Advanced Technology for Infill and Recompletion Candidate Well Selection

Lead Organization: Texas A&M University

Key Contact: Duane McVay (979-862-8466 or mcvay @spindletop.tamu.edu)
Other Participants: MGV Energy and QuickSilver

Total Project Cost: $179,277

Level of SWC Funding: $125277

Quantifying the remaining potential in marginal oil and gas fields and basins is difficult due to variable rock quality, well
completion, and stimulation practices, as well as databases that are inadequate for reservoir characterization. In lieu of time-
consuming and expensive conventional reservoir studies, statistical analyses of production data can be used to aid in reservoir

characterization and to select locations for infill drilling and wells for recompletion and restimulation.

In this project, researchers from Texas A&M University and MGV Energy will seek to develop improved technology to rapidly
assess infill and recompletion potential in marginal oil and gas fields. Because most statistical methods of production data
analysis have been developed for primary depletion processes, the technology will be extended to include multiphase
displacement processes. This will allow the technology to be used in waterflooding projects, where many stripper oil wells are
located. Statistical analysis of production data will be enhanced by incorporating seismic data, which has significant potential

due to its large coverage and because such data can be related to interwell reservoir properties.

In conjunction with an operating company, Quicksilver Resources, researchers will demonstrate the utility of production data
analysis in stripper oil and gas fields by applying the enhanced procedures in South Central Cut Bank Unit of Cut Bank Field,
Montana. Much of this unit has been waterflooded and most active wells produce less than 5 STB/D. A primary objective of the
project is to develop a specific list of infill and recompletion candidate wells and enhancement strategies for this unit. Candidates

and enhancement strategies will be implemented in field tests in Year 2 of the project.

The advanced techniques developed and used in this project, techniques for rapid and cost-efficient assessment of drilling and
recompletion potential, will be valuable reservoir development and management tools that can be widely applied by independent

operators in stripper oil and gas fields.
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Construct, Install, & Test GOAL Pumps in 1 Oil & 6 Gas Wells

Lead Organization: Brandywine Energy & Development Company (BEDCO)
Key Contact: Paul Yaniga (610-388-3824 or YanigaPM @aol.com)

Other Participants: Lenape, Artex, and TBD

Total Project Cost: $493,205.05

Level of SWC Funding: $313,263

Much of the known oil and natural gas reserves of the United State are not readily or cost effectively recoverable by conven-
tional techniques. Demand for oil is constantly increasing with an expected 30% increase in demand by 2020. US marginal oil
wells currently supply less than 25% of the nations needs. Natural gas usage in the United States is expected to double[2x] over
the next two decades. Tens of thousands of “Stripper Wells” lie dormant or under producing due to inefficient methods for
producing the down hole fluids to the surface. U. S. natural gas stripper wells currently supply ~8% of the nations needs. These
under produced oil and gas stripper wells could supply more of the existing and projected increased demand for oil and gas if
more efficient methods of fluid recovery of oil and removal of brines to foster natural gas production were available to operators.

The primary objective of this study will be to concurrently construct, deploy, monitor and economically evaluate five [5] Gas
Operated Automatic Lift Pumps [GOAL PetroPump][Figure#1] in under performing oil or oil/gas and gas stripper wells. Well
performance/improvement will be quantified and compared to current industry standard tools and techniques. Value of improved
production and reduced well service cost will be developed for use in projecting the upside economic impact on the stripper well
industry.

Current testing of similar prototype tool[s] in part funded by NYSERDA & an existing SWC Subcontract #2052-BEDC-DOE-
1025 has shown the technical applicability of the prototype tool with results showing greater than 60% to a two fold
improvement in natural gas production from watered out gas stripper wells. This improved yield is notable in that the prototype
GOAL PetroPump required less than 20% of the service needed to operate the predecessor casing swab technology deployed in
the well. The main objectives of this work is to take the current grant program to an economic conclusion with multiple
concurrent test in 5 wells.

