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Speaker Biography

Rhonda P. Lindsey

Rhonda P. Lindsey is the Senior Project Manager for Drilling/Demonstration Projects for
the U.S. Department of Energy’s National Petroleum Technology Office (NPTO). After
graduating with degrees in geology from both Slippery Rock University and Ohio State
University, Rhonda finally ventured out of the East. She went to the company “formerly
known as ARCO” to travel through the far regions of the North Slope of Alaska, the
Oklahoma prairies and the Colorado Rockies on their behalf. Finally tired of the late
hours and weekend duty, she escaped into the Federal Government where she harassed
some surface coal miners for a few years before getting back to real roots...oil. She is
now overseeing the Oil Program’s Drilling, Completion, Stimulation, Operations, Native
American Initiative, Independents Technology, Class, Class Revisit, and PUMP
programs as well as other duties as assigned.



Speaker Biography

Roy Long

Roy Long is the Upstream Product Manager at the U. S. Department of Energy’s
National Petroleum Technology Office (NPTO). He is a graduate of the U. S. Air Force
Academy and received his M. S. in Petroleum Engineering from the Colorado School of
Mines. Following distinguished service as an aircraft commander in Air Force heavy jet
transports, he worked in the petroleum industry from 1978 to 1988 as an engineer for
Tenneco, Petro Lewis, and then as an international drilling consultant. From 1988 to 1996
he worked at DOE’s Y ucca Mountain Project Office (Y MP) where he was appointed
Principal Investigator of their Dry Drilling and Coring Technology Devel opment
Program. He transferred to the National Energy Technology Laboratory in Morgantown,
West Virginiain 1996 where he served as Project Manager and lead for the Drilling,
Completion, and Stimulation Technology focus areain NETL’s Strategic Center for
Natural Gas. Roy’s current work involves industry out reach and program planning for
NPTO’s Upstream Technology Program.



Speaker Biography

James L. (Jim) Barnes

James L. (Jim) Barnes is a Project Manager for the National Petroleum Technology
Office (NPTO) of the U. S. Department of Energy (DOE), in Tulsa, Oklahoma. Prior to
working for the DOE, he worked with several major and independent oil companies in
California, Texas, Kuwait, Indonesia, the Philippines, Peru, and Thailand, in various
engineering, construction, drilling, and operations positions. His last assignment in
California with the DOE was as Government Member of the Operating Committee
(GMOC) at Elk Hills, Naval Petroleum Reserve No. 1. Before working in the oil
industry, he served as a commissioned officer with the U. S. Navy, on guided missile
destroyers operating out of Long Beach and San Diego, California. He has been active in
the Society of Petroleum Engineers in various parts of the world. He is a graduate of The
University of Texas at Austin with a BS degree in petroleum engineering.



National Petroleum Technology Office

Vision:
Encourage oil industry research
and growth by:
¢ Developing the domestic oil
resource to its fullest potential
¢ Promoting Industry contributions
to energy security while protecting
the environment
Mission:
Be the focal point for an integrated oil program to:
¢ Move the Nation toward a reliable, economic oil supply
¢ Enhance U.S. technology leadership
¢ Promote environmental protection
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Our Economy Runs On QOil

Others 3%-,

Oil 38%

Oil 97%

Total U.S. Energy

Consumption Transportation

Needs

+ Total U.S. Energy Consumption is 94.2 Quadrillion Btu (1997).
Oil is the largest source of U.S. energy (38%).
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Technology Development with Independents Program

Program Goals

e Find solutions for production problems experienced by
small independents

e Encourage the application of untried or unfamiliar
technologies

e Slow well abandonment rate to preserve industry
infrastructure

e Use field demonstrations to broaden information exchange
and applications

e Reduce the financial exposure to small independents
through cost sharing support on projects

National Petroleum Technology Office
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Technology Development with Independents Program

Program Benefits

e Maintain current domestic production levels

e Curtail premature loss of domestic production due to
fluctuating economic conditions

¢ Increase ultimate recovery in known fields using advanced
technologies

National Petroleum Technology Office




Approximate Number of
Independent Operators in each PTTC Reglon

Austin . (880
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Technology Areas

e Drilling

o Exploration

e Formation Evaluation
¢ Reservoir Simulation
e Improved Oil Recovery
e Operations

e Production Problems
e Stimulation

e Water Production

e Wellbore Problems
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Technology Development with Independents
The 22 Phase 1 Projects Awarded

Cleary Exploration
EDCO Producing
Brothers Production
Double Eagle Enter.
Keener Oil & Gas

Cobra 0&G

Sandia Operating
Dakota Oil Producers
Diamond Exploration

Edmiston Oil
X-TRAC Energy
James Engr.

K-Stewart Petro.

I™

Sipple Oil
Grace Petro.
Harry A. Spring
K. Y. Park

J. R. Pounds
Rock Island
Speir Operating
Tenison Oil

TL

Horizontal Drilling to intersect fractures

Horizontal Drilling to intersect isolated oil accumulations

3-D Seismic processing to improve structural imaging

Integrate 3-D seismic into exploration program to improve success rate
Acquire electrotelluric survey to identify structure

Intergrate Formation Micro-imaging (FMI) log with core analysis

Cut unconsolidated core with hydro-lift, low invasion coring system
Inject inert gas and surfactant in ‘huff-and-puff” cycles to recover oil
Pass an electrical current through heavy oil formation to recover oil
Inject microbes (MEOR) to clean wellbore and improve oil recovery
Recover heavy oil & bitumen with closed-loop solvent extraction system
Develop computer software to monitor and identify production loss
Identify minimum formation damage completion and production tech.
Develop a resin-coated prepacked gravel pack for sand control
Optimize foam acid frac stimulation treatments

Inject crosslinked gel polymer to reduce water production

Install down hole gas production/disposal tool to reduce SWD costs
Treat water zone with partially hydrolyzed polyacrylomide

Locate casing leaks using an Oxygen Activation Log

Inject microbes and surfactant to remove parafin precipitation

inject microbes to remove sulfide and paraffin in the well bore

Modify downhole rod pump to eliminate scale deposition

National Petroleum Technology Office
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Technology Development with Independents
The 22 Phase 1 Projects Awarded

Diamend Exploration

iz

Dakota Cif Preducers
No. Wind Creek Fieid

A-TRAC Energy, inc.

Asphalt Ridge Sandstone

1T, Inc.
Kern County, CA

Doubie Eagie Enterprises

‘Wilcox Sand

Harrv A. Spring
Carmichael Sand

K-Stewart Petrojeum Corp.
Morrow Formation

Brothers Production

James Enginesring

Rock island

Salt Sand
Sipple il Co.
Coniferous Dolomite

Tobra Til & Gas
Frisco City Sand

Tennizzn Oif Co.
Hosston Sand

Grace Petroteum

Ellenburger/Strawn Dolomite

Keener i & Gas
Wilcox Sand ]

Llearv Expinration
Hunton Dolomite:

Sandia Dperating Corp.
Jackson Sand ]
—

National Petroleum Technology Office




Technology Development with Independents
The 21 Phase 2 Projects Awarded

American Warrior
Patriot Resources
J. P.Oil

Bob L. Watkins
MNA Enterprises
Hunter

St. James Oil
Naftex Operating
Capataz

Yates Energy
Truluck Enterprises
Visos Energy
Strand Energy
Coral Production
Read & Stevens
Makoil
Macpherson
Fritzler
GEOPETRO
Energy

Stanton Mineral Dev.
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Install gas driven electrical generator to reduce operating cost
Reservoir modeling of geologically complex reservoir

Cyclic CO2 injection to stimulate slow to respond wells

New water-jet drilling technology to drill lateral bore holes
Reservoir modeling to improve recovery and reservoir management
Develop a low-cost wireless well monitoring system

Combination hydrochloric/phosphonic acid stimulation treatment
Flue gas ‘Huff n Puff’ to improve heavy oil recovery

reservoir characterization to evaluate waterflood potential
Re-process and integrate a variety of 3-D seismic data

Install BORS pumping units on marginal oil wells

Seismic S waves vs P waves to better determine reservoirs
Selective review and implementation of waterflood options

Artificial Intelligence to evaluate waterflood success

Petrophysical investigation to evaluate secondary recovery potential
Advanced reprocessing of 3-D seismic data

Drill Lateral borehole from existing wellbore to improve steamflood
Design a solar heating system to treat asphaltic/parrafinic oil
Computer simulation to improve field development and management
Install low-maintenance pump to extend the life of problem wells
Slimhole drilling and completion technology to reduce drill costs

National Petroleum Technology Office
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Technology Development with Independents
The 21 Phase 2 Projects Awarded

Sait Lake City. UT
Equity Oil Co.

Los Angeies Co.. CA
Patriot Resources, LLC
Kern Co., CA
Macpherson Qil Co.
Kern Co., CA
Naftex Operating Co.

Kern Co., CA

Hunter Living Trust

Washington Co.. CO

Fritzler, Inc.

Cheyenne Co.. NE
Coral Production Co.

&-:

Ness Co.,, KS >
American Warrior, inc. t £

= jefferson Co., OK o
| Truluck Enterprises

T

-:i‘
# Washington Co., OH
¥ Energy, Inc.

)‘ Fairfield Co., OF

Downtown LA, CA
St. James 0il Co. ’ | GEOPETRO
Nye Co., NV Uncoin Co., MS
Makoil Inc. (’l‘ J.P. Qi Co.
Eddy Co.. NM Lafayeite Co.. AR
MNA Enterprises, LTD St nergy Co.
Lea Co.. NM Bastrop Cc., TX
Read & Stevens Stanton Mineral Dev. Inc.
Lea Co.. NM CO.,. KS., TX
Capataz Operating Inc. Visos Energy Co.
Gaines Co., TX Garza Co.. TX
Yates Energy Corp.

Bob Watkins & Assoc.

National Petroleum Technology Office




Technology Development with Independents
The 3 Phase 3 Projects Awarded To Date

« Benson-Montin-Greer  Atrtificial Intelligence to re-interpretate well logs

+ American Energies Modern analysis techniques for reservoir characterization
e Beard Oil New low-cost downhole pumping system run on coiled plastic tubing
N=TL

National Petroleum Technology Office

Technology Development with Independents
The 3 Phase 3 Projects Awarded To Date

American Energies
Lorp.

National Petroleum Technology Office




Technology Development with Independents
Phase 2 Program

22 projects awarded:

¢ 16 are less than one year in duration
e Cost share by the Industry is 71%

e DOE’s cost share up to $75K

e One project (Equity) transferred to
e another funding source

=TL -
National Petroleum Technology Office
Phase 2 Drilling Project
ve
O'perator: Stanton
Austin, TX
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Phase 2 Exploration Projects

-
.
LY

Operator: Makoil, Inc.
Las Vegas, NV

Operator: Yates Energy Corp.

Roswell, NM
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O
Operator: Visos Energy Co.
Austin, TX

National Petroleum Technology Office

Phase 2 Formation Evaluation Projects

i

Blinebry Formation

Lea Co., NM
Operator: Capataz

Midland, TX

=TL

Operator: Read & Stevens
Roswell, NM

-

National Petroleum Technology Office




Phase 2 Reservoir Simulation Projects

Householder Field
Operator: GEOPETRO
Worthington, OH |

Cheyey s o
Operator: Coral
Denver, CO

sacle eld

Operator: Patricf =
Bakersfieid, CA

Ro d eid

Operator: Macpherson Ma otto
Santa Monica, CA e Co., AR

Shugart Queen Penasce Unit gp""“’"TS;""d
Lea Co., NM ST

Operator: MNA
Hobbs, NM
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National Petroleum Technology Office

Phase 2 Operations Projects

Operator: Am. Warrior
dise eld Garden City, KS .
Operator: Hunter
Santa Barbara, CA

o'
*

¢

A gto » O
Operator: Fritzer
Fort Morgan, CO
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Phase 2 Production Problem Projects

Operator: Energy

Fairmount, IN
effe » 0., O 4
Operator: Truluck
Dallas, TX
. 1

b

Operator: Bob L. Watkins

Midland, TX
N=TL
National Petroleum Technology Office
Phase 2 Stimulation Project
DO D A O =1[s
Operator: St. James
-~ Laguna Hills, CA
* e, .
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National Energy Technology L aboratory
Strategic Center for Natural Gas

NETL Stripper Well Program

DOE
Traveling Workshop
for Independents

Gary Covatch, Project Manager

Gas Supply Projects Division

=TL



Speaker Biography

Gary Covatch

Gary Covatch is the Project Manager for the Stripper Gas Well Program Areaat DOE’s
National Energy Technology Laboratory (NETL). He is aso manager of other DOE
projects in the Drilling, Completion and Stimulation Program and in the Low
Permeability Formations Program. He has worked at DOE for 19 years. He holds a BS
degree in Petroleum & Natural Gas Engineering from Penn State.



Speaker Biography

Joel Morrison

Joel Morrison is the program coordinator for the Stripper Well Consortium at Penn
State’s Energy Institute. The Energy Ingtitute at Penn State conducts a broad array of
applied and fundamental research in the areas of coal, petroleum and natural gas, clean
fuels, sustainable energy, fuel cells, and stationary/transportation combustion. He has

worked in the energy sciences for over 20 years. He holds a BS degree in Geology and a
MSin Mineral Processing.



National Energy Technology L aboratory

DOE Traveling Workshop
for I ndependents

Gary Covatch, Project Manager
Gas Supply Projects Division

N=TL
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NETL

e One of DOE’s 15 national
laboratories

e Government owned and
operated

e Sites in Oklahoma,
Pennsylvania, West Virginia

e 1150 federal and support
contractor employees

Strategic Center for Natural Gas




NETL’sMission

e Resolve the environmental, supply,
and reliability constraints of producing
and using fossil resources to provide
Americans with a stronger economy,
healthier environment, and more
secure future

e Support development and deployment
of environmental technologies that
reduce the cost and risk of remediating
DOE’s weapons complex

e Contribute to best business practices
and energy policy development

%NETL
Strategic Center for Natural Gas

Five RD&D Activity Clusters

Electric Power

Using Coal
Mining to Light Switch

Strategic Center for

Natural Gas
Borehole to Burner Tip

Environmental
Quality/
Defense Programs
Supporting the DOE
Complex

Energy

Policy Support
A Key Issue in Use
of Fossil Energy

Fuels

Oil Supply

Supply and Delivery of Clean Fuels for
Transportation/Qther End Use Sectors

N=TL
Strategic Center for Natural Gas




NETL FYO1l BUDGET
($726.6 Million)

Other FE $77.2 EE $50.4

Oil $68.0
EM $56.3

Fuels $32.5
Other Non-FE $34.3

CCT $69.4
Gas $116.6

Coal $221.7
=TL

Shape, Fund, and Manage Extramural RD& D

e Over 800 research activities in all 50 states and 16 countries
e Total award value of $7.3 billion

e Research performers include:
— Private industry
— Universities/colleges

— Not-for-profit labs Projects by Partner Group
— Other DOE national labs
— Others

e Private sector cost sharing
of $3.9 billion

—Leverages DOE funding

—Ensures relevance

—Mission accomplishment
only through commercialization

{'::;fi_l_ss active MOU'’s and MOA’s

Strategic Center for Natural Gas




Strategic Center for Natural Gas

Vision:
By 2020, U.S. public is enjoying
benefits from an increase in gas
use:
o Affordable supply
o Reliable delivery
e Environmental protection

Mission:
Be the focal point for an integrated gas program:
e Spearhead annual DOE-wide gas RD&D planning and program assessment
¢ Provide science and technology advances through NETL’s on-site programs
e Shape, fund, and manage extramural RD&D
e Conduct studies to support policy development

Strategic Center for Natural Gas

Strategic Center for Natural Gas
Boreholeto Burner Tip

B ton Gas Turbines Distributed Generation

for Large Industries / Utilities PAFC - entering commercial market
» Flexible 30-300 MW turbine systems MCFC - high efficiency

* RAM improvements SOFC/SECA - low cost

* Supporting R&D Hybrid turbine/fuel cell - ultimate
efficiency

Reciprocating engines - lowest cost

Gas Infrastructure Reliability

o Enhance pipeline safety and reliability

o Increase gas deliverability

» Increase operational flexibility of gas Gas Exploration & Production
storage facilities ’ ! « Resource and reserve assessments

o Improved drilling and completion
technologies for low-perm/deep gas

« Hydrates, deep gas, off-shore

N=TL e

Strategic Center for Natural Gas




NETL Stripper Well Program
Overview

Stripper Well Defined

Profile of Stripper
Wellsin U.S.

Program Objectives
Ongoing Activities
Future Direction

Gary Covatch, Project Manager
Gas Supply Projects Division

= =Y
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U.S. Stripper Gas Wells

e <60 MCF per day production
of gas

e > 203,000 wells in lower 48
states

e 8% of total production in
lower 48 states

e Annual per well revenue low
—Average $11,000 @ $2/MCF

e Owned exclusively by
independent operators

N=TL
Strategic Center for Natural Gas
FYO1 Stripper Well Program
Top Ten Stripper GasWell States
Independent Industry Focus 92% of Total US Stripper Wells

86%
of Total US
Stripper Well
Production

N=TL

Strategic Center for Natural Gas




U.S. Stripper Oil Wdlls

<10 barrels per day
production of oil

> 422,000 wells in lower 48
states

27% of total production in
lower 48 states

2.03 barrels per day average

Owned mainly by independent
operators

N=TL
Strategic Center for Natural Gas
FYO1 Stripper Well Program
Top Ten Stripper Oil Well States
Independent Industry Focus 89% of Total US Stripper Wells

R
W&"‘
91% of Total US Stripper . \ . . ..

Well Production .

%NETL
Strategic Center for Natural Gas




Stripper GasWell Program

" & Objective: Incorporate innovative field
technologies in stripper wells to:

— Increase production

— Reduce operating costs

— Reduce environmental footprint

— Fit economics of stripper wells

Industry plays key role in research prioritization
Networking & partnership opportunities
Industry, academia & government partnership

Strategic Center for Natural Gas

Stripper GasWell Program
FY 1999 Activities

e Energy Information Administration Database
e Marginal U.S. gas and oil wells
e 60 and 90 Mcf/d production rate brackets

e For each bracket: number of wells, annual
production, % of all wells, % of all production,
average annual production rates by State

e Lower 48 states onshore and offshore

e Available on EIA Internet page and CD ROM

N=TL =
Strategic Center for Natural Gas




Stripper GasWell Program
FY 2000 Activities

e DOE selected 5 projects from 23 proposals
submitted in 3 rounds

e Total value of selected projects: $ 1.1 million with
over 40% cost sharing

e Projects located in 5 states

e Industry participants:
—Artex Oil Company o
—Great Lakes Energy
—Belden & Blake - 2
—North American Resources Company
—Oneok i —
—Chesapeake Energy '

=TL
Strategic Center for Natural Gas

Awarded Stripper GasWell Projects

e Low Cost Methodologies to Analyze and Correct Abnormal
Production Declines in Stripper Gas Wells

— James Engineering, Inc.
e Advanced Technologies for Stripper Gas Well Enhancement

—Holditch-Reservoir Technologies

e Selection and Treatment of Stripper Gas Wells for
Production Enhancement in the Mid-Continent
— Advanced Resources International, Inc.

e Enhanced Coal Bed Methane Production Through
Computerized Gas Lift

—Petroleum Asset Management Company
e Advanced Stripper Gas Well Produced Water Remediation

—Western SynCoal LLC
iNETL

Strategic Center for Natural Gas




“Low Cost Methodologiesto Analyze and Correct Abnormal
Production Declinesin Stripper GasWells’
James Engineering, Inc.

e Develop guide to low-cost methodologies to correct
problem wells with abnormal production declines

—Use data collection forms and decision trees to
identify problems and fixes

e Demonstrate methodology in
Clinton Sand in Ohio

—Remediate two wells

e Industry Partner - Artex Oil "“\_‘ -. F,.
Company gt~ W iy

e Complete September 2001
N=TL
Strategic Center for Natural Gas

Advanced Technologiesfor Stripper Gas Well Enhancement
Holditch-Reservoir Technologies

e Develop methodology to identify candidate stripper
gas wells for revitalization

—410 well study group

e Demonstrate methodology in Medina/Whirlpool
formation in northwest PA

—Remediate two wells

PENNSYLVANIA
—

e Industry Partners -
— Belden & Blake,
— Great Lakes Energy

e Complete September 2002

%NETL
Strategic Center for Natural Gas




Selection and Treatment of Stripper Gas Wellsfor

Production Enhancement in Mid-Continent
Advanced Resources | nternational, Inc.

e Develop methodology to:

—ldentify high potential
candidate wells for remediation

—Diagnose causes for well under

s g performance
ﬁ;% e Test methodology in Mocane-
e Laverne in OK
ﬁ'\ —Test novel remediation options

e Industry Partner - ONEOK
e Complete March 2002

=TL
Strategic Center for Natural Gas

Enhanced Coal Bed Methane Production Through
Computerized Gas Lift
Petroleum Asset Management Company

Develop well control system

—Couple PAMCO's proprietary pumping technology with
remote monitoring

—Use satellite uplink

—Eliminate need for external power .I. ,,,,,, STl
at well site for operation = .

Demonstrate at two wells TBD
Industry Partner -

—Equitable Resources Exploration
Complete June 2002

N=TL
Strategic Center for Natural Gas




Advanced Stripper Gas Well Produced

Water Remediation
Western SynCoal LLC

Make produced water a productive resource

—Reduce hydrocarbon and metal salt content using unique
filter medium

—Achieve agricultural use standards

—Reduce water transportation and w1 sumns
disposal costs o= 'Y G

Demonstrate at two wells in Colorado | o

Industry Partner - North American
Resources Company

Complete December 2001 ’

N=TL
Strategic Center for Natural Gas

FY 2001 Activities

Stripper Well Consortium
The Pennsylvania State University

e Contract Specifics
— Includes both oil and gas
— Cofunded by SCNG and NPTO up to $1 million/year
— 3 year contract

e Consortium Benefits
— Industry plays key role in prioritizing research
— Networking and partnering opportunities
— Minimal investment by member leverages Federal R&D
funds
— Partnership between industry, academia, and
government

N=TL
Strategic Center for Natural Gas




Stripper Well Consortium
DOE’ s Perspective

e Great opportunity for stripper well
operators to jointly solve similar _ ~
problems ' L
e Provides an avenue for stripper well : i
operators to afford remediation
options (consultants, universities)

e Provides a forum for stripper well a = ]
operators to discuss —— '
problems/solutions from across the
u.sS. e

e Success will be based on industry _{: T

involvement Fohae =

=TL —=
Strategic Center for Natural Gas

More Information / Questions

The S=megic Canim
tor Hutiem e

*9=0" www.netl.doe.gov/scng

www.npto.doe.gov

www.fe.doe.gov/
programs_oilgas.html

N=TL —
Strategic Center for Natural Gas




Recent Advances in
Drilling, Completion and Stimulation
Through DOE-funded R&D

Speaker:  William F. (Bill) Lawson, NPTO
Alternate Speaker: Dexter Sutterfield, NPTO
Alternate Speaker: Rhonda P. Lindsey, NPTO

Alternate Speaker: Roy Long, NPTO

Alternate Speaker: James L. (Jim) Barnes, NPTO



Speaker Biography

William F. (Bill) Lawson

William F. (Bill) Lawson is the Director of the U. S. Department of Energy’s National
Petroleum Technology Office (NPTO), The National Energy Technology Laboratory’s
(NETL) lead office for research in petroleum recovery, processing and environmental
technology. Dr. Lawson directs a staff of 25 professionals in administering more than 200
research projects conducted by petroleum industry companies, universities, and State and
Federal agencies. Before assuming the Directorship of NPTO, Dr. Lawson spent 23 years
as part of DOE'’ s research and management team at the Morgantown Energy Technology
Center (METC) — now part of the National Energy Technology Laboratory (NETL). An
applied physicist educated at West Virginia University, he began his DOE career in 1975
with research in various aspects of coal and natural gas. He has published 23 papers.



Speaker Biography

Dexter Sutterfield

Dexter Sutterfield is the Associate Director for Technology Management for the U. S.
Department of Energy’s National Petroleum Technology Office (NPTO), a business
sector within the National Energy Technology Laboratory (NETL) . A chemica engineer
with a Ph.D. from the University of Tulsa, Sutterfield has been associated with NPTO
and its predecessor organization for 32 years. In 1969, after four years as health and
environment chemist for the federal government, he joined the U. S. Bureau of Mines at
the Bartlesville Energy Research Center in Oklahoma, which later became the
Department of Energy’s National Institute for Petroleum and Energy Research (NIPER).
From 1983 to 1997, Dr. Sutterfield managed research programs at NIPER for 11T
Research Institute and BDM-Oklahoma, Inc., directing contract research for public and
private entities in exploration, drilling, production, processing and end use. Dr.
Sutterfield rejoined the Department of Energy at NPTO in 1997 as Technology Manager
for Process Research.



Speaker Biography

Rhonda P. Lindsey

Rhonda P. Lindsey is the Senior Project Manager for Drilling/Demonstration Projects for
the U.S. Department of Energy’s National Petroleum Technology Office (NPTO). After
graduating with degrees in geology from both Slippery Rock University and Ohio State
University, Rhonda finally ventured out of the East. She went to the company “formerly
known as ARCO” to travel through the far regions of the North Slope of Alaska, the
Oklahoma prairies and the Colorado Rockies on their behalf. Finaly tired of the late
hours and weekend duty, she escaped into the Federal Government where she harassed
some surface coal miners for a few years before getting back to real roots...oil. She is
now overseeing the Oil Program’s Drilling, Completion, Stimulation, Operations, Native
American Initiative, Independents Technology, Class, Class Revisit, and PUMP
programs as well as other duties as assigned.



Speaker Biography

Roy Long

Roy Long is the Upstream Product Manager at the U. S. Department of Energy’s
National Petroleum Technology Office (NPTO). He is a graduate of the U. S. Air Force
Academy and received his M. S. in Petroleum Engineering from the Colorado School of
Mines. Following distinguished service as an aircraft commander in Air Force heavy jet
transports, he worked in the petroleum industry from 1978 to 1988 as an engineer for
Tenneco, Petro Lewis, and then as an international drilling consultant. From 1988 to 1996
he worked at DOE’s Yucca Mountain Project Office (YMP) where he was appointed
Principal Investigator of their Dry Drilling and Coring Technology Development
Program. He transferred to the National Energy Technology Laboratory in Morgantown,
West Virginia in 1996 where he served as Project Manager and lead for the Drilling,
Completion, and Stimulation Technology focus area in NETL’s Strategic Center for
Natural Gas. Roy’s current work involves industry out reach and program planning for
NPTO’s Upstream Technology Program.



