to natural gas is whether adequate

supplies can be provided to meet sharply projected increased demand at reasonable
prices.” (p. 1-8).
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The Vermilion Basin Natural Gas Exploration and Development Project application contains 22

pages of Operator-Committed Measures and Additional BLM-Required Mitigation designed to
protect the environment in the proposed project area.

2. Directional Drilling is Technically Feasible for the Vermillion Basin Project

The reduced environmental impacts of directional drilling are well-documented. Cluster
dnilling from a single well pad (French Oil and Gas Association 1990) can reduce the
footprint of oil and gas development on the landscape by concentrating the aclivity and
impact of many wells at a few widely dispersed sites.

French Qil and Gas Association 1990 is primarily a manual for design of deviated offshore wells.
It is stated on page 7 of the reference that:

“Afthough well bores are generally vertical in exploration, local difficulties may require the
planning of directional wells. By contrast, the general rule governing development wells drilled
from offshore platforms is to drill deflected holes”

Cluster drilling from a single pad is not new technology. Development drilling from pads on the
North Slope of Alaska, drilling from platforms offshore, and development of oil fields under cities
in the Los Angeles Basin are examples of this technology that has developed over the past 50
years. In these examples there are clear economic reasons for clustering development wells.

It is important to note that exploration wells are generally vertical in both onshore and offshore
areas. In order to plan deviated wells that may be required for development, information from
vertical exploratory wells and/or 3D seismic is generally required.

3. Because fewer directional wells are required to drain a subsurface reservoir, well
spacing is always greater for directional wells (Friiz et al. 1991).
This statement is true for horizontal weils in a single pay zone but not for high-angle wells (45°
to 60° deviation) or s-shaped deviated wells (vertical through the reservoir). Fritz, p. 36 also

states

“...a general definition of an HD-typefhorizontal drilling-type] reservoir is one in which horizontal
drilling can improve production significantly and economically over a vertical well”.

The number and cost of each type of well required to efficiently drain a reservoir certainly enters
into the economic calculation.

4. Indeed, Joshi (1991, p. 4) stated that "to achieve larger producible reserves,
honizontal wells will have to be drilled with a larger well spacing than vertical wells.”

This direct quote does not exist on p.4 of Joshi’'s book. The well spacing issue is. much more
complex than stated by Biodiversity. Joshi (p. 4) points out that:

“The major disadvantage is that only one pay zone can be drained per horizontal well.”
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For a single pay zone, Joshi states( p.56):

..... in a low permeability reservoir, horizontal wells can be used to enhance drainage volume
per well in a given period of time.”

Given sufficient time, vertical and horizontal wells may recover the same reserves from a single
pay zone but horizontal wells generally accelerate the production in time.

Joshi's book deals almost exclusively with comparison of vertical, slanted, and horizontal wells
drilled in single pay zone reservoirs, a situation quite different to the proposed VBPA where the
objective reservoirs are multiple pay zones distributed over 2300 vertical feet. The reservoirs at

VBPA must be hydraulically fractured and commingied in a vertical well completion to efficiently
recover the gas reserves.

For the VBPA reservoirs, the ciaim that deviated wells will recover the gas reserves more
efficiently than vertical wells is simply untrue.

5. Horizontal drifling can now reach subsurface reservoirs up to 29,000 feet away from
the dnlfing site in horizontal distance (Al-Blehed et al. 2000).

Drilling of long horizontal well sections is well documented in the literature. This paper is
irrelevant to the VBPA discussion because it describes horizontal well applications, mainly to
reduce coning in prolific oil producing Saudi Arabian sandstone and carbonate reservoirs.

6. Thus, by requiring cluster development (used in conjunction with honzontal or
deviated directional-dnifing technology), the BLM can minimize environmental darmnage
and habitat degradation that is inherent to oilfield development.

The Operator-committed mitigation measures and additional BLM-required mitigation measures
proposed as part of the October 2000 Vermilion Basin Natural Gas Exploraton and
Development project were designed to minimize impacts to the environment and at the same
time economically recover the maximum possible gas reserves. This objective is best
accomplished in VBPA by the use of hydraulically fractured vertical wells with multiple
commingled pay zones.

7. Not only is directional drilling more environmentally responsible, it is also rrore
effective at removing oil and gas from geologic formations than conventional verticaf
wells, Thakur (1999) reported that because horizontal dhlling is a more efficient
extraction method, it can increase the recoverable reserves for a given reservoir.

In some cases, horizontal drilling can increase recoverable reserves. Thakur (1999) states that:

“The use of horizontal wells in water and gas coning situations have proved to be extremely
profitable for Chevron.”

Thakur reported that of 44 horizontal wells drilled in coning situations 95% have been
successful. However, for fractured reservoirs the success rate has been 29% and for low
permeability reservoirs 60%. Thakur also summarizes the results of 80 horizontal wells drilled
by EIf Aquitaine between 1987 and 1999. This operator reports good success for most wells
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except for those driled in thermal recovery and low permeabilty reservairs, Forthe Ef
Aguitaine wells, the average cost ratio of horizontal to vertical wells for the 80 wells was 1.5.

For the type of reservoirs present at VBPA, Thakur reports success rates of less than 60%.

