
RETROFIT THREE EXISTING OPEN HOLE COMPLETED WELLS TO
IMPROVE PRODUCTION VIA USE OF THE G.O.A.L. PETROPUMP

Lead Organization: Brandywine Energy Development Company (BEDCO)
Key Contact: Gerald Swoyer

610-388-3824
G_Swoyer@msn.com

Level of Funding: $25,000

Energy usage of oil in the United States is expected to increase by 30% by the year 2020. Natural gas
demand is on course to double with in the next two decades. Current domestic production of oil meets ~
25% of the nations needs. Natural gas production from domestic stripper gas wells produces ~ 8% of
current US consumption needs.

Over the past two decades within the Appalachian basin, several tens of thousands of shallow oil and gas
wells [1000Åf _ 3000Åf] have been completed using open hole techniques with multiple notched, fractured
and produced zones. The foci for these open hole wells is New York State and Pennsylvania. These wells
are often configured with 7.0Åh to 8 5/8Åh steel surface casing cemented through the water table aquifers,
then open rock hole well bore [6.25Åh to 7 7/8Åh] to the total depth of well. These wells follow a similar
production performance history as their predecessor-cased wells. That history being several months of flush
production followed by decreasing well pressure and yield of oil and gas. These wells like many others
with in a relative short period fall into the category of stripper well production. Down hole pressure in these
wells declines to a point where the well is no longer able to lift the fluid in an unassisted manner to the
surface. Often time in these multi-zone completion wells an up hole zone [s] will act as a thief for down
hole higher pressure producing zones further complicating their operation and production. In on going
stripper well production from these wells ÅeBeam PumpsÅf, tubing velocity strings, tubing and plungers
and other conventional techniques are often employed with some finite success. Most of these techniques
do not allow the well to produce itself down [gas and oil] to with in several tens to a hundred psi of the
Formation pressure. The net result of this is non-captured reserves and higher operation cost for gas and oil
produced.

The objective of this study will be to select and refit three- [3] existing 6.25Åhor larger gas or oil and gas,
open hole stripper wells with a BEDCO G.O.A.L. PetroPump. The PetroPump will be deployed in an in
well system comprised of a slip lined 4.5Åh casing/tubing, open hole packer and 4.5Åh Packer, tail pipe/
casing and casing stand /stop. The operating system will be designed and constructed to allow shallow up
well, low pressure, gas to produce off the back side of the casing above the packer. Further the tail pipe
casing below the packer will allow below packer fluids and pressure to rise and accumulate within the
4.5Åh casing where the G.O.A.L. [hereafter GOAL] PetroPump will automatically and regularly lift fluids
to the surface and foster improved gas and fluids production. Comparison of pre GOAL Tool production
and post Tool use production and cost will be developed to project applicability and upside impacts on the
stripper well industry.

Current testing of  GOAL PetroPump Tools under an existing SWC subcontract #2052-BEDC-DOE-1025,
jointly sponsored by NYSERDA and SWC of the Tool in cased-perforated stripper wells has demonstrated
1.5 fold to 3 fold improved production at a fraction of the service necessary to operate other stripper well
operating systems. Similar improvement is expected.

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 ÅgsmartÅh in both directions, dropping down hole when pressure at the
well head is low/ reduced by down hole fluid accumulation. The tool is ÅgsmartÅh up hole using below tool
formation pressure to lift tool and fluid [oil/brine] to the surface, subsequently free floating in the well head
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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.

Given successful application of the GOAL Tool in wells tested, positive economic impact on the industry
can be achieved. Research on tool applicability for open hole oil/ gas stripper wells shows some 10,000+
wells to be potential candidates for this application of the GOAL Tool. Open hole well re-fit cost could be
offset in a 1-1.5 year period at 1.5x to 2x increase on target wells.



PLUNGER CONVEYED CHEMICAL SYSTEM FOR PLUNGER LIFT WELLS

Lead Organization: Composite Engineers Inc.
Principal Investigator: Sam Farris

405-990-9728
compositeengineers@gbronline.com

Total Project Cost: $135,745
Level of Funding $95,020

As more and more demand is placed on our aging gas wells in the United States, a need to better preserve
the integrity of these aging well bores is needed. Many deep, marginal, gas wells have been sold off to
smaller independents that canÅft afford to replace tubing strings, repair casing leaks or even add packers to
ÅgpatchÅh these older wells. Absent of mechanical failures, these wells will continue to produce gas for
years.