Speaker Biography

James L. (Jim) Barnes

James L. (Jim) Barnes is a Project Manager for the National Petroleum Technology
Office (NPTO) of the U. S. Department of Energy (DOE), in Tulsa, Oklahoma. Prior to
working for the DOE, he worked with several major and independent oil companies in
California, Texas, Kuwait, Indonesia, the Philippines, Peru, and Thailand, in various
engineering, construction, drilling, and operations positions. His last assignment in
California with the DOE was as Government Member of the Operating Committee
(GMOC) at Elk Hills, Naval Petroleum Reserve No. 1. Before working in the oil
industry, he served as a commissioned officer with the U. S. Navy, on guided missile
destroyers operating out of Long Beach and San Diego, California. He has been active in
the Society of Petroleum Engineers in various parts of the world. He is a graduate of The
University of Texas at Austin with a BS degree in petroleum engineering.



Completion, Stimulation, and Operations
Improvements

Presentation to
Independent Producers

October - November 2001

National Energy Technology Laboratory -

N=TL

Advanced Technologies Will Play a Crucial Role in
Addressing Environmental, Supply, and Reliability
Constraints of Producing and Using Fossil Energy

N=TL e
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NETL FY01 BUDGET
(3726.6 Million)

Other FE $77.2 EE $50.4

Oil $68.0
EM $56.3

Fuels $32.5
Other Non-FE $34.3

CCT $69.4
Gas $116.6 $

Coal $221.7
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Upstream Qil and Gas Technologies

The Strategic Center
for Natural Gas

“Integrating All Elements of DOE's Natural Gas
Research From Borehole to Burner Tip”

‘9 : = L
3 #
National Strategic Lr =i Policy and
Planning o Regulatory
Transmission,
Distribution, & Storage

Exploration and Gas Processing
Praduction & End Use

TWO COMPLEMENTARY PROGRAMS -

=TL
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eBenefits:
—Reduced costs
—Minimized formation damage
—Lowered environmental risks
—Increased production and well longevity

—Improved access to culturally and
environmentally sensitive areas through
better technology

N=TL

@O TPRINT ... and more challenges to complete the well.
=TL
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Drilling
advances
give us
SMALLER
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*Optimization of Horizontal
Completion

-Ceramic Sealants & Ultralight
Cements

*‘Non-damaging Drill-in and

Completion Fluids
N=TL
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University of Tulsa Consortium

N=TL

2K-2818 RAB 3/01



Sets in the présence-of

hydrocarbons & chlorides!

‘pumpable
«drillable

‘temperature tolerant

self-bonding

*bonds to any material except plastic

‘uses conventional equipment

Argonne National Laboratory

Cementing Solutions, Inc.

Objectives
Develop cementing systems using ULHS
- Deep water applications
- Other lightweight applications
- Densities from 13.0 1b/gal to 8.0 1b/gal
Test physical performance
Compare to conventional systems
- Foamed and non-foamed

Adyvisory Board Advisory Board Charge
Oil companies - Help determine testing parameters and
Shell, ExxonMobil cement compositions
Service Companies - Supply additives for testing
BJ, HES, DS - Advise on direction and applicability
Special products companies - Provide data and testing
3M - ULHS - Assist with demonstration &
TXI - Cement commercialization

%LChandler - Testing equipment

2K-2818 RAB 3/01



Texas Engineering Experiment Station

Objectives:
Develop new DIF Designs
Develop kinetic model to simulate
filtercake removal
Combine results of experiments with
kinetic model

Filtercake Development

‘ Filtercake

‘ is a concentration of
solids which form

‘ the DIF. These
Test new DIFs & Models in field applications BWMs and LCMs
‘ are materials
‘ carried in the DIF
Problem Definition: Filtercake Removal is during drilling
Key to Higher Productivity operations.

There are no models predicting
effectiveness of cleanup treatments

Industry Participants

BP Phillips
Chevron  Shell
Conoco TBC Brinadd
Marathon  Texaco

N=TL —
‘In-Well Heating & Stimulation
*Seismic Stimulation
*Sonic Stimulation Tools and
Standards
‘Improved Well Performance JIP
N=TL ———em
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*Goal to develop and test a downhole vibration
technology to stimulate production from a mature
waterflooded field. The prototype tool is ready for
the field test in the next month.

ePartnered with Osage Tribe, Grand Resources, Inc,
Phillips Petroleum Co, Las Alamos National Laboratory
and Lawrence Berkley National Laboratory

SN g

N=TL
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Compact 3-Phase Separator
*Subsea Separation Field Test

-Paraffin Deposition and Prediction
JIP

*Drill Cutting Injection

N=TL
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3-PHASE HYDROCYCLONE
SEPARATORS

*Intended to bring new fluid separation
equipment to the industry

*1/3 the cost of traditional equipment
*low weight of the equipment

footprints 1/2 traditional equipment -
important for offshore

«tailored designs for specific locations and

conditions
potential for seabed separation is real

=TL
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3-PHASE HYDROCYCLONE
SEPARATORS

N=TL

Stand-alone
GLCC Field
Prototype
installed by
Chevron in
Southern
Oklahoma

2K-2818 RAB 3/01



Conoco Subsea Processing
(Co-funded ADCS Award)

N=TL

N=TL

More Information / Questions

The Strategic Center
for Natural Gas

-

4 90" www.netl.doe.gov/scng

—_

www.npto.doe.gov

www.fe.doe.gov/
programs_oilgas.html

DOE Fossil Energy

2K-2818 RAB 3/01
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WWW.NPTO.DOE.GOV
WWW.NETL.GOV

National Energy Technology Laboratory
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Stripper Well Consortium

Speaker: Gary Covatch

Alternate Speaker: Joel Morrison



National Energy Technology Laboratory
Strategic Center for Natural Gas

Stripper
Well
Consortium

=TL



Speaker Biography

Gary Covatch

Gary Covatch is the Project Manager for the Stripper Gas Well Program Area at DOE’s
National Energy Technology Laboratory (NETL). He is also manager of other DOE
projects in the Drilling, Completion and Stimulation Program and in the Low
Permeability Formations Program. He has worked at DOE for 19 years. He holds a BS
degree in Petroleum & Natural Gas Engineering from Penn State.



Speaker Biography

Joel Morrison

Joel Morrison is the program coordinator for the Stripper Well Consortium at Penn
State’s Energy Institute. The Energy Institute at Penn State conducts a broad array of
applied and fundamental research in the areas of coal, petroleum and natural gas, clean
fuels, sustainable energy, fuel cells, and stationary/transportation combustion. He has
worked in the energy sciences for over 20 years. He holds a BS degree in Geology and a
MS in Mineral Processing.



Stripper Well Consortium

An Industry Driven Consortium Focused on Domestic
Petroleum and Natural Gas Production

The Energy Institute

—__] Mission

“Assist in the development, demonstration, and
commercialization of technologies to improve
the production performance of domestic natural
gas and petroleum stripper wells”




chk Facts

Base funding by NETL, NYSERDA co-funding
= Consortium established in October 2000
= Industry-driven, national in scope

= Has constitution/ bylaws, Technical Advisory
Committee, Executive Council

= Full/ Affiliate membership (49 members)

= Penn State has management role

< Meetings to-date: Jan 29 & April 9

= 13 projects started (May 15) - $921K co-funding
= Okalahoma City/ Dallas Workshops (Oct 23-24)
= PTTC workshops

= Next meeting: Dec. 18-19 in Hershey, PA

= Web site: http://www.energy.psu.edu/swc

Organizational Structure

= Technical Advisory Committee

— Each member designates a person to
represent their company - 1 vote

= Executive Council
— Seven elected positions (voting)
— Three standing positions (non-voting)
— Must be a full member/ elected by members
— Rotating terms (1 and 2 year terms)
— Can modify Constitution/ Bylaws

— Voting Council members approve projects
for funding




= Elected Council Members (voting)
— Paul Herzing, EOG Resources (2001)
— John Holko, Lenape Resources (2001)
— John Papso, Cabot Oil & Gas (2001)
— David Burnett, Texas A&M (2002)
— Bob Metzgar, North Penn Pipe & Supply (2002)
— Bob Watson, Penn State (2002)
— Dave Wozniak, Belden and Blake (2002)

= Standing Council Members (non-voting)
— Gary Covatch, NETL-SCNG
— Dan Ferguson, NETL-NPTO
— John Martin, NYSERDA
— Joel Morrison, Penn State

Technology Focus Areas

= Three generic focus areas proposed
— Reservoir remediation
— Wellbore cleanup
— Surface systems

= Program sponsors may expand areas if
membership demonstrates a need and
the areas fulfill the overall mission of the
consortium of improving production
performance




Submitting Proposals

Next funding cycle: Early 2002
Projects must be within the focus areas

Standard proposal guidelines developed
- Available on-line

Requires minimum of 30% cost share

Cost Share

= Cost share must be direct expenditures that
are incurred by the project but not charged
to the project

= May be either cash and/or in-kind
= Must be verifiable

= Derived from participants

= Can not use federal monies

= Proposed work should attempt to exceed the
minimum 30% threshold




Location
— State College, Pennsylvania
- Toftrees Resort
Date
— April 9-10, 2001
Purpose
— Hear research proposals
— Select proposals for funding
Proposals
— 23 proposals submitted
— 13 proposals funded

et 2 SWC Projects

= Thirteen projects were selected for
co-funding

= SWC provided ~ $921K in co-funding
= Projects and awardees are diverse

= Projects descriptions available on-line
at the SWC web site

= Projects will be discussed/ reviewed at
next SWC meeting (Fall 2001)




= |dentification of Effective Fluid Removal Technologies for Stripper
Wells (James Engineering)

= Developing methods to Identify Unstimulated and/or Ineffectively
Stimulated Reservoirs Resulting From Multi-Stage Hydraulic Fractures\
Treatment (Sclumberger Holditch, Equitable Production)

= Chamber Lift: A Technology for Producing Stripper Oil Wells (Penn
State, Bretagne)

= Design, Development and In Well Testing of Two Prototype Tools For

Enhanced In Recovery of Natural Gas (Brandywine Energy and
Development Co.)

= Analysis of the Taylorstown Injectivity Problem (Penn State, East
Resources)

= On-Site Treatment of Brine (Penn State, Hart Resource Technology)

= Optimization of Plunger Lift Performance in Stripper Gas Wells
(Colorado School of Mines, Marjo Operating Company)

SWC Projects (cont’d)

= Applying and Developing New Approaches for Maximizing Recovery
in the Barnett Shale Gas Play: From Understanding Capillary Forces
to Improving EUR’s (Republic Energy, Texas A&M)

= Analysis of the Wileyville Waterflood (Penn State, East Resources)

= Advanced Decline Model for Stripper Well Production Analysis
(Advanced Resources International,Equitable Production, Belden &
Blake)

= New Technologies for Lifting Liquids From Natural Gas Wells
(Colorado School of Mines)

= Development of Diagnostic Techniques to Identify By-Passed Gas
Reserves and Badly Damaged Productive Zones in Gas Stripper Wells
in Rocky Mountain Laramide Basins (Innovative Discovery
Technologies)

= Environment and Regulatory Issues Relating to the Utilization of
recycled Produced Water from Oil and Gas Operations (Texas A&M)




OVERVIEW

BECOME
& MEMEER

UPCOMING

ComTacTs

WELCOME
TO THE STRIPPER WELL
CONSORTIUM (SWC)
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Used to disseminate
information

— General information

= General marketing
Constitution/ Bylaws
Membership
application
< Download newsletters
Meeting
announcements
— Secure section for Full

Members

= Pass word changed
annually

= On-line progress
reports

= On-line proposal

g guidelines

Upcoming SWC Meeting

December 18-19, 2001

Meeting will be SWC
first technology
transfer session

Executive Council
members selected

RFP process/ dates
announced




Membership

Open to natural gas and petroleum industry

Two-tier structure
— Full (Industrial $1,000/ yr or $2,500/ 3 yrs)
— Affiliate (Organizations $200/ yr or $500/ 3 yrs)

Membership is on a calendar year
Send up to 2 people/ meeting
Consortium presently has 49 members

Membership forms available on-line
http://www.enerqgy.psu.edu/swc/member

Companies join for different reasons

Discussion




Open DOE Solicitations
Of Interest to Independent Producers

Speaker:  Rhonda P. Lindsey, NPTO
Alternate Speaker: Roy Long, NPTO

Alternate Speaker: James L. (Jim) Barnes, NPTO



Speaker Biography

Rhonda P. Lindsey

Rhonda P. Lindsey is the Senior Project Manager for Drilling/Demonstration Projects for
the U.S. Department of Energy’s National Petroleum Technology Office (NPTO). After
graduating with degrees in geology from both Slippery Rock University and Ohio State
University, Rhonda finally ventured out of the East. She went to the company “formerly
known as ARCO” to travel through the far regions of the North Slope of Alaska, the
Oklahoma prairies and the Colorado Rockies on their behalf. Finally tired of the late
hours and weekend duty, she escaped into the Federal Government where she harassed
some surface coal miners for a few years before getting back to real roots...oil. She is
now overseeing the Oil Program’s Drilling, Completion, Stimulation, Operations, Native
American Initiative, Independents Technology, Class, Class Revisit, and PUMP
programs as well as other duties as assigned.



Speaker Biography

Roy Long

Roy Long is the Upstream Product Manager at the U. S. Department of Energy’s
National Petroleum Technology Office (NPTO). He is a graduate of the U. S. Air Force
Academy and received his M. S. in Petroleum Engineering from the Colorado School of
Mines. Following distinguished service as an aircraft commander in Air Force heavy jet
transports, he worked in the petroleum industry from 1978 to 1988 as an engineer for
Tenneco, Petro Lewis, and then as an international drilling consultant. From 1988 to 1996
he worked at DOE’s Yucca Mountain Project Office (YMP) where he was appointed
Principal Investigator of their Dry Drilling and Coring Technology Development
Program. He transferred to the National Energy Technology Laboratory in Morgantown,
West Virginia in 1996 where he served as Project Manager and lead for the Drilling,
Completion, and Stimulation Technology focus area in NETL’s Strategic Center for
Natural Gas. Roy’s current work involves industry out reach and program planning for
NPTO’s Upstream Technology Program.



Speaker Biography

James L. (Jim) Barnes

James L. (Jim) Barnes is a Project Manager for the National Petroleum Technology
Office (NPTO) of the U. S. Department of Energy (DOE), in Tulsa, Oklahoma. Prior to
working for the DOE, he worked with several major and independent oil companies in
California, Texas, Kuwait, Indonesia, the Philippines, Peru, and Thailand, in various
engineering, construction, drilling, and operations positions. His last assignment in
California with the DOE was as Government Member of the Operating Committee
(GMOC) at Elk Hills, Naval Petroleum Reserve No. 1. Before working in the oil
industry, he served as a commissioned officer with the U. S. Navy, on guided missile
destroyers operating out of Long Beach and San Diego, California. He has been active in
the Society of Petroleum Engineers in various parts of the world. He is a graduate of The
University of Texas at Austin with a BS degree in petroleum engineering.



Technology Development with Independents
Program

National Petroleum Technology Office

=TL

Technology Development with Independents Program

Program Goals

¢ Find solutions for production problems
experienced by small independents

e Encourage the application of untried or unfamiliar
technologies

¢ Slow well abandonment rate to preserve industry
infrastructure

¢ Use field demonstrations to broaden information
exchange and applications
¢ Reduce the financial exposure to small
independents through cost sharing support on
projects
N=TL
National Petroleum Technology Office
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Technology Development with Independents Program

Program Benefits

¢ Maintain current domestic production levels

e Curtail premature loss of domestic production due
to fluctuating economic conditions

¢ Increase ultimate recovery in known fields using
advanced technologies

National Petroleum Technology Office

=TL

Technology Areas

e Drilling

e Exploration

e Formation Evaluation
¢ Reservoir Simulation
e Improved Oil Recovery
e Operations

e Production Problems
e Stimulation

e Water Production

e Wellbore Problems

National Petroleum Technology Office




Technology Development with Independents Program

Phase 3 Open Solicitation

e Announced in February, 2001

e Closing date December 24, 2001

e NPTO website at www.npto.doe.gov

e Links:
- Technology Development with Independents
- Procurement

e Program Solicitation (PS) DE-PS26-01NT15263

e Summary Sheets presents examples from current
program

N=TL
National Petroleum Technology Office

Technology Development with Independents Program
Future Solicitation

A Support to Independents Program under
consideration

- Yet to be announced
- Details yet to be formulated

Similar in scope/funding level, etc.

Expanded to include Offshore Gulf of Mexico
shallow water projects

Will be posted on the NPTO website when released

N=TL
National Petroleum Technology Office




Electrical Generation Using Non-Salable
Low BTU Natural Gas

Operator:  Scott Corsair, American Warrior, Inc.

Speaker:  Walter B. (Walt) North, RMC Consultants, Inc.



Electrical Generation Using Non-Salable Low _
Operating Costs
BTU Natural Gas Lease Gas

Electricity Generation

Operator: Scott Corsair, American Warrior, Inc., Garden City, Kansas
Speaker: Walter B. (Walt) North, RMC Consultants, Inc., Tulsa, Oklahoma

Bottom Line. American Warrior, Inc plans to significantly reduce lease production costs by using the
available onsite natural gas to power an electrical generator. The generator will provide electricity to
run 12 beam pumping units and two electrical submersible pumps on the Williams Unit in the
Schaben Field of Ness County, Kansas. American estimates a 65 % reduction in electricity costs that
will result in saving $9,675 per month in operating costs. Reduction in operating costs will allow
resumed production on three shut-in wells and an increase in production in several of the other 11
wells.

Problem Addressed. Well operations at the Williams Unit were becoming uneconomic due to high
electrical utility costs. The high lease production costs had necessitated the shutting in of three wells
on the lease and the 11 remaining wells were close to the breakeven point. Several wells were
pumping below normal efficiency because funds were not available for repairs. Oil production is from
the Mississippian Osage Formation at 4,400 feet and the 11 producing wells in the Unit typically
produce at high water-cut and marginal oil production, averaging 8.5 BOPD and 350 BWPD.

Onsite Natural Gas Source. A shallow gas zone in the Schaben Field is known to contain significant
quantities of low BTU, low commercial value natural gas. A pre-project reservoir study determined
that over 1 BCF of low BTU natural gas could be recovered from the shallower Chase Formation.
The onsite gas reserves contain a high proportion of nitrogen (50 % N2), making the gas unusable for
commercial pipeline sales. However, the gas is of sufficient quality to fuel natural gas engines (gas
from the zone is being used elsewhere in the field to run several gas engines on beam pumping units).
Equipment manufacturers, CAT and Waukesha, have reviewed an analysis of the gas and have
confirmed that the 545 BTU gas would be a satisfactory fuel source for a gas engine driven electrical
generator.

An existing temporarily abandoned oil well, the Williams #5, has been converted to a gas supply well
to provide fuel for a gas powered electrical generator. The temporarily abandoned gas source well
was perforated in the gas zone and stimulated with an acid treatment. The well was reworked and
recompleted by plugging-off the Mississippian Osage Formation open hole, cementing across the
Chase Formation, perforating the Krider and Winfield members of the Chase Formation, and
acidizing the perforations. Initial production tests indicate 500 mcf per day of natural gas
deliverability with 125 BWPD. A gas line will be installed and connected to the generator set.

Power Distribution System. The new generator output will be integrated into the existing overhead
wiring network, augmented where necessary and new transformers will be built and installed for the
power distribution system. Due to the distance between the generator and the wells, a 750 KVA
transformer will be used to step-up the voltage from 480 volts to 12,470 volts, three phase.

Beam pumping units have a high cyclic power usage on electric motor prime movers, which is very
hard on an electrical generator, usually requiring an oversized generator to compensate for the current
peaks. High slip, high efficiency rewound electric motors were designed to buffer the cyclic loading.
These electric motors will be installed as prime movers for the 12 conventional beam pumping units
to minimize cyclic loading on the electrical generator. The use of the high slip, high efficiency



rewound electric motors will allow electrical capacity for additional wells, increase the time between
generator overhaul, and decrease sucker rod and gear box loading. Additionally, the use of the
rewound electric motors will reduce the KV A required by approximately 50%. This will permit the
use of a lower KW rated electrical generator, 525 KW versus 800 KW, (a cost savings of nearly
$50,000 on the purchase price of the generator set). Use of the lower KW rated electrical generator
will reduce fuel requirements from 200 mcf per day to 150 mcf per day. A Waukesha 525 KW
Enginator (engine driven electrical generator) set was acquired for electrical power generation and
has been rebuilt and awaiting installation on the lease. Negotiations are currently being conducted
with the public utility company for tie-ins, line sharing, switching equipment, and overhead wiring.

Project Benefits. Reducing lease operating costs will extend the economic producing life of the
Schaben Field by several thousands of barrels of oil. DOE's approval to cost-share in this project with
American Warrior in early 1999, at a time of extremely low oil prices, provided the initiative to start-
up this project. Once demonstrated, the technology will have potential application to numerous leases
throughout the area.

The Author
Walt North is a petroleum engineering consultant with RMC Consultants, Inc., providing technical
and support services to DOE’s National Petroleum technology Office in Tulsa, Oklahoma. He has
more than 21 years of experience with a major oil company and over seven years experience as a
consultant. He holds a BS degree in mechanical engineering from Oklahoma State University.



Speaker Biography

Walter B. (Walt) North

Walter B. North is a petroleum engineering consultant with RMC Consultants, Inc.,
providing technical and support services to DOE’s National Petroleum Technology
Office of the National Energy Technology Laboratory in Tulsa, Oklahoma. His
responsibilities include providing assistance to the Support to Independents Program
project and program managers. He has over 21 years diversified experience as a
reservoir engineer with a major U. S. oil company in all phases of oil and gas property
evaluation, development, and operations including field, staff, and R&D assignments. He
has over 7 years experience as a consultant in the public and private sectors of the
petroleum industry specializing in reservoir engineering, project evaluation, and
unitization issues, providing technical expertise and consulting services for client
activities. He holds a BS degree in mechanical engineering from Oklahoma State
University.



Electrical Generation Using Non-Salable
Low BTU Natural Gas
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Operator: !
American Warrior :
!
!
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Garden City, Kansas
Project Location:
Schaben Field, Ness County, Kansas

Background:

e Uneconomic lease operations due to high electrical
utility costs

o Noncommercial low BTU natural gas available in a
shallower gas zone
545 BTU natural gas containing 50% N,
The gas is used to fuel several gas engines on beam
pumping units

Electrical Generation Using Non-Salable
Low BTU Natural Gas

Objective:

o Convert an existing temporarily abandoned oil well to a gas
supply well

o Utilize non-commercial low BTU shallow natural lease-gas
resources

o Supply fuel for a gas engine driven electrical generator

o Generate low-cost lease electricity to replace high-cost public
utility electrical power




Electrical Generation Using Non-Salable
Low BTU Natural Gas

A shallower gas zone was known to contain significant
quantities of low BTU, low commercial value natural gas

Pre-project reservoir studies determined that over 1 BCF
of gas could be recovered from the gas zone

Equipment manufactures, CAT and Waukesha reviewed
the gas analysis and confirmed that the 545 BTU gas would
be a satisfactory fuel source for a gas engine driven
electrical generator

An existing temporarily abandoned oil well was recompleted
in the shallower gas zone and converted to a gas supply well

Williams #5 gas supply well




Electrical Generation Using Non-Salable
Low BTU Natural Gas

+ A Waukesha 525 KW Enginator (gas engine drive electrical
generator) was acquired and rebuilt

* A pad will be poured and the generator set will be installed on
the lease

» The rebuilt generator output will be integrated into the existing
overhead wiring network

Waukesha Enginator

¥

VHP3600GSI 525 KW




Electrical Generation Using Non-Salable
Low BTU Natural Gas

Due to the distance between the generator and the wells, a
750 KVA transformer will be required to step-up the voltage
from 480 to 12,470 volts, 3-phase

* Another single phase, pole mount step-down transformer will
be installed locally on the lease

Additional overheadlines will be installed as necessary

» Negotiations are ongoing with the public utility provider to tie
into the existing electrical distribution system for backup
protection

Solomon Corp. Transformers

\ 7 g Wt

+ 750 KVA 3 phase » Single phase pole
» 480 Delta-12470Y mount




Electrical Generation Using Non-Salable
Low BTU Natural Gas

» High slip, high efficiency rewound electric motors will be installed
as beam pumping unit prime movers

» The motors are designed to buffer the cyclic loading on the
electrical generator

» Use of the rewound electric motors will allow electrical capacity
for additional wells, increase the time between generator
overhauls, and decrease sucker rod and gear box loading

Solution

GEMS Inc. designed high slip and high
efficiency rewound electric motors which will
buffer most of the cyclic loading of the on the
electrical generator.

/ r =




Electrical Generation Using Non-Salable
Low BTU Natural Gas

» Use of the rewound electric motors will reduce the KVA
requirement by 50% and permitted the use of a lower KW rated
electrical generator (525 KW versus 800 KW), a savings of
nearly $50,000 on the purchase price of the generator set

» Use of the lower KW rated electrical generator will reduce fuel
requirements from 200 mcfd to 150 mcfd

Electrical Generation Using Non-Salable
Low BTU Natural Gas

Potential Success:

* Pre-project evaluation indicates potential savings of
$7,500 per month in lease operating costs

* Pre-project evaluation indicates potential incremental
recovery of 250,000 barrels of oil over the life of the
lease




Evaluation of the Flood Potential of

South House (Blinebry) Field,
Lea County, New Mexico

Operator: H. Scott Davis, Capataz Operating Inc.

Speaker: L. Stephen (Steve) Melzer, Consulting Engineer



Waterflood Potential of South House Core/Log Analysis

Characterization

(Blinebry) Fleld, New Mexico Waterflood Screening

Operator: H. Scott Davis, Capataz Operating, Inc., Midland, Texas
Speaker: L. Stephen (Steve) Melzer for Capataz Operating, Inc., Midland, Texas

Bottom Line: A detailed reservoir characterization effort and waterflood potential analysis, which
considered core/log data from a newly drilled well, existing data, and analogous reservoirs, indicates that
the South House (Blinebry) field has good waterflood potential. Primary production performance from a
newly drilled well confirmed that, considering primary production alone, wells are very marginal.
Expected natural fracturing was not evident. Thus, the time frame for flooding will be controlled by flood
advancement through matrix rock, indicating that 20-acre (versus the normal 40-acre) spacing is advisable
for future waterflooding.