8. Fniz et al. (1991) reported that directional driliing has had a higher percent success
than vertical drifling in both the Austin Chalk and Williston Basin fields.

Fritz reports that the percent success for the Bakken Formation, a fractured shale source rock in
the Williston Basin, is 94% for vertical wells and 97% for horizontal. For the Austin Chalk, a
fractured, faulted, compartmentalized oil reservoir, the percent success is 85% for vertical wells
and 98% for horizontal wells. In fact, Swindell (1996) stated that:

“Poor overall economics have siowed the use of horizontal drilling in the Bakken Shale of North
Dakocta.”

The conclusions derived from this information have no bearing on the development of gas
reservoirs at VBPA. The discussion befow will document that the percent success for horizontal
wells drilled in low permeability gas reservoirs near VBPA is 20% to 25%.

9. Joshi (1991) asserted that for the natural gas production, horizontal wells inprove
drainage area per well for low-permeability geologic formations, reduced near-wellbore
turbulence and increased delivery efficiency for high-permeability forrations.

Joshi's statement has no relevance to the VBPA reservoirs, which are multiple, thin pay zones
spread over a large interval and are not amenable to development by horizontal wells.

10. Honzontal drilling technology is so effective that it has become the benchmark for

the industry: Mifler and Steiger (1999) boasted that their array of vertical and directional

wells had production that equaled high benchmark projections from honzontal dnlling.
This reference is not documented in the Literature Cited in Biodiversity's letter.

11.  Furthermore, directional dnlling reduces ‘coning,” the mixture of oif with gas and

water that reduces production efficiency for oil and gas (Joshi 1991, Thakur 1999).

As there are no coning issues associated with the VBPA reservoirs this statement is not
relevant to the current discussion.

12. Directional drilling is a universally practical solution fo oil and gas recovery. It is
suitable for both exploration and full-field development (French Off and Gas Association
1990).

There is no such statement or claim made in the cited reference. The reference simply lists
different situations where directional drilfing has been used to develop oil and gas fields.

13. Aguilera et al. (1991) lauded the potential of horizontal driffing in infill situations.

Aguilera et al. (1991, p.2) stated:
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“Horizontal wells can be considered as an alternative to infil driling [vertical wels] and
fracturing, with the objective in all cases to increase the economic recovery of oil and gas.”

The VBPA contains thin multi-pay reservoirs not suitable for development by horizontal drilling.

14. In 1991, Fritz ef al. (p. 36) noted that, “If the cost of drilling a horizontal well was
equal to that of drlling a vertical well, most reservoirs would be candidates for horizontal
dniling.” These costs have in fact equalized in modem times.

There is no substantiation for the claim that costs have equalized in modern times. In fact,
Thakur presents modern data that show that the ratio of horizontal to vertical well costsis 1.4 to

1.5. Joshi p.5, Fig 1-3a, shows that even after 4 years of drilling horizontal wells at Prudhoe
Bay and flattening of the learning curve, the ratio of H/V is still 1.5. Joshi's data also shows
considerable scatter in the cost of the horizontals (some later-drilled horizontal wells cost 80%

of the initial horizontal well cost), indicating that after 4 years of experience there is considerable
risk in the driling horizontal welis.

15, Aguilera et al (1991, p. 1) stated that, “Theoretically, all reservoirs can benefit from
honzontal wells.”

Aguilera et al. (1991, p. ix) also stated in the Preface:

“lt must be stressed that horizontal wells are not suitable for all types of reservoirs.”

16. Al-Blehed et al. (2000) asserted that horizontal drilling is superior to vertical drilling
for a variety of conditions including for naturally fractured reservoirs, thin reservoirs,
heterogeneous reservoirs, vertical permeability homogeneous reservoirs, reefs or
isolated sand bodies, and faulted reservoirs. Horizontal drfling has proved to be
superior technology in a varety of geological settings, and we know of no exarmples
cases where vertical drifling offers superior results.

Al-Blehed et al. (2000) discusses horizontal drilling in Saudi Arabia, which currently produces
about 8.8 MMBO/D from 50 fields from a total of 1000 wells for an average per well rate of
8,800 BOPD. The 6 fields discussed in detail by Al-Blehed all had horizontal wells drilled to
produce thin oil zones. The increased oil rates in all of these cases are related to reduced water
coning and increased waterflood efficiency in high permeability oil reservoirs. The facts
reported in this reference do not provide any support for horizontal drilling at VBPA.,

17. The economic feasibility of directional drilling has been well demonstrated. Cluster
development of many wells on a single pad offers minimizes (sic) the capital investrments
of lessees (French Oil and Gas Association 1990), and reduces costs for an expensive
and ecologically damaging network of improved roadways.

Directional drilling has been used for over 50 years in the petroleum industry. The economic
feasibility has been demonstrated, especially in offshore applications. The fact that centain
capital investments related to surface drilling and production operations can be reduced through

cluster drilling does not automatically equate to an economic project that maximizes the
recovery of oil and gas reserves.
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18. In 1991, Joshi (p. 7) noted that costs for directional wefls werg 1,4 {g 3 times Nigher

than costs for verical wells, but further noted that “in some cases, with extensive drilling
expeniences, the honzontal well costs are reported to be almost the same or even lower
than vertical welf costs.”