Research suggests 87% of plunger lift wells fail due to mechanical failures, ie. holes in tubing and/or
casing. These problems are mostly due to corrosion and aggravated tubing wear from plunger/tubing
abrasion.

Problem: Chemical treatment of plunger lift wells has always been difficult. With the newer computerized
control units, sensing the tubing/casing annulus is part of the control system. Trickle stream/slipstream
flush or batch treating is not an option for obvious reasons.

Solution:  Plunger Conveyed Chemical Systems. Chemical applications in plunger lift wells can be as
simple as any other chemical application. Multiple chemicals can be applied such as corrosion inhibitors,
scale inhibitors, biocides, foaming agents, etc. on a continuous basis or alternately applied utilizing the
same system.

The system is simple and inexpensive since it only requires a modified plunger lubricator cap and a
modified plunger. Both can be swapped out on existing systems with common tools in less than an hour,
typically.

The proposed system modifications will preserve the integrity of the well bore mechanics and in some
cases, extend a wellÅfs ability to produce at a lower gas to liquids ratio based on todayÅfs common ratio
calculations. Scale, paraffin, hydrogen sulfide, etc. can be treated on a continuous basis with this system.
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LOCATING THE END OF TUBING FOR EFFECTIVE PRODUCTION OF GAS

Lead Organization: Colorado School of Mines
Key Contact: Richard Christiansen

303-273-3965
rchristi@mines.edu

Level of Funding: $67,628

Objective: Develop technology and guidelines for properly locating the end of tubing (EOT) for effective
production of gas.

Motivation: Removal of water and hydrocarbon liquids from gas wells is increasingly recognized as an important
topic for low permeability gas reservoirs.  A key factor is the location of the EOT in the casing relative to the
various gas-bearing formations that have been completed.  If not removed, liquids in the casing will cause two
detrimental consequences.  First, the back pressure of accumulated water on the perforations causes decreased
production rate.  Second, back flow of water from the casing through the perforations to the formations can produce
a Ågwater blockÅh that prevents gas flow.  There is little agreement in the engineering community on the appropriate
location for the EOT.

Specific Directions: The three tasks proposed below describe the specific directions:

1. Numerical Models. Using commercial reservoir simulator software, develop models of the performance of
gas wells that produce from single and multiple formations, accounting for the effects of liquids on production, and
the location of the EOT within the casing.
2. Directions for Model Development. Assess the suitability of all available commercial software for solving
the EOT problem.  Assess the need for writing numerical code specific to the problem.
3. Flow-Loop Testing.  Test various locations for the end of tubing in the flow-loop apparatus. Test variations
of tubing design, including means for controlled inlet of gas at entry points above the tubing end.
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RESTIMULATION OF THREE UNDERSTIMULATED SHALLOW GAS WELLS
COUPLED WITH THE INSTALLATION OF PUMPING EQUIPMENT TO
ACCELERATE POST-STIMULATION FLUID REMOVAL

Lead Organization: Lenape Resources
Key Contact: John Holko

585-344-1200
jholko@lenaperesources.com

Level of Funding: $117,000

Lenape Resources Inc. to perform a restimulation of three shallow gas wells on Chautauqua County, New
York, submits this proposal. Pumping equipment will be installed on each well following restimulation in
order to remove the stimulation fluid and subsequent production fluids as quickly as possible.

Tens of thousands of gas wells were completed in the Appalachian basin in the 1970s and 1980s. The
majority of these wells were completed using the so-called Åglimited entryÅh perforation technique (a
limited number of perforations spread out over hundreds of feet of a target interval), coupled with a
hydraulic fracture stimulation, which utilized proppant concentrations which current technology considers
inaccurate. This limited entry technique often resulted in uncertain fracture geometry and a wide range of
results. After completion, standard practice fluid recovery operations normally resulted in the majority of
completion fluid remaining in the well/bore fracture years after the initial completion. As a result, a large
number of wells exist that have only produced a small fraction (often less than 20%) of the originally
estimated gas-in-place with conservative drainage estimates. Such wells may generally be identified by
their ability to build shut-in wells head pressure to within 75-80% of original shut-in pressure, yet exhibit a
very low flow rate soon after the initiation of production.