Problem Addressed: The Blinebry (Permian) formation of southeastern New Mexico has gained a
reputation as a primary production target with limited to no secondary (waterflood) potential. The current
perception of the Blinebry formation is that it does not make a good waterflood candidate due to the
limited thickness, low rock matrix permeability, possible high transmissivity fractures, and the laterally
variable nature of the reservoir. As a result, most Blinebry fields are not given due consideration for
waterflood potential and are abandoned upon primary recovery depletion. The result is a typical recovery
of only 15 % of the original oil in place (OOIP) whereas a successful average-type waterflood can usually
produce another 15 -25 % of the OOIP over and above primary recovery.

Reservoir/Geological Complexity. The Blinebry formation of the South House field in eastern Lea
County, New Mexico, lies within the geologic regime referred to as the Central Basin Platform of West
Texas and Southeast New Mexico. This north-south structure separates the Delaware Basin on the west
and the Midland Basin on the east, with all three interconnecting subdivisions comprising the Permian
Basin. A comparison of stratigraphic columns illustrates that the Blinebry formation in Southeast New
Mexico is geologically equivalent to the Upper Clearfork formation of West Texas. Waterflooding design
and management decisions in the Clearfork formation of West Texas are likewise difficult due to the
lateral and vertically variable nature of the formation and concerns over the presence and properties of
fractures.

The Blinebry formation of the South House field is a restricted-shelf carbonate environment, typical of
the bulk of Clearfork-age carbonates in the Permian Basin, i.e., typical low-water stand depositional
environments of carbonate platform margins with alternating cycles of peritidal and supratidal shelf
environments. The peritidal low water stands allowed the emergent platform to develop pools with
evaporation precipitating anhydrites. Regional flooding events during supratidal conditions periodically
covered the intertidal materials, depositing clay-rich rocks to provide vertical separation for the supratidal
sections. This environment mixed anhydrites with the pervasive dolomites, which are occasionally
interspersed with intertidal materials. The anhydrite-poor supratidal environment deposition is
accompanied by organic material along with finer-grained materials evidenced by higher potassium- and
thorium-derived gamma ray log counts. The typical low-water stand depositional environments of
carbonate platform margins with the peritidal shelf environment at the top are indicative of the vast
interior regions of the Central Basin Platform and the Blinebry formation in the South House area.

This depositional cyclicity resulted in the layering of certain materials that can be detected by various
discriminating logging tools. The potassium plus thorium natural gamma ray radioactivity log (K+Th GR)
can be used to detect clay concentration and the formation (gamma-gamma) density (ZDEN) log can be



used to detect anhydrite concentration. The log interpretation can then be correlated to porosity,
permeability, and hydrocarbon saturation measurements from core analysis to identify potentially
productive zones and provide formation property data for the evaluation of waterflood potential.

Determination of the spatially varying reservoir attributes, especially of heterogeneity and fracture
systems in complex carbonate reservoirs such as the Blinebry and Clearfork formations, is necessary for
optimal field development and management, as demonstrated by the Fina/DOE North Robinson
(Clearfork) Unit Class II Field Demonstration Project in Gaines County of West Texas. That project
successfully demonstrated the importance of determining the lateral and vertical variability using cost
effective reservoir characterization and management tools for formulating the optimal development of
heterogeneous, low permeability shallow-shelf carbonate reservoirs typical of the Clearfork carbonates in
the West Texas area.

Core and Log Data. No core was available from wells within four miles of the South House prospect
area for analysis, geologic description, and correlation with well log interpretation data to characterize the
reservoir properties to be used for the waterflood evaluation. An optimum location for obtaining a fresh
core was determined to be the planned #1 Pall Mall (Federal 14-01) well. The well was drilled to the
Blinebry formation at 6,000 feet and a 5-inch diameter diamond-coring bit was run to cut a 4-inch
diameter core. The core was cut in two 60-foot length core runs with a separation of about 25 feet
between runs (due to the normally anhydritic and non-productive nature of the zone separating the upper
and lower Blinebry intervals in the South House area) with more than 98% core recovery. The Blinebry
interval was logged with spectral gamma ray, compensated neutron density, gamma density (ZDL), dual
lateralog (for formation resistivity determination in the saltwater mud environment), photoelectric
crossection (PE), and borehole caliper logs. In addition, the log suite was complimented with two
borehole imaging logs, the resistivity pad or "button" log (STAR) and a specialized sonic tool examining
and displaying the borehole wall via the CIBL logs. A fracture identification log was also run to correlate
and orient any fractures observed in the core.

Detailed core descriptions, including facies identification, environment of deposition, and fluorescence,
were conducted on the 4-inch diameter whole core. 1.5-inch core plugs were cut from the whole core
using lease crude. The whole core and the core plugs were analyzed for formation properties, including
fluid saturations, grain density, directional permeability, and porosity. Surprisingly, no natural fracturing
was detected in any of the core or logs. The absence of fracturing was unexpected considering the
observations of fracturing noted at the nearby Teague field. Despite the lack of fracturing, the rock had
reasonably good matrix porosity and permeability.

Coring and logging results identified two separate intervals in the Blinebry capable of production.
Production capacity will have to result from the rock matrix properties as no additional intervals of
production due to the presence of fractures were identified. Net pay was determined using a 10% porosity
cutoff value, a 50% water saturation limit, and a total gamma ray ("shaliness") cutoff of 25 API Units.
The upper pay interval totaled 12 feet of net pay and the lower pay interval totaled 5.5 feet of net pay for
an overall net pay thickness of 17.5 ft throughout the Blinebry Formation.

Completion Results. The well was determined to have production potential from the Blinebry intervals,
and 5-1/2 inch casing was cemented in the hole. The Blinebry pay intervals were perforated, acidized, and
hydraulically fractured. Production of oil and gas was established with initial rates of 25 bopd, 83 mcfpd,
and 69 bwpd over a three-month average. The average rates for the first 12 months of production were 16
bopd and 69 mcfpd with cumulative recovery of 5,372 barrels of oil, 25 mmcf of natural gas, and 7,000
barrels of water. At those recovery rates, reserve estimates indicate that Blinebry primary production
provides only marginal economics based on $23 oil. The additional value of secondary reserves, if
justified, could provide the necessary incentive to encourage additional drilling development.



Assessment of Waterflood Potential. The initial assessment of waterflood potential concentrated on
rock properties, net pay thickness characterization, and analog studies. The integrated flood feasibility
analysis from lab, logs, and core descriptions demonstrates excellent data consistency and indicates that
the project area has good waterflood potential. However, the initial screening of the project for evaluation
of flood potential has determined that no production enhancement should be expected from natural
fracturing. This suggests that the time frame of flood front advancement through the matrix rock within
the pay interval will dominate the sweep for the duration of flooding, and thus control waterflood
economics. Thus, waterflood development will likely require 20-acre well spacing rather than the 40-acre
spacing prevalent in most newly developed fields in the South House field area. For analogy/comparison,
the North Robertson area, located twenty miles to the northeast, and the Teague field, located 20 miles to
the south, were utilized due to their readily available database and previous waterflood studies. The
geology of the South House area does appear to merit further examination as the rock quality compares
favorably with both analog fields.

Follow-on And Future Activities. Future, post-project activities could involve core flood feasibility and
relative permeability tests using preserved core samples obtained during the project, development of a
reservoir simulation model to investigate well spacing optimization and to improve recovery estimates
using a streamtube model (such as CO, Prophet) or black oil simulator (such as DOE's BOAST III), and a
detailed economic feasibility analysis.

Subsequent to the conclusion of the joint DOE/Capataz project, an additional post-project Blinebry well
was drilled in another area of interest a short distance away. Sidewall core samples were obtained and the
DOE/Capataz project core results were used as calibration for the sidewall core analysis, eliminating the
necessity and expense of obtaining a whole core for analysis.
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LOCATION OF THE PROJECT

Showing Locations of No. Robertson and Teague Analog Projects

Stratigraphic Columns lllustrating “Equivalency”
of New Mexico “Blinebry” and Texas “Upper
Clearfork” Terminology
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Schematic Depiction of the Typical Depositional
Environments of Carbonate Platform Margins and the
Supratidal Shelf Environment*

CHANNELED TIDAL FLAT

TIDAL FLAT/SUPRATIDAL

EMERGENT SHOAL
(HIGH EMNERGY)

*Adapted from Improved Prediction of Reservoir Behavior Through Integration of
Quantative Geological and Petrophysical Data, Davies, D.K., Vessell, R.K., and Auman, J.B.
(1999), Reservoir Evaluation and Engineering, Vol 2, No. 2, April ‘99, Soc.Petr Engrs.
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(o)

PROJECT OBJECTIVES

DRILL, CORE AND LOG BLINEBRY FORMATION
THROUGH THE UPPER PORTION (P1+P2) USING
THE LATEST IN RESERVOIR CHARACTERIZATION
TOOLS
CONDUCT LABORATORY AND LOG ANALYSIS

TO CHARACTERIZE RESERVOIR PROPERTIES

EVALUATE THE FEASIBILITY OF WATERFLOODING

THE U. BLINEBRY FORMATION

PROJECT TEAM

OPERATOR/FIELD SUPERVISION/PERMITTING - SCOTT DAVIS, CAPATAZ
OPERATING

PROSPECT COORDINATION/LAND & LEASING - DAN LEONARD,
LEONARD RESOURCES

PROJECT COORDINATOR/CONSULTING - STEVE MELZER, MELZER
CONSULTING

PROJECT SUBCONTRACTORS

CORE TESTING & ANALYSIS - ROTARY LABORATORIES, WAYNE HELMS
OPEN HOLE LOGGING - BAKER ATLAS LOGGING, MELVIN HINDS
DRILLING - PATTERSON DRILLING, MIKE PATTERSON

CORING - DOWDCO, FREDDY HAGINS
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TECHNICAL DATA ACQUIRED

CORING RESULTS

o CORED FROM 5990-6040° OF P1 INTERVAL WITH
58 OF 60 FEET RECOVERED

o DRILLED 35’ OF ANHYDRITIC (NON-PAY)
INTERVAL

o CORED FROM 6075-6135’ OF P2 INTERVAL WITH
59+> OF RECOVERY




Graphical Summary of the Full-Diameter Core
Porosity & Perm Test Results (Rotary Lab Data)
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LOGGING RESULTS

LOGGING ACCOMPLISHED USING
BAKER ATLAS TOOLS

LOGS ACQUIRED INCLUDE:

SPECTRAL GAMMA RAY

COMPENSATED NEUTRON DENSITY

GAMMA DENSITY (ZDL)

PHOTOELECTRIC CROSSECTION (PE)

BOREHOLE CALIPER

DUAL LATEROLOG

SIMULTANEOUS ACOUSTIC AND RESISITIVITY IMAGING LOGS
INCLUDING CIRCUMFERENTIAL IMAGING BOREHOLE LOG




GEOPHYSICAL LOGS - POTASSIUM (K), THORIUM
(Th), URANIUM GAMMA RAY RESPONSES

Figure 7 - PALL MALL BOREHOLE LOGS - GAMMA RAY
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GEOPHYSICAL LOGS - DENSITY AND POROSITY
CURVES

Figure 8
PALL MALL BOREHOLE LOGS - DENSITY/POROSITY CURVES
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GEOPHYSICAL LOGS - FORMATION RESISTIVITY

Figure 9 - Formation Resisitivity Logs
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CARBONATE ANHYDRITE CYCLICITY - PRODUCING
FROM THE OFFLAPPING TRANSITION

FIG.5 - PALL MALL WELLLOGS SHOWING
CARBONATE CYCLICITY

DEPTH IN FEET
6400 6350 6300 6250 6200 6150 6100 6050 6000

O Il Il Il Il Il 23
P -
+ o
20 24 S
= Tkt H
= 40 - - £ 25 &
o ‘t 4 4 t 4 g . 53
® = ® (=}
@8 g z 265 8
>0 2] -]
oo &l o 2
=3 s i 27 <
N
o o
A il |
3 100 LS l 28 g
120 29

——RtScale ZDEN —+—K+ThGR ‘




Baker Atlas 0 N~ |, ST
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Display through
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Reservior
Interval

CORE TEST RESULTS

o CORED FROM 5990-6040° OF P1 INTERVAL WITH
58 OF 60 FEET RECOVERED

o DRILLED THROUGH 35’ OF ANHYDRITIC (NON-
PAY) INTERVAL

o CORED FROM 6075-6135’ OF P2 INTERVAL WITH
59+> OF RECOVERY

o TOTAL CORE RECOVERY OF 98%




LOG CROSSPLOT POROSITY VS. WHOLE CORE
LABORATORY POROSITIES

Figure 10
Neutron & Density Logs Cross-Plot Porosity with Whole Core
Porosity Measurements
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LOG CROSSPLOT POROSITY VS. PLUGGED CORE
LABORATORY POROSITIES

Figure 11
Neutron & Density Logs Cross-Plot Porosity with Plug (Lab)
Porosity Measurements
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WHOLE CORE PERMEABILITY (Kmax, K9o) VS.
POROSITY CORRELATIONS - UPPER BLINEBRY
INTERVAL

Fig 14a - WHOLE CORE PERMEABILITY Kmax vs.
POROSITY
UPPER INTERVAL
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Fig 14b - WHOLE CORE PER Kmax vs. POR
UPPER INTERVAL
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WHOLE CORE PERMEABILITY (K9) VS. POROSITY
CORRELATIONS - U. BLINEBRY INTERVAL

Fig 14c - WHOLE CORE PERM K90 vs. POR
UPPER INTERVAL
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WHOLE CORE PERMEABILITY (Kmax) VS. POROSITY
CORRELATIONS - L. BLINEBRY INTERVAL
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WHOLE CORE PERMEABILITY VS. POROSITY
CORRELATIONS - ALL DATA FITS

FIGURE 16
POROSITY VS. PERMEABILITY RELATIONSHIP
ALL PROJECT DATAFITS
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FIGURE 17
POROSITY VS. PERMEABILITY RELATIONSHIP
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WELL RESULTS

BLINBRY PERFORATION AGAINST BACKDROP OF 10%
POROSITY LOG CUTOFF

FIGURE 18
PALL MALL CUTOFF (10%) POROSITY DOLOSTONE ZONES w/
PERFORATIONS
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CONCLUSIONS

CARBONATE ANHYDRITE CYCLICITY - PRODUCING
FROM THE OFFLAPPING TRANSITION

FIG.5 - PALL MALL WELLLOGS SHOWING
CARBONATE CYCLICITY
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PERMEABILITY RANGE OF RESERVOIR ZONES IS
GENERALLY <1 MD

Fig 14b - WHOLE CORE PER Kmax vs. POR
UPPER INTERVAL
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U.S. DOE HAS DEVISED A RAPID AND HELPFUL
SCHEME FOR SPONSORING RESEARCH WITH
INDEPENDENTS

OVERALL TIMELINE FOR THE CAPATAZ/DOE PROJECT

SIMPIFIED TIME LINE FOR THE CAPATAZ BLINEBRY PROJECT

> T L LT >T 2S5 & &
ACTIVITY §53585358s555888s5385885328383
FIRST NOTICE OF DOE SOLICITATION NOTICE X
PROPOSAL PACKAGE PREPARED AND SUBMITTED
NOTIFICATION OF PROJECT AWARD BY DOE
START WORK AUTHORIZATION DATE
ADVANCE FUNDING REQUEST SUBMITTED
DRILLING BEGINS
CORING OF BLINEBRY FORMATION (2 RUNS)
RECEIPT OF ADVANCE DOE FUNDING
LOGGING OF WELL X
LABORATORY TESTING, LOG ANALYSIS, ENGINEERING D C—
STUDIES AND RESERVOIR CHARACTERIZATION
FINAL REPORT PREPARATION B Lt ¢
POSTER SESSION AT PBOGRC
PROJECT COMPLETION

ACCOMODATING INNOVATIVE CONCEPTS IN
OILPATCH HAS SOME COLLATERAL BENEFITS

s UTILIZING NEW TOOLS AND METHODS

s DEVELOPING FIELD LOCATIONS FOR
APPLICATION OF NEW TOOLS AND METHODS

v ENCOURAGING INNOVATION AMONG A
CONSERVATIVE INDUSTRY
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A Quick Method to Evaluate
Watertlood Success

Operator:  James R. Weber, Coral Production Company

Speaker:  William W. (Bill) Weiss, Correlations Company



A Quick Method to Evaluate Waterflood Fuzzy Logic

Neural Network

Potential of Denver-Julesberg Basin Data Mining
Reservoirs

Operator: James R. Weber, Coral Production Company, Denver, Colorado
Speaker: William W. (Bill) Weiss, Correlations Company, Socorro, New Mexico

Bottom Line: Fuzzy logic and neural network technology was applied to predict waterflood potential in a
Nebraska Panhandle reservoir from data and information available in the public domain. Fuzzy ranking
curves were used to prioritize the relevance of available parameters on the outcome of the proposed
waterflood and a trained neural network was used to estimate future oil production. The ratio of secondary
to primary oil recovery (S/P Ratio) predicted by the correlation developed from the artificial intelligence
technology indicates an S/P Ratio of 0.315. Based on primary recovery of 326,000 barrels of oil, a
waterflood of the reservoir could be expected to recover in excess of 100,000 barrels of secondary oil.

Problem Addressed: Coral Production Corporation (Coral) was considering installing a waterflood in the
5,300 foot J-Sand of the Herboldsheimer Field, in the Western Nebraska Panhandle section of the Denver-
Julesberg Basin (D-J Basin), Cheyenne County, Nebraska. The success rate of waterfloods in this area of
the D-J Basin has historically been mixed and waterflood failures are common in the area. Various causes
for the failures include the presence of depositional channels, high free-gas saturation at the end of primary
production preventing formation of an oil bank, wettability problems, and fractures adversely affecting the
flow of oil.

Concerned about the high risk and low success rate of waterflood projects in the area a method was
needed to assess the technical risk of a waterflood, in order to justify spending the time and money
required to evaluate the mechanical (potential downhole problems) risk associated with waterflooding,
provide the confidence that any problems would be worth solving, and justify the investment and expense
of initiating waterflood activities. Information necessary to develop numeric reservoir simulators is
seldom available for the small fields in the area and the cost of acquiring the information is cost
prohibitive for the small independent oil producers. Such was the case with the Herboldsheimer Field.
The expense of acquiring the necessary data for numeric reservoir modeling was beyond the resources
available. Incomplete or sparse information on geologic or formation and reservoir characteristics
introduces a high level of risk for secondary oil recovery development projects.

Project Description: However, a large amount of useful field information is available in the public
domain through the state regulatory agency responsible for regulation and management of the state's oil
and gas resources (Corporation Commission, Conservation Division, RR Commission, etc.). This
information. typically consists of field location, discovery date, producing zone, depth, water injection
date, number of wells, and production records including oil, gas, and water, etc. Additionally, oil gravity,
estimates of average porosity and permeability, bottom hole pressures, net pay, connate water saturation,
formation volume factor, etc., are often available for waterflood projects from the waterflood unitization
application files and unitization regulatory hearing records of the state regulatory agency. Intuitively, all
these parameters affect waterflood results, although clear or robust correlations seldom are obvious, and
too inexact for typical conventional computer numerical modeling applications.

The operators retained Correlations Company of Socorro, New Mexico, to develop a method to apply
evaluate the probability of waterflood success in the Herboldsheimer Field “J” Sand. The Correlations
Company has considerable experience in the application of artificial intelligence technology to evaluate



typical oil field data. This technology is capable of integrating large amounts of inexact, incomplete, or
loosely- correlated data using modern computational methods to derive reliable parameters correlations.

The contract consultants reviewed field information, available in the public domain (Nebraska Oil and
Gas Conservation Commission), from the area of the Cliff Farms Unit (formerly the Herboldsheimer
Field “J” Sand Waterflood Unit, which was unitized into the Cliff Farms Unit in November 1999). The
purpose of the Nebraska Oil and Gas Conservation Commission "unitization regulatory hearing records"
study was to identify the available factors which are likely to impact and influence the performance of a
waterflood in the Denver-Julesburg Basin sandstone reservoirs of the Nebraska panhandle area.

The records of the 140 waterflood unitization hearing cases were reviewed and the available relevant data
(net pay, porosity, permeability, Sw, BHP, OWC, API gravity, FVF, etc.) along with the cumulative oil
produced at the time of the hearing (primary oil production) as well as the last reported cumulative oil
production (secondary oil production) of each waterflood unit was recorded/ captured. D-J Basin
sandstone waterfloods produce the bulk of the secondary oil during the first five years of operation. Since
most of the waterflood units have produced secondary oil for twenty years, no effort was made to estimate
ultimate waterflood recovery. Similarly, no effort was made to estimate ultimate primary recovery
because very little primary oil remained (depleted) at the time the floods were initiated. The hearing
records included 30 descriptive entries (parameters) that could influence the success or failure of a
waterflood. The data and information (descriptive parameters) available in the unitization case files was
not uniform (i.e., recorded) for all each of the waterfloods. However, a great deal of the information was
common to many of the waterfloods. The relevant data and information from the waterflood hearing files
was compiled into a database.

The ratio of secondary barrels produced to barrels produced during primary production is frequently used
as a means of defining secondary recovery success (success or failure as defined by the S/P ratio). A
means of rapidly and inexpensively estimating secondary recovery reserves as a function of primary
recovery would provide a guage of potential success for a waterflood. The S/P ratio was selected as the
independent variable. Primary recovery is defined as cumulative oil produced at the date of the hearing
and secondary recovery is defined as the oil produced since the hearing date. The relevant data from the
waterflood hearing files, compiled into a database, was used to construct correlations between the
dependent variables (those parameters which might affect waterflood success) and the S/P ratios for each
waterflood unit. Initial analysis using conventional cross-plots indicated little or no correlation between
single dependant variables and S/P ratio, as expected, indicating some multivariant relationship between
the variables might exist. Fuzzy ranking and artificial neural networks were the tools applied to develop
representative correlations between the dependent variables likely to influence waterflood recovery
(success) and the S/P ratios (measure of success) for historic waterflood projects. These correlations were
then applied to the Cliff Farms Unit dependent variables to predict the S/P ratio and waterflood recovery
(primary recovery times the S/P ratio).

Assessment of Waterflood Potential: The correlation developed using the artificial intelligence
technology predicts that a Cliff Farms Unit secondary to primary ratio will be 0.315. Given that the Unit
produced 326,000 barrels of primary oil, a waterflood could be expected to recover in excess of 100,000
barrels of secondary oil. BHP data was obtained from the previous lease holder, and used to identify a
prospective waterflood area. Based on the forecasted performance, a waterflood pilot project was
initiated in July, 2000, with water injection into one well with two offsetting producers on 40-acre
spacing.

A set of parameters, similar to those used to predict the Cliff Farms Unit S/P ration, from any group of D-
J Basin wells in the Nebraska panhandle could be used to predict their corresponding S/P ratio and used
to evaluate waterflood potential.
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Table I- Data Sheet

Location: Section, Township, Range

Case No.

Discovery Date

Spacing, ac/well

No. Producing Wells

No. Shut-in Wells

No. Dry Holes

Depth to Top of Pay, ft

Producing Formation

Producing Mechanism

Unit Area, ac

Average Net Pay, ft

Average Porosity, %

Average Permeability, md

Connate Water Saturation, %

Original BHP, psi

Original Oil-Water Contact, SS

Oil Gravity, o API

Original FVF, Vol/Vol

Original Oil in Place, STB

Primary Production @ Hearing Date
Cumulative Oil, bbl
Cumulative Gas, mcf
Cumulative Water, bbl
Peak Producing Rate, BOPM

Secondary Production
Most Recent Producing Date
Cumulative Oil, bbl
Cumulative Gas, mcf

Cumulative Water, bbl

Data Assimilation
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Normalizing Function
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Fuzzy Membership Function

F.(x) = exp(— ( ) oy ... Eq2

Conventional cross-plot of a random data set (0-1).
No correlation exists between X and Y

y=Random(x)




A conventional cross-plot of a random data set plus a square root trend
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The solid triangles compose the fuzzy curve generated from the random data set.
The open circles form the fuzzy curve generated with the data set including a

trend.
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Table II - Fuzzy S/P Curve Analysis
Number Correlation [Range |Ranking
Parameter of Records |Coefficient Criteria
Unitized Area 116 0.88 0.84 1.70
Average Permeability, md 65 0.76 0.24 1.00
Peak Producing Rate, BOPM 60 0.76 0.21 0.96
No. Producing Wells 123 0.63 0.31 0.94
Productive Area, ac 29 0.83 0.10 0.93
Cumulative Water-Oil Ratio 139 0.84 0.09 0.93
Average Porosity, % 83 0.71 0.16 0.87
Producing Formation 138 0.78 0.05 0.83
Initial Bottom Hole Pressure 72 0.66 0.12 0.78
No. Dry Holes 105 0.70] 0.08 0.78
No. Shut-in Wells 58 0.17 0.49 0.66
Present Bottom Hole Pressure 57 0.48 0.11 0.58
Original QOil in Place, STB 74 0.30 0.16 0.46
Connate Water Saturation 69 0.32 0.11 0.43
Net Pay Thickness 69 0.24 0.12 0.35
Cumulative Gas Oil Ratio 136 0.21 0.10 0.34
Qil Specific Gravity 35 0.24 0.14 0.21
Formation Volume Factor 53 0.24 0.09 0.11
Fuzzy Logic
From No Correlation to Good Correlation
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Complex 10-5-5-1 neural network architecture.

Input Nodes

Perfectly trained complex (10-5-5-1) over-trained neural network.
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Under-training with a 4-4-1 neural network.
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Neural Network Testing Results

Architecture [10-5-5-1| 6-3-1 | 4-4-1

Test No. S/P S/P S/P

1 1.00 0.96 | -0.15

0.00 0.92 | -0.06

0.88 0.96 |37.00

1.00 0.84 | 0.91

1.00 0.98 | -0.11
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Table IV

Cliffs Farm Unit Input Data

Parameter

Unitized Area, ac 580
Average Permeability, md 35
Cumulative Water-Oil Ratio 3.25
Average Porosity, % 15
Initial Bottom Hole Pressure, psi 1173
Cumulative Gas Oil Ratio, mcf/bbl 3.05

Prediction with a 6-3-1 neural network.
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Fractal Distribution of 140 S/P ratios

Conclusions

Data Mining technology applied to estimate
waterflood recovery

Fuzzy Ranking used to prioritize information

Neural Network used to correlate the
information

Expert knowledge was a necessary compliment
to fuzzy logic

Fractal mapping algorithm supported the
neural network forecast
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Imbibition with Cationic Surfactant < CMC
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Develop a Marginal Expense
O1] Well Wireless Surveillance System
(MEOWWS)

Operator:  Donald G. Nelson, Vaquero Energy, Inc.