The first part of this statement: “that costs for directional welis were 1.4 to 3 times higher than
costs for vertical wells” is correct and is actually quoted directly from p.4 and suppoted by
industry experience.

The quote relating to reported horizontal well costs being the same or even lower than vertical
well costs is taken from Gust (1989). There is an error in the Joshi text. Gust actually shows on
Fig. 2 of his paper that the ratio of horizontal versus directional well drilling, $/meter (cost_per
meter drilled) is less than one. Gust stated (p.51):

“‘Based on these observations, we expect that horizontal wells driled in development programs
will compete with directional wells at the same cost per meter, providing the casing and drilling
fluids programs are similar. The total well cost will be higher than vertical or directional wells
due to their increased measured depth;, however, this cost should be offset by their increased
amount of reservoir exposure”.

Horizontal wells in the multi-zone VBPA actually have iess reserve exposure than vertical wells.

19. But because directional drilling requires fewer wells and yields more productiort per
well, overall oilfield development costs may have been lower even with the older
technology available in the early 1990s. Because each directional well drains a greater
reservoir volume than a corresponding vertical well, fewer wells are required to drain a
reservoir, reducing up-front project costs (Fritz et al. 1991). These researchers further
compared the costs of older-technology directional drilling with vertical drilling, and found
that oil production costs per barrel were fower for directional drilling in the Austin Chalk,
but higher in the Williston Basin of North Dakofa.

This discussion relates to horizontal drilling in the Austin Chalk and Bakken formations, which
are single zone, fractured reservoirs. The conclusions derived from this reference have no
bearing on the VBPA.

20. In modem times, the fechnology continues to improve and efficiencies nse. Al-
Blehed et al. (2000} stated that their use of horizontal wells reduced drilling, flowline and
facilities costs by 20 - 25% over vertical drilling.

As discussed above, the findings in this reference have no relevance to VBPA.

21. Directional drilling has proven to be a remarkably versatie as alternative (sic) to
conventional vertical dnlling in recovery. Directional drilling has been shown fo increase
rate of gas production and overall recoverable quantily for tight gas sands (e.qg.,
Casselta 1998).

Cassetta’'s reference is an AAPG abstract that has been misinterpreted by Biodiversity.
Cassetta attributes the increased rate of gas production and overall recoverable quantity from
geopressured Upper to Middle Wilcox tight sands solely to 3D seismic results. Directional
drilling was required in this field because the field is partially submerged below a surface water
reservoir,
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22. O'Rourke et al. (1997} found honizontal drilling of paired wells to be effective in gas
production using steam injection techniques.

This reference refers to the SAGD (Steam Assisted Gravity Drainage) project in the oil sands of
Fort McMurray. The SAGD process uses closely spaced horizontal wells to recover steam-
heated bitumen from shallow unconsolidated sands by gravity drainage and is not relevant to
gas production from the VBPA.

23. For heavy oil recovery, Shirif (2000, p. 894) noted that, “For a given pattem, there is
a horizontal well configuration [that] maximizes the total production rate.” In all cases,
directional dnlling has resulted in superior economic yields when compared to
conventional vertical dnlling. Thus, directional drilling minimizes the environmentaf
impacts associated with mineral development, is geologically and economically feasible,

and produces equal frequently Superor recovery of mingrals compared to vertical
dnifling.

This is another reference discussing thermal heavy oil projects in Alberia where well spacing
can be on the order of 2 % acres per well. This information is not pertinent to the VBPA.

24. Directional drilling is proven as an effective alternative to vertical drlling in Wyorming.
The first directional well in Wyoming was completed in 1987, and as of 1994, 80
producing wells were completed out of 117 attempts (Stewart 1995). As of October
2001, Wyoming has 504 horizontal or directional wells on-fine, according to State of
Wyoming data. Stewart (1995) stated that “Recent developments in the gas play in the
Green River Basin, particularly the Mulligan Draw, Echo Springs, and Stagecoach fields,
indicate favorable exploitation by horizontal drilling” (at p. 283).

A total of 8 horizontal welis have been drilled in Mulligan Draw, Echo Springs, and Stagecoach
fields out of a total of 133 total wells drilled. Three of the horizontals are suspended with zero
cumulative gas production. In Echo Springs and Mulligan Draw, the horizontal wells have
produced less gas than the average well in the field. Only one horizontal well in Stagecoach
field has produced more than the average well in the field (2 times the average). Given the
horizontal/vertical cost ratio of 1.4 to 1.5 times, these results can hardly be classfied as
favorabie for horizontal drilling.

25. The target geological strata for the Vermillion Basin project also have shown
thermselves conducive to directional drilling. The Frontier formation has substantial and
well-developed fractures through which natural gas migrates (Lorenz 1995), properties
which are more conducive to honzontal drlling, which intercepts more fractures than
conventional vertical driffing {Mark Kirschbaum, USGS pers. comm.).

