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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, nor any of their contractors, subcontractors or their employees,
makes any warranty, expressed or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or any third party’s use or the results of such use of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof or its contractors or subcontractors. The
views and opinions of authors expressed herein do not necessarily state or reflect those of

the United States Government or any agency thereof.



ABSTRACT

Blast Energy Services, Inc. (Blast) and the Rocky Mountain Oilfield Testing Center
(RMOTC) jointly conducted a test using patented Blast technology to cut slots and
windows in a test well and drill out horizontally from a wellbore. A fluid was created by
combining an abrasive with field water. This abrasive fluid was injected into the well via
a high-pressure coiled tubing unit and specialized cutting nozzle. Initially, the tests were
done using various concentrations of abrasive and various cutting rates and verified by
downhole camera to determine optimum cutting parameters. Additional slots and
windows were cut and horizontally drilled and verified by downhole camera. The
information obtained from this test will be used to refine the cutting technology. In
addition, this technology will give operators another option in recompletion and

stimulation methods.
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EXECUTIVE SUMMARY

This report presents the findings of a demonstration project to cut slots and windows in
well casing as well as drill out horizontally from a cut window. The test well is located
in the Teapot Dome Qilfield, also known as the Naval Petroleum Reserve No. 3 (NPR-3),

located north of Casper, Wyoming.

This demonstration project was funded in part by a Department of Energy Cooperative
Research and Development Agreement (CRADA 2006-077) and by Blast Energy
Services, Inc. (Blast). The project was performed by Blast using its proprietary cutting
nozzle technology. The purpose of this project was to determine the optimal cutting
parameters and cut various size and shape windows into the test well casing, and

ultimately to test drill a horizontal micro-bore beyond the well casing.
Results of the Blast Abrasive Jet Cutting

The Blast results indicate that the cutting tool technology is very accurate in regard to
depth and that the cuts are synchronized with the computer very well. Additional
improvements are required in order to adapt the unit to cold weather and to facilitate the

exit of the cutting tool for horizontal drilling from the window cut in the well casing.
Observations and Information Supportive of the Blast Results

The information gathered through the Blast test suggests that the Blast cutting tool is
capable of cutting well casing quickly and efficiently. The downhole video camera,
available at RMOTC, proved especially useful in this project. The camera’s primary use
was to verify the results of operations in the downhole environment and to diagnose
problems. Downhole camera runs verified the cutting patterns and windows cut in the
casing. In addition, the downhole camera inferred the horizontal drilling capabilities of

the abrasive cutting nozzle.
Conclusion and Recommendations

The Blast test provided significant information about the abrasive jet cutting capabilities
of the unit. During this test, problems were encountered. These will need to be resolved
and Blast is going to attempt to correct these problems prior to returning to NPR-3 for

further testing. The ultimate objective is to increase production in one or more of the



production wells at NPR-3 with this technology. The results of this test strongly support
the need for further testing, development, and application of the Blast technology within

the oil industry.



INTRODUCTION

Blast Energy Services, Inc. (Blast) is a Texas-based company that performs abrasive jet
drilling/cutting in order to provide oil and gas operators with an alternative to existing
well stimulation or horizontal drilling services. Blast contracted with the Rocky
Mountain Oilfield Testing Center (RMOTC) to conduct a demonstration of its abrasive

jet cutting unit and to refine the cutting technology.

This demonstration project was performed using proprietary technology to cut slots and
windows in casing as well as drill horizontally from a window that was cut in the casing.
The overall approach used in this study included using a sacrificial, low-producing well
as a test well. RMOTC was asked to select a shallow well (less than 1,000 feet deep)

with 5-1/2-inch casing. This would allow for quick trip times.

The test was performed from October 24, 2006, through November 9, 2006. Optimal
cutting parameters were determined by adjusting the amount of abrasive used in the
slurry along with the speed of the cutting nozzle. Blast’s cutting tool presents a number
of advantages including expected lower production costs and increased access to
reserves. The information obtained from the project could provide the oil industry with
an alternative means of well stimulation and recompletion. Having an accurate, cost-
effective means of well stimulation and recompletion could significantly aid in reducing
costs and increasing revenue by optimizing production and recovering additional

reserves.
BACKGROUND INFORMATION

This test was performed at the Rocky Mountain Oilfield Testing Center (RMOTC) field
site within the Naval Petroleum Reserve No. 3 (NPR-3), located approximately 35 miles
north of Casper, Wyoming (Figure 1). NPR-3 is situated on the Teapot Dome Anticline
in the Powder River Basin, Wyoming. Teapot Dome is the southern extension of the
much larger Salt Creek Anticline. Since inception, over 1,300 wells have been drilled
into the structure which consists of a doubly plunging anticline cored by a basement high-
angle reverse fault. Today at NPR-3, there are approximately 700 active wells producing

oil and gas from several different geologic formations.
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Figure 1. Map showing location of Teapot Dome on the Naval Petroleum Reserve No. 3
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Well Description