Speaker: ~ Walter B. (Walt) North, RMC Consultants, Inc.



Marginal Expense Oil Well Wireless .
. . Remote Monitoring
Monito ring Vibration Sensors

Radio Transmitters

Operator: Donald G. Nelson, Vaquero Energy, Inc. (formerly The Hunter
Living Trust), Santa Barbara, California
Speaker: Walter B. (Walt) North, RMC Consultants, Inc., Tulsa, Oklahoma

Bottom line. Marginal oil wells being produced with beam pumping units are often operated "pumped-
off" because equipment wear and power losses are slight in shallow wells, loss of fluid pound initiates
further troubleshooting, and fluid drawdown is maximized. The ability to monitor quickly and cost
efficiently a large number of marginal oil wells to identify and remediate production problems in
individual wells is essential to maintaining maximum production rates.

Problem Addressed. Frequent manual inspection and monitoring of shallow wells is impractical and
uneconomic. This creates the possibility of lost opportunities to correct well problems promptly and
maximize production efficiency. There is no currently available, inexpensive, cost-effective remote
production monitoring technology for marginal oil well surveillance. Successful development of an
affordable remote monitoring system could allow significant labor savings and significantly improve
production efficiency. Lowering operating costs and improving production efficiency would extend the
economic producing life of many marginal wells.

Benefits of Early Detection Monitoring. Early detection and repair of "no production” and "low
production" wells would increase oil production. It is estimated that successful development and
operation of the Marginal Expense Oil Well Wireless Surveillance (MEOWWS) system will result in
monthly improvements of up to 1,000 BOPM over the current 30,000 BOPM, and an additional 735 mcf
per month of natural gas over the current 21,000 mcf per month. Electricity costs would be reduced as
worn pumps can be identified and repaired promptly, which will increase the overall average pump
efficiency. Estimated cost savings from using the MEOWWS system are $4,000 per month in personnel
time and $2,000 per month in electricity costs, due to greater pump efficiency. Additional environmental
benefits resulting from utilizing the MEOWWS system include lowered greenhouse gas emissions due to
reduced power consumption by the more efficient pumping units and solar powered instruments, and
reduced automotive traffic for visual inspection.

Surveillance Systems. Low oil production rates do not justify high cost surveillance techniques or
systems. Existing monitoring technology, consisting of pump-off controllers with remote sensing
technology, are cost prohibitive. However, pumping oil wells generate a variety of mechanical and
electrical signals (such as motor current, wellbore acoustics, flowline temperature and pressure, carrier
bar acceleration, polish rod vibration, etc.). Some of these signals, when properly monitored should
provide data that can be used to determine when the well's performance begins to deviate from the
optimum operating conditions. This project was initiated to evaluate, install and test existing inexpensive,
commercially available "off the shelf, out of the box" wireless surveillance devices and sensor technology
from other non-oilfield industries which might be applicable or adaptable to measure the appropriate well-
generated signals. If successful, the technology could be utilized to develop a low-cost Marginal Expense
Oil Well Wireless Surveillance System oil well production monitoring system to improve operating
efficiencies of individual producing wells in the field.

Preliminary inquiries were extended to potential providers to identify possible equipment, software, and
wireless telemetry devices. Discussions regarding non-oil field technology development and



computational micro devices were conducted with California Polytechnical University, San Louis Obispo
(CalPoly) personnel. Other non-traditional oil field applications were investigated, including attendance
at trade shows (which were very effective) to locate suppliers of low-cost, weatherproof sensors, wireless
telemetry transmitters and receivers (FM, microwave, and cellular), systems control computers, technical
support, systems engineering, and other related services. As a result of the technology search, a vendor
was located that offers wireless vibration surveillance devices designed to track performance trends of
rotating machinery.

Dynamics of Vibration Sensors. Low-cost, easy to install, self-contained vibration sensors (velocity and
acceleration sensors) with radio telemetry units (RTUs) were obtained for evaluation. Each sensor unit
contains a velocity/acceleration vibration sensing transducer element, a pre-programmed microchip
sensor and circuit boards, a low power (< 1/4 Watt) spread-spectrum radio transmitter, radio antenna, and
serviceable 3.2 volt lithium battery. The vibration sensor is a piezovelocity transducer employing a
piezoceramic shear-sensing element and dense seismic mass to produce a charge output proportional to
acceleration. Recent advances in miniaturization of hybrid circuits allow the sensor to simultaneously
provide acceleration and velocity outputs. The radio transmitter operates in the 900 Mhtz spread
spectrum range (no special license required) with a transmission range of up to 3/4 mile. For locations
beyond the 3/4-mile range, radio repeaters may be employed. The sensor unit is self-contained in a
waterproof cylinder, approximately 2 inches in diameter by 6 inches in length, on a stainless steel base
which has a threaded 1/4-inch mounting bore. The sensor units were mounted in pairs (one vertically and
one horizontally), for comparison, on the polish rod and on the walking beam near the horse-head end.
Due to the self-contained nature of the sensors, no special wiring or complicated installation was required.
A nearby radio signal repeater, a base radio signal receiver, and a base station PC (which interfaces with
the base radio signal receiver to store and process the vibration data) were acquired and installed. Signals
related to the vibration behavior of the pumping unit are transmitted to the base station computer which in
turn will activate an alarm, alerting operating personnel when the well deviates from it's normal, pumped-
off condition.

Field Tests. The sensor units were installed on a total of four wells in the field. Two of the wells were
pumped off and two of the wells had fluid over the pump. Dynamometer surveys were run in conjunction
with the recorded vibration data to establish the production conditions. The sensors were tested in both
the acceleration and velocity modes. Statistical analysis of the vibration data was made including median,
mean, and standard deviation. Statistical analysis of the velocity data did not prove useful in determining
when a well is pumped-off. However, analysis of the vibration data demonstrated that acceleration
sensors were able to detect fluid pound when the well pumped-off. Median values for the acceleration
data were less than the mean for pumped off wells, but similar for wells with fluid over the pump. Based
on the median/mean and standard deviation behavior, vibration acceleration measurements can be useful
for confirming that a well is operating in a pumped-off condition. Results indicate that wells which are
not pumped-off have vibration behavior which fits a normal distribution, while pumped-off wells have
variations in vibration acceleration which consistently exceed 2 and 3 standard deviations more frequently
than expected in a normally distributed system.

Future Recommendations. Future work is planned to include more wells, and to incorporate improved
statistics to analyze the field test data to further evaluate the best type of sensor to use, the best sensor
location (beam, polish rod, etc.), the best sensor orientation (vertical or horizontal), minimum (400 Hertz
or lower) sensor frequency, and minimum sample rate (to extend battery life). Additional work is planned
to evaluate the use of solar cells to eliminate battery service, and the use of radio transmitter repeaters to
extend the transmission range. Another possible future development would be to upgrade the surveillance
system by placing a low-cost radio receiver connected to a smart computer in the pumping unit power box
to provide automatic pump off control. Also, alternative sensors such as non-invasive ultrasonic flow
meters, temperature probes, and/or pressure transducers may be evaluated.



Conclusions. The initial surveillance system was successfully field-tested and has adequately
demonstrated the feasibility of the wireless surveillance devices and remote sensor technology.
Components have been identified which function well under field operating conditions. Although work is
ongoing to improve the efficiency of the equipment, it appears that a successful MEOWWS monitoring
system can be developed using the technology demonstrated. The system will provide the means to
collect data, which will allow early detection of the loss or reduction of production efficiency in
individual wells so that remedial action can be made quickly and effectively.
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unitization issues, providing technical expertise and consulting services for client
activities. He holds a BS degree in mechanical engineering from Oklahoma State
University.



Develop a Wireless Marginal Expense
Oil Well Surveillance (MEOWWS) System

Operator:

The Hunter Living Trust
Santa Barbara, California

Project Location:
Edison Field, Kern County, California

Background:
225 marginal oil wells in the field

Wells all operate on time clocks and produce
into common flow lines

Wells are operated in a “pumped off”’ condition

Develop a Wireless Marginal Expense
Oil Well Surveillance (MEOWWS) System

Why Wells are Operated Pumped Off:
Fluid drawdown is maximized

Equipment wear and power losses are slight in
shallow wells

Loss of fluid pound triggers further troubleshooting

Problem:
e Production problems are difficult to detect

e Undetected production problems result in low
production efficiency and high operating costs




Develop a Wireless Marginal Expense
Oil Well Surveillance (MEOWWS) System

Well Management Challenges:

Infrequent production tests
Allocation meters do not flag problem wells
Failed wells undetected until polish rod smokes

Low production wells operate undetected until
individual production test

Time clocks complicate manual surveillance

Low oil rates do not justify high cost Monitoring
systems

Develop a Wireless Marginal Expense
Oil Well Surveillance (MEOWWS) System

Situation:

 Cost effective well production and efficiency
monitoring is difficult to accomplish

* Frequent manual inspection of operations at
each well site is uneconomic

* Individual well test units or gathering system
production manifolds are cost prohibitive

» Conventional remote well monitoring systems
are expensive




Develop a Wireless Marginal Expense
Oil Well Surveillance (MEOWWS) System

High-Cost Alternatives:

e Frequent fluid level surveys

e Frequent dynamometer surveys

e Frequent well tests with portable testers

¢ Individual flow lines and automatic well testing
facilities

e Conventional wireless, pump-off control systems

Develop a Wireless Marginal Expense
Oil Well Surveillance (MEOWWS) System

Observations:

e Pumping oil wells generate a variety of mechanical and
electrical signals such as motor current, wellbore
acoustics, flowline temperature and pressure, carrier
bar acceleration, polish rod vibration, etc.

Some of those signals, when properly monitored,
should provide data that can be used to determine
when the well’s performance begins to deviate from the
optimum operating conditions




Develop a Wireless Marginal Expense
Oil Well Surveillance (MEOWWS) System

Project Objective:

e Develop a cost effective oil well production monitoring
system to improve operating efficiencies of individual
producing wells in the field

Utilize existing inexpensive, commercially available
“off the shelf, out of the box” sensor technology and
wireless surveillance devices used by other industries

Field test inexpensive sensor technology and wireless
surveillance devices

Wireless Technology Applications
Are Widespread

Example:

Radio transmitters
embedded in chickens
to monitor temperature

Takoi Hamrrita,
University of Georgia




Develop a Wireless Marginal Expense
Oil Well Surveillance (MEOWS) System

Research:
Discussion with personnel at California
Polytechnical University San Luis Obispo
Internet Search

Attend trade shows (resulted in locating a
component supplier)

Vibration Sensor/Wireless
Transmitter Unit

A) 1/4” X 28-thread mounting
bore

B) stainless steel base

C) vibration sensing element
and O-ring

D) sensor board

E) radio antenna

F) battery

G) circuit boards.




Sensor Unit Placement

Polish Rod Walking Beam

Young Fee 46 Well

Sensor mounted vertically on polish rod
Pumped Off With Severe Fluid Pound

mean acceleration = 0.64'g'"s
standard deviation = 0.74.."

Vibration Acceleration (g's)
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Hershey 13 Well

Sensor mounted vertically on polish rod

On Timer, Pumped Off
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Young Fee 11 Well

sensor mounted vertically on polish rod
Not Pumped Off, Under Capacity
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mean acceleration = 0.43 g's
standard deviation = 0,2
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Young Fee 69 Well

Sensor mounted horizontally on walking beam

On Timer, Not Pumped Off, Worn Pump
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mean acceleration =0.15g's
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Test Results Summary
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Develop a Wireless Marginal Expense
Oil Well Surveillance (MEOWS) System

Statistics:

¢ Median acceleration values were less than mean
values for pumped off wells, but similar for wells
with fluid over the pump

Median velocity values were similar to mean
values for both pumped off wells and wells with
fluid over the pump

Mean acceleration vs standard deviation of the
pumped off wells is about double that of wells with
fluid over the pump

Acceleration Showed Whether
Well is Pumped Off

O pumped off

® not pumped off

standard deviation

0.2 0.4 0.6

mean vibration acceleration (g's)




Velocity Did Not Show Whether
Well is Pumped Off

O pumped off
® not pumped off O

O

standard deviation

0.2 0.4 0.6

mean vibration velocity (in/sec)

Develop a Wireless Marginal Expense
Oil Well Surveillance (MEOWS) System

Results:

* Field testing demonstrated that acceleration
sensors were able to detect well performance
anomalies

* Low power spread-spectrum radio transmitters
from the sensors were successful, sending
signals over one-half mile from the well site to a
computer




Develop a Wireless Marginal Expense
Oil Well Surveillance (MEOWS) System

More wells and better statistics needed to confirm:
Type: acceleration vs. velocity
Location: polish rod vs. beam
Orientation: vertical vs. horizontal
Frequency: 400 Hertz or lower

Sample rate: minimize to extend battery life

Develop a Wireless Marginal Expense
Oil Well Surveillance (MEOWS) System

Future Improvements:
Repeaters to extend range
Solar cells to eliminate battery service
Upgrade to pump-off control

Alternative sensors such as non-invasive
ultrasonic flow meters, temperature probes,
and/or pressure transducers




Develop a Wireless Marginal Expense
Oil Well Surveillance (MEOWS) System

Conclusions:
Trade shows are effective

Low power, spread-spectrum radio transmitters are
effective within a radius of over 7z mile

Acceleration sensors can detect fluid pound

A new oil well surveillance system has been
successfully field-tested

Develop a Wireless Marginal Expense
Oil Well Surveillance (MEOWS) System
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Solving the Shugart Queen Sand Penasco
Unit Declining Production Problem

Operator: Daniel Alexander, MNA Enterprises LTD Company

Speaker: William W. (Bill) Weiss, Correlations Company

Alternate Speaker: Walter B. (Walt) North, RMC Consultants, Inc.



Solving A Declining Production Problem--- Characterization
Waterflood Modeling

Shugart Queen Sand Penasco Unit, New Neural Networks
Mexico

Operator: Daniel Alexander, MNA Enterprises LTD, Co., Hobbs, New Mexico
Speaker: William W. (Bill) Weiss, The Correlations Company, Socorro, New Mexico
Alternate Speaker: Walter B. (Walt) North, RMC Consultants, Inc., Tulsa, Oklahoma

Bottom Line. Re-initiating water injection at 300 bwpd with the existing pattern will recover an
incremental 7,000 bbls of oil (double estimated recovery with current shut-in water injection) over a five-
year period. Pattern realignment could recover an additional 36,000 barrels of oil, and increased water
injection would significantly increase production rates. Additional development potential, both primary
and secondary, in the deeper Penrose zone was also discovered.

Problem Addressed. Production from the Shugart Queen Sand Penasco Unit in Eddy County, New
Mexico, is approaching the economic limit and considerable reserves may be lost under the current
reservoir management scenario because of low oil production rates. Although previously under
waterflood, injection had been stopped and the Unit was producing only 3.3 bopd from five currently
remaining producers.

Unit/Field History. The 520-acre Shugart Queen Sand Penasco Unit oil property was purchased from a
previous operator. The field was developed in 1939 and had been under waterflood since 1974, although
water injection operations had been suspended by the time the Unit was acquired by the current operator.
A total of 14 wellbores have been drilled through the Queen Sand with 11 of those wells producing from
the Queen Sand at 3,350 feet. Production from the five currently remaining producing wells on the lease
is 100 bopm (3.3 bopd) and 300 bwpm (9.9 bwpd). Unit production is approaching the economic limit,
meaning that the Unit would have to be shut-in and abandoned unless additional recovery potential could
be identified.

MNA Enterprises believed that the property had remaining waterflood oil potential because the water
injection program had been abruptly and seemingly prematurely discontinued by the previous operator.
The secondary to primary (S/P) recovery ratio for the Shugart Queen Sand Penasco Unit is 0.7; while
other Queen Sand waterflood units located in the same Artesia-Vacuum trend have an average S/P
recovery ratio of 1.2. The lower R/P ratio indicates that the Shugart Queen Sand Penasco Unit waterflood
production has not responded as well as other Queen Sand units and that there is some potential for
additional oil recovery. The existing water injection pattern did not seem to provide the necessary sweep
coverage to efficiently recover the potential secondary oil in the project area.

Reservoir/Depletion Modeling. A waterflood simulation study was initiated to help solve the
declining production problem. The study consisted of a data acquisition and reservoir
characterization phase, production history match using DOE's BOAST III reservoir simulation
model, and performance predictions for different operating scenarios. Monthly production
records and all available well logs within the Unit were obtained and compiled into a database.
Only one 60 year-old electric log and four gamma ray-neutron count rate perforating logs were
available to characterize the geology of the 11 wells that initially produced oil from the Unit. The
study area was then expanded areally from the 520-acre Unit to include all wells drilled in the
four contiguous sections.



A number of modern logs through the Queen zone were available from wells drilled to deeper horizons
outside the Unit. In recent times significant improvements have been made in advanced reservoir
characterization methodology for evaluating older fields. The integration of geostatistical interpolation
with advanced computational intelligence technology is now available to aid in interpreting and correlating
older well logs. Artificial neural network technology was applied to correlate the older logs to the modern
logs and mapping software was used to interpolate and map reservoir properties across the Unit. The maps
were used to define the input parameters required for the reservoir simulation model used to history match
the primary and secondary production history. The reservoir model developed from the production history
match was then used to evaluate different production scenarios.

Waterflood (and Other Zone) Potential. The model results indicate that re-initiating water injection at
300 BWPD with the existing waterflood pattern (Base Case) would result in additional secondary oil
recovery at a projected rate that would be economically attractive. The Base Case indicates that 7,000
incremental barrels of oil (double the estimated oil recovery under current SI water-flood operations)
could be recovered over a five-year period with the oil production rate declining to 15 BOPD after the
first year.

Additional model results indicates that realignment of the production-injection pattern by converting one
existing producer to an injection well and converting one injector to a producing well (Scenario 1) would
increase the waterflood sweep efficiency. At a water injection rate of 300 BWPD over a ten-year period,
this could result in the recovery of 36,000 incremental barrels of oil over and above waterflood recovery
from the existing flood pattern. Further, adding another producing well within the flood area of Scenario
1 (Scenario 2), at a water injection rate of 300 BWPD over a ten year period, could result in the recovery
of another 15,000 incremental barrels of oil (51,000 total incremental barrels of oil over and above
waterflood recovery from the existing flood pattern applied/used in the Base Case).

The model results also indicates that if an additional source of injection water could be developed, such
that the water injection rate could be doubled to 600 BWPD, the projected oil production rates could be
doubled for each scenario. An additional water supply source should be aggressively pursued, since the
present available water volume most probably would result in an overly extended producing life and
would therefore not be the optimum economic waterflood management program.

A deeper, undeveloped interval, the Penrose zone, was identified during the Queen sand log evaluation.
Preliminary analysis indicates that the Penrose zone has primary and secondary recovery potential that
will require additional drilling and testing to evaluate the economic viability of development. A possible
combination Queen sand and Penrose zone drilling development location was identified within the Unit.

Lessons Learned. The reservoir characterization and modeling study, which employed neural network
approaches, provided valuable insights regarding restoring water injection, remaining oil recovery
possibilities, and operational changes to realize the full secondary oil recovery potential. The log
evaluation and Queen zone characterization study resulted in considerable expansion of the Queen
waterflood reservoir area to include wells outside of the current Unit boundary. The study has also
resulted in identifying the Penrose zone as an additional potential production source.

The Authors
Daniel Alexander is owner and manager of MNA Enterprises in Hobbs, New Mexico, managing and
supervising all daily activities including remedial well and lease work, troubleshooting, and monitoring
of production. He has over 29 years of oilfield experience with major and independent U. S. oil and gas
companies.

Bill Weiss, is a consultant with and founder of Correlations Company, Socorro, New Mexico, a



company focused on developing geostatistical mapping software. He is also a Field Petroleum Engineer
at the Petroleum Recovery Research Center, where he is Head of the Reservoir Evaluation and
Characterization Group. He has over 35 years of experience in the oil and gas industry, including 20
years with several U. S. oil producing and oilfield chemical companies. He holds a BA degree in
Chemistry from Western State College in Gunnison, Colorado.

Walt North is a petroleum engineering consultant with RMC Consultants, Inc., providing technical and
support services to DOE’s National Petroleum technology Office in Tulsa, Oklahoma. He has more
than 21 years of experience with a major oil company and over seven years experience as a consultant.
He holds a BS degree in mechanical engineering from Oklahoma State University.
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Objective: Re-Develop an Old Waterflood
yes/no?

Available Information

47 well locations

22 wells produced primary oil

11 wells produced secondary oil

4 wells used for water injection

17 wells have only gamma ray log

10 wells have gamma ray & neutron count rate logs
9 wells have a suite of modern logs

11 wells have no logs

1 well 10 ft of core

Area Wells
No logs (Open Circles), Modern Log Suite (Green Circles)
GR-NCR (Red Circles), GR (Blue Circles)
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Study Area ~7| 0 O
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Core




Production History

Production, bbl/yr
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Characterization Strategy

*Use modern logs where available

*Convert modern log to gamma ray — neutron count rate format

*Train neural network to see modern log cross plot porosity given GR & NCR logs
*Correlate porosity with permeability using core measurements

*Correlate permeability with water saturation using core measurements

*Map the properties using geostatistical algorithms

Convert Modern Neutron Porosity Logs to Neutron
Count Rate Logs

log((DN) =c—k(NCR)

log(® Nmin) =C— k(NCRmaX)

log(® Nmax) =Cc— k(NCRmin)




Normalized Neutron Count Rate

log(®,, /(I)Nmax) _ NCR-NCR,,

log(® ) NCR_, — NCR_.
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Neural Network Training Data

Well 9N2
1 10 100
3195
3200 | o iPe T A
i :
3205 R {
3210 ﬁ 3
RN 4,

Depth, ft

R
215

"’41
3220 L
3225
3230 | > pe

3235

i ol

a3

‘ ¢ Dphi —X-phi 4 GR = Nphi




Neural Network Architecture

Normalized-Gamma Ray Log
Cross-Plot Porosity

Normalized Neutron Count Rate log

Training Results
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Neural Network Validation Data
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Old Log Neural Network Input Data
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Porosity after 6-ft Depth Shift
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Porosity versus Permeability
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Porosity Predicted Permeability versus W-16M Core Measurements
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Acceptable Neural Network Correlations

*Porosity from GR & NCR

*Permeability from Core Correlations




Archie’s Equation to Estimate Sw

Rw

Sw=093 R

Water Saturation, Rw from Pickett Plot
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Neural Network Predicted Sw
Trained W-9N2 & Validated with W-9B
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Primary Water Production
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Core Water Saturation

70 Queen Samples Prior to Waterflood
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Water Saturation from Core Correlations

Nearest Neighbors [Queen]
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Log/Core Evaluation Summary

*Depth estimated at 36 wells

*Gross thickness estimated at 36 wells
*Net thickness estimated at 36 wells
*Porosity estimated at 19 wells
*Permeability estimated at 19 wells

*Water saturation estimated at 19 wells




Mapping
Available algorithms:

Nearest Neighbor
Krige (requires a variogram)

Fractal (requires fBm variogram)

Maps are not algorithm dependent
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Nearest Neighbors [Queen]
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Fractal [Queen]
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Nearest Neighbors [Queen]
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Yariogram [Queen]
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Nearest Neighbors [Queen]
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Nearest Neighbors [Queen]
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Table IIT
Reservoir Properties
Depth 3150 ft Oil Gravity 35° API
BHT 102 °F Dead Oil Viscosity 5.0 cp
@BHT
‘Water Salinty 300,000 Reservoir Oil 0.8
ppm Viscosity
Water Viscosity, 1.5¢cp Porosity 11.7%
@BHT (5-20%)
Pi, (0.4 psi/ft) 1260 psi Permeability, md 108,
(25-200)
Solution GOR 1000 Connate Water 36%
scf/bbl Saturation




Well 9M Gas Rate History Match
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Well 9M Water Rate History Match
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Figure 9. Water Production Recorded During Secondary Only.




Well 17A Gas rate History Match
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Figure 10. No Gas Production Records to Match, Simulation Only.

Well 17A Water Rate History Match
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Figure 11. No Water Production Recorded During Primary.




Well 17B Gas Rate History Match
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Figure 12. No Gas Production Recorded.

Well 17B Water Rate History Match
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Figure 13. Water Production Recorded During Secondary Only.
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Figure 18. Simulated Water Production with Recorded Value Through 1994.

Re-Development Scenarios

Scenario #1

Convert well 8-O2 to a production well.

Convert well 17A to injection well. Inject 100 bbl water per day (BWPD).
Maintain well 16E (100 BWPD) and Well 17 G (100 BWPD) as injection wells.
Leave well 9N shutin.

08/04/2000 - Result 36,000 bbl over 10 years.

Scenario #2
Same as Scenario #1 except add 16D as a producing well.
08/04/2000 - Result 51,000 bbl over 10 years.

Scenario #3
Same as Scenario #1 except add a producing well between well 16C and 16D.
08/04/2000 - Result 45,000 bbl over 10 years.




Forecast performance

100
>
=
2
= ,"‘—-\_
= )
s 10
=
&
3 <
-
1

Dec- Dec- Dec- Dec- Dec- Dec- Dec- Dec- Dec- Dec- Dec- Dec- Dec-
93 94 95 96 97 98 99 00 01 02 03 04 05

Time, years

—o— Scenario #1 = Scenario #2 —— Scenario #3 —<— Base Case

Figure 19. Predicted Oil Rates of Four Management Strategies.

Conclusions

*Porosity was calculated from gamma ray — neutron count rate logs.

*Permeability was estimated from core porosity/permeability
correlation.

*Water saturation was calculated from core permeability/Sw
correlation.

*Three mapping algorithms were used to interpolate the data.
*Nearest neighbor maps were used for simulation input.

*Operator has re-instituted the waterflood.
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Small, Geologically Complex Reservoirs
Can Benefit from Reservoir Simulation

Operator: Richard E. Bennett, Patriot Resources, LLC

Speaker: Richard E. Bennett, Patriot Resources, LLC



Small, Geologically Complex Reservoirs Can —
. . . . Reservoir Simulation
Benefit from Reservoir Simulation Depletion Strategy

Reservoir Management

Operator/Speaker: Richard E. Bennett, Patriot Resources, LLC, Porterville, California

Bottom line. Reservoir characterization, modeling, and reservoir simulation resulted in a significant
change in the depletion strategy for the Cascade Sand zone of the Mission-Visco Lease in the Cascade Oil
field of Los Angeles County, CA. Initially, increased water injection down-dip with simultaneous gas
injection up-dip was planned to increase production. Information from the reservoir
characterization/modeling effort, however, indicated that in-fill drilling and relying on natural water
influx from the aquifer could increase remaining reserves by 125,000 barrels of oil per well, and that up to
10 infill wells could be drilled in the field. Through this scenario, field production could be increased two
to three times over the current 60 bopd.