There are numerous references in the literature documenting the presence of natural fractures
in low permeability gas sands. For successful development of low permeability gas sands with
horizontal wells, the first challenge is to locate areas of high fracture intensity, either by vertical
drilling or by multi-component 3D seismic in order to optimally orient the horizontal well
(Kuuskraa et al. 1999). The second challenge is to intersect open fractures filled with gas and
not water.

26. According to Krystinik {2001), a horizontal well drilled in the Green River Basin’s
Frontier formation reached a depth greater than 15,000 feet in tight-gas sandstone, was
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driled at a cost that was reduced to 50% of the industry average, and achieved
economic production of greater than14 mmefiday.

The well referred to by Krystinik is the UPR Rock Island 4-H, completed in the Frontier. 1t is
certainly a successful horizontal well and is probably the best horizontal well drilled to date in a

low permeability gas reservair. As shown on the following plot, this well could produce 25 BCF
of gas if it is not offset by other wells.

UPR Rock Island 4-H |
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This is a basin-centered gas well in the overpressured Frontier producing below 15,000
therefore, it is difficult to compare this well to the performance of other Frontier vertical wells.
However, there are good vertical wells producing from shallower, normally pressured Frontier
reservoirs. An example is the Lincoln Road Unit #1 located on the Moxa Arch about 80 miles
northwest of the Ri 4H:
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Lincoln Read Unit 1
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The Lincoln Road Unit 1 produced from the Frontier several years with no decline at 1000

MCFD and would probably have ultimately produced 20 to 25 BCF if the offset wel had not
been drilled in 1992.

What Biodiversity failed to mention is that the four horizontal wells following the UPR Rock
Island 4-H were failures:

1. The Sidewinder 1-H well encountered nearly 2000 open fractures and produced high
volumes of water and no commercial gas.

2. The Sidewinder 2-H encountered lower than expected reservoir pressure and produced
no water and small quantities of gas.

3. The Table Rock Unit 115-H encountered lower than expected reservoir pressures and
has produced 179 MMSCF. The current rate is 160 MCFD.

4. The Sage Flat 7-H had no released production data at the time Krystinik published his
results. The well was completed in April 2000 but has no reported production to date.

In this series of five horizontal wells, located within about a 10-mile radius of the center of
T20N R97W (UPR Rock island 4-H), the success rate is only 20%. Not very encouraging
given the cost of these deep deviated wells.

27. Dunn et al. (1995) used horizontal drilling in the Almond formation and found
extensive fracturing here as well, though limited in areal extent. These researchers
noted ‘“horizontal well completions may provide an efficient method to access the
enormous natural gas resource present in Mesaverde group of the Greater Green River
Basin” (at p. 268).
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Fluid flow equations predict that the inherently high permeability of natural fractures wil yield
high initial gas flow rates. The extent of the natural fracture system will determine the long-term
contribution that the fractures will make to production. Dunn (p.267) points out that:

‘First, the areal extent of the fractures is unknown, and may be small. A few of the fractures
terminate within the diameter of the whole core as they traverse it at an oblique angle,

suggesting that those open fractures are of limited extent. Limited areal extent would reduce
the open fracture contribution to production flow rate.”

Iverson et al. (1995, p.279) also suggest that the numerous sandstone layers of the Aimond are
not connected by natural fractures and that hydraulic fracturing is reguired to connect all of the
reservoir sands for production.

tn discussing the results of a horizontal well in Sidewinder, Krystinik et al (2001} pointed out an
additional risk of drilling horizontal wells:

“The SW 1-H was drilled on the upthrown side of the fault, in an area predicted to be heavily
fractured. This well encountered nearly 2000 open fractures and had very high flow rates of
water, but had sub-economic rates of gas.”

28. Iverson et al. (1995) found that even without hydraulic fracturing, a honzontal well
tapping into the Almond formation produced as much gas as a conventional well that
used hydraulic fractunng.

Iverson discussed two wells at Echo Springs: Amoco B-1 (vertical) and Amoce Champiin 24 5B-
2H (horizontal) located about 2 two miles apart in T20N R93W. At the time of lverson's
publication, very little production data was available for the horizontal well. After 8 years of
production it is now possible compare performance of the vertical and horizontal well. lverson
speculated in 1995, based on initial testing of the horizontal well that:

“Considernng the additional cost of horizontal drilling, the economics likely favor vertical or slant
hole completions. The horizontal well probably will recover gas more efficiently from a single
Almond Formation sand bar. But without hydraulic fracturing, the sands beneath are not
tapped, and the well cannot be a spectacular producer.”

Inspection of the production histories of these two wells through December 2001 shows that
lverson’s prediction was correct. As shown on the two plots following, the projected ultimate
gas recovery, to a limiting rate of 100 MCFD, will be 7.5 BCF for the vertical well and 2.25 BCF
for the horizontal well.
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Echo Springs Amoco Champlin 254B-2H (horizontal)
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The projected recovery from the vertical well is over 3 times the projected recovery from the

horizontal well. As suggested by lverson, horizontal wells can efficiently recover gas from single
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pay zones, but for draining numerous stacked sandstones hydraulically fractured vertical
wellbores may be the best choice. lverson goes on to say:

“Natural fractures certainly help to achieve high flow rates from any one sand, yet hydraulic
fractures are needed in order to tie Almond Formation reservoir sand bodies together.”