The GOAL PetroPump is configured with a unique on tool pressure controlled valve. This tool/valve assembly utilizes natural
down hole geologic formation pressure to automatically lift fluids to the surface. The simple elegant design of the tools on board
valve control allows it to free travel with in the well bore accumulating a predetermined volume of fluid above the tool closing
the self actuating valve and delivering that fluid to the surface. The tool is ‘smart” in both directions, dropping down hole when
pressure at the well head is low/reduced by downhole fluid accumulation. The tool further passes through a preset
column/volume of fluid down hole then automatically closes the on tool valve. The tool is “smart” up hole using below tool
formation pressure to lift tool and fluid [oil brine] to the surface, subsequently free floating in the well head lubricator allowing
down hole pressure/gas to flow to the process unit. At such time as pressure has declined below on tool control pressure, the tool
drops once again repeating the automatic pumping cycle.

This work plan will use the well survey forms developed by SWC Subcontract #2042-JE-DOD-1025 as one of the screening
mechanisms for selection of candidate wells. Wells will be chosen to represent differing ‘Geology, Geography and Depth’. It is
anticipated to achieve the desired geographic, geologic and depth mix of wells that 3 or more well owner/operator entities may
be required to provide the needed test wells. Targeted states under consideration include New York, Ohio, West Virginia,
Pennsylvania, Michigan, Oklahoma, Tennessee, Kentucky, Texas or other state with stripper well production.

The project given successful application of the GOAL Tool in all wells could have significant economic impact on the industry.
Preliminary research on tool applicability for gas stripper wells show some 60,000+ wells to be potential candidates for the
GOAL PetroPump Tool. Average stripper gas well production was quantified at ~ISMCF/D in 19971, a 60%+ improvement, as
noted in preliminary tool test, on that average production applied to 60,000 wells could yield more than 197,000,000MCF/Year.
At a value of $2.50/MCF for that gas it could represent more than $450,000,000 in additional gross economic benefits.

'Interstate Oil and Gas Commission. Marginal Oil and Gas Report: Fuel for Economic Growth, 1999
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Desalting Production Water

Lead Organization: T&G Technologies

Key Contact: Timothy R. Stout (530-672-2983 or timstout@inreach.com)
Total Project Cost: $109,566

Level of SWC Funding: $71,180

T and G Technologies, Inc. (T&G), a late stage R and D Company and Principal Investigator of the project has developed
improved desalination technologies which reduce significantly the cost of desalination. U.S. Patent 5,423,952, was given to Tim
Stout, president of T&G and assigned to it; additional improvement patents in desalination technology are pending. A prototype
has been built using the concepts disclosed in the above numbered patent and tested with satisfactory results; tests were run on
the prototype by an independent consultant of world-wide reputation in the desalination industry, who stated that the possibilities
of this new technology were “exciting.” The target market for the equipment historically has been seawater desalination for

community wide domestic drinking water.

T&G recently became aware of the saltwater problem in the oil and gas industries. It appears that Company technology has the
potential to separate production water into two streams, a pure distilled stream and a concentrated stream. The distilled stream
would have its suspended and dissolved solids reduced by a factor of over 1,000, easily meeting standards for surface disposal,
including agricultural use. The remaining concentrated stream would need to be injected or possibly dried in an evaporation

pond.

The cost to produce a barrel of the pure distilled water stream is expected to be about 12 cents to 15 cents per barrel.
Desalination modules can be built in units with capacity ranging between 100 barrels and 2,500 barrels of water per day. Small
units allow a module to be installed at a well-site, eliminating the need for trucking water to a disposal site. Since trucking water
costs a minimum of 50 cents a barrel, reducing disposal costs down to 15 cents a barrel can be of great economical benefit to an

operator.

The technology developed by T&G uses aluminum heat exchanger tubes in its distillation process. The behavior of aluminum in
seawater is well known and aluminum heat exchangers have given decades of satisfactory service. However, in transferring this
technology to the oil industry, two questions arise: 1) How does the corrosiveness of production water compare to that of

seawater? 2) How effective are known anti-scalants in treating production water as opposed to treating seawater?

