Hetero eneous Shallow-

£ arbonate Buildups in
the landing Sub-Basin of
the Paradox Basin, Utah and
Colorado: Tar et_:,for
Increased Oil ction
and Reserves Using
Horizontal Drilling
Techniques

DE-AC26-00BC15128

Goal

The project goal is to increase production
and reserves from the shallow shelf car-
bonate reservoirs in the Ismay and Desert
Creek zones of the Pennsylvania age
Paradox Formation, in the Paradox Basin
of Utah and Colorado. The project pro-
posed using horizontal laterals from exist-
ing vertical field development wells to
optimize production.

Performers
Utah Geological Survey (UGS)
Salt Lake City, UT

Eby Petrography & Consulting, Inc.
Salt Lake City, UT

Colorado Geological Survey
Denver, CO

Seeley Oil Company

Results

Two San Juan County, Utah fields were
evaluated for horizontal drilling potential:
Cherokee and Bug, producing from the
Ismay and Desert Creek zones of the
Paradox Formation, respectively. Three-
dimensional (3-D) thickness models indi-
cate five porosity units have an untested
northeastern area in the Cherokee case-
study field, San Juan County, Utah. Based
on Cherokee reserve calculations, the
remaining recoverable oil and gas reserves
are nearly 168,000 BO and 3 BCFG, sug-
gesting the presence of additional
undrained zones. For the Bug case-study
field, the volume calculated for net feet of
porosity greater than 10 percent is 99,057
acre-feet, as derived from 3-D models.
This also suggests the presence of addi-
tional undrained zones. The lower Desert
Creek may contain recoverable oil and gas
reserves of nearly 2,440,000 BO and 5.7
BCFG. It was recommended by the UGS
that horizontal drilling techniques be used
to tap undrained reservoirs as a demonstra-
tion in these fields.

Benefits

Detailed reservoir characterization and
analysis of horizontal wells by the Utah
and Colorado Geological Surveys will
provide information and assessment of
horizontal drilling of prospects in the
Blanding Sub-basin of the Paradox Basin
that small, independent operators could
not afford on their own. Work by the geo-
logical surveys will not be restricted to
individual leases or time constraints and
can thus provide a more comprehensive
and objective analysis available to all com-
panies working in the area. Methodologies
to identify drilling prospects in the over
100 small carbonate mound fields in the
Paradox Basin holds the key to recovery of
an estimated 200 million barrels of oil.

Background

Most of the Pennsylvania Paradox

Formation fields are characterized by high
initial production rates followed by a very
short production life (primary). Only 15 to
25 percent of the original oil-in-place
(OOIP) is recoverable during primary pro-
duction with conventional vertical wells.
The previous DOE Class II study of the
Paradox Basin demonstrated that second-
ary recovery by waterflood is not as effec-
tive as carbon dioxide flooding.

The small Ismay and Desert Creek fields
are at risk of premature abandonment. At
least 200 million barrels of oil is at risk of
being left behind in them because of inef-
ficient development practices that leave
undrained these very heterogeneous reser-
voirs. Because of the widespread nature of
the carbonate mound fields, the Desert
Creek and Ismay zones have not been ade-
quately characterized. Small, independent
operators of single fields do not have the
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Project study area and fields (case-study fields in black) within the Ismay
and Desert Creek producing trends in the Blanding sub-basin, Utah and
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time, money, or expertise to perform this
analysis. The Utah Geological Survey
serves the public by conducting regional
studies which small companies cannot
under take by themselves.

The proposal suggested a three-phase,
multi-disciplinary approach to increase
production and reserves from the shallow-
shelf carbonate reservoirs in the Ismay and
Desert Creek zones of the Paradox
Formation using horizontal laterals from
existing vertical field development
wells:1) conduct detailed geologic analy-
sis of fields, 2) drill horizontal wells from
existing vertical wells to test hypothesis
developed in Phase 1, and 3) extended
monitoring to determine impact of Phases
I and 2.