This analysis supports a conclusion exactly opposite to the conclusions reached by Biodiversity
using the same data.

29. Proof that directional drilling is feasible for the Vermillion Basin region is the fact that
a producing directional well has already been dnilled and completed in the Kinney Unit of
the project area. According to State of Wyoming records, a Wexpro well, API #3724085
at T13N R100W sec. 13 NE %4, has been drilled directionally to a total depth of 15, 131
feet (at the maximum projected depth for the Vermillion Basin unit) and is currently
producing gas from the Nugget formation. The fact that directional wells are already
producing natural gas within the Vermillion Basin project area demonstrates beyond a
shadow of a doubt that directional drlling is appropnate for the particular geological
conditions found in this area.

The Wexpro well, AP| #3724085 has produced about 1.33 BCF from the Nugget. The current
rate is about 500 MCFD. This well will produce less than the volume of gas produced from the
average vertical well in the Kinney Field. Given the 40% incremental cost of drilling a horizontal
well at over 15000 ft, it cannot be concluded that “directional drilling is appropriate for the
particular conditions found in this area”.  In fact, this well was deemed a non-paying well for
purposes of unit expansion by the BLM.

30. In its Decision Record for this project, BLM noted that ‘Directional dnilfing may be
used if economically viable” DR, App A at A-13. Now that the technical and economic
viability of directional drilling has been established, BLM should require its use to protect
other resource values in the Vermillion Basin project area. Failure to require directional
dnilling would be to accord oil and gas development an absolute priority over all other
resources in the project area —a resuit that would be unlawful under FLMPA's multiple-
use, sustained yield mandate.

The body of evidence presented by Biodiversity regarding horizontal drilling, as corrected by the
discussion above, points to a conclusion exactly opposite of the one reached in their letter of
February 8, 2002. The professionals employed by the BLM and Operators are all very familiar
with the results discussed above and are responsible for preparing development plans that
protect the environment, maximize the recovery of natural gas, and at the same time provide an
economic return. They understand the issues relating to horizontal drilling in low permeability
gas reservoirs. If the results and economics were as positive as porirayed by Biodiversity
Associates, then a very high percentage of wells drilled today in Wyoming's low permeability
gas reservoirs would be horizontal wells.
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31. Implementing Directional Drilling Requirements is an Appropriate Method fo
Protect Roadless Lands and Sensitive Species in the Vermillion Basin Project
Area.

In its onginal Decision Record for this project, BLM noted that “the BLM does not believe
it is necessary or appropnate fo mandate the use of this procedure [directional drilfing]
for this project.” DR, App. A at A-13. This statement reveals that the Rock Springs Field
Office’s past deference to the oil and gas industry, its misunderstanding of controliing
law and policy, and its unwillingness fo adopt reasonable mitigation measures which
would protect the interests of the general public that owns lands managed by BLM. As a
steward of public lands that belong to all Amernicans, BLM must exercise its discretion to
condition development of public resources on respecting the greater public interest in
maintaining viable wildlife populations, recreational opportunities, and open spaces for
the enjoyment of generations present and future.

No evidence in the existing record lends support to the assertion that directional drilling
would in fact be more expensive and no analysis has been performed fo balance any
actual increased costs with environmental and public health benefits, as well as direct
savings resulting from the reduction in new roads, pipeline facilities, right-of-ways and
other infrastructure associated with drilling more wells at maximum densities.

it is absolutely appropnate for increased production expenses fo become part of the cost
of doing business on public lands when these increased production costs translated to
reduced harms to the public interests and the environment. Not only would it be
appropriate from both a legal and ethical perspective for BLM fo mandate drectional
drilling, but in order to reduce impacts to both developed and roadless areas within the
proposed project boundary, we believe that BLM has the responsibility to mandate
directional drilling in order to avoid impacts to roadless lands and sensitive species.

The facts indicate otherwise as will be summarized in the following discussion.

Description of the Mesaverde Group in the Vermillion Basin

The Mesaverde Group is @ major productive interval and drilling target in the Vermilion Basin.
This sedimentary sequence has a variety of names and subdivisions in various basins and often
within the same basin in the western US. It literally has over 100 different local names. The
Mesaverde Group in the VB includes the Almy Formation, un-named Mesaverde zones,
Erickson sandstones, “Rusty” beds, Blair Formation and informally named and numbered field
zones called Trail sands and Canyon Creek sands. it is a complex series of often difficult to
correlate fluvial to marginal marine sandstones that in total include a gross interval of
approximately 2300’ (at Canyon Creek Field).

These sands have produced in Trail, Kinney, Hiawatha, and Canyon Creek fields in the vicinity
of the VBPA with varying degrees of success. Because of the complexity and because of the
great thickness of the stratigraphic section involved, a true “type log” adequate to convey that
complexity (just for the Mesaverde section without considering the Wasatch, Fort Union or
Nugget formations) would be difficut to construct. For more details on stratigraphy and

depositional environments see GRI publication “Atlas of Major Rocky Mountain Gas Reservoirs”
(1993) page 43.
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Several operators are involved in the development of existing productive fieids in the area and
in the exploration far new production adjacent to existing production. Much of the existing
production is from old wells with limited modem logs. An operator study completed last year on
Canyon Creek field illustrates the complexity of the Mesaverde sandstones. The chart below
shows for Canyon Creek Field the percentage of wells in the field compieted in the 22 named
sand zones. Note that there are some sand zones that are not currently named but which may
prove to be productive. Alsc note that all potentially producible named sand zones are not
completed in every well. Thus, the need for many recompletions and infill wells.

