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Wireless Communications to Aid in 
Monitoring and Maintenance of Subsea 
Equipment
As exploration and development moves into ever deeper water, the 
need to continuously monitor and maintain increasingly complicated 
subsea equipment becomes more important. The task of monitoring 
and maintaining that same deepwater, subsea equipment is made more 
difficult as increasing water depths limit accessibility to the equipment. 
To help solve these problems, a group led by GE Global Research, with 
funding from the Office of Fossil Energy, is finishing the design and testing 
of a short range, wireless communications system to allow rapid collection 
and transmission of sensor data from subsea equipment (Figure 1). 
Northeastern University is the additional participating partner.

Figure 1: ROV could use wireless communication to interrogate a sensor on an undersea 
cable or pipeline.

Project Objectives
The research and development was motivated by several considerations. 
First among these was the need to improve subsea productivity through 
enhanced asset intelligence, including equipment health monitoring 
and maintenance. The second consideration was the need to eliminate 
connectors in data transmission systems, thereby improving system 
reliability. Another consideration was the need to speed initial deployment 
of communication systems and enable cost efficient retrofits. Finally, 
it was realized that wireless communications would be a cross-cutting 
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Commentary
The International Energy Agency (IEA) projects that oil 
will remain the dominant fuel in the global energy mix 
through 2035, even if current efforts at fuel efficiency 
and alternatives are included in the estimates. 
Worldwide oil demand is expected to rise over the 
next 25 years to more than 100 million barrels per day 
(International Energy Outlook 2011, Energy Information 
Agency, U.S. Department of Energy).

Coupled with declining production from existing 
basins, this expected demand increase means that new reserves have to 
be discovered and developed – reserves which, primarily for technical 
reasons, have remained untapped. Deepwater and ultra-deepwater 
(water depths of 5,000 feet or greater) regions offer a significant possibility 
of discovering new oil volumes to meet the forecasted demand. 

Currently, about 230 deepwater discoveries are in production around 
the world, with another 150 under development and approximately 350 
prospects currently being evaluated. However, less than 10 percent of the 
potential deepwater resource base has been exploited. 

New technological advances and greater operational efficiencies are 
expanding exploration and production possibilities. Areas that once were 
considered impossible to develop due to geological barriers or prohibitive 
costs are now yielding new hydrocarbon plays, all enabled by new 
technologies. One of the largest caches of these discoveries is in the Gulf 
of Mexico. Mindful or our mission to bolster our nation’s oil and natural 
gas production in an environmentally responsible manner, NETL devotes 
a substantial amount of its R&D budget to development of deepwater and 
ultra-deepwater technologies that promise to further increase discovery 
ratios and production in the Gulf of Mexico. 

The need to enhance our capabilities for safely developing ultra-
deepwater resources was brought into sharp focus by the Deepwater 
Horizon blowout on April 20, 2010, and the efforts undertaken to 
cap the well. In an October 27 ceremony, U.S. Department of Energy 
Secretary Steven Chu recognized NETL with DOE’s highest internal award, 
the Secretary of Energy Achievement Award. This award recognized 
NETL scientists and engineers who led the efforts of experts from six 
Department of Energy national laboratories to accurately determine the 
well flow rate, the first step in identifying options for capping the well. The 
processes developed for this task have been refined and documented to 
guide spill response analysts in the future. Given the theme of this issue of 
our newsletter, I am compelled to note these professionals’ contributions 
herein.

We hope you enjoy this issue of E&P Focus and as always, we welcome 
your comments.

John R. Duda 
Director, NETL Strategic Center for Natural Gas and Oil

http://www.netl.doe.gov/technologies/oil-gas/ReferenceShelf/epfocus.html
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technology, potentially impacting a broad spectrum of technologies across 
the energy industries.

The objectives of the project were straight forward. The most important 
objective was the development of a robust and adaptive high speed 
wireless communications technology.  Secondarily, the design should 
incorporate a small antenna and the ability to function reliably under 
subsea environmental conditions, including turbidity and fouling. The 
system would also need to be adaptable to ROV communications.

Weeding Out Options
The group began by examining several possible wireless communications 
options. Optical and acoustic communication mechanisms were initially 
considered.  However, optical technologies can be particularly sensitive to 
turbidity and fouling related problems that could limit their effectiveness. 
Optical systems require the use of narrowly focused beams and a line-
of-sight pathway between system components which might not always 
be available in subsea applications. Optical wireless communication was 
eliminated as a possible subsea communications technology. 

Acoustic wireless technology was also removed from the list of potential 
communication systems due to long delays in transmission time and 
excessive background noise. Its high power output also may pose a threat 
to marine life. Radio frequency communications were also removed 
from consideration due to high attenuation and a lack of effectiveness in 
shadow zones. 