There are three goals of this project: 1) to build a demonstration unit of 125 barrel per day capacity using aluminum heat
exchanger tubes based on T&G’s proprietary technology and field test it at an oil well or gas well site. This would match the
water output of many small stripper wells. 2) To study the corrosion rates of aluminum exposed to production water from a
variety of wells and compare this to seawater as a standard. The loss of aluminum in test samples over a period of time after
exposure to different waters will be determined by accurate weighing. 3) To study the effectiveness of various traditional anti-
scaling compounds in treating a number of sources of production water, compounds which are known to be effective with
seawater but are unknown within this environment. The anti-scalants will be tested both in the demonstration unit and with

aluminum samples suspended in test pot solutions, the weight of scale build up on test pot samples will be accurately measured.
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Development of the Vortex Oil and Gas Unit for Downhole Applications

Lead Organization: Vortex Flow

Key Contact: Brad Fehn (303-343-0601 or bfehn@vortexflowllc.com)
Total Project Cost: $71,696

Level of SWC Funding: $50,000

In 2000, U.S. Patent 6,155,751 — Flow Development Chamber for Creating a Vortex Flow and a Laminar Flow was issued to
Walter Prince and Darrin Lane. The patent assignee is Ecotech Systems International. The technology was originally developed
to convey solids (such as coal) over long distances by creating very specific flow characteristics within a pipe carrying the
material. Initial attempts were made to translate the technology to the natural gas industry but were abandoned due to lack of
resources. In late 2001, Vortex Flow LLC signed an exclusive licensing agreement with Ecotech to further develop and

commercialize the technology.

Initial versions of the Vortex Oil and Gas Unit (Unit) have been fabricated and field-tested in flowline applications on a very
limited basis with favorable results. The unit has been shown to improve the flow characteristics in stripper well flowlines,

thereby increasing well production of both gas and oil.

The proposed research program will further develop and test versions of the unit for use in downhole applications as a means of
improving the production of stripper wells. The proposal calls for design and development of downhole units along with some
initial testing to prove efficacy of the unit in increasing production in stripper wells. This technology should broadly apply to a

vast majority of all stripper wells.

Objectives.

There are four key objectives of the project:
1) Complete design and development of a downhole version of the Vortex Oil and Gas Unit.
2) Fabricate downhole units for field-testing as proof of manufacturability.
3) Install and test 4 — 8 downhole units in actual operating wells to measure efficacy.

4) Collect and analyze data from design and operating tests as a basis for future design enhancements and clarification

of optimal operating conditions.

Methods to be Employed.
e Design and test units in the Vortex Flow LLC test facility.

e Manufacture units to determine manufacturability and commercial unit costs.
* Field test units and collect associated data.

¢ Data analysis as a means of generating transfer and operating functions for the unit.



Field Test of the Vortex Oil & Gas Unit in Gas Gathering Systems

Lead Organization: Vortex Flow

Key Contact: Brad Fehn (303-343-0601 or bfehn@vortexflowllc.com)
Other Participants: Cabot Oil and Gas

Total Project Cost: $99,387

Level of SWC Funding: $65,480

In 2000, U.S. Patent 6,155,751 — Flow Development Chamber for Creating a Vortex Flow and a Laminar Flow was issued to
Walter Prince and Darrin Lane. The patent assignee is Ecotech Systems International. The technology was originally developed
to convey solids (such as coal) over long distances by creating very specific flow characteristics within a pipe carrying the
material. Initial attempts were made to translate the technology to the natural gas industry but were abandoned due to lack of
resources. In 2001, Vortex Flow LLC signed an exclusive licensing agreement with Ecotech to further develop and

commercialize the technology.

Initial versions of the Vortex Oil and Gas Unit (Unit) have been fabricated and field-tested in flowline applications on a very
limited basis with favorable results. The unit has been shown to improve the flow characteristics in stripper well flowlines,

thereby increasing well production of both gas and oil.