Well 42-SX-11 was chosen as the test well based upon its limited production and having
the requested 5-1/2-inch production casing. The well had 2-3/8-inch tubing and has a
CIBP set at 811 feet. There are two sets of perforations, the first set being from 628 to
678 feet and the second set from 711 to 742 feet. Blast also requested a 50-foot rathole to
catch the casing and abrasive. As the coiled tubing unit (CTU) is quite large in size, a

large, flat location was required. Well 42-SX-11 met the requirements.
MATERIALS AND METHODS

The objective of this project was two-fold. First, Blast wanted to adjust the amount of
abrasive used in the slurry along with the speed of the cutting nozzle to determine the
optimal cutting parameters. Second, Blast wanted to drill out horizontally from a

window cut in the well casing.
Equipment

The equipment used to perform the abrasive jet cutting included: a high-pressure CTU
complete with a slurry mixing pump and a high-pressure injection pump, a “guide shoe”
that attached to the end of the tubing, and the cutting nozzle that directed the flow of the
abrasive fluid. The computer-controlled Formation Access Tool (FAT) was connected to
the wellhead and allowed for both vertical and horizontal movement of the cutting tool.
There were two electric motors that operated the FAT which had the capability for 4 feet

of vertical travel.
Procedures

The overall approach used in this study included using a sacrificial, low-producing well
as a test well. RMOTC was asked to select a shallow well (less than 1,000 feet deep)
with 5-1/2-inch casing. This would allow for quick trip times. The well chosen (42-SX-
11) as the test well was based upon its limited production and having the requested 5-1/2-
inch production casing. The well had 2-3/8-inch tubing and a CIBP set at 811 feet.
There are two sets of perforations, the first set being from 628 to 678 feet and the second
set from 711 to 742 feet. The project also required a 50-foot rathole to catch the casing

and abrasive.



Due to the size of the coiled tubing unit, a large, relatively flat well pad was required.
All well equipment located near the wellhead was removed to gain access. In this case,
the pump jack was moved approximately 2 to 3 feet from the wellhead. The next step
was to pull the tubing from the well in order to attach a Blast-supplied proprietary “guide
shoe” or Bottom Hole Assembly (BHA) to the end of the 2-3/8-inch tubing. The BHA
was equipped with a “basket” on the bottom to catch metal, cement, and formation

cuttings.

The tubing was then re-run to 692 feet with the BHA attached to the bottom. New tubing
was run to minimize the possibility of a scale build-up and possible blockage in the
returns. Wellhead blow-out preventers (BOPs) were flanged onto the wellhead with the
FAT flanged on top of the wellhead BOPs.

The FAT is controlled by a computer in the cab and allows for vertical and horizontal
movement of the cutting nozzle. The computer can be programmed to cut
circumferential, vertical, and lateral cuts, as well as windows. This allows for virtually
any size or shape slot to be cut in the casing. The unique design of the BHA enables the
user to quickly change casing sizes. There are two electric motors that operate the FAT

which is capable of up to 4 feet of vertical travel without repositioning the tubing.

Due to the weight of the equipment (8,000 pounds for the FAT and another 8,000 pounds
for the BOPs), screw jacks assisted in handling the load. At this point, a “landing joint”
was screwed into the tubing, allowing for the tubing and the BHA to be controlled by the
FAT. The coiled tubing BOPs were rigged up, and finally, the CTU was rigged up. Blast
mixed its abrasive mixture with field-supplied water to form a slurry. The slurry was
then pumped through a specially built high-pressure coiled tubing unit at a pressure of up
to 17,500 psi. The slurry exited a proprietary nozzle design at a speed approaching the
speed of sound and cut through the casing and cement giving access to the rock
formation. The initial phase of the test was to determine optimal abrasive concentrations
and cutting speeds. Once the cutting tool was lowered to depth via coiled tubing, the
computer was programmed for the cutting action. A 180-degree circumferential cut was
made, the tool was then raised 2 inches, and the remaining 180-degree circumferential cut

was performed. The cutting took about 9 minutes. The cutting tool was then raised



another 2 inches and 12-inch vertical slots were cut into the casing in a saw-tooth pattern
at the various abrasive concentrations and cutting speeds. In two hours, 13 12-inch
vertical slots were cut through the casing. Next, 3-1/2-inch diameter holes, 90 degrees
apart, were cut and a 2-inch by 3-inch window was cut. At this point, the cutting tool

was pulled out of hole.