Summary

e Data from representative field and wild-
cat wells was used to correlate logs and
construct regional maps and cross sections
of facies for the Desert Creek and Ismay
zones.

e Three-dimensional models were con-
structed of environmental facies and
potential undrained zones that may be suit-
able for horizontal drilling.

e Diagenesis has been determined to be
the main control of reservoir quality of
Desert Creek and Ismay reservoirs.

e Reservoir characterization of the Ismay
and Desert Creek zones has identified Bug
and Cherokee fields as the best candidates
for horizontal wells.

e Potential horizontal drilling targets are
based on analysis of the porosity distribu-

tion, which is highly dependent on the dia-
genetic history of each facies.

e At Cherokee field the best production
zones are related to microporosity in the
phylloid-algal mound and crinoid/fusulin-
id facies of the Ismay zone.

e At Bug field the best production zones
are related to micro-box-work porosity of
the Desert Creek phylloid-algal mound
and shoreline carbonate island facies.

e Remaining reserves were calculated for
Cherokee and Bug fields using the 3-D
models.

¢ Determined and recommended horizon-
tal drilling targets, directions, and lengths
for Cherokee and Bug fields.

e Technology transfer activities over the
course of the project - displayed project
goals and results at nine professional
meetings, ten technical presentations,
seven publications (not counting Semi-
Annual Technical Progress Reports), one
short course, and established and updated
UGS project Web site, project page
http://geology.utah.gov/emp/Paradox?2
/index.htm containing all Semi-Annual
Technical Progress Reports and poster pre-
sentations. Several press releases were
distributed requesting industry proposals
for drilling a horizontal well(s) in the
Ismay or Desert Creek zones as part of the
Phase II Demonstration.

Current Status (June 2006)

Budget Period I began April 6, 2000 and
will end June 30, 2006. There have been
seven no-cost extensions, mainly to allow

time to find a new industry partner willing
to participate in the field demonstration
(Budget Period II). Although the study
found horizontal drilling would in eco-
nomically increasing production and
reserves extending of the Bug and
Cherokee case-study fields, the operators
(industry partners) decided not to partici-
pate in the field demonstration. The pri-
mary reasons for these decisions were
drilling commitments for gas plays else-
where, the unavailability of rigs, drilling
costs way above those at the time the proj-
ect was proposed, and limited overall
budgets of the small operators of the
fields. The project team has made presen-
tations to numerous potential industry
partners, issued press releases inviting
horizontal drilling proposals from opera-
tors of fields similar to the case-study
fields, and displayed project objectives
and goals at various AAPG meetings. The
UGS and DOE have decided to end the
project, and publish all project results and
recommendations in a Final Report.at the
end of June 2006.

Funding

This project was in response to DOE’s
solicitation DE-PS26-00BC15144,
Reservoir Class Field Demonstration
Program — Class Revisit. The goal of the
Class Program was to extend economic
production of domestic fields, by slowing
the rate of well abandonment, preserving
industry infrastructure, and to increase
ultimate recovery using improved reser-
voir characterization and advanced tech-
nologies.
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Three-dimensional models of net feet of porosity, as determined by geophysical log analysis, for greater than 10
percent porosity. (left) Upper Ismay zone, Cherokee field, and (right) lower Desert Creek zone, Bug field.
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Schematic diagram of strategies for horizontal drilling in Cherokee andBug
fields, Utah: (A) depositional facies in the Ismay and Desert Creek zones of
Cherokee and Bug fields, (B) microporosity in the Ismay zone of Cherokee
field, and (C) depositional facies and diagenetic fabrics (micro-box-work
porosity) in the Desert Creek zone of Bug field.
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Project Start: April 6, 2000
Project End: June 30, 2006

Anticipated DOE Contribution: $358,854
Performer Contribution: $668,726 (65 percent of total)

Other Government Organizations Involved: Geologic Surveys of Colorado
and Utah

Contact Information

NETL — Virginia Weyland (virginia.weyland@netl.doe.gov or 918-699-2041)
Utah Geological Survey — Thomas Chidsey (tomchidsey@utah.gov or
801-537-3364)
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