The proposed program is designed to complete a commercial evaluation of the Vortex Oil and Gas Unit technology as a means
of improving the throughput of stripper well gas gathering systems. The proposal calls for field testing of actual units in

controlled conditions to prove efficacy of the unit in increasing throughput in operating gathering systems.

Objectives.

There are two key objectives of the project:
1) Measure the efficacy of the Vortex Oil and Gas Unit when installed in a gas gathering system in a field setting.

2) Determine optimal operating conditions in gathering systems for the Vortex Oil and Gas Unit through analysis of
field test data.

Methods to Be Employed.
* Installation of the Vortex Oil and Gas Units on an operating gathering system at various positions in the line

configurations to determine optimal installation design and prove/disprove efficacy of technology application.
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Field Test of the Vortex Oil and Gas Unit in Stripper Well Flowlines

Lead Organization: Vortex Flow

Key Contact: Brad Fehn (303-343-0601 or bfehn@vortexflowllc.com)
Other Participants: Bleden and Blake Corporation

Total Project Cost: $109,566

Level of SWC Funding: $71,180

In 2000, U.S. Patent 6,155,751 — Flow Development Chamber for Creating a Vortex Flow and a Laminar Flow was issued to
Walter Prince and Darrin Lane. The patent assignee is Ecotech Systems International. The technology was originally developed
to convey solids (such as coal) over long distances by creating very specific flow characteristics within a pipe carrying the
material. Initial attempts were made to translate the technology to the natural gas industry but were abandoned due to lack of
resources. In late 2001, Vortex Flow LLC signed an exclusive licensing agreement with Ecotech to further develop and

commercialize the technology.

Initial versions of the Vortex Oil and Gas Unit (Unit) have been fabricated and field-tested in flowline applications on a very
limited basis with favorable results. The unit has been shown to improve the flow characteristics in stripper well flowlines,

thereby increasing well production of both gas and oil.

The proposed program is designed to complete a commercial evaluation of the Vortex Oil and Gas Unit technology as a means
of improving the production in operating stripper wells of various operating conditions. The proposal calls for field testing of
actual units in controlled conditions to prove efficacy of the unit in increasing gas/oil production in stripper wells. We will also
use existing technology designs as a base for a small amount of further design optimization. We will also develop a PVC version
of the unit in an effort to lower the unit cost and make the technology economically viable for even the least productive stripper

wells.

Objectives.
There are four key objectives of the project:

1) Measure the efficacy of the Vortex Oil and Gas Unit when installed in a stripper well in a field setting.

2) Determine optimal operating conditions for the Vortex Oil and Gas Unit through analysis of field test data.
3) Manufacture a low cost version of the unit from PVC material.

4) Perform additional design work to determine if design improvements are possible.

Methods to be Employed.
* Field tests of the Vortex Oil and Gas Units on wells of varying conditions to prove/disprove efficacy.

¢ Design and proof of manufacturing concept for fabrication of a low cost Vortex Oil and Gas Unit made of PVC for

low-pressure applications.

* Design optimization of the Vortex Oil and Gas Unit design though testing at the Vortex Flow LLC demonstration

center.
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Field Testing of New Technologies for Lifting Liquids from Gas Wells

Lead Organization: Colorado School of Mines

Key Contact: Richard L. Christianen (303-273-3965 or rchristi@mines.edu)
Total Project Cost: $124,821

Level of SWC Funding: $84 411

Objective.
Field-test new technologies for lifting liquids from natural gas wells, focusing on devices that use vibration, rotation, and two-

fluid nozzles to produce small liquid drops.

Motivation.

When initially complete, many natural gas wells are capable of lifting liquids to the surface. But with depletion of the reservoir
pressure, there comes a time when liquids can no longer be lifted to the surface and they begin to accumulate in the bottom of the
well, dramatically inhibiting or stopping gas production. The cause of diminished liquid-lifting ability is the decline of liquid

droplet production at gas flow rates below the turner-Hubbard-Dukler critical velocity.

Specific Directions.