Problem Addressed. The Cascade Sand zone produces from seven production wells producing 60 bopd,
225 bwpd, and 20 MSCFD at depths of 2,300-3,000 feet. Production is maintained by 270 bwpd injection
in one down dip injection well. The areal extent of the oil accumulation is approximately 50 acres with
Original Oil In Place (OOIP) estimated at 14 million stock tank barrels. Cumulative oil production as of
January 1, 1999 was 2 million stock tank barrels of oil. It is estimated that there are approximately 12
million stock tank barrels of oil remaining in the Cascade zone, trapped in a faulted anticline.

The Cascade zone has been under water flood since 1970 with currently low oil production rates
compared to the large volume of remaining Oil In Place (OIP). Cumulative fluid volume withdrawals
have exceeded cumulative water injection, so increasing water injection to increase oil production rates
was being evaluated as an opportunity to improve oil recovery, targeting the large remaining volume of
OIP. However, a secondary gas cap had formed in the up-dip portion of the reservoir with very low gas
cap pressures of 15-25 psig, creating concern that oil could be displaced into the gas cap. Resaturating the
gas cap with oil could result in the loss of recoverable oil rendered immobile at oil saturations below the
irreducible oil saturation in the gas cap. Therefore, injecting gas into the gas cap to keep the gas cap
pressurized and restrict the influx of oil was considered as a possible option. However, it was recognized
that the reservoir geology in the gas cap area is very complex with numerous folding and faulting and thus
there are potential pressure barriers in several locations throughout the reservoir. With these conditions in
mind, there were concerns regarding well to well continuity in the gas cap, which could interfere with the
intended repressurization impact.

Gas Tracer Survey. Concerns about the pattern of gas flow from well to well, the possibilities of cycling
gas without the desired increased pressure, and the possible loss of oil displaced into the gas cap, resulted
in the decision to conduct a gas tracer survey to better define inter-well communication. Identifying the
movement of the gas tracer throughout the reservoir could increase the understanding of the complex
nature of the Cascade zone geology. Following the gas tracer survey, a reservoir model would be
developed to integrate the findings of the gas tracer survey, known geologic and reservoir data, and
historic production data. The reservoir model would be used to better define the reservoir characteristics
and provide information that could help optimize the waterflood-gas injection project under consideration
for efficient water and gas injection management to increase oil production.

As much as 200 grams of fluorocarbon tracer and 3,300 million scf of natural gas were injected into a
centrally located well over a 22-day period. A casing gas production rate increase was observed at one
nearby producer, but due to inadequate gas sampling procedures in the field and insufficiently developed



laboratory analytical techniques, the laboratory was unable to detect the tracer in the gas samples taken.
The original project scope was directed at the use of gas tracer technology to better define the faulting in
the gas cap area. It was intended that the gas tracer data could then be used in conjunction with reservoir
modeling to develop an improved reservoir management plan. However, review of the gas tracer
technology indicated that the survey analysis may not be accurate enough to obtain conclusive results.
The cost associated with improving the accuracy of the tracer analysis and the unavailability of qualified
personnel to attempt additional tracer work resulted in termination of the gas tracer survey.

Reservoir Modeling. A detailed review of the well, production performance, and other reservoir data
revealed significant additional information that needed to be incorporated in developing the optimum
reservoir management plan. A significant amount of gas had been injected into the reservoir over a 20-
month period during 1991-1992 as a means of storing gas until a market could be developed for new
wells producing from a deeper horizon. Production performance and reservoir pressure data indicated
that there may have been more edge water influx than originally thought. The additional information
indicated that injecting increased volumes of water into the reservoir might not be the best approach. It
became apparent that a thorough analysis of this data would be quite helpful in understanding the gas cap
area of the reservoir.

At that point, focus on, and an expansion of the scope of the reservoir simulation and modeling effort was
initiated. DOE's BOAST98 (a visual, dynamic, interactive update of BOAST3), 3D, black oil reservoir
simulation package, using 8x29x41 grid blocks, was selected as the basis for developing the reservoir
model (the DOE reservoir simulation package is available for use at no charge). A satisfactory history
match of the production data with the model could only be accomplished using 1/3 to 1/2 of the
volumetrically determined OOIP. Further analysis indicates that the discrepancy is not due to areal
extent, but rather is due to considerably more faulting within the reservoir than originally thought. The
additional faulting probably interferes with inter-well continuity and connectivity, resulting in large
portions of the reservoir being poorly drained by the existing production-water injection well patterns
(confirming concerns raised from the beginning, albeit, the impact appears to address oil production as
well as gas injectivity concerns).

Benefits of Approach. Conclusions deducted from the reservoir characterization and simulation results
are that since the reservoir is a very thick sand, the additional faulting is probably "sand-on-sand" and not
detectable by conventional geological methods of analysis. Additional conclusions are that down-dip
aquifer support plays a larger role in pressure maintenance than originally thought; that migration of
water vertically from deeper, wet sections is minimal; and that the original Oil Water Contact may be
deeper than originally believed.

Consensus is that these results could not have been determined via any less of a comprehensive evaluation effort.
The reservoir simulator has proven to be the key reservoir management tool to organize the data, unravel this
complex reservoir, and give the operators the confidence to conduct further field development.

The Authors
Richard Bennett is owner and general manager of Patriot Resources, LLC, where he
supervises the maintenance and development of oil field lease properties in Central and
Northern California. He holds a MS degree in Mechanical Engineering from
Oklahoma State University.

Walt North is a petroleum engineering consultant with RMC Consultants, Inc., providing technical
and support services to DOE’s National Petroleum technology Office in Tulsa, Oklahoma. He has
more than 21 years of experience with a major oil company and over seven years experience as a
consultant. He holds a BS degree in mechanical engineering from Oklahoma State University.
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California QOil Fields

*Have a relatively large remaining OOIP
compared to current production rates.

*The Challenge (opportunity) is to turn this
OOIP into a larger current production rate.




California Oil Fields

(Continued)

*Historically, this has been done in many of the
larger fields with combinations of process
technology and additional drilling.

*We want to extend this technology to smaller,
geologically complex reservoirs.

Proposed Technology

eUse gas tracers to better define well to
well communication.

eUse a reservoir model to integrate the
findings of the tracer, geologic, reservoir,
and production data.




Project Results - Gas Tracer Work

*Injected 200 grams of fluorocarbon tracer and
3,300 MCEF gas into a centrally located well over
a 22 day period.

*Observed a casing gas rate increase at one
nearby producer but were unable to reliably
detect the tracer in the samples provided to the
lab.

Project Results - Gas Tracer Work

(Continued)

*The detection problems were due to sampling
and poorly developed laboratory analytical
techniques.

*The cost and availability of qualified personnel
to attempt more tracer work led us to focus on,
and expand the scope of the second phase of the
project--- Reservoir Modeling




Project Results - Reservoir Simulation

*Used Boast98, 3D, black oil reservoir simulator
with grid blocks of 8x29x41.

*History match can only be done with 1/3 to 1/2 of
the volumetrically determined OOIP.

*The discrepancy is not due to areal extent, but due
to more faulting resulting in large portions of the
volumetric section being poorly drained by the
existing wells.

Project Results - Reservoir Simulation

(continued)

*The reservoir is a massive sand. The additional
faulting is "'sand on sand'" and cannot be "seen" by
conventional geological methods of analysis.

*Downdip acquifer support plays a larger role in
pressure maintenance than originally believed.

*Migration of water vertically from deeper, wet
sections is minimal.




Project Results - Reservoir Simulation

(continued)
-

*The original O/W contact may be deeper.

It is our opinion that these results could not
have been determined via less comprehensive
means.

This work has resulted in a new
Development Plan

There has been a change in focus from:
sprocess improvement involving increased water
injection down-dip, and simultaneous gas injection
up-dip, to:

«in-fill drilling to further develop the field, while

*relying on natural water influx for optimum oil
recovery.




CASCADE OIL FIELD

Cascade EarthVision Cross Section
and Wellbore (with dips) Model
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Cascade QOil Field

With infill drilling implemented:

*Remaining reserves will increase at the rate of
125,000 bbls/well.

*Could drill up to 10 wells.

*Field production rate will be increased from twice
to three times the current 60 BOPD.




Cascade Oil Field

(Continued)

The reservoir simulator has proven to be the key
tool to organize the data, unravel this fairly
complex reservoir, and give us the confidence to
conduct further development.
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Hydrochloric/Phosphonic Acid Combination
Improves Well Performance, California

Acid Stimulation

Well Cleanup

Operator/Speaker: Richard C. Russell, St. James Oil Corporation, Los Angeles, California

Bottom line. St. James Oil Corporation used a combination hydrochloric/phosphonic acid stimulation
treatment in four wells in the Los Angeles Downtown Oil Field to improve well performance and inhibit
calcium carbonate scaling. In the four treated wells, the combined production response has averaged
approximately 122 bopd, a 220% increase over oil production prior to acid treatment, and slightly higher
than would be expected with conventional hydrochloric acid treatments. Post-treatment decline rates (3 to
16 months after treatment, depending on the date the well was treated) have also been measurably flatter
than would be expected following conventional treatments.

Problem Addressed. Oil production from the 250-acre Los Angeles Downtown Oil Field is from the
Upper Miocene Puente formation, a turbidite sandstone. The Broadway zone of the Puente (2,900-3,500 ft
depth) has strong calcium carbonate scaling tendencies, and many wells are treated for scale control. The
zone is composed of thinly interbedded sands and shales. For cleanout, best results in the past have been
obtained using minimum volumes of low strength hydrochloric acid. However, decline rates after
stimulation have typically been relatively high, and generally, within six months to a year, production
rates return to pre-stimulation rates.

Combination Hydrochloric/Phosphonic Acid For Longer-Lasting Scale Control. To obtain longer-
lasting treatment effectiveness, St. James employed phosphonic acid in conjunction with a conventional
hydrochloric acid treatment. The addition of phosphonic acid to the treatment program primarily was
designed to provide longer-term inhibition to the formation of calcium carbonate scale, following scale
cleanup by the hydrochloric acid. In addition, the phosphonic acid reacts with the aluminum in the clays
and other feldspars to form a temporary protective film, enhancing treatment penetration and reaction
effectiveness from the hydrochloric acid, which reacts with and eliminates migrating fine particles that
interfere with oil movement into the wellbore. St. James selected four representative wells, each
exhibiting characteristic high scaling tendencies and substantial decline over the last few years, to
demonstrate the effectiveness of the hydrochloric/phosphonic acid system.

Well Treating Procedure. The two-stage acid treatment procedure was similar for each of the first three
wells treated—a 10% hydrochloric acid wash treatment in the first stage, followed by a second stage of
lease water containing phosphonic acid, and other protective additives. The treatment for the fourth well
was modified to a combined hydrochloric/phosphonic single-stage treatment to further enhance the
penetration and effectiveness of the hydrochloric acid. In preparation for the acid treatment, the pump and
tubing were pulled and a casing scraper was run to locate any casing restrictions, clean the casing walls,
and locate the top of fill. Any fill above the zone to be treated was cleaned out. Before treating, all
chemicals were tested for compatibility with lease fluids. In the first stage, the interval was treated with
15 gallons/foot of 10% hydrochloric acid, circulating and washing from the bottom up at a 2-BPM rate
with maximum allowable pressure of 2,000 psi. In the second stage, the interval was washed with 15
gallons/foot of phosphonic acid solution (roughly 15 gal of phosphonic acid per 1000 gal of filtered lease
water). Typical acid treatment additives, which included corrosion inhibitor, non-emulsifier/wetting
agent, iron control agent, and anti-sludge agent, were also used. Each well was returned to production
approximately one week after stimulation.



Treatment Results. The first well selected for acid stimulation was the Venice Community No. 6 (Well
VC6). Reworking of the well was conducted and a pre-treatment well test was performed, indicating 10
bopd and 1,060 bwpd. This high water cut is normal for this field when a well is returned to production
after a brief shut-in period. Well VC6 was stimulated with the acid treatment on October 3, 1999. A well
test three weeks after treatment indicated an oil rate of 17 bopd and 1,023 bwpd. Total fluid production
then dropped significantly and two months after treatment, fluid level tests indicated that the submersible
pump was not operating properly. The pump was pulled and repaired on December 1, 1999, and the well
placed back on production. The well began cleaning up (producing sludge) at that time and the fluid level
was being reduced. Well VC6 production went up gradually from 17 bopd to a peak of 63 bopd eight
months after the stimulation treatment, and then settled to approximately 42 bopd. In March 2001, Well
V(6 still produced 48 bopd with no observable oil production decline.

Similar treatment procedures were conducted on the remaining three wells, Venice Community No. 2, L.
A. Unit No. 8, and Venice Community No. 3. Some modifications were made to the treatment additives
because of sludge forming in VC6 following treatment. No treatment or production problems have been
encountered to date in any of the other three wells. Water production in these high water-cut wells has
remained at around 90-95% following treatment, about the same as pre-treatment rates.

As might be expected, treatment response varied considerably between wells. However, except for pump
and sludge production problems in Well VC6, all four of the wells responded favorably to stimulation
treatment and, thus far, have exhibited low-to-flat production decline characteristics. Well VC6 has the
longest post-treatment production history (16 months). Prior acid stimulation projects in the field have
experienced high decline rates following stimulation, and typically, in less than one year, production rates
return to pre-stimulation rates. The decline rate of the VC6 well production has remained relatively flat.
This is very encouraging, and a good indication of lower decline rates expected in the three other wells
that have less production history.

Combined, the production increase following initial treatment response was 160 bopd, settling within a
month to 122 bopd, a 220 % increase over pre-treatment rates. Production increases of this magnitude are
at least as high as are typically experienced with conventional hydrochloric acid treatments, and early
indications are that post-treatment decline rates are significantly lower. Incremental treatment costs per
well, including chemicals and well work, for the combined hydrochloric/phosphonic acid treatments are
only about 16% higher than for conventional hydrochloric acid treatments. Payout for the combined
hydrochloric/phosphonic acid treatments was less than four months. Certainly, the production response to
the combined acid treatments has produced economic benefits that justify the extra costs.

Conclusions. The combination hydrochloric/phosphonic acid treatment worked well in this turbidite sand
reservoir. For the treated wells, initial response was higher and post-treatment decline rates shallower than
experienced with conventional hydrochloric acid treatments. Although individual well results were quite
variable, the results indicate that the Broadway zone can be successfully stimulated with the new acid
system. Although it is too early to determine the long-range effects on sustaining lower decline rates, the
initial results are very encouraging.

Acknowledgement: Case study published in Petroleum Technology Digest, World Oil, Mar 2001.
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An Investigation to Document
Reservoirs that can be Better Detected
with Seismic Shear (S) Waves than with
Compressional (P) Waves
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Detecting Morrow Reservoirs With Seismic Seismic Shear (S) Waves
Shear (S) Waves 9-C VSP Data

Operator: Thomas (Tom) Coffman, Vecta Technology , L.P., Austin, Texas
Speaker: Thomas (Tom) Coffman, Vecta Technology, L.P., Austin, Texas
Alternate Speaker: Allen Gilmer, Vecta Technology, L.P., Austin, Texas
Alternate Speaker: Dr. Bob A. Hardage, Bureau of Economic Geology,
The University of Texas at Austin
Alternate Speaker: Paul E. Murray, Bureau of Economic Geology,
The University of Texas at Austin

Bottom Line. Analysis of 9-C VSP images shows that Morrow reservoir targets generate good-quality S-
wave reflection events. The vertical resolution of S-wave images constructed from the data was as good
as that of P-wave images. Data confirm that S-wave reflections often occur at different Morrow
stratigraphic surfaces than do P-wave reflections. Sometimes, S-wave reflections were more robust and
provided a better image. Since operators rarely know what stratal surface sequences exist, Morrow
prospects should be evaluated with both P- and S-wave seismic data if economically justified.

Problem Addressed. Many of the fluvial channels within the Morrow interval across portions of
Colorado, Kansas, Oklahoma, and Texas are invisible to seismic compressional (P) waves. This P-wave
imaging problem forces operators select well locations without the aid of 3-D seismic technology. Studies
at the Colorado School of Mines have shown that some of the Morrow channels that are poor reflectors of
P-wave images create robust shear (S) wave reflections. Scientists from the Bureau of Economic Geology
at the University of Texas at Austin have independently confirmed this same S-wave phenomenon in
other areas (e.g., Spraberry of West Texas). This project investigated the utility of S-wave data for
imaging the Morrow across a large area of the Morrow trend.

Reservoir Characteristics. Morrow reservoirs are a key component of a large fluvial-deltaic system that
extends across portions of Colorado, Kansas, Oklahoma, and Texas. The Morrow Formation is an
asymmetrical wedge of Pennsylvanian-age sediments, generally less than 700 ft thick, extending
northwest-southeast from the Denver Basin in east-central Colorado, and thickening to as much as 3,000
ft or more into the Anadarko Basin of western Oklahoma. The lower Morrow sand fills erosional lows in
the underlying pre-Pennsylvanian units, causing its thickness to vary over short distances. The dominate
lithofacies are shallow marine sandstones, claystones, and limestones. The upper Morrow consists of
claystones, sandstones, and discontinuous conglomerates, with minor amounts of coal and thin limestone
dispersed through the section. Morrow deposition occurred in a low-accommodation basin in a series of
meander-belt channel systems with sediments reworked as the stream channels meandered back and forth
across the upper delta plain.

Obtaining 9-C VSP Data. Three fundamental wave modes are required to define the full vector
properties of a seismic wavefield, the compressional (P) mode, the horizontal shear (SH) mode, and the
vertical shear (SV) mode. Key distinctions among these wave modes are the differences in the particle-
displacement vector motions that they induce into the rock systems in which they propagate. To obtain
expanded information about the P- and S-wave reflectivity of Morrow facies, nine-component vertical
seismic profile (9-C VSP) data, which generates both compressional and shear waves, were recorded at
three separate test well locations along the Morrow trend (one well in Cheyenne Co., Colorado; one well
in Clark Co., Kansas; and one well in Sherman Co., Texas). The advantage of recording 9-C VSP data (P-
source, SH-source, and SV-source data) over 3-C VSP data (P-source only) is that the 9-C VSP data



allow all three fundamental wave modes (P, SH, and SV) to be extracted and used for imaging. In
contrast, 3-C VSP data do not contain SH modes, and SV images must be derived from secondary SV
data that are produced by P-to-SV mode conversions.

At each test well location, 9-C VSP data were acquired using downhole stacked vertical arrays of 3-
component (3-C) geophones and three distinct vector seismic sources: a vertical vibrator, an inline
horizontal vibrator, and a crossline horizontal vibrator. Each downhole receiver station was occupied by a
3-C geophone comprised of a vertical sensor and two orthogonal horizontal sensors. At each test well
location, the three orthogonal vibrator sources were positioned a small offset distance from the vertical
well to create a zero-offset recording geometry. The wavefield generated by each vibrator was recorded as
a separate field record by the downhole 3-C VSP geophones to create the 9-C VSP data. At zero offset, a
vertical vibrator creates a downgoing illumination wavefield with a strong P-wave component, and a
horizontal vibrator creates a wavefield that has a strong, polarized S-wave component, essential
requirements for acquiring 9-C VSP data (3-C geophones and 3 orthogonal sources).

In lieu of running a downhole gyro tool, one or two vertical vibrators were stationed further from the test
well location to create the critical P-wave first arrivals needed for proper downhole 3-C geophone
orientation. The common industry procedure of recording P-wave first arrivals from a far-offset vertical
vibrator and a two-step data coordinate transformation were employed for proper orientation of the
horizontal elements of the downhole 3-C VSP receiver at each depth station. Industry experience has
shown that for VSP data acquisition in a simple horizontal-layer Earth, this geophone orientation
technique is as reliable for orientating downhole geophones as obtaining directional information by a
downbhole gyro tool.

Processing The Data. The 9-C VSP data recorded at each well were processed to create P- and S-wave
images of the Morrow stratigraphy and interpreted to produce depth-based, zero-offset VSP images.
Analysis of the upgoing P, SH, and SV primary reflection events allow the interface where each type of
reflection event is produced to be defined accurately and unambiguously. When these reflection events
are separated from their respective downgoing wavefields, the resulting P, SH, and SV images show up as
functions of stratigraphic depth. Zero-offset P, SV, and SH images were created after the basic wavelets
in the P, SV, and SH wavefields were adjusted to symmetrical, zero-phase wavelets and the rotated
upgoing wavefields were deconvolved to attenuate multiples. The resulting images can be displayed as
functions of either depth or seismic image time. Depth displays were used in this study to allow easier
correlation of P and S reflection character with Morrow stratigraphy. The P- and S-wave images created
at each well were directly compared with Morrow log data and other depth-based engineering data
available from each respective test well for imaging verification.

The VSP images were then analyzed to determine if S-waves offer an alternative to P-waves, or perhaps
even an advantage to P-waves. Analysis of the VSP images shows that Morrow reservoir targets generate
good-quality S-wave reflection events, supporting the premise of multi-component seismic technology.
The vertical resolution of S-wave images constructed from the 9-C VSP data was as good as the vertical
resolution of P-wave images, and thus, surface-recorded S-wave data should provide a spatial resolution
that is equivalent to the resolution achieved with P-wave surface-recorded data. Equally important, 9-C
VSP data confirm that S-wave reflections often occur at different Morrow stratigraphic surfaces than do
P-wave reflections, providing a greater variety of surfaces for mapping. Thus, combining P- and S-wave
seismic reflection data should result in improved stratigraphic interpretations. In some instances, Morrow
S-wave reflections were more robust and provided a better image than Morrow P-wave reflections.
Specifically which wavefield, P- or S-wave, will yield the better image will depend on the specific type
and sequence of stratal surfaces. Since operators rarely know what stratal surface sequences exist, this
study infers that all Morrow prospects should be evaluated with both P- and S-wave seismic data if a



multi-component seismic program can be economically justified. Whenever possible, 9-C VSP data
should be recorded at Morrow prospects to determine the relative imaging value of P- and S-wave data.
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Reprocess Signed-Bit 3-D Seismic Data,
Lott Ranch, Texas

Operator: Sharon (Shari) R. Hamilton, Yates Energy Corporation

Speaker: Bruce C. Miller, Contract Geologist/Geophysicist



The Lott Ranch 3D Project, Garza County, Texas
A Yates Energy Corp., and Fasken Oil and Ranch Ltd. Project

Operator: Sharon R. (Shari) Hamilton, Yates Energy Corporation, Roswell, New Mexico
Speaker: Bruce C. Miller, geologist/geophysicist consultant, Midland, Texas

PHASE ONE: DATA REPROCESSING

The Lott Ranch 3D seismic prospect located in Garza County, Texas is a project initiated in
September of 1991 by the J.M. Huber Corp., a petroleum exploration and production company.
By today’s standards the 126 square mile project does not seem monumental, however at the time
it was conceived it was the most intensive land 3D project ever attempted. Utilizing two different
seismic acquisition companies, J.M. Huber spent two years and a vast sum of money in acquiring
the data. Several initial problems had to be solved and overcome to achieve success. Permitting
for seismic acquisition was difficult and many negotiations were necessary to eventually obtain
approval for property access. The data acquisition was interrupted on several occasions because
of weather, crop considerations, equipment problems and failures, cash flow problems with the
initial seismic contractor, and other reasons.

Acquisition began in September of 1991 utilizing GEO-SEISMIC, INC., a seismic data
contractor. The field parameters were selected by J.M. Huber, and were of a radical design. The
recording instruments used were GeoCor IV amplifiers designed by Geosystems Inc., which
record the data in signed bit format. Two individual recording systems were brought in for this
highly intensive effort. Initially, 2048 channels per source point were recorded. The GeoCor IV
recording systems provided the highest channel capabilities of any seismic systems at that time,
and the client had experienced previous success in utilizing the signed bit data. Shortly after
acquisition began, the number of receiver lines was reduced due to the equipment and personnel
limitations of Geo-Seismic Inc. J.M. Huber was determined to maintain extremely high sampling
and acquisition was much slower than anticipated. Weather delays caused further problems and as
equipment became stuck and cables were left standing in puddles, the project became too much
for Geo-Seismic to handle. At this time Geo-Systems Inc., the developer of the GeoCor IV
recorder, and a competitor of Geo-Seismic, was contracted to finish the project. Since Geo-
Systems and Geo-Seismic both utilized the GeoCor IV recorder, it was felt that a minimum of
problems and differences in the acquisition would occur. However, after arriving in the
processing center many problems associated with the acquisition became apparent. Although the
two acquisition contractors had similar equipment, the phase of the seismic data being recorded
was very different. The acquisition of the project evolved and was changed many times to simply
expedite flow. The group intervals, number of channels recorded, and source point spacing
changed through the project.

The seismic processing contract was awarded to a processing contractor located in Midland,
Texas. Debbie Lawrence was designated Project Manager upon request by J.M. Huber because of
their prior experiences with her work. Debbie is currently a partner with Pinnacle Seismic Ltd.
The unique nature of the acquisition variables created problems heretofore never seen. A
tremendous amount of set-up work was necessary to even prepare the project for processing. Due



to equipment constraints, receiver number locations were not unique and presented considerable
problems initially. Special procedures in processing needed to be incorporated due to the phase
differences of the two field crews. Although both contractors used the same amplifier, differences
in phones, cables and vibrators still had effects. Great effort was made to minimize all variables,
but factors such as ground saturation by rain could not be avoided. This data volume was
processed in an age where mainframe computer systems had vastly inferior capabilities than
today’s machines. Practically all seismic work at that time utilized 9-track magnetic tape. The
Lott Ranch project constitutes over 26 million field traces and nominal fold is upwards of 280
percent. Reading in 9 track tapes on a 24 hour basis would have taken over three weeks for any
one processing step. The cost of processing the project without reducing the volume was
prohibitive, not only in terms of time, but also dollars. For this reason the data was recorded on
tape with the full volume, and additionally the raw data was summed spatially 6 to 1 in the field
by the field crew. In other words, 6 receiver locations with 50 ft. spacing were summed and
output essentially resulting in a 300 ft. group interval. Naturally this reduced the volume to 1/6"
of the original recorded data, but in doing so the resolution and detail suffered considerably. It
would not have been practical, if not impossible, to have processed the entire raw volume with
the tools available at that time. Several specific acquisition questions arose during the span of the
project. Data was being processed as tapes were delivered as acquisition was ongoing.
Fortunately Debbie was able to meet and speak with the party chiefs, observers, surveyors, and
field computing personnel and make corrections and adjustments while the information was still
fresh and available. Several reasons dictated that the processing of the project be conducted in
manageable size pieces. Digestible sized pieces were processed and eventually merged to create
the final volume. Working closely with the interpreting geophysicist, it was decided that the most
expeditious method of handling weathering static’s would be to simply flatten a shallow
reflection known as the Yates formation, prior to stack. The original processed version of the Lott
Ranch 3D, therefore, contains no regional dip. The project was considered by all to be very
successful and J.M Huber continued to specifically require Debbie Lawrence to work on all their
Garza County seismic projects.