Canyon Creek Productive Sands Study

20.0% - S PSP ——

%

The net sand thickness for the 22 named sands in the VBPA ranges from 10 to 80 ft with an
average of about 30 ft. The porosity ranges from 9% to 17%. The permeability ranges from
less than 1 md to over 20 md.

Sands in the Mesaverde exhibit normal hydrostatic pressure unless production has occurred to
reduce it. Individual sand units behave as distinct reservoirs. Because of the selective
completions done in the past, there are multiple stacked reservoirs remaining with some having
normal pressures and some being partially depleted within active field areas. This situation
complicates new infill drilling operations.

These details for the Mesaverde Group provide a good analogy for the type of geologic situation
found in the Wasatch and Fort Union although they are less complex and have fewer individual
sands. The geology situation is similar for these other formations in that they are relatively thick
gross intervals with multiple stacked sand reservoirs.



16/22

Preferred VBPA Well Architecture

The large number of thin sands distributed over a long interval impacts the selection of the well
configuration. The possible well configurations for VBPA are show on:

Exhibit 1: Vermillion Basin Well Options

Four well types are shown on this diagram: vertical well, s-shaped deviated well, high angle
inclined well, and horizontal well.

The vertical well intersects all zones directly under the surface location. Several zones are
perforated, hydraulically fractured, and produced in a singie wellbore (commingled). Driling and
completion operations are based on well-established, low risk technology. Recovery of
reserves is optimized by selecting zones suitable for completion based on minimum levels of
reservoir properties and sufficient levels of pressure (no depletion from offset wells). If the initial
completion becomes depleted then the vertical well can be recompleted in other behind pipe
zones, thus increasing reserve recovery and extending the life of the well.

The horizontal well can be drilled from vertical or high angle inclined wellbores. The horizontal
section is kicked off close to the depth of the target zone and can easily reach lengths of 1500’
to 3000' from the kick off point. The main problem with this well architecture at VBPA is that it
can produce from only one of the 22 potential target zones. If the target zone is missing,
pressure-depleted or has poor reservoir characteristics, then the horizontal well is a failure. |If
the horizontal well finds a good zone, then the reserve recovery from that zone will be
potentially higher than recovery from a vertical wellbore in the same zone; however, the
horizontal well has no access to the other 21 potential producing zones. Furthermore, unlike
the vertical well, the horizontal well does not provide any information about the remaining 21
zones for geologic interpretation. Finally, drilling experience in the area indicates that the

expected success rate for horizontal wells in low permeability gas reservoirs is about 20% to
25%.

The high angle inclined well is drilled at 30° to 60° from vertical starting at a 1500 ft kickoff point.
This well intersects the reservoir zones at increasing distances from the surface location of the
well; therefore, targeting of zones becomes more difficult than with vertical welis. There is
increased cost associated with drilling time required for the longer, deviated well in addition to
increased mechanical risk of directional drilling. A major problem of this type of well for VBPA is
that, based on operator experience, the success rate for hydraulically fracturing the individual
zones is about 1 in 3 due to screenout problems. During hydraulic fracturing, sand is carried
into a fracture created by high-pressure fluid. If there is a restriction at the wellbore, the sand
packs off, prematurely terminating the fracture treatment. Screenouts are common in wellbores
inclined more than 10°.

The theoretical reasons for the screenouts in inclined wells are related to fracture initiation
problems caused by certain well orientations in the stress field (Hossain et. al, 1999, and
Sankaran et. al., 2000). It is critical that the inclined well be correctly oriented in order to have
successful hydraulic fracture treatments. However, the stress field is usually poorly defined
leading to poor success rates for hydraufic fracturing in inciined wells. Zones that screenout
during fracturing are generally not successfully refractured and the reserves are not produced.
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Orientation in the stress field is not a factor in vertical wells; consequently success rates for
hydraulic fracturing are very high.

The s-shaped well is the most common deviated well drilled for field development. A well of this
type at VBPA would be kicked off at about 1500’ and straightened to vertical before entering the
first pay zone at about 5500'. From a completion standpoint, this well looks like the vertical well
with possible problems working inside a deviated well with two doglegs (bends) in the well path.
The main reservoir problem with this well type at VBPA is drainage area limitations due to
limited reach relative to effective drainage areas of the individual zones. A cross section of the
s-shaped well is shown on;

Exhibit 2: S-shaped well - Vertical cross-section

The reach of the s-shaped well at VBPA is limited to 1500° due to mechanical constraints
imposed by having the well vertical at the top zone (5500°).

While s-shaped directional wells allow multiple wells o be drilled from a single pad, thus
reducing surface disturbance, the limited reach of the directional well imposed by depth of the
top zone, negatively impacts reservoir drainage per well.