In an on-going project supported by SWC, devices for stimulating droplet production are being developed in the laboratory
through bench-top and flow-loop testing. The next logical stage in development of these devices is field testing. Listed below are
the two proposed tasks for this stage of the project.

1. Field testing of new technologies. Using the results of the current SWC project, proceed to field testing of the most
promising technologies. Choose a suitable business partner for these tests. Continue tests in the flow loop as needed

to support field tests.

2. Integrated modeling of gas well production. Continue to develop numerical models that combine the complexities of
two-phase flow in the wells and the adjacent reservoir with the droplet-stimulation technologies. Use these models to

design and interpret field tests.
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Identification of the Effects of Corrosion on Stripper Wells

Lead Organization: James Engineering, Inc.

Key Contact: Timothy S. Knobloch (740-373-9521 or jeitsk@ee.net)
Total Project Cost: $123,700

Level of SWC Funding: $85,225

James Engineering, Inc., a petroleum engineering consulting firm in Marietta, Ohio presents the following proposal to the

Stripper Well Consortium to develop and deliver a study on the effects of corrosion on stripper well operations.

James Engineering, Inc. proposes leveraging its years of experience with stripper wells combined with prior work performed for
the Department of Energy to develop a procedure guide to address the effect of corrosion on the premature abandonment of

stripper wells.

A prior study performed for the Department of Energy yielded the surprising fact that the largest problem contributing to
abnormal production decline in stripper gas wells was the result of fluid accumulation in the wellbore. Furthermore, mechanical
failures, also identified in the study, accounted for 23% of the major problems contributing to abnormal production decline.
Mechanical failures were in general observed to be corrosion related, either in the surface or down hole equipment. This study
proposes to develop methodologies including decision trees and a procedure guide to identify the most effective technologies for
corrosion mitigation for stripper wells. The application of systematic methodologies and techniques will increase the efficiency
of problem assessment and implementation of corrective measures to minimize the effects of corrosion on stripper wells.
Effective corrosion mitigation and treatment methods for stripper wells will benefit every producer by increasing production and

ultimate recoveries since it is one of the most common problems leading to production decline.

Field research will be conducted on several hundred wells in Ohio and West Virginia available to James Engineering, Inc. to
identify critical factors affecting rates of corrosion and the methods currently employed. Specifically, wells that were identified
in the previous study as experiencing mechanical failure will be reviewed in addition to wells where little or no corrosion has
been observed. Previous methods of corrosion mitigation and repair will also be investigated. As a result of the filed research, a
decision tree and application guide will be prepared to help operators mitigate the effects of corrosion on the production
performance of stripper wells. The field research will attempt to determine when a particular type of corrosion treatment method

is effective.

The culmination of the study will develop an application guide detailing potential areas of corrosion and cost effective corrosion

mitigation procedures.

The results of this study will be presented at Petroleum Technology Transfer Council meetings, as a Society of Petroleum

Engineer’s paper to be presented at the Society of Petroleum Engineers Eastern Regional Meeting, and on the Internet.
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Injectivity Improvement of Low Permeability Reservoirs in
Big Sinking Field, Lee County Kentucky

Lead Organization: Surtek, Inc.

Key Contact: Malcolm J. Pitts (303-278-0877 or pitts @surtek.com)
Other Participants: Bretagne

Total Project Cost: $172,000

Level of SWC Funding: $99,000

Mature oil fields offer the operator two choices: plug and abandon wells that are no longer economic, or increase oil production
to levels at which wells are profitable. Abandonment leaves the operator with no future options. The objective of this study is to

develop a low cost technique that operators can use to improve oil production and, therefore, profitability.

Big Sinking oil field in Lee County, Kentucky is a mature oil field. It’s waterflood is approaching the end of its economic life.
The percent of oil produced at each well is low while the percentage of water is high. One way oil production can be increased is
by increasing the volume of total fluid produced. Total fluid produced is usually directly related to the volume of water injected
in a waterflood. However, Big Sinking oil field is a low permeability reservoir so water injection rates cannot simply be

increased without some intervention.