Elimination of these options left near-field technologies, particularly 
magnetic and electric field, still under consideration. The first option, 
magnetic, required large loop antennas and had limited range and a 

Figure 2:  A wireless communications system could be deployed on a drilling riser to monitor condition of the equipment.
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narrow bandwidth. It was discarded also. The second option, electric 
field, specifically RF conduction, had most of the desired characteristics, 
including wide bandwidth, small attenuation and fast data transmission. 
It also had a number of potentially beneficial applications such as remote 
sensing on manifolds, ROV communications and guidance (Figure 1) and 
wet connections for data communications (Figure 2). Based on these 
attributes, development of robust communication modems that could be 
used for a variety of applications was begun.

Lab Tests and Sea Trials
A prototype transmitter (a wave form generator) and receiver were built 
and an analysis of their theoretical channel capacity was completed. A 
receiver demodulation algorithm was also completed. Both the transmitter 
and receiver were built from commercially available components. Once 
completed, the transmitter and receiver were subjected to lab trials in a 
saltwater fish tank. The successful tank tests were followed by sea trials 
conducted off Nahant, Massachusetts. The prototype (Figure 3) was 
deployed 15 feet under a test boat in sea water with a conductivity of 
4.3S/M. There were no connections between the transmitter and the 
receiver, both of which were battery powered. The receiver was connected 
to a laptop on the boat. 

Figure 3: The prototype wireless communication transmitter and receiver rigged for testing 
offshore Nahant, Massachusetts.

Transmitter

        Receiver
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The equipment was successfully tested at transmission rates varying 
from 500 kb per second to 5 Mb per second. The test demonstrated the 
following.

•	 High-speed/short range data transmission in a relevant environment, 
and within the limits of the equipment, is possible.

•	 The prototype did not support transmission near the channel capacity 
predicted.

•	 Further experiments will be necessary to extend the data rate to 
30Mbps.

•	 Given the channel attenuation and channel noise characteristics, 
channel capacity is 113 Mbps at 1mw transmit power. However, data 
rates of 30 to 50 Mbps are more realistic.

In this experiment the transmitter was configured to send a known but 
pseudo random data pattern and the receiver was designed to record 
what it heard. The recorded signal was later processed to determine the 
characteristics of the channel between the transmitter and the receiver, 
as well as the effectiveness of the data transmission itself. Various receiver 
algorithms were then tested and the team was able to optimize the 
receiver to detect the highest data rate at the lowest error rate. The design 
of this experiment also allowed the team to verify predicted theoretical 
performance against actual performance so that later optimizations can be 
accomplished using validated models.

Next Steps
In the longer term, the group sees a number of design challenges, among 
them:

•	 Design of a low-noise amplifier for low frequency operation.

•	 Optimizations for input impedance matching for various saltwater 
conditions.

•	 Antenna optimization for specific applications.

•	 Design of a higher efficiency transmitter.

•	 Adaptive channel coding.

•	 Extending the number of carriers from 128 to 1024.

Following completion of the initial, DOE funded project, the group plans to 
conduct additional sea trials in various conditions that more closely mimic 
anticipated subsea conditions in deep waters. A final report on the project 
will be produced in November, 2011 and will be available thereafter at 
www.netl.doe.gov/kmd. 

For more information on this project contact Jay Jikich at NETL (Sinisha.
Jikich@netl.doe.gov or 304-285-4320) or Dan Sexton at GE Global Research 
(sextonda@ge.com or 518-387-4121).

http://www.netl.doe.gov/kmd
mailto:sinisha.jikich@netl.doe.gov
mailto:sinisha.jikich@netl.doe.gov
mailto:sextonda@ge.com
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Ultra-High Conductivity Umbilicals Could 
Stretch 100 Miles 
A research project conducted by NanoRidge Materials, with funding from 
DOE, aims to develop an ultra-high conductivity power cable suitable for 
use in undersea umbilicals. The overall objective is to design, build, and 
test an engineering prototype of a working ultra-high conductivity cable, 
called a polymer nanotube umbilical (PNU), that could, in later stages, be 
incorporated into an umbilical exceeding 100 miles in length and called 
upon to deliver up to 10 MW at up to 36 kV with operating temperatures 
up to 250°F and pressures up to 4500 psi.  Additional participants include 
Technip USA, Inc., DUCO, Inc., Chevron, and The Department of Mechanical 
Engineering and Materials Science at Rice University.

Background
As offshore developments move into deeper water and step-out distances 
become longer, there is an increasing need to improve subsea power 
umbilicals. As water depths increase, a point is reached where hang-off 
weights become large and conventional copper (Cu) wire cannot support 
its own weight. Thus, alternative conductors are needed. Since individual 
carbon nanotubes are predicted to have conductivity up to 10 times better 
than the traditional copper used in umbilicals today, and are 9 times lighter, 
they are an ideal candidate to replace copper, and perhaps other metal 
conductors such as aluminum. One approach is to incorporate nanotubes 
into a polymer matrix that enables transfer of electric power through the 
nanotube conductors.

