Increased Pumping Capacity and Depth for Airlift System

Lead Organization: Airlift Services International, Inc.
Key Contact: Daniel Roberts

(765) 425-0638, droberts@airliftservices.com
SWC Co-funding: $126,324

Airlift Services International (ASI), a Division of Energy, Inc., is an Indiana-based oil service
company. ASI, still in the initial start-up phase, is the first company to successfully and
economically pump oil and other fluids using compressed air. The Airlift Oil Pumping System
(Airlift) is designed to increase profits for owners of marginal or stripper wells by increasing well
production through the reduction of maintenance costs and increase of uptime and efficiency.

Since 1993, America’s marginal well producers have plugged and abandoned approximately
150,000 marginal wells and 150,000,000 bbls of crude oil. The pump jack system requires
regular maintenance to replace worn out components and broken parts. Current technology
offered by ASI has proven effective in opening many of these wells. The systems offered by
ASI are capable of pumping up to 70 barrels per day of fluid from wells to a depth of 2000 feet.

ASI proposed the re-engineering of its innovative and proven pumping technology to improve
the pumping capacity and increase the pumping depth. ASI proposed to develop computer
modeling that will evaluate the current six stage, 1500 foot pumping system. This system will be
modeled and optimized for fluid flow.

If ASl is able to re-engineer the system through computer modeling and develop a system with
the ability to pump at depths of 3000 feet and 50 BPD, there will be a major increase in the
number of now idle wells that can be put back online. The objectives of this grant proposal
include:
1. Objective 1 — To increase the number of stripper wells currently in production.
2. Objective 2 — To validate the capability of computer simulation to predict fluid flow
capacity in future wells.



Liquid Lifting from Deviated and Horizontal Tight-Shale Gas Wells

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

(303) 273-3965, rchristi@mines.edu
SWC Co-funding: $68,024

Objectives. Measure and correlate (1) critical flow rates for lifting liquids from deviated and
horizontal gas wells, and (2) extent of production impairment by water blocks in very low
permeability formations.

Motivation. Deviated and horizontal wells with induced fractures are used increasingly for
exploiting gas from very low permeability formations where much of U.S. gas reserves reside.
To efficiently produce from these gas-bearing formations, accumulations of water and
hydrocarbon liquids in wells must be avoided or minimized because accumulated liquid
decreases productivity by increasing bottom-hole pressure and by blocking flow of gas from the
formations — water blocks can be severe for very low permeability formations.

Specific Directions. The three tasks proposed below describe briefly the specific directions for
this study.

1. Quantify Critical Flow Rates. Use the flow loop in the High Bay Lab at CSM to measure
critical flow rates for tubing orientations from vertical to horizontal. Compare measured
critical flow rates to existing correlations. Modify or develop new correlations as needed
to describe data.

2. Quantify Water Blocks. Use the Relative Permeability Apparatus at TerraTek in Salt
Lake City to measure the extent of production impairment by water blocks in very low
permeability media. Correlate results with other rock properties.

3. Liquid-Lifting Short Course. Continue one-day short courses on lifting liquids from gas
wells using the CSM Flow Loop for hands-on demonstrations. Add demonstrations for
deviated wells and water blocks.



Foam Control for Natural Gas Wells

Lead Organization: Composite Engineers, Inc.
Key Contact: Sam Farris

(405) 990-9728, samfarris@compositeengineersinc.com
SWC Co-funding: $44,567

As our domestic natural gas wells decline, more and more efforts are being made to get more
and more needed gas to the surface. The projected natural gas needs for the United States will
be several times current production in the coming years.

Of the wells being discovered and produced today, most produce varying amounts of water. As
more and more water comes into the wellbore of these wells, stronger and more reactive
foaming agents are required to get the water to the surface.

There is a new family of foaming agents available that work in high temperature wells, high
chloride concentrations and in the sizeable presence of hydrocarbons. While these foaming
agents are very effective, in many applications they are so effective, the foam they produce
survives the separation process at the surface and continue on into the gas measurement
piping and down the sales lines. Where compressors are onsite, these foams have been
blamed for aggravated corrosion problems and compressor damage. The gas purchasers have
recognized this problem and have shut in wells in some areas.

The purpose of the proposed research is based on two approaches.
The first one is to research, study, test and identify a chemical compound that is capable
of “breaking” a new family of foaming agents being distributed by all major oilfield

chemical companies.

The second is to design an injection system that maximizes effect and minimizes
volumes.

This system is currently needed and will be applied upon availability.



Advanced ASJ Drilling System

Lead Organization: Impact Technologies, Inc.
Key Contact: Ken Oglesby

(918) 627-8035, kdo@impact2u.com
SWC Co-funding: $153,571

A new drilling system is proposed for faster and lower cost drilling of vertical wells, for finding
new reserves, and for the installation of multiple micro-sized lateral drain holes, or extended
perforations, for significant improvement in production from stripper wells. Lateral drain holes
can provide stimulation of existing zones by providing a conduit for flow from tight formations,
bypass of damaged zones and reduced water production due to coning. This system can also
clean-out solids, scales and metals from wellbores and can recomplete stripper wells into new
zones by cutting the steel casing for lateral installations. This proposal includes the
development of a new patent-pending high pressure abrasive slurry pump; development of a
new patent (pending) downhole hydraulic motor in a new configuration; deployment of a new
abrasive nozzle and several other downhole tools for control of the new drilling process. Bench
testing of the individual components and (optional) shallow vertical and directional field tests are
included in this project.