A second method to increase oil production is to inject a solution into the reservoir that alters the affinity of the reservoir rock for
oil and treating the entire reservoir. Both methods to improve oil production can be achieved by decreasing the oil saturation.

The difference is the volume of reservoir treated.

Bretagne and Surtek are proposing to increase the rate of water injection by decreasing the oil saturation near the injection well
bore. Decreasing the oil saturation will stimulate the rate at which water flows into the formation by increasing the net cross
sectional area occupied by water. A larger water cross sectional area increases the effective permeability to water and, therefore,
injection rate. Oil saturation around the injection well will be decreased by injecting an interfacial tension lowering chemical
solution. Treatment volume will be approximately 50 ft around the well where the majority of the injection pressure is

developed. The relative permeability to water will be increased by reducing the oil saturation near well bore.

The technology will be applied in Big Sinking oil field by studying the waterflood performance in the field, and selecting an area
for a field test and taking a core. The core and reservoir fluids will be used in a series of laboratory experiments to develop a low
interfacial tension solution. Fluid-fluid testing and coreflood evaluations will be performed to define the optimum solution for
decreasing oil saturation near the injection well bore. Finally, a field test will be performed to demonstrate injectivity

improvement by injecting an interfacial tension lowering solution.

A successful demonstration project could significantly increase the oil production from stripper wells by providing a method to

increase water injectivity and, therefore, total produced oil plus water volume.
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A Low Cost Oil Water Separator for Stripper Wells

Organization: Pumping Solutions

Key Contact: Leland Traylor (505-933-4653 or Leland@psipump.com)
Other Participants: Rocky Mountain Oilfield Test Center

Total Project Cost: $167,620

Level of SWC Funding: $75,000

Separating the oil from the water downhole has many advantages, such as a significant education in surface equipment, energy
savings and environmental protection. For years, many approaches to downhole separation have been tried, some coupled with
downhole water disposal. Most efforts have been focused on wells that produce large volumes, and use Electrical Submersible
Pumps (ESPs) coupled to hydrocyclone separators. Other approaches using dual acting pumps and gravity separation have been
aimed at lower production rates but have not found wide acceptance for most stripper wells because of high costs in excess of

$15,000 per installation.

The use of low volume ESPs that have recently come on the market allow for a whole new class of downhole separators, called
tubing separators. A tubing separator uses the volume of the production tubing between the pump and the surface as a gravity
separator, allowing the oil to separate from the water after it pumped, instead of before. This technique allows the use of a single
pump that operates conventionally, injecting the mixture of oil and water into the tubing at a point near the vertical center of the
tubing separator, allowing the water to accumulate toward the bottom, oil toward the top. These tubing separators are amazingly
cheap. They can be built for less than $100, because they use the production tubing as the majority of the structure and are

mechanically very simple.

This project will build this new design and evaluate it under test well and field conditions. The field testing will be conducted at
the Rocky Mountain Oil Field Test Center under an existing CRADA formed to test submersible pumps. Because this test
program is part of an ongoing test program at RMOTC, it will be “piggybacked” on the existing CRADA at no cost to the
project. When completed, this separator design and the results of the testing will be made available to the stripper well
community at no cost, with plans posted on the Internet. If successful, stripper well producers will, after the completion of this
project, have the ability to deploy a fully developed, fully tested, practical downhole separation system that costs less than $100
to build.
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A Method of Using the Production Pump to Continuously Clean Stripper Wells

Lead Organization: Pumping Solutions

Key Contact: Leland Traylor (505-933-4653 or Leland@psipump.com)
Other Participants: Rocky Mountain Oilfield Test Center, To be announced
Total Project Cost: $223,184

Level of SWC Funding: $130,000

Almost all oil and gas wells will produce sand and other debris along with formation fluids. Add to that scale, gypsum, and
paraffins of various types, and you have a typical situation where solids concentrations and accumulations must be reduced to
produce the well effectively. Traditional approaches use chemicals, well bailing, scraping and other periodic treatments to deal
with the problem. These traditional approaches are relatively expensive and almost always lead to production disruptions as the

well is brought off line.