Deepwater Applications
Figure 1 shows a projected view of umbilicals used in oil and gas 
production from an offshore oil and gas platform.

 

Figure 1 (a) shows the umbilicals 
spanning from the platform to the 
sea floor. Figure 1 (b) shows a cross 
section of a multipurpose umbilical. The 
umbilical can include hydraulic lines, 
communication wiring and power lines 
for subsea pump operation. Figure 1 (c) 
shows a cross section of an electrical 
umbilical (shown wired for a three 
phase conductor). Figure 1 (d) shows the 
nanotube based wire, while Figure 1(e) 
shows the cross section of the nanotube 
filled polymer wire.
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The primary objective of this year-long study has been to design, build and 
test an engineering prototype of a working ultra-high conductivity “wire”, 
also referred to as a polymeric conductor, at least one foot long that would 
operate at room temperature. It would also carry at least 500 amps at one 
half the diameter of a pure copper conductor carrying the same current 
at the same voltage. This prototype could eventually be refined into a 
commercial product that could be incorporated into a PNU that would 
exceed 100 miles in length.

Research Program
One concept for a new, high current density electrical wire is a PNU based 
on single walled carbon nanotubes (SWCNTs) dispersed in a polymer 
binder. Such a wire could be produced in long segments with connections 
that could be made at numerous points to create an umbilical of an 
appropriate length. A SWCNT typically has a diameter that is close to 1 
nanometer and a length that may be many thousand times longer. The way 
the carbon material is wrapped to form the cylindrical tube can vary.  

Several sources were identified for purchasing SWCNTs. Purification of the 
purchased product was conducted by Rice and NanoRidge to assure high 
quality, undamaged nanotubes. SWCNTs enriched in metallic content were 
purchased from outside vendors for evaluation for the project. Purified 
SWCNTs were used for making preliminary PNU wire to optimize the 
processing steps. 

Wire was produced primarily using three densities of polyethylene. Key 
variables related to the characteristics of the PNU included nanotube 
dispersion, nanotube alignment, and alignment using electric fields. 
The sample wires produced were tested at Rice and NanoRidge for 
electrical conductivity. Steady state and overload conditions were 
evaluated. Rice also conducted a SWCNT-SWCNT connection study. 
Nanotubes in the polymer were isolated to evaluate conduction and 
degree of connectedness using transmission electron microscopy (TEM). 
Metal nanoparticles were added to the polymer/nanotube extrusion 
runs to evaluate their effectiveness on electrical conductivity, with no 
improvement shown. 

Agglomeration (clumping) of the nanotubes limits conductivity; therefore, 
efforts were made to be certain that the nanotubes were well dispersed 
in the polymers prior to extrusion and alignment. Since thermoplastics 
were involved, incipient wetting was employed. This approach, a patented 
process that has been proven on several polymer systems including 
polyethylene, polypropylene, ABS, and epoxy resin, disperses nanotubes 
on polymer powder to foster dispersion during the melt processing. 
However, this method showed limited improvement in electrical 
conductivity in this application. While dispersion and alignment were 
achieved by mechanical mixing and extrusion, further alignment and 
nanotube connectedness were achieved by the use of electric fields. 

Rice and NanoRidge successfully characterized the electrical properties of 
the SWCNT-containing wires. TEM and scanning electron microscopy were 
also used to evaluate nanotube alignment. However, since the electrical 
conductivity of the prototype wires did not meet the ideal goals, rigorous 
physical testing was not conducted. 

Accomplishments 
While the primary deliverables of the project were met, the ideal form of 
conductor was not achieved. However, the knowledge obtained during 
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the year-long project supports a continuation of the effort to achieve the 
ultimate goal of a PNU in an offshore application. 

The key findings of the project include:

•	 Conductors with nanotube concentrations up to 90 weight percent 
can be created; however, the primary focus of the project was directed 
toward low concentration samples.

•	 Measured characteristics of a first prototype conductor were:  a 
minimum	resistivity	(inverse	of	conductivity)	of	2x10-2	Ω•cm	in	the	melt	
state; a maximum voltage of 40 V (the limit has not been evaluated); 
and a maximum current of 16 A (not fully optimized).

Potential Impacts 
If further research can achieve a suitable ultra-high conductivity cable 
using carbon nanotubes, the potential impact will be enormous.  Such a 
cable would have an electrical conductivity four times that of copper in 
the same cross-sectional area, allowing for power transmission for much 
greater distances than currently possible. The cable will also be much 
lighter with close to neutral buoyancy, allowing for easier installation. Also, 
polymer cables will be more fatigue resistant than any metallic conductor. 
While the purchase cost of the cable could initially be higher than copper, 
the projected future cost of nanotubes is expected to decrease to the point 
where, in just a few years, a nano-polymer cable will be less expensive 
than copper. A low cost, high capacity, durable electrical cable will enable 
more robust subsea development in deeper water, enabling the economic 
development of portions of the ultra-deepwater resource that would 
otherwise remain inaccessible. 