Lenape will select three well in its Lakeshore Field, Chautauqua County, New York on which to complete
the following operation: 1.) Perforate a selected small (10-15Åf) pay interval with a high perforation
density (4 shots/foot). 2.) Pump a hydraulic fracture treatment containing approximately 60,000 lbs. of
proppant at a maximum final sand concentration of at least 6 lbs. per gal. of fluid. 3.) Immediately install
pumping equipment with surface facilities sufficient to handle increase fluid volumes.

Evidence of success as indicated by dramatically increased gas production is expected within several
months of operation.

The results of this work will be presented at an Independent Oil and Gas Association of New York meeting
and placed on the SWC website.
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GAS CHAMBER LIFT, STAGE II

Lead Organization: The Pennsylvania State University
Key Contact: Robert Watson

814-865-0531
bob@pnge.psu.edu

Total Project Costs: $277,345
Level of Funding: $87,290

Arguably, the largest expense associated with operation of most stripper oil wells and many stripper gas
wells is the lifting costs associated with the removal of fluids from the wellbore. The predominant artificial
lift method used in rod pumping. Much of the equipment is outdated and the maintenance costs large and
increasing. The problem faced by the operator is how to upgrade the production systems at a low enough
capital cost that the typical well can show a reasonable economic return n investment.

To address this problem, a chamber lift system was proposed and an investigation of its efficacy supported
by the Stripper Well Consortium. The original concept of the system is that gas is injected into the oil
column via a small diameter tubing string that is set in the production tubing. This gas then displaces the
accumulated fluid to the surface via the annular space between the injection string and the production
string.  The process is controlled using a sensor and motor valve located at the surface.

The project was broken into three phases: a laboratory prototype, a field test and a computer modeling of
the process. To date, the laboratory studies have been completed with synthetic oil and begun with field
crude. Field tests have demonstrated the feasibility of the technique and the computer modeling of the
process begun. This proposal deals with the completion of the work proposed and the expanding of the
field tests necessary to define its applicability.
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PVT STUDY OF THE INTERACTION OF NITROGEN AND CRUDE OIL

Lead Organization: The Pennsylvania State University
Key Contact: Robert Watson

814-865-0531
bob@pnge.psu.edu

Total Project Costs: $248,121
Level of Funding: $82,466

Membrane generated Nitrogen has several applications in the oil field. It is commonly used in energizing
fluid drilling and workovers, and in secondary or tertiary recovery projects. The Nitrogen created using
membrane technology is non-reagent grade and contains as its principal contaminant Oxygen. The amount
of Oxygen generated in the separation process varies from near zero mole percent to as high as 5 mole
percent and is function of adjustment to operating parameters of the equipment. The reality of the process if
however that the lower the amount of Oxygen in terms of mole percent, the lower the volume of gas
generated. In most field operations, the operators attempt to generate the maximum volume of gas that the
physical condition permits. Limitations generally are due to increased corrosion of tubular goods and/or the
increased tendency for the formation of emulsions in produced fluids.

The objective of the proposed study is to develop a fundamental understanding of the phase behavior of
Nitrogen-Oxygen gases in the presence of hydrocarbons. To accomplish this objective extensive laboratory
tests will be conducted using a conventional PVT apparatus. In order to generalize the results of these
experiments, the resulting data will be used to develop a computer characterization of these fluids in the
presence of oil. The need for this generalization is to provide to the producer a tool that would permit the
design and optimization of the projects involving these fluids.

The deliverables in this study include a database and tools for predicting the PVT behavior of Nitrogen-
Oxygen-Hydrocarbon systems. It is anticipated that the objectives of this study can be realized during one
calendar year.
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ENHANCED REAL-TIME PROPELLANT ACTIVATION DURING DOWNHOLE-
MIXED FRACTURE STIMULATION PROCESS FOR LOW-PERMEABILITY
STRIPPER WELLS

Lead Organization: RealtimeZone Inc.
Key Contact: George L. Scott III

505-622-6713
scott@lapsurgical.com

Total Project Cost: $142,767
Level of Funding: $99,937

Proposed is an experimental well test for the purpose of developing enhanced reservoir stimulation
processes for stripper wells.  The proposed well test project will be conducted in a stripper well located in
the Permian Basin.  Proprietary and previously untested experimental processes are hereby proposed that
utilize a novel, chemically-induced in situ fracturing process combined with hydraulic fracturing
stimulation.