A better approach is to use a new type of pump based on a hydraulically driven diaphragm, has proven to be very tolerant of
debris, and has allowed placement of the pump inlet below the perforations in sandy wells. This low placement has dramatically

increased production of sand and other debris through the pump, and into the tubing.

A logical extension of this phenomenon would be to produce the debris to the surface, where it could be removed without taking
the well out of service or employing any additional equipment or expense. To do this, this project proposes the use of small
diameter reinforced plastic tubing that increases pumped fluid velocity in the tubing to sweep debris to the surface where it can
be removed. This process would also allow for greater well drawdown due to the lower placement of the pump in the well, which

would increase production, and the use of light weight wire-line equipment to place the pump in the well and perform workovers.

The direct result will be a large reduction in the cost of operations to the stripper well producer, leading to a reduction in
abandonments, and higher profits. This system can be used over a wide variety of well conditions and flow rates, making it
usable in practically every stripper will in the country. The system is made from materials readily available in the field, using
techniques already employed in the field such as wire-line deployment. It is very simple and robust, building on new, but already
proven pump technology. This idea, which is relatively simple and easy to implement, will if successful, have an immediate and

substantial impact on the viability of stripper well operations in the United States and world wide.
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Quantification of Bypassed Gas Reserves and Badly Damaged Production Zones in
Gas Stripper Wells in the Wind River Basin, Wyoming

Lead Organization: Innovative Discovery Technologies

Key Contact: Ronald C. Surdam (307-745-4464 or rcsurdam@idt-gti.com)
Total Project Cost: $107,148

Level of SWC Funding: $79,959

Many gas stripper wells in the Rocky Mountain Laramide Basins (RMLB) result when an underpressured section occurs between
normally pressured rocks above and overpressured rocks below. Operators typically use an overcompensated mud program as
they approach the transition from normal to anomalous pressure, in anticipation of overpressuring, which results in gas-charged,
underpressured rock/fluid systems being badly damaged or bypassed. The Innovative Discovery Technologies (IDT) team has
observed this scenario in 30 of 45 wells studied in the Wind River (WRB) and Green River (GRB) basins.

The essential problem is how to delineate underpressured, gas-charged rock/fluid columns just below the regional velocity
inversion surface in the WRB. This basin was chosen for study because the following data are available to IDT: (1) ~3000 mi of
2-D seismic lines; (2) 200 log suites and thousands of mud logs and DSTs; and (3) U.S.G.S. depositional models and detailed

analyses of the stratigraphic frameworks.

This work will include the following tasks: (1) isolate those portions of the Lance (uppermost Cretaceous) and Fort Union
(lowermost Tertiary) formations below the regional velocity inversion surface characterized by anomalously slow sonic/seismic
interval velocities (i.e., gas-charged rock/fluid systems); (2) construct a 3-D volume of gas-charged rock/fluid systems; (3)
integrate mud logs and DSTs with the volume to determine underpressured areas; (4) determine the spatial distribution of
commercial gas reservoirs in the study interval; (5) determine where Lance-Fort Union potential reservoir rock volumes intersect
the underpressured gas-charged volume; and (6) evaluate the size of the unexploited gas resource in underpressured, gas-charged
sections of the Lance-Fort Union reservoir volume by approximating petrophysical properties of the Lance-Fort Union clastic

reservoir rocks.
The results from the project will allow operators to:

* Determine the size, configuration, and importance of underpressured, gas-charged hydrocarbon resources beneath the

regional velocity inversion surface in the WRB;
¢ Delineate sections likely to contain badly damaged or bypassed productive zones;

* Design new drilling and completion strategies that will allow the maximum gas production from underpressured, gas-

charged reservoirs; and

* Determine the potential for similar assets in RMLB other than the Alberta and San Juan basins.
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Reservoir Characterization of the Wileyville Oil Field

Lead Organization: West Virginia Geological Survey

Key Contact: Douglas G. Patchen (304-594-2331 or patchen@geosrv.wvnet.edu)
Other Participants: East Resources

Total Project Cost: $44,515

Level of SWC Funding: $28,510

The Wileyville field in northern West Virginia is one of about two dozen fields in southwestern Pennsylvania and West Virginia
that have produced oil from the Upper Devonian Gordon and Gordon Stray sandstones. A line drive water injection project in

that field started producing oil only after approximately 5 million gallons of water were injected starting in February 1997.