For more information on this project contact Jay Jikich at NETL (Sinisha.
Jikich@netl.doe.gov or 304-285-4320) or Lori Jacob at NanoRidge Materials 
(ljacob@nanoridge.com or 713-928-6166 ext. 19).

mailto:Sinisha.Jikich@netl.doe.gov
mailto:Sinisha.Jikich@netl.doe.gov
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Autonomous Subsea Inspection Vehicle 
Improves Deepwater Structure and 
Equipment Monitoring
A research project directed by Lockheed Martin has developed, and is now 
testing, an autonomous underwater vehicle (AUV) capable of sophisticated 
equipment inspection and monitoring in deep water. The demonstration 
project, with funding from DOE, recently tested the AUV on structures in 
the Gulf of Mexico.

The Need for AUV Inspection Capabilities
Management of deepwater fields requires routine general inspection 
of critical infrastructure. To date, the only means of conducting such 
inspections has been through the use of remotely operated vehicles (ROVs). 
Deepwater ROV spreads (spreads include the support vessel, ROV and 
associated gear) are big and heavy, requiring large support vessels with 
dynamic positioning capability and a significant number of personnel at 
sea. The capabilities of AUVs have been enhanced through developments 
in autonomous technology to the point that AUVs can now conduct 
general purpose inspection of subsea facilities. Benefits of autonomous 
inspection include: 

•	 Reduced cost of operations 

•	 Faster inspection 

•	 Automatic change detection (detection of any change to the structure 
being inspected from a previous, base-line inspection) 

•	 Geospatially-registered inspection data 

•	 Simultaneous operations from a single support vessel 

•	 Large standoff distances from the facility being inspected 

•	 Increased operations safety 

•	 Reduced environmental impact 

•	 Reduced specification requirements on support vessel 

•	 Smaller deck footprint 

•	 Dynamic positioning not required 

•	 Fewer personnel at sea 

•	 Reduced mobilization costs 

•	 Faster response to emergency inspections  

The operational concept is an AUV that is capable of autonomously 
inspecting an offshore oil and gas platform with minimal user input. The 
user simply chooses the platform and specifies how much of the platform 
is to be inspected using a command and control user interface. The AUV 
autonomously plans the inspection path around the platform, executes 
this path collecting SONAR data, builds a 3D model of the platform in 
real-time, and executes change detection to identify anomalies. Feedback 
of the path of the AUV and any detected anomalies are provided to the 
operator in near real-time. The in situ 3D model of the platform constructed 
from the current inspection, along with 3D models of the anomalies, are 
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available to the operator upon recovery of the AUV. These models can be 
exported to a variety of formats to address the needs of individual users. 
The Offshore Platform Inspection System (OPIS) is composed of three 
primary subsystems: the Marlin vehicle system, an autonomous Perception 
system and an autonomous Response system. 

The integration of the major autonomous components is achieved via well 
defined interfaces which allow for the independent development of these 
key autonomous technologies as well as the rapid insertion of plug and 
play capabilities. These interfaces follow the ASTM F25411 draft autonomy 
standard where applicable. This standard defines a messaging interface in 
terms of message content without any regard to transmission protocols or 
mechanisms. Initial testing and development of the integrated system is 
performed in a simulation laboratory which provides vehicle dynamics, 3D 
imaging SONAR data, and inertial navigation data. This lab testing serves 
to address many integration issues early in the integration process thereby 
reducing the need for expensive sea trials.

The Vehicle System
The Marlin AUV is a mature Lockheed Martin product which has been 
used on multiple missions (Figure 1). The system consists of the AUV, an 
operations and maintenance (O&M) van, a launch and recovery system, 
and a shipboard cradle assembly. The O&M van, launch and recovery crane 
and the shipboard cradle assembly are each configured with standard 20” 
ISO fittings simplifying shipping and shipboard mounting. Mobilization is 
straightforward, and the entire system can be installed in three lifts. This 
simple and efficient configuration is operated and maintained by three 
people: a vehicle operator, a crane operator and a deck hand. Marlin’s 
patented autonomous underwater homing capture and lift provides a 
robust and simple approach to vehicle recovery, unlike the sometimes 
risky and weather dependent surface recovery methods used by most 
autonomous vehicles. The small footprint of the AUV system also allows 
for deployment on a smaller, less expensive vessel when compared to a 
standard ROV spread.

 Figure 1: The Lockheed Martin Marlin™ AUV deploying for trials in the Gulf of Mexico.
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Data Collection and Processing 
The autonomous Perception system transforms the sensor data 
into information. Autonomous Perception technologies have been 
demonstrated in the air and ground domains using LADAR point clouds 
which are similar in format, though not in quality, to the data available 
from a 3D imaging SONAR. Lockheed Martin autonomous Response 
and Perception technologies are modified and adapted to the undersea 
environment to achieve the goals of the OPIS. 