In 1997 Fasken Oil and Ranch Interests Ltd. purchased from J.M. Huber, all of Hubers
production in Garza County, Texas. In conjunction with this purchase, license to all J.M. Huber’s
seismic data base in Garza County was conveyed. Fasken Oil and Ranch was interested in further
developing their new property and they contacted Debbie Lawrence, who had recently co-
founded Pinnacle Seismic Ltd. in Midland, Texas. Along with Fasken’s privy to the seismic
volume, they had rights to bring in a partner for mutual development of the field. Yates Energy
Corp. located in Roswell, New Mexico, formed a partnership with Fasken to further develop the
project. Through discussions and meetings with Pinnacle Seismic, it was determined that the
original Lott Ranch 3D volume could be vastly improved upon reprocessing. Pinnacle Seismic
had shown the viability of improving field-summed signed bit data on smaller 2D and 3D
projects. Yates agreed to fund the reprocessing effort and contracted Pinnacle Seismic Ltd. to
perform the reprocessing.

Several reasons and circumstances existed to justify the reprocessing of the original field data.
One of the most significant improvements can be realized by processing all 26 million field
traces. This project was initiated with high resolution being a priority. Much of the potential
resolution was lost through the initial summing of the field data. Modern computers that are being
utilized have tremendous speed and storage capacities that were cost prohibitive when this data
was initially processed. Software updates and capabilities offer a variety of quality control and
statics resolution, which are pertinent to the Lott Ranch project. Although 26 million field traces
constitutes a sizeable project, we now have the capability of processing the entire volume on disk.



Simply bypassing the time consuming task of hanging tapes saves months. Further refinements in
wavelet processing have greatly enhanced the ability to minimize the problems with phase and
recording differences.

During the late 1970°s, Sam Allen of Pasadena California, developed and began the manufacture
of a radically new design of seismic recording instruments. The GeoCor IV seismic recording
amplifier enabled a tremendous increase in the number of channels being recorded per source
location. This had obvious advantages concerning multiplicity or “fold” of the sampling. Up to
1024 channels were available during an era where typical competitors were recording 24 or 48
channels. Instead of recording each sample of each channel in a 16 bit format, the signed bit
method recorded only a zero, negative one, or positive one. This was the key to high channel
recording because of constraints of speed and capacities of other 16 and 32 bit recorders. Once
the data was recorded and correlated, the resulting seismic trace was “fleshed out”

to conventional 16 bit data. The key element is high multiplicity to achieve a significance of
amplitude. The theory and details of these specifics are a matter of another presentation. The
GeoCor IV recording system was such a quantum leap in channel capacity that its real application
was seriously hampered by data processing software limitations. Also, processing this volume of
data was hindered by computing hardware limitations during its infancy. Some experimentation
had been done concerning 3D seismic acquisition in the 60’s and 70’s, but channel constraints
hampered results. With 1024 channels available, swath shooting and other methods that took
advantage of maximum utilization of source points became feasible. GeoSystems was hindered
initially because of the failure of an associated seismic contractor to perform the necessary
software upgrades that the GeoCor IV required. In the early 80°s other seismic processing
companies with vision started updating software and acquiring more powerful hardware to handle
the volume of data. These were “boom times” and a flurry of seismic acquisition ensued. Many
contractors were using signed bit recording systems and thousands of miles of data were
recorded. Turn-around time was a critical factor at that time because of the scramble, and 1024
channel data was still hampered by capacities. For that reason, much of the signed bit data being
recorded was being summed. A typical signed bit project might be shot with 30 ft. group
intervals, and 30 ft. source intervals. The data would then be summed spacially to reduce the
volume. A 3 to 1 group summing would result in a 90 ft. interval, and a 3 to 1 field record sum
would also achieve a 90 ft. source interval. This 9 to 1 reduction in volume obviously greatly
decreased processing time. There were however inherent problems associated with this
procedure.

The 1024 channel data was usually recorded in its entirety onto 9 track tape. Then, either in the
field, or in a data processing facility the summing was performed. Usually a “ballpark” velocity
function, based on the first breaks, was applied before summing to account for the moveout
between the 30 ft. group spacing. This did not take into account the near surface weathering
situation, or the topography. Unfortunately, the high resolution and high sampling capabilities of
the instruments was in large part negated by this summing. Some geoscientists began to complain
that the definition of faults and other geologic character suffered as a result. The Lott Ranch
survey was summed 6 to 1 in the field as previously stated. Although the initial processing of the
Lott Ranch survey achieved splendid results, it was deemed necessary to increase the resolution
of the volume to further develop the project. Initially Pinnacle Seismic merged all of the 9 track
field tapes with the recorded geometry coordinate tapes. The GeoCor IV was the first system that
provided the geometry information in digital form. A simple but effective geometry quality
control routine was utilized to ensure the integrity of the surveying and the observers reports.
Many errors and discrepancies in the surveying and observers notes were discovered and rectified
during this process. Each and every field record’s geometry was checked, and if no viable
solution could be found, the field record was discarded. More than 8 percent of the records were



corrected, and 2 or 3 percent were discarded. The importance of perfect geometry cannot be
discounted due to the distortion that geometry problems can create. It was known that the two
seismic contractors that acquired the data were out of phase by generally 180 degrees. A synthetic
seismogram from a key well was used as a model to adjust the phase of the data that it tied into.
Then the 2™ volume was rotated 180 degrees, and common subsurface points between the two
sets of acquisition were cross-correlated and an inverse filter was designed and applied. At this
point the two individual volumes matched one another and the synthetic. The data was finally
ready for the refraction statics to be calculated. A considerable effort was executed on the
volumes prior to refraction static calculation for a simple reason. When merging volumes of
differing genre, often phase and character differences exist. If statics are calculated prior to
addressing this, phase difference will be construed as time discrepancies-hence static. If two
volumes are 180 degrees out of phase, and the first breaks are in the 20 Hz. bandwidth range, the
resulting error in static solution between the volumes will be in the range of 25 ms. This is an
extreme, but very possible case. When stratigraphic detail is paramount, these problems must be
minimized.

Reprocessing at this point did not differ substantially from the initial effort. Of great importance
was the tremendous speed of the state of the art hardware. Coupled with major advancements in
interactive processing software, this allowed much more testing and diagnostics to be performed.
Quality control was greater, and the use of paper was practically eliminated. Velocity analysis
detail and frequency was increased, as were successive static iterations. Minimum phase
conversion in association with surface consistent spiking deconvolution further enhanced
resolution. Relative amplitude retention was increased because of processing all 1024 channels of
raw data. Bin spacing was flexible throughout the processing flow to optimize parameter
selection and final bin spacing was half of the original volume. The geologic structure was
maintained and the shallow markers reflect true time. Dip Moveout, or DMO, was performed and
even though the structural aspect of the volume is not great, the overall effect was justifiable. The
initial processing consisted of a 2 by 2 migration of the volume, whereas upon reprocessing, a
true 3D migration routine was applied. Minimal noise reduction and frequency enhancement
routines were necessary to present an excellent product.

This study was made possible by a grant from the U.S. Department of Energy. The grant money
was utilized towards the reprocessing of the original seismic volume. Feasibility of the potential
results had been previously exhibited on other similar volumes. The grant was awarded under the
auspices of Reservoir Enhancement Potential based on new technology or methodology, and the
general application to the industry as a whole. As previously stated, thousands of miles of signed
bit data exist. Much of this data was processed during a time when software and hardware
capabilities were either incapable or cost prohibitive to glean the full potential of the data. In fact
in some circles signed bit gained an undeserved reputation for being less than optimum. Over
time new amplifiers such as the 102 systems achieved high channel capabilities that recorded 32
bit-full word samples. As a consequence much of the older signed bit data sits on the shelf long
forgotten or overlooked. With the high cost of new acquisition and permitting it might behoove
other exploration companies to reconsider resurrecting perfectly viable existing volumes and have
them reprocessed at a fraction of the cost of new acquisition. GeoSystems Inc. has evolved into a
present company called Subsurface Exploration Company, or SECO, and continues to develop
and acquire signed bit seismic data.

PHASE TWO: INTERPRETATION AND PROJECT IMPLEMENTATION



Prior to receipt of the data set, several preliminary studies were completed in order to facilitate
the process of prospect generation. Forty-nine wells with bulk density, compensated neutron
density, and/or sonic logs were identified and digitized within the 3D area. Several synthetic
seismogram tests were completed, utilizing a range of wavelets, frequencies, trace amplitudes,
and polarities. After rigorous analysis across the entire 3D area, a unique combination of
synthetic seismogram variables was determined to best fit the reprocessed data set. Digirule Inc.
software packages were utilized in the log digitization and synthetic seismogram generation
processes.

A major integrated well correlation project was completed throughout the data area and including
an extended study area consisting of a swath extending approximately five miles outside of the
3D data area. Twelve significant and correlatable horizons were interpreted in an extensive data
set consisting of over 900 wells. These twelve horizons were then digitally transferred to the
synthetic seismograms and master project data spreadsheets.

Scout tickets and production data were pulled over the study area. Show, test and production
summary maps were generated to determine prospective plays in the area and provide data
necessary to prioritize 3D interpretation efforts to evaluate prospective horizons.

Upon completion of the reprocessing effort, some minor processing adjustments were made and a
final migrated interpretation version was made available in April of 2000. The data set was
loaded on a dual head, PC based geophysical workstation utilizing the Seismic Microsystems Inc.
Kingdom 3D PAK interpretation module. Synthetic seismograms were rigorously tied to the
seismic lines such that a “framework” of synthetically tied reference lines was established prior to
interpretation of the data set. All key horizons were then interpreted throughout the data set.

Based on the seisimic interpretations and integrated well data and production analysis, seven
major exploration targets were identified for prospect level mapping. Three “shallow” (less than
7000’) targets are characterized by combination structural and stratigraphic trapping mechanisms
with mixed clastic and carbonate reservoir development. It was determined that structure
mapping combined with 3D attribute analysis and facies mapping from well control provided the
best exploration methods to identify prospects for these targets. The enhanced quality of the
dataset allowed these prospecting techniques to be implemented. The pre-reprocessing dataset did
not posses adequate resolution for the application of these mapping techniques.

Four “deep” (greater than 7000’) target zones are characterized by carbonate reservoirs with
primarily structural trapping mechanisms. Accurate structure mapping was determined to be the
best exploration method for these targets.

Structure mapping for the “shallow” targets was achieved by mapping a regional shallow
structural datum, constructing datum-to- target isochron maps, constructing datum-to-target
velocity models, constructing datum to target interval isopach maps, and constructing final
structural depth maps. Attribute analysis mapping of the mixed carbonate and sandstone facies
and porosity distribution was achieved by interpreting significant tops, bottoms, peaks , and
troughs in great detail based on synthetic seismic modeling of known producing reservoirs to
guide seismic interpretation. Synthetic seismic modeling was done with the Digirule Inc.
“Interpalog” program. Multiple seismic attributes were mapped and tested against well data for
predictive usefulness. A unique set of seismic attributes was determined to be predictive when
tested against well data. These maps, in conjunction with the structure maps and integrated show,
test, and production data were utilized for prospect generation.



Structure mapping for the “deep” targets was achieved by mapping a regional deep structural
datum located above the deep targets but significantly below the shallow targets., constructing
datum-to- target isochron maps, constructing datum-to-target velocity models, constructing datum
to target interval isopach maps, and constructing final structural depth maps. These maps, in
conjunction with integrated show, test, and production data were utilized for prospect generation.
The interpretation phase of the project was completed in December of 2000. The project
implementation phase began in 2001 and is ongoing.

The end result of the reprocessing and interpretation efforts was the identification, leasing,
drilling, and completion of economically viable oil and gas prospects. Prospect summary maps
were constructed for each of the seven targets identified. Multiple prospects and leads were
identified for each of the seven prospective zones. All gridding, depth conversion, grid math,
contouring, and fault analysis was computer aided with the Digirule “Geomap” software and
Golden Software Inc. “Surfer” software.

Drilling results to date are summarized below:
WELL #1

e Two “deep” primary targets

e One target structurally as mapped

e One target structurally high to map

e Successful Oil completion with multiple zones behind pipe.
WELL #2

One “shallow” primary target

Target structurally as mapped

Target facies as mapped

Target porosity development as predicted
Zone wet, no trap.

WELL #3

e Two “deep” primary targets

e  Well currently being permitted to drill

As each well is drilled, the data set is updated with post drill information, prospect maps are
revised and reinterpreted, and prospect ranking is re assessed. Leasing and proposed drilling
strategies are then upgraded as needed.

In conclusion, the reprocessing and interpretation efforts made possible by a grant from the U.S.
Department of Energy has resulted in the implementation of economically viable drilling projects,
that would not have been possible to generate with the pre-existing data set. We look forward to
more success in this venture as more identified prospects are drilled.
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Bruce C. Miller is a petroleum geologist/geophysicist with his own consulting and prospect
generation business in Midland, Texas. He has 15 years of experience with Exxon Co. USA in
both production and exploration prospect generation assignments. He has over six years of
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Alaska Arctic Ocean, Alaska Brooks Range western and central foothills, Alaska A.N.W.R.,
Rocky Mountain, Williston Basin, Texas Edwards play, Texas Marathon thrust belt, and the
Permian Basin geologic regimes. He hold a BS degree in Zoology from Texas A&M
University and a Masters Degree in Geology from the University of Texas at Arlington.
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Project Goals

Enhance production in existing reservoir
Utilize existing seismic volume

Apply innovative technology

Lott Ranch 3D

Reprocess to enhance quality and detail of an existing
“Signed Bit” seismic volume

Utilizing improved seismic to enhance development and
exploration drilling in an existing producing trend

Exhibit application to similar existing seismic volumes
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Original Seismic Acquisition

Signed-bit considerations
Size and data volume associated problems

Other data acquisition problems
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Original Data Processing

Problems associated with acquisition

Problems associated with software tools

Problems associated with hardware constraints
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Software Technology Advances

New technology being used
Improved data processing software tools

Improved methodology of software application

ing flow.
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ation, advanced phase matchingroutines,

just a few.examples of

d 0

xist a few years ago. New display and/'mapping software aid not only
processing, but also data interpretation.




Hardware Technology Advances

Cost comparison

Time comparison

Capacity comparison

vastly more
ance costs

ignificant change in

ad extremely limited disk storage capacities
ca lworkstaﬁon Cost reduction has resulted




Processing and Reprocessing
History Details of Lott Ranch 3D

Original processing flow schedule

Reprocessing flow schedule

Generate brute stack on 2 data
Phase_match volume “A*with
Phase mateh-volume“AZ with volume*B”
Calculate and apply refraction-statics
Datum and elevation corregtions
Surface consistent Deconvolution
Normal moveout applicatioh
Surface consistent statics
Normal moveout applicatian
Surface consistent statics

CDR stack (4000% effective stack
F-K nqise attenuation filter
by 2 Migration
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Preliminary Studies

Synthetic seismograms

Log correlations

Well history and production integration
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ata Interpretation and Prospect Mapping

Identification of prospective zones

Interpretation and mapping techniques

Prospect Identification
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Low Cost Methodologies to Analyze and Identify problem wells
Correct Abnormal Production Decline in Problem assessment
Stripper Gas We"S Solution implementation

Operator: Jerry James, Gene Huck, and Tim Knobloch with James Engineering, Inc., Marietta, Ohio
Speaker: Tim Knobloch, a consulting engineer with James Engineering, Inc., Marietta, Ohio

Bottom line. This paper describes the results of the research to develop methodologies, diagnostic tools,
and a procedure guide to address the problem of abnormal production declines in stripper gas wells.
Experience indicates that many stripper gas wells have problems that manifest themselves as abnormal
production declines. The systematic methodologies developed as a result of this study increases the
efficiency of problem assessment and implementation of solutions for stripper gas wells, ultimately
resulting in increased production, reserves, and profitability.

Overview. After years of performing reserve evaluations on thousands of wells for numerous operators,
experience indicates that operators often struggle to maintain maximum well production rates. Previous
research with BDM-Oklahoma resulted in a software application called Priority that helps operators
quickly locate problem wells by identifying abnormal production declines. Two significant problems
were identified as a result of developing Priority, 1.) Production problems often went undetected and 2.)
When detected, the process of returning the wells to production was slow and inconsistent resulting in
substantial downtime, loss of revenue, production, and reserves. It was believed operators would benefit
by the development of techniques to quickly diagnose and fix problem wells. The proposed solution was
the development of a procedure guide detailing methodologies utilizing data collection forms and
decision trees to economically identify the source of the abnormal production declines and correct the
problem wells.

James Engineering, Inc. proposed to study the causes and effects of problems associated with abnormal
production declines in stripper gas wells. The culmination of the study would deliver a procedure guide
detailing the methodology to identify and economically correct problem wells, which would include data
collection forms and decision trees. The study contained the following steps: Establish a study group of
stripper wells; Review and identify problem wells exhibiting abnormal decline; Categorize individual
well problems; Summarize the frequency of individual well problems; Develop diagnostic tools to
evaluate declines in problem wells; Develop decision trees; Apply methodology to a group of wells;
Select two wells with the greatest potential for increase in production and having the most frequently
occurring problem; Evaluate the results of the methodology and implemented procedures; Prepare a
procedure guide; Transfer the technology.

Establish a Study Group of Wells. The 431 well study group produced primarily from the Clinton Sand
and was located in Ohio.

Review and Identify Problem Wells Exhibiting Abnormal Production Decline. Each well in a study
group of 376 wells was reviewed for abnormal production decline by comparing a production decline
type curve to the complete production history graphically presented on a forty-year rate vs. time semi-log
plot. 270 wells in the study group, or 72%, exhibited abnormal production decline during the past five
years.

Categorize Individual Well Problems. Experience indicates that producing problems can occur at any
point from the producing formation to the custody transfer point, and each will be manifested in different



ways. Examples of individual well problems include reservoir damage; reservoir depletion; fluid
accumulation problems; precipitate plugging; mechanical failure of casing, tubing, plungers, rods or
pumps; gathering system restrictions; metering inaccuracies; and unknown.

Summarize the Frequency of the Individual Well Problems. The results of the statistical analysis
showed that for the 270 wells that experienced abnormal production decline, greater than 46% of the
abnormal production declines were caused by fluid accumulation, 24% by gas gathering restrictions, 23%
by mechanical failures, 4% by reservoir depletion, 2% by metering inaccuracies, 2% by unknown, less
than 1% by reservoir damage, and 0% by precipitate plugging.

Develop Diagnostic Tools to Evaluate Declines in Problem Wells. Data collection forms were
developed to assist in analysis of problem wells by collecting basic well and pressure data. This pertinent
information was used for mechanical failure analysis, pressure analysis, and production analysis. Data
collection forms were developed for the most common methods of production; tubing plunger, casing
plunger, beam pumps, and swab or flow wells. The purpose of the Data Collection Forms is to assimilate
data to solve the problem of abnormal production decline by identifying those well production
characteristics that would typically result in abnormal production decline and changes in flowing
bottomhole pressure.

Develop Decision Trees. The Decision Tree Triage Form is a three-phase process developed to aid in
identifying the most common production problems causing abnormal production decline by identifying
the problem, measuring the problem, and solving the problem. The decision trees utilized pressure and
rate information gathered on the data collection forms as well as field test results to direct the operator to
the most likely cause of the problem. The form provides a methodology to evaluate the cause of abnormal
production declines in stripper gas wells by identifying factors that affect the flowing bottom hole
pressure. The overall philosophy of the Decision Tree Triage Form is to begin with the simplest analysis
by eliminating the most common problems, and then expanding the analysis as the problem requires. The
Decision Tree Triage Form incorporates the Data Collection Forms and an Alternate Production Method
Decision Form to analyze the abnormal production decline and suggest economically corrective
measures.

Apply Methodology to a Group of Wells. Twenty-four wells with abnormal production decline were
selected to apply the methodologies developed based upon decline curve analysis and the Priority
monthly production monitoring reports. The analysis utilized decision tree triage forms and data
collection forms developed as a result of this study to determine the cause of the abnormal production
decline, the potential for increased production, and the economic benefit.

Select Two Wells with the Greatest Potential for Increase in Production and Having the Most
Frequently Occurring problem. Two wells were selected for a field demonstration to install the
whatever equipment has been determined most efficient for the problem identified, perform the
recommended procedures, and then monitor the effectiveness of the enhancement program for a minimum
of two months and then adjust as necessary.

Evaluate the results of the methodology and implemented procedures. The implementation of the
process was documented from the initial evaluation of the production decline curve, through the
determination of cause of the abnormal decline, and the monitoring of the results of the work performed
on the wells in the field to determine the effectiveness and potential repeatability of the process. The
results were compared to those expected as well as results experienced in other wells with similar
producing characteristics.



Prepare a procedure guide and transfer the technology. Based upon the research performed in this
study, a procedure guide was prepared that details the utilization of the Decision Tree Triage Form, the
Alternate Production Decision Form, and the Data Collection Forms. A copy of the Priority software is
included in the procedure guide to provide operators an additional tool to quickly identify abnormal
production decline in stripper gas wells. The procedure guide should assist operators to economically
identifying the source of the abnormal production declines problems and correcting the problem wells.
The technology is being transferred utilizing the PTTC workshops, the Society of Petroleum Engineer’s
Regional Meetings, and the DOE’s website.

Conclusions. The low profitability nature of stripper gas well production limits the amount of time and
money available to monitor and maintain maximum production. Therefore, the production manager must
minimize the number of problem wells in day-to-day operations, thus minimizing the amount of time
required to assemble data and analyze the causes of abnormal well declines. Through the consistent
collection and analysis of data, the production manager and the well tender will be able to quickly analyze
those wells that experience abnormal production decline and keep many stripper wells near the economic
limit from becoming problem wells.

Decision trees and data collection forms provide a systematic methodology to collect and analyze the data
from wells with abnormal production decline. Specific data collection forms developed for the most
common production methods streamline the analysis of information to find the cause of abnormal
production declines. The alternative production method decision form provides a methodology to evaluate
the economic benefit of various production methods.

The preliminary results of the remediations indicate that the methodologies and tools developed are
practical and suitable for most stripper well operators using data commonly available. Ultimately, the
decision trees, data collection sheets, and economic analyses were refined and incorporated into a
procedure guide to provide operators with a consistent methodology to analyze and correct abnormal
production declines. The systematic methodologies and tools developed as a result of this research should
increase the efficiency of problem assessment and implementation of solutions for stripper gas wells.
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Introduction

James Engineering, Inc. was to develop and
deliver a procedure guide of low cost
methodologies to analyze and correct
problem wells with abnormal production
decline.

The Problem

Many stripper gas wells have problems
which manifest themselves as abnormal
production decline

Production problems often go undetected

Returning wells to normal production is
often slow and costly

Limited investment capital available due to
limited income
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The Proposed Solution

Develop methodology to:

* Identify wells with abnormal production
decline quickly

 Diagnose the cause of abnormal production
decline

* Identify cost effective techniques to correct
abnormal production decline




Benefits of the Proposed System

Proposed system will help the operator of
stripper gas wells detect, diagnose, and
correct problem wells exhibiting abnormal
production decline.

The goal is for the producer to increase the
accuracy of detecting problems and then use
better techniques to effectively correct the
problem and increase production.

Deficiencies of Current Technology

-
* No comprehensive methodology

* Most operating information developed for
wells with much higher production rates

* Too complicated and time consuming for
most production managers




Statement of Work

Establish a Study Group

Review and Identify Problem Wells
Exhibiting Abnormal Production Decline

Categorize Individual Well Problems
Summarize the Frequency of Problems
Identify Cost Effective Techniques

Statement of Work (Continued)

Develop Decision Trees

Develop Diagnostic Tools to Evaluate Declines in
Problem Wells

Apply Methodology to a Group of Wells
Select Two Wells and Remediate
Evaluate the Results

Prepare Procedure Guide

Transfer the Technology




Establish a Study Group of Stripper
Gas Wells - Results

592 wells in database.
Eliminated 133 outside operated wells.
Eliminated 25 sold, plugged, or non-stripper wells.

Eliminated 58 wells with insufficient production
data.

Final study group consists of 376 wells that
produce mainly from the Clinton Sand formation,
and are located in Ohio.

Review and Identify Problem Wells

Exhibiting Abnormal Declines - Results
]

* 376 Well Study Group

e 72% Identified with Abnormal Production
Decline

» 28% Identified with Normal Production
Decline




Categorize Individual Well
Problems - Results

Reservoir damage

Reservoir depletion

Fluid accumulation problems

Precipitate plugging

Mechanical failure of casing, tubing, plungers,
rods, or pumps

Gathering system restrictions

Metering inaccuracies

Unknown

Summarize the Frequency of the
Individual Well Problems

Category No.
Fluid Accumulation Problems
Gathering System Restrictions
Mechanical Failure

Reservoir Depletion

Metering Inaccuracies

Unknown

Reservoir Damage

Precipitate Plugging




Significant Finding - Cause of

Abnormal Production Decline

It was originally believed the predominant cause
of abnormal production decline of stripper gas
wells was due to formation damage.

The most significant finding as a result of this
research was that the most common cause of
abnormal production decline was due to the
suppression of the bottom hole producing pressure
by fluid accumulation and not formation damage.

Significant Finding - Continued

* The reason formation damage may not be a
significant cause of abnormal production decline
in stripper gas wells as originally thought is
because most wells have produced for a
significant period of time at relatively low flow
rates.

Therefore, if no foreign fluids were introduced
into the well, then there is very little reason for
formation damage to develop.




Identify Cost Effective

Techniques - Results

Combination of production decline curve analysis,
flowing bottom hole pressure analysis, shut-in
bottom hole pressure analysis, Inflow Performance
Relationship analysis, economic analysis, and
extensive workover experience.

The application of these techniques has been field
proven through personal experience and by the
observation of other operators.

Cost effective techniques require procedures that
incorporate systematic data collection and decision
tree analysis.

Develop Decision Trees - Results

* Decision Tree Triage Form
— Data Collection Forms
— Alternate Production Method Decision Form




Decision Tree Triage Form
Development

Begin by eliminating the most common
problems first then expanding the analysis as
the problem requires.