Proposed work will establish the nature and degree of heterogeneity within the Gordon interval in Wileyville field through
reservoir characterization, and evaluate any uphole potential. The product will be a three-dimensional model of depositional and
lighologic units within the field. Work performed will comprise nine tasks: data acquisition; analysis of field development;
geophysical log digitization; core description; measurement of permeability in cores; defining lithologic and depositional units;
determining electrofacies; identification of types and scales of reservoir heterogeneity and compartmentalization; and

determining uphole potential.

The study will complement current work on the Wileyville field being carried out by Dr. Robert Watson at Pennsylvania State
University with funding from the Stripper Well Consortium. New data made available to the proposed project will include a core

of the Gordon interval from a new well; geologic study of this core forms part of work to be performed.

Detailed knowledge of lithologic units, depositional units, electrofacies, and reservoir heterogeneity will help geologists and
engineers explain trends in production, guide the placement of future injection and production wells; uphole potential discovery

and completion could improve the economics of marginal wells.
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Review and Selection of Velocity Tubing Strings for
Efficient Liquid Lifting in Stripper Gas Wells

Lead Organization: ARI

Key Contact: George J. Koperna, Jr. (703-528-8420 or gkoperna@adv-res.com)
Other Participants: Great Lakes Energy Partners, LLC

Total Project Cost: $75,510

Level of SWC Funding: $51,510

For low-productivity (stripper) gas wells, the accumulation of liquid in the wellbore can be detrimental to the well’s productive
life. Quite often, the operator may turn to means other than the natural reservoir energy to lift the accumulated fluids. These may
include mechanical pumping, adding wellhead compression, plunger lift, gas lift, soaping, siphon strings or a variety of other
methods that can require significant capital investment as well as increased operating costs and equipment maintenance.
However, the installation of smaller diameter tubing strings (velocity tubing), if properly identified, can minimize cost while

improving well productivity.

When using small diameter completion strings (<3 inches), large pressure drops that can be associated with two-phase (gas-
liquid) flow in the tubing and the potential lack of tensile strength may be important factors to consider. Nonetheless, for stripper
gas wells, the impact of frictional losses may be minimal due to the well’s small production rate while the implementation of

coiled tubing may provide the strength necessary for deeper and smaller applications.

Today, the production engineer has a wide-variety of small diameter completion options at his disposal. These include tubing or
coiled tubing applications. However, a comprehensive source of performance data and alternatives for use in optimizing the

liquid lifting methodology may not be readily available.

This project proposes to survey tubing and coiled tubing suppliers in order to obtain performance measures such as the outer
diameter, wall thickness, thread type (tubing), relative roughness and tensile strength for compilation into a stand-alone

reference. In addition, regional availability of tubing and coiled tubing providers as well as inventory will be determined.

Further, literature will be reviewed to identify those two-phase correlations that are most applicable for stripper gas wells and
small diameter production tubing. This review will serve as the basis for the construction of liquid lifting performance curves for
use in sizing tubing strings for low rate gas wells. Also, general guidelines for use in selecting the liquid lifting technique that

best fits an operator’s given well condition will be provided in the form of a decision matrix.

The project team will test the liquid lifting performance curves on a candidate pool of wells provided by Great Lakes Energy
Partners, LLC. From this pool, three test wells will be chosen. These test wells will have their existing completion string pulled
in order to install a smaller diameter tubing string. Well production will be monitored for the remainder of the project to verify
gas production and liquid lifting capability. At the end of the project, the Consortium will be provided with a comprehensive
report including a table of tubular and coiled tubing performance data, liquid lifting performance charts and a the liquid lifting

technology decision matrix.
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