If the cost savings from this new system were applied to only 5000 wells drilled per year, where
the drilling cost is $90,000, this would result in savings to the stripper well operators of about
$150 million each year. For 5 years is would be $750,million in savings. This does not take
into account the environmental benefits of smaller unit, the savings from less water production
due to avoidance of water coning due to lateral drainholes installed or the increase in oil and
gas production due to new wells drilled and lateral drainholes installed.



Novel Single Stage Water Mitigation Treatment

Lead Organization: Impact Technologies, Inc.
Key Contact: Ken Oglesby

(918) 627-8035, kdo@impact2u.com
SWC Co-funding: $152,966

A new silicate (liquid glass) chemistry formulation, now called SPI Technology, has been
identified that can provide a low cost silicate system to be mixed on the surface and pumped
downhole for delayed formation of strong, resilient “green” gels. This new formulation appears
more favorable than the current chromium based systems or even the original Glass system,
although it has similar environmentally friendly and low cost chemicals, but it provides a more
resilient gel, controlled delayed gelation, simpler surface mixing and less labor to monitor and
treat. Such well treatments will allow deep treatments of stripper wells for long term diversion of
formation waters. This will reduce excess and unwanted water production from oil and gas
wells resulting in operational cost savings and increased recoverable oil and gas reserves.
Stiffer gel from this same basic formulation can also be prepared for casing repairs, preventing
these damaged wells from being plugged and abandoned prematurely. Due to the low treatment
cost and environmental friendly chemicals, it will be very cost effective for stripper well operators
to utilize.

Laboratory tests will be conducted to outline the testing matrix of the SPI chemical
concentrations and other variables. Further testing will be done to characterize the gel
properties in the identified ‘sweet spot’ of the SPI formulation. Specific lab testing will evaluate
the gels with different brines and specific multivalent ions. Laboratory physical modeling will be
done (optional) with sand packs and simulated casing leaks. Well information and waters will
be obtained from selected wells for possible field treatments and laboratory tests will be made to
determine the optimal treatment plans. Six (6) field treatments will be made out of this selection.
The results will be monitored for performance and benefits obtained.



Pumper/ Well Tender PDA Program for Small Producing Companies

Lead Organization: Oklahoma Marginal Well Commission
Key Contact: Sam Farris

(405) 604-0460, sfarris@marginalwells.com
SWC Co-funding: $103,076

This project is taking a very simple and fundamental concept, putting software behind it, then
presenting it to people and teaching them how to use it.

The goal of this project is to create a simple, user-friendly software system to support field
operations for oil and gas production. The software will be created to work in the field on
Personal Digital Assistance (PDAs). The data that is gathered in the field will be transferred to a
computer in the office. Data can be created on the office computer for use in the field. The
software will be capable of performing some common calculations such as meter flow rates and
tank gauges.

Smaller companies often operate marginal or stripper wells. The expense of implementing a
software system such as the one being proposed may be cost prohibitive. The programming,
setup and training of any system would require a large amount of time and expense. This
expense as well as the technology expertise needed to implement the system would deter the
majority of small operators.

The program will be available free of charge in the form of CD’s and on a website. The training
seminars will be held to display the software to companies. Additionally, a technical support
website and telephone tech support will be created.

The program will take into account the various practices and equipment used throughout the
country. It will be capable of meeting the needs of a broad range of operations. At the same
time it will present the field user with the simplest interface possible.

The overall objective is to improve the efficiency of the operation and add value by increasing
the knowledge base of the resources.



Modify & Extend Casing Plunger Technology to Tubing

Lead Organization: PAAL, LLC
Key Contact: Windel Mayfield

(325) 624-5460, aggir67@web-access.net
SWC Co-funding: $157,920

This proposal offers to evaluate the recently patented advances in casing plunger applications
in larger diameter casing for the feasibility of extending the proven technology in casing to
stripper well gas production in 2-3/8 inch and 2-7/8 inch tubing applications. The technology,
while similar, will require substantial modifications in the design concept and material selections
to successfully extend the benefits of larger diameters of casing to the smaller diameters of
tubing

Many applications exist in which 2-7/8 inch tubing was cemented in the hole in what has been
called tubing-less or casing-less completions. Multiple strings could produce multiple zones
quite economically during the flush production of the reservoir. Other applications exist in older,
depleted wells which have experienced a casing leak and economics and well bore pressure did
not warrant traditional repair procedures. In many cases, the 2-3/8 inch or 2-7/8 inch tubing was
run back in the hole with a packer that isolated the casing leak. Such temporary repair
procedures further complicate the production in stripper wells and reduce the feasibility of a
successful casing leak repair. In all these applications, no tubing/casing annulus exists for gas
pressure build up to act as an energy storage chamber to assist conventional tubing plungers.