Proposed is down-hole blending of a mixture of propellants and various activator agents or oxidizers,
which are pumped separately (and safely) for reaction and generation of secondary fracturing energy in the
hydraulically induced reservoir fracture. The propellants may be safely pumped down the casing for later-
staged admixture with oxidizers to generate an energy release in the near wellbore and formation fractures,
concurrent with hydraulic fracturing. Thus, secondary fractures are generated to augment the primary
induced fractures created by hydraulic fracturing.  Theoretically this process should result in significantly
greater fracture length extension and enhanced hydrocarbon flow to the wellbore.

The proposed admixture of propellants and oxidizers, including encapsulated or time-delay propellants and
activators, occurs concurrent with RealtimeZone•fs (RTZ) patented downhole-mixed stimulation process,
whereby one stimulation component is pumped down the casing while the second stimulation fluid (gases
and/or proppants may be included in either fluid) is pumped down the tubing and thereby blended down-
hole, or alternately, a second activated propellant fracturing approach includes pumping a propellant-laden
fluid into the reservoir fractures and then subsequently pumping a second oxidizer-laden fluid into said
fractures, with the option of pumping a fluid separation pad as deemed necessary by the operator.  This
simple well completion system is safely and easily utilized at the well site, and thus enables dramatic
improvements in reserve recovery efficiency, safety, cost savings, and overall reservoir fracturing success
in terms of obtaining extended fracture propagation.
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ESTABLISHING PROGRAMS TO REIMBURSE OPERATORS FOR PRODUCED
WATER DESALINATION

Lead Organization: Dept. of Petroleum Engineering, Texas A&M University
Key Contact: David Burnett

979-845-2274
Burnett@spindletop.tamu.edu

Total Project Costs: $157,167
Level of Funding: $107,167

A public/private/academic/partnership led by Texas A&M University has been created to identify
mechanisms to pay for the treatment costs incurred in desalination of oil field brine. It is proposed that the
Stripper Well Consortium fund a project to demonstrate that an unconventional source of fresh water can
be obtained by produced water treatment/desalination to provide fresh water for beneficial use.  This
unconventional source of fresh water can then be used for industrial purposes to substitute for scarce fresh
water resources planned for community water needs. The value of this new resource makes it important to
encourage oil and gas operators to institute such practices where practical.

The partnership consists the academic researchers at Texas A&M University, a manufacturer Tarlton
Supply, an oil & gas producer Burlington Resources, and the staff at the Texas Railroad Commission. Tests
will be conducted at the Burlington Resources facility supporting their drilling operations in the Barnett
Shale play in North Texas. Water produced from fracturing will be treated. Once treated, the fracturing
fluids can then be re-used for subsequent well operations. This eliminates the need for transporting fresh
water from the Trinity River and the need to haul recovered brine to offsite disposal wells. We expect that
this cost savings in water handling plus the value of the fresh water resources saved by re-use to be
sufficient to pay for the brine treatment/desalination. Estimates show that more than 40,000,000 gallons of
fresh water could be saved in the Ft Worth Basin alone.

In 2001 the Stripper Well Consortium funded A&M efforts to remove regulatory roadblocks preventing
beneficial use of treated produced water. The regulatory agency in Texas for the oil and gas industry (Texas
Railroad Commission) has recently issued a letter endorsing the A&M program and pledging to work with
local and state agencies to implement projects. A copy of that letter is contained in our letters of support
and the RRC is to be considered a partner in our project.