The Perception system is responsible for processing the 3D imaging SONAR 
data to generate 3D octree models (Object Centered Models that use fewer 
2D images to describe a 3D object) of the offshore oil and gas platform. 
During structural surveys, the sonar generated-model is compared to 
a prior model of the offshore oil and gas platform to detect changes. 
Because of the uncertainty in the vehicle pose (and hence the sensor pose) 
provided by the navigation unit, the sonar data must first be properly 
aligned to the prior model before it is assembled into a changed model. 
This alignment is performed robustly using a random sample consensus 
(RANSAC) over the sonar points to find the pose adjustment that aligns the 
largest number of sonar points to the model. The prior models are built 
using this same alignment approach, but incoming SONAR data is aligned 
to the prior models built from the earlier data to detect changes in the 
structure (Figure 2). This process is typically guided by a human operator to 
insure the quality of the resulting model.

Navigation
The Autonomous Response system is responsible for guiding the vehicle 
safely through the inspection mission. The Response system software 
provides mission planning, high-level guidance and contingency detection, 
assessment and response capabilities for the AUV. Mission planning is 
broken into two phases. First a high-level planner narrows the user-defined 
search area to a tractable planning space while ensuring each section of 
the platform is visible to the SONAR. Then a detailed planner generates 
an optimized trajectory for the vehicle which ensures maximum SONAR 
frustum (in 3D computer graphics, the frustum is the region of space in the 
modeled world that may appear on the screen) coverage while maintaining 

Figure 2: Platform Model and Marlin flight path, unprocessed 3D Sonar Image, real time 
processed sonar image (onboard Marlin) with highlights showing positive and negative 
changes.
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a desired distance from the platform. The detailed planner accounts for 
vehicle constraints and sea currents in order to ensure the planned path is 
dynamically feasible. The high-level guidance module directs the vehicle 
along the planned trajectory. This module attempts to minimize deviation 
from the path while maximizing time spent with the vehicle in the planned 
orientation along the path. The former is needed to ensure the vehicle 
maintains the desired distance from the platform while the latter is 
required to ensure the planned SONAR frustum coverage is achieved.

Even with effective planning and guidance, unexpected events such 
as loss of position can occur in the system. The contingency detection 
system detects these events. This module is decoupled from the guidance 
and navigation software and allows for the leveraging of tested and 
proven software components from existing systems with little effort. The 
contingency detection, assessment and response system is based on the 
Lockheed Martin Mission Effectiveness and Safety Assessment (MENSA) 
system. A separate contingency assessment and response system provides 
the ability to implement multi-tiered responses to detected contingencies. 
This allows for the implementation of escalating reactions to repeatedly 
occurring contingencies.

Lab Test and Field Trials
Integration of the three primary OPIS components, the vehicle, 
autonomous Response system and autonomous Perception system, 
was initially evaluated in the simulation laboratory. Performance of the 
autonomy algorithms was validated on tactical hardware in a low-risk, 
reduced-cost environment that allowed for robust verification and testing 
of the system before offshore trials. This approach allowed the team 
to proceed offshore with increased confidence that the system would 
perform as designed with an overall reduced risk of losing the vehicle or 
damaging the structures being inspected. 

In July 2011, the team performed verification and validation exercises in 
the Gulf of Mexico using decommissioned offshore oil and gas platforms 
(Figure 3). These exercises proved that the system is capable of quickly, 
accurately and safely completing a structural survey of an offshore oil and 
gas platform with minimal operator interaction and oversight.

Figure 3: Decommissioned Offshore Oil and Gas Platform (Surface)



13

Through these exercises, the team was able to successfully verify the 
system’s ability to build a model of a platform (Figure 4) and detect 
anomalies in an operational environment. This unique combination of 
hardware and software technologies has resulted in a vast improvement 
over the current state-of-the-art in offshore inspection capabilities. 
Following Gulf of Mexico trials analysis a Phase II final report will be 
generated.

Work is continuing on the improvement of the Marlin AUV inspection 
capabilities. Future capabilities will include: Level II (subsea) platform 
inspection; inspection of risers, mooring lines, touchdown points, and 
vortex induced vibration strakes; pipeline inspection including position, 
crossover, scouring, and corrosion potential; wellhead, pipeline end 
terminal, pipeline end manifold, flowline and ultrasonic inspection; leak 
detection, thermal and debris survey. 

For more information on this project contact Jay Jikich at NETL (Sinisha.
Jikich@netl.doe.gov or 304-285-4320) or John Jacobson at Lockheed Martin 
(john.r.jacobson@lmco.com or 281-251-1131).