As reservoir pressures declined over the years, traditional artificial lift remedies were curtailed in
so-called tubing-less completions. Although rod pumps, siphon strings and tubing plungers
extended production in many applications for a while, further depletion now severely limit these
methods as economical solutions for extending the productive life of stripper wells.

Unrepaired casing leaks isolated by a frequent “quick-fix” method of running the tubing with a
packer, offers some immediate resolution. However, as reservoir pressure further declines, two
serious conditions occur. First, conventional tubing plunger or siphon string production becomes
less effective and more costly to maintain. Rod pump installation may be hindered, or even
impossible if the packer cannot be released and the tubing repositioned for effective rod pump
operation. Second, and of greater concern, the inevitable fluid invasion into the depleted
producing zone that will result in drilling out the packer or repairing the casing leak greatly
increases the risk of flooding out the producing zones, thus increasing the risk of the loss of all
production.

If a tubing plunger can be designed that employs the principles and technology of successful
casing plungers, then daily production and future recovery can be substantially increased for
many stripper wells.

This proposal covers the design, drafting, and manufacture of tubing prototypes, including the
tooling required to lab test and field test both design concepts and tool prototypes.



Reducing Water Production in Mississippian Reservoirs Using Gelled
Polymer Systems

Lead Organization: University of Kansas
Key Contact: Paul Willhite

(785) 864-2906, willhite@ku.edu
SWC Co-funding: $234,982

A two-well field test is proposed to determine if the gelled polymer technology that has been
applied successfully in Arbuckle reservoirs in Central Kansas can be extended to Mississippian
reservoirs. The Mississippian reservoirs in Kansas are a major source of oil production,
accounting for about 18%(6.13 million barrels in 2004) of the total annual production.
Cumulative production from Mississippian reservoirs in Kansas exceeds 1 billion barrels. The
Mississippian reservoirs are heterogeneous and produce under a strong water drive. High
water cuts and low recovery factors are typical of these reservoirs. The perceived risk of trying
the new technology used successfully in the Arbuckle formation has prevented the evaluation of
the new gelled polymer technology in Mississippian reservoirs.

The proposed field test will be conducted in the Schaben Field in Central Kansas. This field,
studied in a DOE Class 2 demonstration project in 1994-1997, has regions containing high
mobile oil saturations that may be potentially recoverable if water production can be reduced
and the water influx diverted to matrix rock to displace mobile oil. Water production rate
following treatment of a well using a gelled polymer system can be reduced by a process in
which the gel that has formed in situ is dehydrated following placement by slow injection of oil.
Three results are anticipated: 1) substantial reduction of water production rates after treatment,
2) increased incremental oil production caused by creation of new displacement paths for the
water moving to the wellbore and 3) longer interval between gel treatments because the
dehydrated gel is stronger than the original gel because the polymer concentration increases in
the gel that is dehydrated. The field test is a cooperative field demonstration program between
the Kansas University Energy Research Center, American Warrior Inc. and Pickrell Drilling Co.
Inc. independent oil producers in Kansas.



Best Practice Guide to Optimizing Multizone Coalbed Natural Gas
Well Completions

Lead Organization: WellDog, Inc.
Key Contact: Bret Noecker

(307) 721-8875, bnoecker@welldog.com
SWC Co-funding: $200,000

The purpose of this study is to provide assistance with multizone completions by using
spectroscopic analysis of coalbed reservoir geochemistry to measure critical desorption
pressure (CDP), gas content (GC) and percent saturation in coalbed natural gas (CBNG) wells
from existing leases in the Powder River Basin (T52N R77W, Sec. 20, Johnson County,
Wyoming). Results for these key reservoir parameters will be economically feasible and
available in less than one week, rather than several months using conventional coring
techniques, allowing the producer the ability to directly compare and predict each seam’s
performance prior to substantial water production. The study objectives are:

* Use WellDog’s proprietary technology to measure CDP, GC, and percent saturation in

up to 27 seams, from twelve wells with both single zone and multizone completions.

* Use CDP, GC, and percent saturation to evaluate the production potential of several
seams in nine wells. Having the ability to identify a seam with low GC, CDP and high
potential for water contribution, a producer can choose to isolate such a seam and
reduce water production without sacrificing economic gas production.

* Compare the gas and water production of off-set wells, completed by the PRB industry
standard practice of single zone, under-reamed completion method, to the gas and
water production of the wells with multizone completion to determine effectiveness in
providing enhanced gas production.

Of the 17,000 CBNG wells in the PRB, over 9,600 produce less than 30 mcf/day. While
multizone completions should enhance economic gas production, reservoir variability in the
PRB have not allowed for broad success. In order to induce increased production from these
wells, it is necessary to employ WellDog'’s technology and identify re-entry zones that contain
economic gas.