The projectÅfs objectives are (1) to identify market mechanisms that provide incentives to those willing to
pay the costs of developing this new and unconventional source of fresh water and (2) to demonstrate
treatment/desalination of oil field waste water for re-use. New technology used to process the water
produced from oil and gas operations removes impurities and creates a fresh water resource that can be
used for beneficial purposes. The project will consist of short and long-term field testing with full size
process trains to gather operations data on the desalination process. We will use this information and our
relationships with regulatory agencies to present the case for underwriting the costs of this treatment that
could provide a significant, if unconventional, new source of fresh water resources
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LOW COST WIRELESS COMMUNICATIONS BASED PRESSURE AND
TEMPERATURE GAUGE FOR PRODUCTION OPTIMIZATION APPLICATIONS

Lead Organizaation: Tubel Technologies
Key Contact: Paul Tubel

281-364-6030
paul.tubel@tubeltechnologies.com

Total Project Cost: $162,300
Level of Funding: $104,000

The hydrocarbon producers today are faced with significant challenges to maintain wells operational and
production cost effectiveness due to large changes in electricity rates in different parts of the US, volatility
of oil and gas prices and unexpected requirements for intervention in the wells. Optimization of the
processes required to produce hydrocarbons constitutes an on going concern in the oil and gas industry. The
goal of the project is to develop a low cost gauge based on an existing commercial high end wireless gauge
developed by Tubel Technologies to monitor pump performance; monitor fluid level to optimize lifting
operation and to lower lifting costs; monitor bottom hole pressure to optimize drawdown and for build up
tests. The build up tests will provide reservoir pressure information for the optimization of the hydrocarbon
production. This project will research, develop and test a lower cost, high reliability, real time wireless
gauge composed of compressional acoustic waves based wireless communications transmitting data in real
time through the production tubing, strain gauge pressure sensor and a temperature sensor for
measurements of downhole pressure and temperature, surface module to acquire the transmitted signal
from downhole and process the data. The new wireless gauge can be deployed anywhere in a production
and injection well. The gauge will utilize low power electronics and sensor technology to acquire and
process in real time well data related to production and formation parameters. A battery pack will provide
power for operation of the system downhole and the battery operational life is expected to be in excess of 5
years.
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BUILDING AND TESTING A NEW TYPE OF COMPRESSOR OF STRIPPER
WELL PRODUCTION APPLICATION

Lead Organization: W&W Vacuum & Compressors, Inc.
Key Contact: Paul Weatherbee

915-695-4637
wildcattr@aol.com

Total Project Cost: $150,000
Level of Funding: $100,000

A novel new type pf variable capacity compressor has been developed to solve compressor problems
encountered in low deliverability gas production operations. The design of the new type of compressor is
the result of 10 years research by Paul Weatherbee and Associates. We are proposing to evaluate the new
compressor concept by constructing a model and testing it in a controlled environment. Once the prototype
model has been proven, it is expected that an additional project will be undertaken to test the pump in a
field application.

The Weatherbee Positive Displacement Compressor/Vacuum Pump, a patented device, has the largest
volume displacement to size ratio of any device on the world. The geometry of the spherical design
provides the largest internal volume to surface area ratio possible so that with each 360-degree revolution,
the Weatherbee Pump displaces almost all of its internal volume.

Another unique design feature and only available on the Weatherbee Pump is a capacity control
mechanism. This volume control feature works like a throttle on an engine; set on high it can easily handle
high volumes, and by throttling back the mechanism, volumes are reduced _ thereby saving on energy
usage and operating costs. With most compressor devices, volume or output capacity is limited to
increasing or decreasing revolutions per minutes (RPMÅfs) to the input shaft. The device uses only the
energy necessary to compress the amount of gas the well is actually producing. The capacity control feature
is a major selling point for a majority of applications. The ease of sizing makes one pump appropriate for
various volume requirements. This feature will be particularly beneficial to applications where compression
requirements fluctuate or where volume can only be estimated and may vary drastically, as in gas well
compression.

The Weatherbee Pump functions equally well whether rotating clockwise or counter-clockwise and is
controlled by the direction in which the input shaft is rotating. Additionally, the device can be mounted in
any position without normal operations being affected. The versatility of this pump is particularly useful
when the unit is being used as a component part of a system where pump orientation or shaft rotation is
predetermined or limited by other components.

When compared to existing products of similar output capacities, the Weatherbee Pump provides the
following advantages: (1) substantially reduced size and weight; (2) the versatility of the volume control
mechanism; (3) input shaft energy requirement; (4) less maintenance and lowered operating costs; (5)
pump can be operated with input shaft turning either clockwise or counter-clockwise; (6) the direction of
flow can be completely reversed in the device without disconnecting the pump or changing rotational
direction of input shaft; and (7) pump can perform a dual function; i.e., one-half motor and one-half
pump/compressor.
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