Wexpro (2002) has determined from reservoir analysis of existing Mesaverde production in the
Canyon Creek and Trail fields of the Vermillion Basin, that the effective drainage area for the
Canyon Creek zone is 160 acres (1500 ft radius) and 80 acres for the Trail zone (1050 ft).

For these effective drainage areas, two s-shaped wells per pad without a vertical well have the
same reserves per well as two vertical wells on the same spacing but with a 25% increase in
per-well cost. If the s-shaped well offsets an existing vertical well, the overlap in effective
drainage area reduces the per-well reserves by 25% in the Canyon Creek and by 12.5% in the
Trail. The reserve reduction combined with 25% increase in well-cost makes the two wells
uneconomic.

Four s-shaped wells per pad without a vertical well results in a 12.5% reduction in per-well
reserves and a 25% increase in per-well cost. Adding a vertical well to the pad further reduces
the per-well reserve.

An areai view of the effective drainage areas illustrates this point.

Exhibit 3: S-shaped well — areal view of effective drainage areas

In summary, vertical, hydraulically fractured, multiple zone completions are the only
economically feasible well architecture for VBPA. It can be concluded that:

Horizontal wells that target a specific sand, are not feasible at VBPA because:

1. The sands are thin and the gas reserve target for individual sands will be small and non-
commercial.

2. If the target sand is non-productive or pressure depleted, the horizontal section of the
well must be redrilled to test other sands.
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Recompletions to another sand are not possibie in the horizontal well.

If natural fractures are not encountered, hydraulic fracturing in the horizontal well may be
required to communicate vertically in the sand. This defeats the purpose of driing the
horizontal well.

The mechanical risk of drilling and completing horizontal wells is high.

High angle wells are not feasible because:

—

. There is increased cost and mechanical risk associated with drilling the directional well.

The target zones are intersected at varying (increasing) distance from the surface
location and may miss some of the target zones.

Difficulties in hydraulically fracturing in high angle welibores results in a 1 in 3 success
rate in compieting the target zones leading to uneconomic wells.

S-shaped wells have some of the technical advantages of vertical wells but are not
economically feasible because:

1.
2.

There is increased cost and mechanical risk associated with drilling the directional well.
The limited reach of the well (1500 ft) relative to the effective drainage areas of the
target Mesaverde zones, reduces the reserves per well if more than two wells are drilled
per pad or the s-shaped well offsets an existing vertical well on a two-well pad.

Two s-shapes wells per pad (without a vertical well) give the same reserves per well as
two vertical wells on the same spacing but at a 25% increase in the per-well cost.

. With two wells per pad the cost savings in surface infrastructure do not offset the

increase in well drilling and completion cost.
Offsetting an existing vertical well with an s-shaped well will result in a decrease in the
per-well reserve and an increase in the per-well cost.

Vertical wells have the following advantages:

1.

2.

o~

The risk of not finding a sufficient number of productive sands in the 22 sand section is
low,

Multiple sands can be hydraulically fractured and commingied in a single completion with
low risk, proven technology.

Vertical wells can be recompleted to other sands if production from the initial completion
drops to noncommercial levels.

The mechanical risk of drilling and completion operations is low.

Vertical wells will maximize the recovery of gas reserves in this multi-reservoir producing
section.

By estimating cost and reserve factors, it is possible to evaluate the tradeoff between increased
well-cost and reduced surface infrastructure cost associated with pad directional drilling for

VBPA. The following table compares the cost and reserve factors for vertical, s-shaped, high
angle, and horizontal wells.
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Vermillion Basin Natural Gas Exploration and Development Project
Comparison of Well Configuration Alternatives

% of total well cost S-shaped [High-angle
F vertical well Vertical |Deviated |Deviated Horizontal
Mechanical risk 0.98 0.95 0.9 0.6
Cost Factors
# wells per location 1 2 8 8
[Location and road 7.0% 1.00 0.800 0.250 0.250
Drilling and logging 55.0% 1.00 1.400 1.400 1.400
Perforation 1.0% 1.00 1.100 1.200 0.000
Hydraulic Fracturing or Stimulation 25.0% 1.00 1.100 1.500 0.250
Gathering line 2.5% 1.00 0.800 0.250 0.250
Surface facilifies 4.5% 1.00 0.750 0.750 0.750
Remediation 50% 1.00 0.500 0.125 0.125
Risked Cost Factor] 100% 1.00 1.246 1.468 1.508
Reserve Factor (Vertical Weli=1.0) 1.00 1.00 0.21 0.16

In the above table, the total well cost for the vertical well is allocated to several categories. The
cost factors are then applied for each type of deviated well to reflect their relative cost. Drilling
multiple wells from a pad offers some cost savings but at the expense of increased risk and
drilling cost. The risked cost of the deviated wells ranges from 1.25 (s-shaped) to 1.5
{horizontal) times the cost of a vertical well. This appears to be in line with industry experience.

The relative reserves were estimated by applying success rates based on experience for each
type of well with the vertical well = 1.0.