References:
ASTM Standard F2541, 2006, “Standard Guide for Unmanned Undersea 
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Figure 4: 3D SONAR Constructed Platform Model (Subsurface)
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Improvements to Deepwater Subsea 
Measurement
A project being undertaken by The Letton-Hall Group, with funding from 
DOE, seeks to address gaps in industry’s ability to deploy and operate 
multiphase and wet gas meter technology in deepwater production 
systems. Continuous measurement information collected on individual 
subsea wells using this technology will allow for a better assessment of well 
performance and, thus, can improve recovery from deepwater reservoirs. 
Additional project members are Oceaneering International Inc., Multiphase 
Systems Integration, LLC and axept, Inc.

The Need for Deepwater, Subsea Measurements 
The advent of deepwater production systems, and especially the need 
to commingle production from marginal developments, dictates that 
measurement capabilities need to extend beyond available technology. 
Since commingled streams may represent a mixture of ownership and/or 
royalty interests, measurement irregularities may result in fiscal inequities, 
perhaps on the order of tens of millions of dollars. Unless the risk of such 
occurrence is minimized, many easily produced fields may never be 
considered for development. 

There is a strong imperative to improve recovery from deepwater reservoirs 
beyond current capabilities. If continuous measurement information on 
individual wells can improve well performance, and thus recovery, by even 
a few percentage points, it may translate into tens of millions of barrels 
of additional reserves. For example, an improvement of 5% in recovery of 
Thunderhorse reserves would be worth nearly $5 billion to the owners and 
over $600 million in royalties to the US Treasury at current prices. Better 
well rate and composition data are key to attaining these improvements. 

The need for measurement is especially great on HP/HT projects, where 
the environmental demands on the equipment pose problems. The issue 
is exacerbated by the fact that, at least currently, the small number of HP/
HT prospects provides little incentive for manufacturers to develop special 
metering equipment. 

Finally, a key aspect of the work is its importance in the development 
of subsea processing capabilities, where the fluids produced from each 
well will be separated, compressed, pumped, dehydrated, re-injected, 
disposed of—essentially subjected to any process that is routinely done 
on a production platform today—on the seafloor. Reliable subsea , 
multiphase metering is required for the widespread implementation of 
environmentally safe subsea processing, since the human beings who 
normally insure that sampling and metering are carried out properly at 
surface facilities will not be available. 

The goal of this project  is to address gaps in the deployment and use 
of multiphase and wet gas meter technology in deepwater production 
systems. Specifically, the immediate goals of this project are to: 

1. develop and standardize deepwater well fluid sampling; 

2. develop the means to convey clamp-on measurement systems to 
deepwater wells via ROV; 

3. understand the ways in which production alteration of meters affects 
their response; 

4. develop and qualify sensors for HP/HT environments; 
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5. evaluate the effectiveness of wellbore flow models, such as virtual flow 
meters; and 

6. develop uncertainty models of the complete multi-well production 
system from subsea meter to topsides. 

Deepwater Sampling
Eleven different deepwater sampling concepts – both existing and 
proposed – were reviewed and evaluated by the project JIP, whose 
members include BP, BHP Billiton, Chevron, ConocoPhillips, Shell, Statoil 
and Total. Following the reviews, JIP members agreed that the system 
should:

•	 be able to function in the subsea environment;

•	 operate at process conditions of 10,000 psi and 250 degrees F;

•	 not interrupt production while sampling;

•	 minimize leak paths and emissions;

•	 be safe to handle;

•	 be able to collect sufficient amounts of each phase;

•	 be  ROV-deployable and operable; and,

•	 incorporate a standardized interface to the production fluid.

Using these requirements as guidelines, a “flow-through” sampling system 
design was adopted that uses the pressure differential across the 
production choke, or another source of differential pressure, to transport 
the sample through the sample bottle. The system also incorporates a 
methanol injection line to purge sample lines and a capability to capture a 
sample at multiple sampling points. The sampler mates to an interface that 
couples the sampling system to the pipe to allow sample collection (Figure 
1). The interface uses standard components available throughout industry 
and can be operated by a single, working-class ROV.

Figure 1: ROV deployed sampler mates to well sampling interface.
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Following fabrication, the sampling system and interface were subjected 
to a number of tests. The first was a series of flow tests conducted at the 
Southwest Research Institute’s Multiphase Flow Facility in San Antonio, 
Texas to determine that the sampling system could successfully acquire 
samples under flowing conditions and collect sufficient amounts of 
process fluids. These tests were followed by tank tests conducted at 
Oceaneering’s ROV Test Tank in Morgan City, Louisiana. There, an ROV 
successfully connected, and disconnected, the sample system to the 
interface connection. Work continues on design refinements that will be 
followed by additional testing of functionality.