Inspection of the cutting tool showed that the tip of the nozzle had broken off. A decision
was made to attempt a short lateral through the window that had been cut. However,
there was no forward movement after trying to lower the cutting tool through the guide
shoe. When cutting was attempted, there was no pressure. The cutting tool was removed
from the hole revealing that the cutting nozzle had been blown off. A camera run was

determined to be the best course of action.

After the tubing was pulled out of the hole, the camera verified the circumferential cuts,
the vertical slots, and the first window. Inspection of the guide shoe indicated that the
hose had gotten stuck in the guide shoe and that the abrasive had entered the cutting tool

by tubing annulus and not gone out the window.

The tubing and BHA were then re-run to a depth of 688 feet. This time, a 4-inch by 7-
inch window was cut. The tubing was pulled and a piece of casing was recovered from
the BHA. A camera run verified a very clean, 4-inch by 7-inch window had been cut in
the casing and also revealed access beyond the cement. Another cut was made and

verified by camera. Problems with exiting the window were evident in the cutting tool.
RESULTS

Blast Energy Services, Inc. demonstrated that its tool can effectively cut slots and
windows in a well casing. In addition, it is able to drill horizontally on a limited basis.
The results were verified by downhole video camera and indicated that the Blast
technology was very accurate in regard to depth and the cuts were synchronized with the

computer.

Additional improvements are required to adapt the unit to cold weather and to facilitate
the exit of the cutting tool for horizontal drilling from windows cut in well casing.

Because the unit uses fresh water, there were problems with cold temperatures. Blast



achieved about 80 percent of the testing planned before the Wyoming winter weather
season caused them to suspend operations.

The test provided significant information about the abrasive jet cutting capabilities.
While some problems were encountered, Blast is doing additional testing before it returns
to NPR-3 to conduct more testing. The ultimate objective is to increase production in one
or more of NPR-3’s production wells with this technology. If the problems encountered
during initial tests are corrected and additional testing prove the modifications, Blast will
try a recompletion or stimulation of an existing, producing well in order to increase

production from that well.
Additionally, video from the camera runs are available by calling RMOTC.
CONCLUSIONS AND RECOMMENDATIONS

Blast Energy Services, Inc. demonstrated the ability of its cutting tool. The computer-
programmed cuts allow for circumferential, vertical, and lateral cuts as well as windows
to be cut into the casing. By using the Formation Access Tool (FAT), the cutting tool can
be operated vertically (up to 4 feet of travel) as well as rotationally, allowing for virtually
any size or shape slot to be cut in the casing. The unique design of the guide shoe

enables the user to quickly change casing sizes.

Because the unit uses fresh water, there were problems with cold temperatures. In
addition, proper procedures must be used when operating the computer as parts of the

unit are “specialty items.” This is cause for concern in the event of a malfunction.

Blast has agreed to refine and address the issues of its technology and plans to continue
testing at a later date. If the problems encountered during this test are corrected and
additional testing proves out the modifications, then Blast would like to try a
recompletion or stimulation of an existing, producing well in order to increase production

from that well.

The results of this demonstration support the viability of this technology. In the next test,
it is expected that well stimulation or recompletion will add to the production from

various wells. Therefore, additional testing is warranted.



RMOTC is a Department of Energy field test site for emerging and developing
technologies to address critical energy industry issues. NPR-3 is situated on the Teapot
Dome Anticline in the Powder River Basin. Teapot Dome is the southern extension of
the much larger Salt Creek Anticline. Since inception, over 1,300 wells have been drilled
into the structure which consists of a doubly plunging anticline cored by a basement high-
angle reverse fault. Today at NPR-3, there are approximately 600 active wells producing
oil and gas from several different geologic formations ranging in depth from 500 to 5,000

feet.

Blast Energy Services, Inc. is a Texas-based company that performs abrasive jet
drilling/cutting in order to provide oil and gas operators with an alternative to existing
well stimulation or horizontal drilling services. Its mission is to substantially improve the
economics of existing oil and gas operations through the application of worldwide

licensed and proprietary technologies.
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Figure Al. Coiled tubing unit with formation access tool (FAT) on trailer.
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Figure A2. DOE Smeal unit and Coiled Tubing Unit (CTU).
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Figure A3. Formation Access Tool (FAT) and BOPs.
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Figure A4. Formation Access Tool (FAT) and BOPs.
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Figure A5. Formation Access Tool (FAT) and BOPs.
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Figure A7. Slots cut in 5-1/2-inch casing at various abrasive concentrations and cutting
speeds.
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