The projected reserves per well for the s-shaped well are the same as the vertical well if a
maximum of two s-shaped wells are drilled per pad (no vertical well on the pad). However, the
cost of the s-shaped deviated well, including estimated savings in surface infrastructure cost, is
1.25 times the cost of the vertical well. if the number of s-shaped wells per pad is increased to
three or four, or a vertical well is added to the pad, the reserves per well decrease relative to the
vertical well case. The 25% increase in per well-cost will likely make these wells uneconomic.

The horizontal well in the VBPA has an estimated cost of 1.5 times the vertical well and a
projected reserve of only 16% of the vertical well. The low projected reserve is based on two
factors: 1) a probability of success of 25% due to a variety of factors, including missing the
target zone, not finding gas in the target zone, finding depleted pressure, not finding natural
fractures, or intersecting a water bearing fractured zone, and 2) if a productive, single pay zone
is found by the horizontal well, it will represent 25% of the gas in the total intervat (optimistic) but
will recover 2 times the gas that would be recovered by a hydraulically fractured vertical well in

the same zone. Combining all of these factors gives a reserve factor of 0.16 for the horizontal
well.

High angle deviated wells have an anticipated cost of 1.5 times the cost of the vertical well. The
major cost components are drilling and stimulation. High angle wells can be hydraulically
fractured similar to vertical welis; however, completion operations have higher risk. Fracture
initiatton and containment in highly deviated wellbores is a poorly understood, high-risk process
(Sankaran 2000) that results in a high frequency of screenouts and contributes to higher
completion cost.
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The reserves for a high angle deviated well are about 1/3 those of the vertical well. This is a
direct result of problems associated with hydraulically fracturing highly deviated wells.
Operators’ experience has shown that the success rate for fracturing in high angle wellbores will

be about 1 in 3 due to screenouts. Reserves from zones where fracturing fails will be
significantly reduced.

Based on the foregoing, it is concluded that the only technically and economically feasible well
architecture for VBPA is the vertical well completed in multiple pay zones.

It is hoped that this analysis will help resolve the selection of an appropriate well architecture for
the VBPA. If you have any questions, please contact the undersigned.

Sincerely,

WetSo==-

Reservoir Management Services, Inc.

Daniel H. Stright, Jr., P.E.
Colorado Registration: PE-22313

Cc: JamesR. Livsey
Wexpro Company
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VERMILLION BASIN DRAINAGE AREAS
DIRECTIONAL DRILLING OPTIONS
CANYON CREEK AND TRAIL FORMATIONS

(EXDIbit NO. 3; Arosl View)

SCENARIO 1: TWO WELL PAD( 1 VERTICAL- 1 DIRECTIONAL "S” NOTE: DRAINAGE AREA FOR THE CANYON CREEK ZONE IS 160 ACRES

OR 1500' FROM THE WELL BORE. DRAINAGE AREA FOR
THE TRAIL ZOME IS 80 ACRES OR 1063 FROM THE WELL BORE.

50% OVERLAP IN CANYON CREEK ZONE
RESULTING IN 25% RESERVE REDUC TION

258% OVERLAP !N TRAIL ZONE
RESULTING IN 12.6% RESERVE REDUCTION

SCENARIC 2: TWO WELL PAD{ 2 DIRECTIONAL "$" SHAPE)}

0% OVERLAP IN CANYCN CREEK ZOMNE
RESULTING N 0% RESERVE REDUHC THON

0% OVERLAP IN TRAIL ZONE
RESULTING IN 0% RESERVE REDUCTION

400% LOSS OF 40 ACRES OF RESERVES
FROM TRAIL ZOKE

SCENARIO 2: FOUR WE 4 DIRECTIONAL "S™ SHAPE]

25% OVERLAP IN CANYON CREEK 2ZONE
RESULTING IN12.5% RESERVE REDUCTION

0% QOVERLAP iN TRAIL ZONE
RESULTING IN 0% RESERVE REDUCTION

100% LOSS OF 40 ACRES OF RESERVES
FROM TRAI[ ZONE
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NOIE: DRARAE ARIA FOR THI GAMYOH CIEEM ZONE 13 40 ACRES
O 1882 FROM TH WELL BORE. DRMNAGE AREA FOR
TH TRAL ZOME M 80 MRS GA ST FROM THE WELL, BOAE.

% OVIHRLAS I CANY OR SREER 20N
I TING N 87, REBENWVE REDUCTION

CARRLAF N CANYON CRIEEK I

A% OUIERLAP 1N TRAL YOME

% OVERLAF N TRAH,
FESULTING W 8% ATSERVE REDUCTION

Tone
MEBULTHIG M 12,54, RRBERVE AROUCTION
100% REGRIVE LOFE FROM 48 ACRES
OF TRAL ZONE




	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35
	page 36
	page 37
	page 38
	page 39
	page 40
	page 41
	page 42
	page 43
	page 44
	page 45
	page 46
	page 47
	page 48
	page 49
	page 50
	page 51
	page 52
	page 53
	page 54
	page 55
	page 56
	page 57
	page 58
	page 59
	page 60
	page 61
	page 62
	page 63
	page 64
	page 65
	page 66
	page 67
	page 68
	page 69
	page 70
	page 71
	page 72
	page 73
	page 74
	page 75
	page 76
	page 77
	page 78
	page 79