ROV Assisted Clamp-On Metering
In tandem with the development of  the ROV-deployed sampler, work has 
been carried out within the project on the development and testing of a 
ROV-deployed, clamp-on metering system to meter flow through subsea 
piping without breeching the integrity of the pipe.  The clamp-on meter 
has several advantages, including:

•	 Clamping on a meter is non-disruptive and avoids the big issue of 
pressure-containment engineering.

•	 An ROV is the most practical way to convey a meter to the sea floor in 
deepwater.

•	 A clamp-on meter conveyed by an ROV can be used to identify the 
source of measurement error in a network of piping with in-line 
meters. 

•	 An ROV-conveyed meter can be deployed regularly to establish a meter 
performance track record.

Initial design parameters included:

•	 a new, greenfield design;

•	 a liquid dominant meter for single well flows in 3 inch to 6 inch lines;

•	 a minimum 5,000 foot water depth rating with maximum pressure and 
temperature ratings of 10,000 psi and 300 degrees F;

•	 the ability to measure mass flow rate;

•	 the capability to verify installed subsea meters;

•	 the ability to meet  API17H and other required codes;

•	 the ability to land on vertical piping, and;

•	 a design that relies on ROV-supplied power and communications from 
an ROV.

In designing the ROV-assisted clamp-on meter, project engineers opted 
to use a Neftemer Multiphase Meter. The meter was chosen because it 
measures mixture density at 250 Hz and can output total, liquid and gas 
mass flow every two seconds. In addition, the flow model can be tuned by 
dynamic calibration.

For the prototype, a frame was built with a gamma source on one side, a 
detector on the opposite side and a slot in the middle to accept the pipe 
(Figure 2). The pipe is fitted with a docking wedge that accepts an opposite 
profile on the meter frame, ensuring that the frame is centered on the pipe. 
Permanently installed, the wedge also ensures that multiple deployments 
of the meter occur in exactly the same place. Once the frame is installed, 
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hydraulic pistons push the gamma source and detector firmly against the 
outside of the pipe. When in position and ready to meter, a lead-filled 
shutter is raised, exposing the pipe and fluid to the gamma source.

Following prototype construction, the meter was tested at the Southwest 
Research Institute (SwRI) Multiphase Flow Facility in San Antonio, Texas, 
and in the Oceaneering Test Tank in Morgan City, Louisiana. The test at 
SwRI showed the flow measurement precision and repeatability over a 
range of flow conditions, while the Morgan City test demonstrated the 
ability of the meter to successfully deploy repeatedly to the same location. 
The relocation repeatability was shown to be well within 1 percent.  
Following the successful testing program, plans are underway to extend 
the technique to other non-intrusive measurements, such as ultrasonic or 
sonar sensors. There are also plans to adapt the measurement to drilling 
applications.

DP Sensor Development
In addition to the two project elements detailed above, a study of 
commercially available sensors for ultra deepwater HP/HT applications 
was completed by the group and used to redefine sensor operating 
parameters. They included:

•	 production fluid temperature of 250 degrees C, or more;

•	 production fluid pressure of 15,000 psi, or more;

•	 water depth of 3,000 meters;

•	 sensors for temperature, pressure and differential pressure.

With these objectives, the JIP decided to modify the scope of the project. 
Since HP/HT pressure and temperature sensors were commercially 
available for subsea applications, the project was refocused solely on 
the development and qualification of a HP/HT differential pressure (DP) 
sensor, with an absolute pressure sensor added to the cell for line-pressure 
correction. The DP sensor was to be configured for use in a “remote-seal” 
configuration. The DP’s test differential pressure was set at 1.5 times full-

Figure 2: Clamp-on meter as deployed. 
Note the landing wedge at the top 
center of the meter frame and the 
source and receiver secured against the 
pipe by hydraulic rams.
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scale (7.5 bar) and each side was to withstand a 1.5 times full-scale test 
pressure of 22, 500 psi.

As constructed, the HP/HT DP sensor cell consisted of two 
microelectromechanical system (MEMS) silicon pressure dies acted on by 
two diaphragms, one on either side of the sensor cell (Figure 3).

Two assemblies were completed and tested. Differential performance was 
proven over 25 – 250 degrees C and up to 150 psi. The cell demonstrated 
excellent temperature compensation, with only a gross first-order 
compensation and excellent stability over time and temperature. High 
pressure tests were conducted in the UK in September 2011. Two additional 
sensors are nearing completion. Following successful testing, the sensor 
will be considered for downhole and BOP applications.

Assessment of Virtual Flow Modeling Platforms
A fourth project undertaken by the group was the assessment of Virtual 
Flow Modeling (VFM) platforms using both actual field data and simulated 
field data in single wellbores. The objective of this project element was 
threefold: to develop methods for validating VFM performance, to evaluate 
the effectiveness of flow models as VFMs, and to make recommendations 
for technology enhancements. A number of methods for validating VFMs 
were employed using simulated pressure and pressure data downhole and 
at the tree, including 

•	 validation without tuning (out of the box);

•	 validation with tuning (tuned against Q, P, T data) for limited data 
(single event, single choke) and complex data (multiple events, multiple 
chokes);

•	 validation of the sub-model using hydrodynamic, thermodynamic, 
reservoir, production string, choke and PVT data.