*Phase 1: Identify the Problem
*Phase 2: Measure the Problem
*Phase 3: Solve the Problem

Decision Tree Triage Form
Basic Information Required

*Complete Production History
*Current Production Rates
*Producing Reservoir Type Curve
*Flowing Bottom Hole Pressure
*Shut-In Bottom Hole Pressure
*Chronology of Well Work




Decision Tree Triage Form

Stripper Gas Well
Decision Tree Triage Form
For
Abnormal Production Decline Analysis

Date of Analysis
Lease

Well ID Number
Production Method

Step Phase I: Identify the Problem

1. Review Production Data, Decline Curve, and Forecast
2. Check with Pumper to Verify Problem Still Exists

3. Check for Metering Inaccuracy

4 Check for Integrity of Gas Gathering System

Phase I1: Measure the Problem
S. Complete Data Collection Form to Analyze Problem Well

Phase I1I: Solve the Problem

6. Complete Alternative Production Method Decision Form

7. Complete Proposed Well Work

8. Review to Shut-In, Sell, or Plug and Abandon

9. No Further Analysis Required, Continue to Produce,
‘Well Cannot be Economically Remediated

Comments

Alternate Production Method
Decision Form

Stripper Gas Well
Alternative Production Method Decision Form

I. Lease Name and Well Number
Current Production Method

II. Maximum Flow Rate Predicted by Vogel Inflow Performance Relationship Analysis
Ratio of FBHP/SIBHP

Estimated Maximum Production Rate (from Vogel) Bopd Mcfd Mcfeq

1I1. Alternative Production Forecasted Rates of Production Cost of Alternative Economic Analysis Summary
Method by Production Method Production Method M$/Mcfdeq Payout,Months NPV

Swab or Flow Well Bopd Mcfd Mcfeq S

Tubing Plunger Bopd Mcfd Mcfeq S

Casing Plunger Bopd Mcfd Mcfeq S

Pumping Unit Bopd Mcfd Mcfeq $

Compression Installation Bopd Mcfd Mcfeq S

Pipeline/Meter Installation Bopd Mcfd Mcfeq S

Other Bopd Mecfd Mcfeq S

IV. Comments and Recommendation

While M$ per mefeqd and payout measured in months are good ic indi s to compare pr ion method alternatives, the

calculation of a Net Present Value (NPV) based upon future reserves and cash flow should be considered as the superior method for
determining economic benefit.




Develop Diagnostic Tools to Evaluate
the Cause of Declined Production in
Problem Wells - Results

 Identify Well Production Responsibility

— Well Tender and Production Manager

* Identify Current Production Monitoring Methods

— Weekly Pumper Reports, Weekly Pumper Meetings,
Priority Production Variance Reports, and Chart
Integration Statements

e Determine Productive Potential of Well

— Decline Curve Analysis, Type Curve Analysis, and
Vogel Inflow Performance Relationship Analysis

Priority Production Monitoring R t
PRIORITY
Evaluation for Production Month of;
WELL WELL NAME PUMPER| PIPELINE |PRODUCING| __ ACTUAL PROD FORECASTED PROD. | PROD. VARIANCE

D= - - =| METHODw[ (MCFMz] (BOPM/=| (MCFM/=] (BOPM/=| (MCFM=| (BOPM%
3412123265 |KRAPPS, R#1 oL D672 R 0 0 419 0 2419 0
34-121-2-3727 |OHIO POWER #1-24 JL D672 R 0 0 419 0 419 0
34-059-22423 |YOHO M. #2 M A299 R 192) 0 593 1 401 El
34-059-2-3613  |VALENTINE, D #1 RH 4496 PJE 70 0 426 9 -356 9|
34-121-22868  [SLATER, G #1 GF B134 R 29) 75 377 0| -348 75
34-119-22432  [SLACK, W #1 RH 5464 R 636 0 958 4 -322) 4
3412123161 [MOSS #2 GF D672 R 99| 0 405 0 -306) 0
34-121-23125 |ROSSITER, J UNIT #1 GF B134 R 0 0 293 0 -293) 0
34-121-2-1839  [SOKOL #1 JL A287 R 0 0 272 0 -272) 0
34-121-2-1444  |GUILER #1 aL 9981 R 0 0 256 0 -256) 0
34-121-2-3015 |KEITH, F #1 GF B134 R 4 0| 259 0| 255 0|
34-121-23235 |SECREST, J #3 MT ca55 R 0| 0| 251 0 251 0
34-059-2-3005  |BAY #1 RH 4496 PJ 31 0 269 4 238 4
34-157-22482 [FILLMAN-YOUNG UNIT #1 M 5194 R 358 0 595 0 -237) 0
34-121-23163 |CHANDLER, HR #2 GF C289 R 0| 0| 230 0| -230) 0|
34-059-22984  [BAY #2 RH 4496 PJ 4 0 227 12 -223 -12)
34-167-2-7903  |WAGNER, O #1 aL D672 R 0 0 222 0 -222) 0
34-167-2-8276 |BAKER-HETRICK UNIT #1 JL D672 R 7| 0 226 0 219 0
34-059-2-1873  |SHEPHERD, IG #1 M 5590 R 0 0 209 0 -209) 0
34-157-2-2675 | ROBINSON-BENDER UNIT #3 M 5194 R 0 0 201 0 -201 0
34-121-2-3153  [CHANDLER, HR #1 GF c289 R 0| 0| 195 0| 195 0|
34-167-28091 |BAKER, G #1 aL 5073 R 0| 0| 188 0| 188 0|
34-167-28091 |BAKER, G #1 JL 5073 R 0| 0| 188 0| 188 0|
3412123251 |[CARREL, LW #1 JL D672 R 0 0 188 0 188 0
3412123152 [PARKS, W #1 GF C289 R 0 0 188 0 188 0
34-121-2-3151 |ROSSITER-CARREL UNIT #1 GF c289 R 7 0 188 0 -181 0
34-059-2-1637 | GEORGE, J D #1 M 5073 R 381 0 557 1 76 ]
34-157-2-2464 | POLAND-BOND UNIT #1 M 5194 R 337 0 513 0 176 0
34-119-26341  [WILSON-MCINTIRE UNIT #1 MT 6796 PJE 166, 0 342 34 176 -34
34-157-2-2440  [HOUSER, J #1 M 5590 R 0 0 159) 0 159 0
34-167-23150 |BAKER, G #3 JL D672 R %4 0 251 0 157, 0
34-157-22851 |FOCKLER, L #1 GG A303 R 30 0 182) 3 152 3
34-157-2-2618  |QUILLEN #2 GG A303 R 0 29| 150 1 150 28
34-157-22613  |GASSER #1 GG A303 R 33 0 182) 8| -149) 8




Clinton Sand Type Decline Curve
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Develop Diagnostic Tools to Evaluate the
Cause of Declined Production in Problem
Wells - Results

* Develop Data Collection Forms
— Tubing Plunger
Casing Plunger

Pumping Unit
Swab or Flowing Wells
* The purpose of the forms is to direct the

operator to the source of the abnormal
production decline.

Tubing Plunger Data Collection Form

Stripper Gas Well

Data Collection Form for Problem Well Analysis Lease Name and Well No:
Production Method - Tubing Plunger, TPL Date:
Sections I-I1I for Field Completion Sections IV-VIII for Office Completion
I. Well Information IV. Analytical Data
Producing Formation(s) Perforated Interval(s)
Tubing Pressure: Begin/End / Psi Casing Size In
Casing Pressure: Begin/End / Psi Tubing Size In
Tubing Plunger System style Tubing Depth Ft
Cycles per Day/Min On / Min Sales Line Size In
Date Cycles Last Adjusted Sales Line Length Ft
Previous Cycles per Day/ Min On / Min Flowing Bottom Hole Pressure (FBHP) Psi
Domestic Gas Usage Yes/No Last Shut In date and Pressure (SIBHP) Psi
Gas Gathering System Operating Ps Psi
Additional Cycling in Gathering System Yes/No V. Vogel Inflow Performance Relationship Analysis

Ratio of FBHP/SIBHP

Estimated Maximum Production Rate BOPD MCFD
IL Current Daily Production Rate VL. Forecasted Rates of Pr ion by Current Pr ion Method
Oil, Bbl Oil per Day BOPD Oil, Bbl Oil per Day BOPD
Gas, Mcf per Day MCFD Gas, Mcf per Day MCFD
Water, Bbl water per day BWPD Water, Bbl Water per Day BWPD

VIL Date and Description of Last Well Work

III. Comments and Recommendations VIIL. Comments and Recommendations




Casing Plunger Data Collection Form

Stripper Gas Well
Data Collection Form for Problem Well Analysis
Production Method - Casing Plunger, CPL

Sections I-11I for Field Completion

1. Well Information

Producing Formation(s)

Flowing Casing Pressure Psi
Casing Plunger Style

Trips per Week

Cycles per Day / Min On / Min
Domestic Gas Usage Yes/No

Gas Gathering System Operating Psi Psi
Additional Cycling in Gathering System Yes/No

Last Fluid Level Shot: Date/Depth / Ft

11 Current Daily Production Rate

Lease Name and Well No:
Date:

Sections IV-VIII for Office Completion
IV. Analytical Data
Perforated Interval(s)

Casing Size In
Flow Intermittent / Continuous
Stand Depth Ft
Sales Line Size In
Sales Line Length Ft
Flowing Bottom Hole Pressure (FBHP) Psi
Last Shut In Date and Pressure (SIBHP) Psi

V. Vogel Inflow Performance Relationship Analysis
Ratio of FBHP/SIBHP
Estimated Maximum Production Rate BOPD MCFD

VI. Forecasted Rates of Production by Current Production Method

Oil, Bbl Oil per Day BOPD Oil, Bbl Oil per Day BOPD
Gas, Mcf per Day MCFD Gas, Mcf per Day MCFD
Water, Bbl Water per Day BWPD Water, Bbl Water per Day BWPD
VII. Date and Description of Last Well Work

1II. Comments and Recommendations VIII. Comments and Recommendations

Pumping Unit Data Collection Form
Stripper Gas Well Lease Name and Well No:
Data Collection Form for Problem Well Analysis Date:
Production Method - Pumping Unit Well, PJEM or PJGE
Sections I-I1I for Field Completion Sections IV-VIII for Office Completion
L. Well Information IV. Analytical Data
Prime Mover Perforated Interval(s)
Producing Formation(s) Casing Size In
Flowing Tubing Pressure Psi Tubing Size In
Flowing Casing Pressure Psi Depth of Tubing Ft
Pump Schedule Rod Size In
Stroke Length In Pump Description
Unit Speed SPM Sales Line Size Ft
Date Cycles Last Adjusted Sales Line Length Ft
Previous Cycles Flowing Bottom Hole Pressure (FBHP) Psi
Domestic Gas Usage Yes/No Last Shut In Pressure and Date (SIBHP) Psi
Gas Gathering System Operating Psi Psi
Last Fluid Level Shot Date / Depth / Ft

1L Current Daily Production Rate

Oil, Bbl Oil per Day BOPD
Gas, Mcf per Day MCFD
Water, Bbl Water per Day BWPD

1I1. Comments and Recommendations

V. Vogel Inflow Performance Relationship Analysis
Ratio of FBHP/SIBHP

Estimated Maximum Production Rate BOPD MCFD

VL. Forecasted Rates of Pr by Current Pr Method
Oil, Bbl Oil per Day BOPD
Gas, Mcf per Day MCFD
Water, Bbl Water per Day BWPD

VIL Date and Description of Last Well Work

VIIL. Comments and Recommendations




Swab or Flowing Well Data Collection Form

Stripper Gas Well

Data Collection Form for Problem Well Analysis

Production Method - Swab Well, SWB or Flowing Well, FLW

Sections I-11I for Field Completion
I. Well Information

Producing Formation(s)

Flowing Tubing Pressure

Flowing Casing Pressure

Date Last Swabbed

Fluid Recovered

Domestic Gas Usage

Gas Gathering System Operating Psi
Last Fluid Level Shot Date / Depth

IL. Current Daily Production Rate
Oil, Bbl Oil per Day

Gas, Mcf per Day

Water, Bbl Water per Day

III. Comments and Recommendations

Yes/No

BOPD
MCFD
BWPD

Psi
Psi

Bbls

Psi
Ft

Lease Name and Well No:
Date:

Sections IV-VIII for Office Completion
IV. Analytical Data
Perforated Interval(s)

Casing Size In
Tubing Size In
Depth of Tubing Ft
Sales Line Size In
Sales Line Length Ft
Flowing Bottom Hole Pressure (FBHP) Psi
Last Shut In Date and Pressure (SIBHP) Psi

V. Vogel Inflow Performance Relationship Analysis
Ratio of FBHP/SIBHP

Estimated Maximum Production Rate BOPD MCFD
VI. Forecasted Rates of Production by Current Production Method

Oil, Bbl Oil per Day BOPD

Gas, Mcf per Day MCFD

Water, Bbl Water per Day BWPD

VII. Date and Description of Last Well Work

VIII. Comments and Recommendations

Apply Methodology to a Group of
Wells

24 Wells currently experiencing abnormal
production decline were selected for application of
the methodology.

Decision Tree and Data Collection Forms were
used to analyze the cause of the abnormal
production decline.

Analysis and estimates for the remediation were
completed and economic indicators calculated.

A summary of the the analysis is as follows.




Study Group Analysis Summary
Lease Name Well Type Major Cause of Remediation Strategy Estimated Economic Summary
Abnormal Decline Cost Mcfd / M$ / Payout

1. E. Carrick #1 TPL Mechanical Failure — Repair/ Return to Production ~ $18,000 35 /0576
2. R. Florence #1 TPL Mechanical Failure - Additional Analysis Required ~ $15,000 /

3.R. Krapps #1 TPL Mechanical Failure — Repair/ Return to Production ~ $6,000 13 /05/5
4. M. Pickenpaugh #3 TPL Mechanical Failure — Repair/ Return to Production ~ $5,000 10 /05/6
5. OP Combs #4B TPL Mechanical Failure — Repair/ Return to Production ~ $15,000 12 /13 /14
6. Reed #1 PIG Mechanical Failure — Repair/ Return to Production ~ $5,000 8 /06/7
7.R. Krapps #2 TPL Mechanical Failure - Repair and Put on Pump $18,000 10 /1.8/20
8. OP Brown #15B TPL Mechanical Failure — Repair/Return to Production  $5,000 6 08/9
9.J. McCall #1 TPL Gas System Restriction - Compression Required $1500 9 02/ 2
10. W. Fitzgerald #1 TPL Fluid Accumulation - Run Tubing and Rods $10,000 8 13 /14
11. A. Larrick #1 SWB Fluid Accumulation - Run Tubing and Put on Pump  $18,000 10 /1.8/20
12. Richey Dunkle #1 SWB Fluid Accumulation - Return to Pump $18,000 10 1.8 /20
13. Richey Lucille #1 SWB Fluid Accumulation - Run Tubing and Put on Pump  $18,000 20 0.9 /10
14.JB Bigley #1 SWB Fluid Accumulation — Swab/Install Tubing Plunger ~ $ 2,000 5 04/ 5
15. Dee D. Dunkle #1 SWB Fluid Accumulation - Return to Pump $18,000 10 /18720
16. Richey Reed #1 SWB Fluid Accumulation - Swab $1000 3 /03/4
17. Ellis Miller #3 SWB Fluid Accumulation - Run Tubing and Put on Pump  $18,000 10 /18/20
18. L. Stephenson #2 SWB Fluid Accumulation - Return to Pump $18,000 3 /6.0/66
19. OP Christopher #26C TPL Fluid Accumulation - Cycle Adjustment $0 /

20. Owen Reed #1 TPL Fluid Accumulation - Put on Pump $14,000 7 /20/22
21. C. Williams #1 TPL Fluid Accumulation - Run Rods and Pump $10,000 10 /1.0/11
22. Presdee #1 TPL Fluid Accumulation - Run Rods and Pump $15,000 12 /13 /14
23. M. Pickenpaugh #4 TPL Fluid Accumulation - Run Rods and Pump $15,000 5 /30/33
24. John Jenkins #1 TPL Fluid Accumulation — Swab/Return to Production ~ $1000 3 /03/ 4

Select Two Wells and Remediate

* The C. Williams #1 and the L. Richey #1 were
selected as the two wells to remediate.

These two wells had the greatest potential for

production increase and the most frequently
occurring problem, fluid accumulation.

The following reviews the analysis utilizing the
Decision Tree Triage Form and the Data
Collection Form.




C. Williams # 1 Production Decline Curve
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Evaluate the Results of the
Remediations

e C.Willhlams # 1
* L. Richey #1

C. Williams #1 Remediation
Summary

Pumping unit installation completed 06/08/2001,
at a cost of $10,954.

Well is pumped four times per week at four hours
per cycle producing an average of 38 mcfd and 2
bwpd.

Payout in 4 months based upon an average 30
mcfd increase at $3.00/mcf.

Eliminated 2000’ of pipeline and installed a
separate sales meter.




C. Williams #1 Remediation

Summary - Continued
-

The positive variance is due somewhat to flush
production but may be revealing prior metering
and allocation problems.

The success of this remediation illustrates the
importance of accurate historical data, decline
curve analysis, proper metering, and pressure
monitoring.

Further, it also illustrates that the results obtained
can be better than the results that were predicted.

L. Richey #1 Remediation
Summary

Pumping unit installation completed 04/26/2001,
at a cost of $17,576.

Well is pumped two times per week at four hours
per cycle producing an average of 26 mcfd and 3/4
bwpd.

Payout in 11months based upon an average 18
mcfd increase at $3.00/mcf.

The success of this remediation illustrates the
importance of accurate historical data and decline
curve analysis.




Significant Findings - Summary

Majority of abnormal production declines
caused by fluid accumulation.

Normal production decline restored by
proper application of fluid removal
technology not well bore clean-outs or re-
fracturing.

Maximize production by minimizing
flowing bottom hole pressure.

Questions?
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Stripper gas well operators are often faced with a dilemma — how to maximize production from
low-productivity wells. The size of operations — often hundreds of wells covering thousands of
acres - often tax the available manpower and financial resources available to the operator. This
may result in a reduced effort to correctly identify and remediate marginal wells, which in turn
impacts overall field production and project economics. Because of this, we recognized that
operators need an easier and faster way to screen the stripper gas wells in their field and identify
wells that may require remediation.

The solution available to operators is SWARM — Stripper Well Remediation Methodology — a
new pc-based software product. SWARM was the result of 18 months of effort to design, build,
test, and distribute a software product that stripper gas well operators can use as a first step to
help them increase field productivity.

In any gas production field, there are often wells that under-perform. Sometimes this is due to
reservoir characteristics; however, often it is due to inadequate completions, operational
constraints, or mechanical problems. Regardless of the cause of under-performance, the first step
for any operator is to identify these suspect wells. If there are only a few wells to evaluate, an
operator will often identify these wells as part of the daily field operations. However, if there are
hundreds of wells, the operator needs a quick and simple tool to do this task for him — and
SWARM satisfies that need. Relying on the well’s geographic location and production history,
SWARM quickly evaluates a field of hundreds or thousands of wells and quickly identifies those
wells that are under-performers.

The software utilizes the concept that general trends identify changes in gas production across a
field. Any abrupt change in a well’s production, when compared to the established trend in the
area of the well, identifies that well as a potential well for remediation. SWARM compares the
cumulative production of the subject well with all surrounding wells within a fixed distance,
taking into account depletion due to the variable date of first production for each well. The
operator pre-selects the cumulative production period and the radial distance to surrounding
wells. The program quickly performs this evaluation for all wells in a field, and identifies those
wells that fall outside of the general production trends in the field.

The software was beta-tested in a stripper gas well field in northeastern Pennsylvania, with
notable results. Quickly screening over 700 wells, SWARM identified wells that stood out
against adjacent wells. Figure 1 shows one of many graphical outputs available from the model.
In this figure, the subject well’s 8-year cumulative production is compared to that of all



surrounding wells within 4,000 feet and is plotted on a timeline. Although some depletion is
observed, as shown by the negative slope of the trend line, the subject well’s cumulative
production falls well below this trend line, indicating it is a candidate well for more detailed
evaluation and possible remediation.

SWARM will soon be available to stripper gas well operators. Final work is underway to
complete the user’s manual and the data import interface. Required input data is primarily the
well’s location (x:y) and production history. In addition, as an on-going phase of this project,
SWARM will be used by a stripper gas-well operator to identify wells for remediation.

Figure 1 — Sample SWARM output graphic identifying candidate well by comparison to
surrounding wells in the field.
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Additional Objectives

Software Demonstration
Example of Candidates Identified
Conclusions

Recommendations

Project Objectives

Create a methodology able to identify
underperforming natural gas stripper-wells

— Easily, effectively, and inexpensively

Utilize this methodology to recognize remediation
candidates in an operating, stripper-gas, field

— +/- 700 wells operated by great lakes energy
company, and Belden & Blake have been
evaluated

— Field located in northwestern Pennsylvania

Schilumberger




Project Background

Operators Frequently Face a
Dilemma in Maximizing Production
From Low-productivity Wells

* Hundreds of stripper wells covering thousands of
acres

« Difficult for an operator to identify marginal wells
easily and efficiently

Schiumberger




In Most Fields There Are
Wells That Do Not Perform As
Expected

* May be due to:
— Reservoir characteristics
— Inadequate completions
— Operational constraints
— Mechanical problems

In Most Fields There Are
Wells That Do Not Perform As
Expected (Continued)

- Negative influence upon:
— Overall field production
— Economics
+ Magnitude of reviewing vast amounts of data
— Burden upon available work force
— Strains corporate financial resources

Schiumberger




First Step Is to Identify the
Underperformers

« We recognized that operators can use an easier
and faster method to identify suspect wells.
Need to be able to:

— Screen stripper wells within their field
— Spot candidate wells that may need remediation

Assumptions

* General localized production trends exist within a
field.

Any abrupt change exhibited by an individual
well, relative to an established trend in its vicinity,
identifies that well as a potential
remediation/restimulation candidate

Schiumberger




Database Construction

* Production history, location, and well data was
provided to us by Great Lakes Energy Company
and Belden & Blake

This information was incorporated into various
Microsoft Access databases and Excel files
designed to facilitate our analyses

Fundamentals of SWARM
(Stripper Well Remediation Methodology)

Calculates appropriate production indicators

— Representative of a target well’s production
history over a chosen interval

* (e.g. 4-Year Cum, 5-Year Cum, 7- Year Cum etc.)

* Normalized rate = average monthly rate for the last
year of the desired production period

Compares an individual target well’s production
profile to its offsets

« Streamlines identification process
Schlumberger




A Target Well and Its Offsets Make
up a Domain

SWARM
(Stripper Well Remediation Methodology)

« Software compares the cumulative production of
a target well over a user-specified time span,
with all offsets within a fixed distance

« Depletion is taken into account by considering
the date of first production (DOFP) versus a
desired production-indicator (PI)

« Streamlines identification process

Schiumberger




SWARM
(Stripper Well Remediation Methodology)

- If the PI of a Target well is lower than a given
percentage (e.g 50%, 70% etc.) it is flagged for
additional review

The entire list of wells is processed and all
Target wells that meet the desired criteria are
identified

This is an efficient and rapid method of
identifying potential remediation candidates

SWARM
(Stripper Well Remediation Methodology)

After the first pass is completed, a review of each
candidates completion data, geologic
information, production history, and operating
environment should be conducted

Schiumberger
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Underperforming Target Well
Relative to Offsets

Underperforming Target Well Relative to Offset Wells

—

Target Well Cum = 3,232 Mscf

Cum = 66,046 Mscf |i :i i I Cum = 38,640 Mscf

:‘t‘: lesos ! = el p==SSs

Cum = 84,346 Mscf Cum = 30,404 Mscf Cum = 31,101 Mscf

Additional Objectives of This Project

- Evaluate workover/recompletion potential of the
Whirlpool/Medina Formation in western
Pennsylvania

Objective included quantifying the number of
remediation candidates and their geographic
location

Great Lakes Energy Company (Great Lakes),
and Belden & Blake provided information for
more than 700 wells

Schiumberger




Additional Objectives of This Project
(Continued)

 Field located in Crawford, Venango, and Warren
Counties, Pennsylvania

Location Map of Study Area

Schiumberger




Location Map Showing Wells

Location
Map of Study
Area Wells

Crawford, Venango and

Warren Counties,
Pennsylvania

~700 wells

SWARM Software Demonstration

Schiumberger




Map of Remediation Candidates

Map Showing Candidates

Conclusions

* A PC-based, Stripper Well Remediation
Methodology (SWARM) software package
capable of quickly and easily identifying
underperforming gas stripper-wells has been
designed, built, and tested.

We identified candidates to be reviewed for
possible inadequate completions, operational
constraints, and/or mechanical problems.

Schiumberger




Recommendations

+ Rework candidates should be evaluated for
geologic, completion, and operational factors that
may have led to underperformance.

 Contributing factors should be corrected if
possible (e.g. Line pressure, well tending,
pipeline constraints etc.).

Recommendations
(Continued)

- List of candidates should be high-graded for
economic viability based upon recompletion and
workover potential

Schilumberger
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Bottom Line. Almost 60,000 stripper gas wells exist in the Mid-Continent region (Texas,
Oklahoma, Kansas, Louisiana, and New Mexico), accounting for about a third of all stripper gas
wells in the U.S. Consequently, the Mid-Continent presents an important opportunity for stripper
gas production enhancement. Building upon a foundation of successful earlier work sponsored by
GTI which investigated methods to identify restimulation candidate wells in tight gas plays, DOE
is now extending this work for application to stripper gas wells. The candidate selection process
being developed involves applying pattern recognition and engineering-based analytic methods to
a field dataset, then integrating them via a screening process to identify production enhancement
opportunities. Still early in the project, the process is currently being tested in the Mocane-
Laverne gas area of the central Anadarko basin, with a second site planned (an industry partner is
currently being sought). If proven successful, as it has in tight gas sand plays, the new
methodology will permit operators of stripper gas wells to identify economically attractive
opportunities for enhancing production.

Project Genesis and Objectives. Research into production enhancement from gas reservoirs
funded by the Gas Technology Institute began in 1996, with a preliminary assessment study.
Results of that early work indicated that the potential was substantial, and highlighted the need
for improved candidate selection approaches as a cornerstone of a successful production
enhancement program.

Subsequent R&D started in 1998 and had the objectives of developing an effective candidate
selection methodology, and demonstrating it in the field. The candidate selection approaches that
were investigated included statistics, pattern recognition and engineering methods, which were
tested at three sites, in the Green River, Piceance and East Texas basins. A total of nine
restimulation treatments were ultimately performed under the project, which in aggregate added
an estimated 2.9 Bef of reserves at an average cost of $0.26/Mcf. The program was considered
highly successful, and as a result DOE has funded extending this work for application to stripper
gas wells.

The objectives of the current project are to:

Develop a candidate selection methodology specifically tailored to stripper gas wells.
Demonstrate its application at two sites in the Mid-Continent area.

Disseminate the results to industry via publications, a “how-to” manual, and software.

Description of Technology. The analytic methods being developed for the stripper well
candidate selection methodology include a combination of pattern recognition and engineering
techniques, both of which were independently tested as part of the earlier GTI work. The pattern
recognition technique involves the use of artificial neural networks, which are effective at
identifying subtle but important patterns in complex datasets with many variables (Figure 1). This
is an important extension beyond the more typically employed uni-variate and multi-variate
statistical analyses for identifying patterns in data. Essentially, a dataset is constructed that
consists of well-specific information that are considered important drivers of production
performance (typically a dozen or so variables), and a neural network model is built to predict a



(pre-determined) indicator of long-term production (e.g., ultimate recovery). After a model of
acceptable accuracy is developed, the “controllable” parameters (i.e., completion and stimulation
variables) are optimized via a genetic algorithm process, resulting in an “optimized” value for the
production indicator. Large discrepancies between actual and the optimized production indicator
infer “less than best” completion or stimulation practices were originally employed, and hence a
production enhancement potential exists. It should be noted that in many instances, “less than
best” completion practices simply are a result of well vintage; decades-old wells are not be
expected to have the latest technology applied. The question is, by applying it today, will
production enhancement be achieved on a magnitude that is economically justifiable? This leads
to the second, engineering-based and more quantitative approach.

Input Layer Hidden Layer Output Layer
(parameters) (nodes) \ (dependent variable)

Figure 1: [llustration of an Artificial Neural Network Structure

The engineering method being studied involves the use of production type-curves. Type curves,
based on traditional pressure transient theory, can be used to estimate permeability, skin, and
drainage area on an individual well basis using production data alone (Figure 2). With the benefit
of such results, one can quantitatively forecast the production benefit resulting from various
production enhancement actions such as restimulation or flowing pressure reduction, hence
leading to a better understanding of possible economic outcome. This method, however, is highly
susceptible to reservoir and production data quality, the lack of which may render the results
quantitatively (but not necessarily quantitatively) questionable. Understanding of type-curve
match quality, and hence ones confidence in its results, is therefore an important consideration for
an integrated candidate selection methodology.

The final step of an integrated candidate selection procedure involves combining the results of the
two approaches via a screening methodology. The screening procedure can be quite simple, but
may include parameters considered important but not necessarily directly included in the virtual
intelligence or type-curve analyses. Some examples of such “external” parameters include current
reservoir pressure, current producing rate, among any others, and as they are available. The
relative weighting of the results from each method is also a variable, site-specific decision.



Mocane-Laverne Gas Area, Oklahoma. The first site at which the methodology is being tested
is the Mocane-Laverne gas area in the central Anadarko basin. The area of interest encompasses
Beaver, Harper and Ellis Counties, and the formations are the Morrow sand and Chester lime
which occur at depths of 5000 to 9000 feet. Net pays are about 15-20 feet each. Approximately
50 wells are being studied; expected recoveries from these wells average 2.2 Bcf of gas. Both the
Morrow and Chester are moderate permeability gas reservoirs, and hence these they can be
broadly categorized as low-pressure stripper gas plays (as opposed to a micro-darcy scale low-
permeability play). The Morrow is typically hydraulically fractured, with early-vintage wells
(1950”s & 60’s) receiving relatively small treatments by today’s standards. The Chester is
typically acidized, and sometimes hydraulically fractured with acid. Both zones can produce
liquids, and hence artificial lift can play an important role for maximizing ultimate gas recovery.
These attributes are important considerations for identifying production enhancement potential.
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Figure 2: [llustration of a Type-Curve Match

At present, the field data is being digitized and organized for the virtual intelligence analysis, and
the type-curve matches of the production data are being performed. Once complete, the results of
the two analyses will be combined in a screening methodology that will be used to identify
possible production enhancement opportunities.

Application Guidelines. Despite being early in the project, a number of observations have been
made and guidelines established for the implementation of such an effort by a stripper well
operator (some are directly attributable to the earlier GTI project). These include:

Data collection, digitization and organization represent one of the largest challenges and cost. To
cost-effectively optimize production on an ongoing basis using advanced analytic methods
however, operators should attempt to develop digital databases of well information for future
utility (even simple spreadsheets can be sufficient).

Each individual field presents unique nuances that require site-specific design of the actual
candidate selection methodology. Such variations will manifest themselves in the parameters used
for the virtual intelligence and screening procedures.

The relative weighting of the virtual intelligence and type-curve results for candidate screening
purposes depends upon the dataset available. Where reservoir heterogeneity and stimulation



variety is high, virtual intelligence approaches should be heavily weighted. This method is well
suited to “making sense” of relationships that may otherwise appear elusive. Type curves on the
other hand, while theoretically more robust, require high-quality reservoir and production data to
be effective. If such information exists however, a heavier weighting towards this approach
should be adopted.

Larger programs will provide better overall results primarily due to scale efficiencies. As
demonstrated in the earlier GTI project, a relatively small program can payout the up-front
investment in data collection and analysis (only nine wells in that case); larger programs should
provide exponentially improved benefits.

Future Work. Forward work for the project involves completing the Mocane-Laverne study, and
performing a second, similar study in another Mid-Continent stripper gas well play. An industry
partner is currently being sought for the second study (interested parties should contact Scott
Reeves at 713-780-0815 for participation details). Once complete, the project findings will be
disseminated to industry via publications, a “how-to” manual for applying the methodology, and
limited distribution of the type-curve software. If successful, as the GTI program proved, the
potential for considerable reserve additions from stripper gas wells can be realized.

The Author

Scott Reeves is the Executive Vice President of Advanced Resources International in Houston,
Texas, a firm that specializes in technology and resource development for unconventional oil and
gas reservoirs. In addition to consulting, he initiates and manages a diverse portfolio of
technology development projects that have included advanced reservoir characterization,
reservoir simulation, production enhancement, new and novel well stimulation technologies, and
CO2 sequestration, and has published over 50 articles on these topics. He holds a BS in petroleum
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Project Genesis

* In 1996, GRI (now GTI) began investigating potential
for natural gas production enhancement via
restimulation. Initial findings were:

— Significant potential

» >5 tcf incremental reserves in 5 years
— Low reserve costs when successful

+ $0.10 - $0.20/Mcf
— Critical success factors

» Candidate selection (85/15 rule)

* Problem diagnosis

» Treatment strategy

« Major obstacles are:

— Industry’s (understandable) reluctance to restimulate “good”
wells, which frequently are the best candidates

— Lack of “tools” or methods to cost-efficiently identify
candidates and diagnose well performance problems

Subsequent Work

« GRI initiated a subsequent R&D program in

1998 with four primary objectives:
Develop cost-effective, reliable methodologies to identify
wells with high restimulation potential in tight sands.
Identify various mechanisms leading to well
underperformance.
Develop new restimulation techniques tailored to selected
causes of well underperformance.
Demonstrate that with improved candidate recognition,
problem diagnosis and restimulation methods, restimulation
can be a substantial source of low-cost natural gas.




Candidate Selection Concept

100 Wells
(total population)

Screening
* Rapid
* Not engineering based

+ Statistical, Al approaches

50 Wells
(potential candidates)

Evaluation

« Engineering-based

* Problem diagnosis, treatment selection
* Forecasting, economic ranking

15 Wells
(high potential)

Sample Outcome
*  Well No.
Candidate Verification « Incremental Reserves

* Restimulation Economics

Location of Restimulation Project
Test Sites

Green River Basin

+ Big Piney/LaBarge Producing Complex
* Frontier Formation

+ Enron Oil & Gas (now EOG Resources)

‘N

Piceance Basin

« Grand Valley/Parachute/
Rulison Fields

* Williams Fork Formation

« Barrett Resources (now
Williams)

East Texas Basin

« Carthage Field

« Cotton Valley Sandstone

« Union Pacific Resources
(now Anadarko)




Track Record of Success

* 9 wells restimulated
»Green River Basin — 4
»Piceance Basin — 2
»East Texas Basin — 3
7 production improvements, 1 no change, 1 slight
decline
6 “economic” successes

Added 2.9 Bcf of reserves at a total reserve cost of
$0.26/Mcf (costs include “failed” restimulations).

Value of reserves gained by Operators more than offset
cost of “R&D” project.

Reference: Study looks at Tight-Gas Restimulation Candidate Wells, Oil & Gas Journal, October 8, 2001.

DOE Stripper Well Program

* Initiated in 2000.

» Obijective of sustaining/improving
production and reserves from stripper
gas wells.

» Technologies developed under earlier
GTI sponsorship can be modified for
stripper well application.




U.S. Stripper Gas Distribution

Number of Production
Stripper Gas from Stripper
Rank State Wells State Wells (Mcf)

West Virginia 35,594 Texas 221,513,637

Ohio 33,430 West Virginia 198,500,000
Texas 27,368 Oklahoma 114,668,483
Pennsylvania 26,000 Pennsylvania 100,000,000%
Kentucky 14,126 Ohio 79,333,000

* Estimated *Estimated
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Strategic Objective

* To develop an easy-to-use, low-
cost analytic methodology to
identify untapped production
enhancement potential in stripper
gas wells.

Tactical Objectives

* Develop a Candidate Screening &
Selection Methodology

 Perform Field Demonstrations of its
Application

» Disseminate Results to Industry




Project Scope

« Geographic

> Mid-Continent

« Applications (“existing” production)
> Restimulation

> Production Practices (downhole
and surface)

Virtual Intelligence

« Artificial Neural Networks (well performance
model)
» Statistical analogy
»Pattern recognition
»>No “engineering” or “interpretive” bias
» Genetic Algorithms (best practices, problem
identification)
»Optimized optimization




Type-Curves

» Current Features
» Two-layer
»Variable Compressibility
» Fractured/Unfractured

* New Features
»Secondary Curves (e.g., cumulative production)
»Batch Processing

. Utility

» Differentiate depletion, low permeability, damage,
production practices

»Quantify upside potential

Candidate Selection
Approach

« Combine results of VI and TC
analyses to identify candidates.

» Develop a screening/selection
routine.




Perform Field Demonstrations

Perform Integrated Field Demonstrations

- Two Sites (+/- 100 wells each)
> Tight Gas Formation
> High-Permeability/Low-Pressure Formation

- Activities
> Collect Data
> Perform VI, Type-Curve Analyses
> Select Candidates, Remediation Methods

> Perform Treatments/Workovers (1-3 per site)

Current Status

» Performing candidate selection
analytics at first test site.

« Seeking second test site.
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Candidate Selection Methods

« Statistics
— Public/Easily-Obtained Data
— Production Statistics

« Pattern Recognition

— Geologic, Log, Drilling, Completion,
Stimulation, Workover Data

— Minimum Data Interpretation

— Virtual Intelligence (Artificial Neural Networks,
Genetic Algorithms, Fuzzy Logic)

» Engineering

— Engineering-Based Approach (Type-Curves,
etc.)

— Ranked by Incremental Production Potential




Data and Interpretation
Requirements

Engineering
L]

Interpretation
Requirements

=
]
<

Low Data Requirements  High

Coincidence Of “Top 50” Candidate
Selections, Green River Basin

Engineering

Note: Top Candidates from each
process do not necessarily
coincide with top candidates
from other processes.




Benchtop Study

« Create a hypothetical (simulated) field where
all reservoir/completion properties are known,
and restimulation potential can be readily
computed.

Independently select restimulation candidates
with each technique and compare the
selections with the known “answer.”

» Make the exercise as realistic as possible.

Comparison of Restimulation
Candidate Selection Methods

Efficiency
Approach Incremental (Bcf) (Top 18 Wells)
Actual 4.566 100%

Best Pre-Restim Rate 3.896 85.3%
Virtual Intelligence 3.807 83.4%
Type Curves 3.421 74.9%
Best 10-Year Cum. 3.272 71.7%
Random 2.150 47.1%
Production Statistics 1.949 42.7%
Worst 10-Year Cum 0.775 17.0%
Worst Pre-Restim Rate 0.735 16.1%

Reference: SPE 63096-Benchmarking of Restimulation Candidate Selection Techniques in Layered, Tight Gas
Sand Formations Using Reservoir Simulation.




Ultimate Conclusions

» Better wells make better restimulation
candidates.

« Each candidate selection methodology
may have specific applicability:

> Statistics: Reservoir/operating practices broadly
uniform.

»Pattern Recognition: High degree of reservoir
heterogeniety & completion/stimulation variation.

»Engineering: High quality reservoir and
production data.

Relevance to Stripper Wells

» Focusing on “best” stripper wells
counter-intuitive.

» Adopt an integrated VI & TC approach
with a screening criteria to tie them
together.

»Weighting of one approach vs. the other can be
a site-specific variable.
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Virtual Intelligence

« Uni-variate analysis
* Multi-variate analysis

« Pattern recognition (artificial
neural network).




lllustration of ANN Structure

Example Virtual Intelligence
Methodology

ARTIFICIAL NEURAL NET WORK GENETIC ALGORITHM

Space: X, Y,Z *Total Proppant Volume
Time: Completion Date «Total Fluid Volume

Completion:  No. Perf. Intervals *Fluid Type
Total Net Thickness
No. Fracs FUZZY LOGIC
Total Proppant Volume
Total Fluid Volume *GA Incremental

Fluid Type «Current Reservoir Pressure

Reservoir: Total phi-h «Current Producing Rate
Permeability Indicator

Drainage Area




Diagnostic Plot for Selecting Restimulation
Candidates, Antrim Shale

Type-Curves For Production
Enhancement Assessment

Individual Fracture Length Interval Trends

7

NLB 66-04




Screening Criteria

Virtual Intelligence

» Optimized incremental production
» Stimulation, artificial lift, FWHP

Type Curves

» Forecast incremental production
» Perm, skin, area

Other

* No. zones per frac treatment

» Current reservoir pressure

» Current producing rates/ratios

« Historical peak rate, time/prod. since then
» Existence of step-change production drops
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First Test Site, Oklahoma

Mocane-Laverne Gas
Area, Oklahoma
*Central Anadarko basin
*Beaver/Harper/Ellis Counties
*Council Grove, Tonkawa,
Morrow, Chester
-2"d-largest Midcon gas play

(Morrow), after
Hugoton Wolfcamp.

-2nd.largest Morrow field, after
Watonga-Chickasha
Trend.

*+/-100 well study

*Oneok Resources

Figure reproduced from: Atlas of Major Midcontinent Gas Reservoirs, 1993.

*Figure reproduced from Atlas of Major Midcontinent Gas Reservoirs, 1993.




Formation Descriptions

Gas Atlas
Formation Age Litholoqgy Code*

Lower
Morrow Pennsylvanian Sandstone

Upper
Chester Mississippian Limestone

*Atlas of Major Midcontinent Gas Reservoirs, 1993.

Reservoir/Fluid Properties*

Morrow Chester

Pay 20 ft 18 ft
Porosity 12% 8%
Water Saturation 38% 30%
Permeability 25 md 1md

Gas Gravity 0.75

*Atlas of Major Midcontinent Gas Reservoirs, 1993.



Well Breakdown

Well Omission Summary

Total* Well Files On- Production Study Zone Inactive Completion IHS  Total
Hand Streams Streams** Date Data

Min 77 49 55 33 3 22

Min 59
Total 136

*Active Wells

**Study well crieria:
*Morrow/Chester completion
«Currently active
+Completion prior to Jan-00
*IHS de

***Other Zones

«Other (5)

General Well Profiles

Parameter Range

Completion Date 1957-1999
Depth (ft) 4700-8900

EUR
—Gas (MMcf) 10-8595
—0il (Mbbls) 0-47
Current Gas* Rate
(Mcfd) 0-263 69

Note: About half of study wells currently produce less than 60 Mcfd.




Completion/Production
Practices

Completion
* Morrow typically fractured; many different
fluids; older treatments were very small.

» Chester typically acidized; occasionally acid-
fractured.

Production

« Some form of artifical lift typically installed at
some point to lift liquids.

“Flat File” Design for VI Analysis

Space & Time Completion/Stimulation
+ X (Long) Interval
* Y (Lat) Treatment Type
* Top Morrow perf. Fluid Type
* Top Chester perf. Fluid Volume
« Completion date Proppant Volume
No. Stages

Reservoir Subsequent Events
* No. perf. intervals * Date
* Net perf. thickness * Interval

+ Activity




Test Site Status

« Data Collected

»IHS Energy
»In-house production/reserve records
»Well files

» Challenges being encountered

»Diversity of producing intervals which change and
are reworked over time.

»Little digital data (except production).
»Little geologic/reservoir data.

 Status
»Manually creating “flat-file” for VI analysis.
»Performing TC analysis.

Next Steps

« Complete VI & TC analyses.

» Develop screening criteria, select
candidates.

* Perform remedial work,
observe/document results.
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Why

To boost reserves and economic performance of marginal gas wells.

Where
Almost any setting is a valid target (complexity varies however).

How

*Build database

*Perform VI & TC analyses
*Select candidates
*Remediate Wells

When

Now.

Who

Operator.




Observations/Recommendations

* Most costly (analytic) elements are:

» Data collection/digitization/organization.
» Reporting (if required)

» Operators should invest in creating a digital database
of all available well information (even simple
spreadsheets are fine):

» Any sophisticated analysis will eventually require this.
» Cost of manually examining well files will eventually
exceed investment in database.

« Each field will possess specific nuances:

» Must capture existing field experience.
» Design of VI application.
» Screening algorithm

» Larger-scale programs will provide better overall

results due to efficiencies of scale.
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Future Work

Complete analysis of Mocane-Laverne wells,
perform/document results of remedial
treatments.

Perform a similar analysis at a second site
(sites currently being solicited).

Technology transfer.
» Publish results
» “How To” manual
» Software
Completion date:
» March 31, 2002.

Research Partner Information

Advantages

» Assessment of production enhancement for +/- 100 wells.
* Introduction to VI and TC applications.

» Keep tools for future in-house use.

Requirements
Operator of +/- 100 stripper gas wells in a single play.
Data availability (preferably in electronic format)

Willingness/ability to perform 1-3 remediation
treatments/workovers.

Agree to release results into public domain.
Contact
« Scott Reeves, Advanced Resources International, 713-780-0815




Advanced Stripper Gas Well
Water Remediation

Operator: Ray W. Sheldon, Western SynCoal LLC

Speaker: Ray W. Sheldon, Western SynCoal LLC



ADVANCED STRIPPER GAS WELL WATER REMEDIATION:
WESTERN SYNCOAL LLC

Project Grant DE-FG26-00NT40965
FETC Interim Presentation

Bottom Line. Filtration of produced waters from stripper gas wells with SynCoal
seems to be effective in removing heavier hydrocarbon contaminants. The
lighter weight BTEX contaminants require additional treatment in the form of air
sparging to strip them from the produced water. Unfortunately, the sodium and
potassium contamination is not significantly reduced by either of these
treatments.

The Problem: Produced Water Disposal. The Denver-Julesburg (D-J)
producing basin, like many other, produces large quantities of water with its
stripper well operations. This water is contaminated with hydrocarbons and salts
requiring that it be contained, transported and disposed by injecting into deep
aquifer. These disposal efforts represent a significant expense in gas production
and may leave the producers with a future environmental liability.

Initial Concept: In October of 1998, Western SynCoal, North American
Resources Company (NARCO) and Environmental Management Systems (EMS)
explored a laboratory bench scale experiment to determine to what extent, if any,
SynCoal (a synthetic coal product produced from sub-bituminous coal at the
Advanced Coal Conversion Demonstration Plant in Colstrip, Montana) could be
used to remove hydrocarbon contaminants from water produced in association
with natural gas production. Chemical Engineering and applications (CEA) was
retained to collect and ship samples from NARCO'’s operations in the D-J Basin
north of Denver, Colorado to the EMS lab facilities in Butte, Montana. One liter
water samples were processed through
a two by three inch column containing
260 grams of 6x20 mesh SynCoal.
Bench test results showed a significant
hydrocarbon reduction of 152 ppm to
roughly 12 ppm total oil and grease.
While the laboratory results were
encouraging, all parties agreed that
difficulties with sample preservation and
handling precluded larger testing at the
EMS facility. The group developed a
plan to test larger columns at D-J Basin
locations and proposed the project to
DOE.




Current Project: The project scope involves testing SynCoal as a sorbent to
reduce the levels of contamination in stripper gas well produced water to the
point that the water can be put to a productive use. The goal of this research is
to determine appropriate guidelines for field trials by accurately characterizing the
performance of SynCoal over a full range of operating conditions. Produced
water is to be filtered with SynCoal. It is expected that the surface area of and in
the SynCoal would sorb the hydrocarbons and other contaminates and the
effluent would be usable for agricultural purposes. This experimental project is
intended to identify those treatment parameters that yield the best technological
practice for a given set of operating conditions. A maximum ratio of 1 Ib carbon
to 100 Ibs water treated is the initial basis for economic design.

Testing. In October 2000, fabrication of a two stage filter unit constructed of
schedule 40 PVC pipe and related fittings was completed. Initially, it was placed
on a producing well but the normal operating pressure surges were too great for
the connecting fittings so the test apparatus was reconfigured with a receiving
surge tank and pump to control the flow rate and pressure to the filter. After this
reconfiguration some difficulty was encountered in containing the coal particles in
the filter canister, but after trying several screen/packing materials, the filter
retained the coal without losing particles with the water flow.

The actual test runs processed a constant flow of produced water through a
single column with 104 Ibs of SynCoal media at a rate of approximately three
gallons per minute for two consecutive days. Three gallons per minute is similar
to the surge rate of water production from the majority of wells in the DJ basin
and provided for a concentration of testing over a shorter period for the initial
experiments.

The column pressure remained constant throughout the test period. Water clarity
was observed to be greatly improved at the column discharge. Analyses
indicated that the oil and grease content was reduced from an average of over 37
mg/l to under 3 mg/l, approximately 92 percent reduction. Total suspended
solids were reduced from 59 mg/l in the initial sample to under 20 mg/l on
average. Copper and silver concentrations appeared to be reduced as well.
Unfortunately, the sodium, calcium, magnesium and potassium concentrations
did not appear to be affected.

In reviewing the data, the team postulated that the remaining oil and grease
concentration was primarily light hydrocarbons that could be removed by simple
air sparging. Additionally, a concept of using SynCoal with a high limestone
content as the filter media to try enhancing the removal of the dissolved salt
mineral content was suggested. Further testing to determine the filter material’s
saturation point, if a high limestone content SynCoal would remove more the
dissolved solids and if the remaining oil and grease levels can be removed by air
sparging was determined to be appropriate next steps.



In late January work was completed to winterize the test filter unit and a 110 volt
% h.p. electric centrifugal pump with a by-pass system and a 1 inch brass
Neptune water meter with totalization capabilities were installed.

A second series of flow tests were conducted on the 1% stage of the prototype

canister filter unit. The primary objective of this test series was to determine the
saturation point of the filter media.

Sparging BTEX Removal
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From February 2 to February 20, the unit was tested in 6-8 hour sequences in a
16 day period. During that test period, 3 different batches of untreated produced
water a total of 10,520 gallons, was processed through the stage one filter at an
average inlet pressure of 10 PSIG and an average flow rate of 133.5 gallons per
hour or 2.23 gpm.

As part of the second stage testing protocol, the treated water from the filter unit
was placed in a 100 bbl. Steel water tank recently removed from an operating
production facility. The tank was not cleaned prior to use in this test in an effort
to maintain realistic field conditions. An air sparging unit was fabricated and air
at 20 psig continuous flow was sparged through approximately 80 bbls of treated
water. After only five — 24 hour days of sparging, the test results were as follows:



Batch Number - Batch Initial Final Efficiency
Produced water Volume O&G [O&G | (%)
(gallons) | (ppm) | (PPM)

First Batch 3,360 182.0 15.7 81.1

Second Batch 3,360 258 141.0 46.5

Third Batch 3,360 12.6 2.0 74.2

Sample ID Benzene Toluene Ethylbenzene | m.p o-

Xylene xylene

Initial Sample | 2550 ppb 1520 ppb 28.5 ppb 272 ppb | 117
ppb

5" Day

Sample 33.2 265.0 6.5 6.0 8.0

This data indicates a dramatic decrease in the BTEX concentration of the treated
water in a very short period of time and under less than ideal conditions (cold
temperatures and limited venting of the tank). The air sparging operation was
suspended after the 5™ day pending analytical test results. After receiving the
above data, the air sparging tests were continued beginning 13 March. The
second series of BTEX analysis on the 80 bbl. batch of filtered produced water
was completed and the results indicate that air sparging of the water filtered by a
single stage of the SGWR filter unit has removed all of the benzene and O-
Xylene with only a trace of the Toluene, Ethylbenzene, and m,p,-Xylene all
concentrations of which are well below any action levels.
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The inorganic segment of the test data indicates that the filtering process has
little or no affect on the inorganics in the water sampled. Of the salts, only the




sodium and potassium concentrations are significant. This raises the possibility
that the treated water, once subject to air sparging to remove the VOC'’s could be
recycled as makeup water for frac jobs or drilling fluids.

The filter media used in the initial testing phase is effective in filtering out a
significant amount of the longer chain hydrocarbons referred to as “oil & grease”.

Next Testing Phase: The next phase of SGWR testing is designed to verify the
results to date with a more tightly controlled sample and develop a better
definition of the impacts of normal operational variations.
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Advanced Stripper Gas
Produced Water Remediation

D-J Basin Water Filtration
Concept Validation

Ray W. Sheldon, P.E.
Western SynCoal LLC

Today’s Situation

 D-J Producers pay on average $4/day/well
for water disposal

* NARCo has 450 wells alone
« Environmental Liability Issue

* Local Agriculture and Subdivision
Development Needs More Water




Concept Statement

* Remove hydrocarbons from produced
water using SynCoal® as sorbent

* Enhance existing service businesses by
providing less expensive “green” water
treatment option

Filter Unit Installed at Test Site




Preliminary Column Test
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Results to Date

* Initial Test 93% Hydrocarbon Concentration
Reduction to Less Than 2.5 ppm

» Surpassed Initial Target of 100 Ibs water:Ib
SynCoal by More Than 3 Times

+ Seems to be More Effective on Heavier
Hydrocarbons

* No Apparent Reduction of Sodium or
Potassium
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