Figure 3: The HP/HT DP sensor 
incorporating two MEMS silicon pressure 
dies acted on by two diaphragms, one on 
either side of the sensor cell.
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The simulation well chosen was a black oil producer with a full wellbore 
description provided. Data provided included PVT, downhole, choke, 
pressure, and temperature. Reservoir data was not provided and inflow 
performance was not constant. Well data were real but taken from different 
fields and tweaked. Well pressure and temperature data were generated 
with the OLGA multiphase flow simulator. After validating the platforms 
without tuning, and with several tuning iterations, a number of conclusions 
were evident. First, any tuning is better than no tuning. Second, multi-rate 
tuning data improves prediction. 

Identification of Fouling Mechanisms
A further task being undertaken by the project is the identification of 
fouling mechanisms in subsea meters. Field operations have shown 
that meters can become fouled by deposits, corrosion and erosion. The 
project’s goal is to estimate the magnitude of the impact of these types 
of fouling on the accuracy of elements commonly used in multiphase 
and wet-gas meters. Enhanced understanding of the fouling mechanisms 
will allow recognition of measurement issues and enable corrections to 
improve production allocation and royalty assessment.  It will also help 
provide better information on well performance and improve recovery 
from deepwater reservoirs. 

At its initiation, the effort received a boost when ConocoPhillips provided 
a data set that had been identified as one that must be acquired to 
examine liquid-sand erosion of a Venturi meter. As work progressed, the 
team narrowed the study to include two types of fouling: erosion and 
scale deposition. They studied the erosion effects on three multiphase 
and wet gas metering elements: venturi, cone and wedge meters. Actual 
experimental testing was supplemented by Computational Fluid Dynamics 
(CFD). The water-sand testing was carried out at Southwest Research 
Institute using 270-micron sand re-circulated through the meters with an 
inlet velocity of 11.4 feet per second (Figure 4). The re-circulation of the 
sand-laden fluid simulated up to 736,000 pounds of sand passing through 
the meter over the course of the test. 

Figure 4 shows the results of the water-sand erosion test on the cone 
meter, with the calculated erosion from CFD shown alongside. While 
the precise levels of erosion are not the same in both, it is clear that the 
CFD successfully points to the major points of erosion observed in the 
experiments, such as the wall thinning downstream (to the left) of the cone 
and the “shadow” zone behind the mounting post.

Figure 4: Red areas indicate areas of 
significant erosion in a cone meter 
during water-sand erosion tests.
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Air-sand testing was undertaken at Tulsa University using 3,000 pounds of 
270-micron sand passed through the meters once – not in a re-circulation 
– at an inlet velocity of 98 feet per second. As expected, erosion there took 
place at a much higher rate.

The experimental testing and CFD has allowed the estimation of:

•	 the likelihood of wall penetration;

•	 the depth of erosion scars;

•	 measurement error; and,

•	 the erosion of a downstream bend.

The CFD estimates are not precise but sufficient to decide if further 
investigation is necessary.

Scale deposition testing was done with a brine composed mostly of 
sodium and calcium. No attempt was made to examine either multiphase 
flow or realistic subsea conditions during the testing. Again, venturi, cone 
and wedge meters were used for the investigation. Completion of the tests 
led to a number of conclusions:

•	 Scale formation is complex and “case dependent”.

•	 CFD cannot be used to fully model the process of scale formation.

•	 CFD can be used to compare different meter responses to the same 
scale formation mechanisms.

•	 Large beta-ratio meters and large diameter meters are preferable to 
small ones in reducing scale-related errors.

•	 Meters with mirror-finish surfaces made entirely of corrosion-resistant 
materials help prevent scale deposition.

•	 Large pressure taps are preferable to small ones in reducing scale-
related errors.

Metering Uncertainty
A final research task underway within this research project is the 
examination of metering system uncertainty. With more subsea 
commingling, greater ownership disparity and greater complexity 
in allocation, reservoir management and operations, the financial 
consequences of meter system uncertainty increase. To address this 
situation, the research team concluded that a tool to calculate uncertainty 
based on fundamental principles was needed. It was further decided that 
the tool should account for the entire metering system, including subsea 
meter, flowline and riser, separator and single –phase meters downstream 
of the separator. The team determined that a model to predict well test 
uncertainty could be expanded to include uncertainty/system balance.

The model, created by Multiphase Systems Integration for Chevron, 
incorporated a separator inlet flow model, a separator performance model 
that predicts the amount of gas carry-under in the liquid leg and liquid 
carry-over in the gas leg, and a single-phase meter uncertainty model. 
The model was extended to include subsea multiphase meters, and the 
flowlines in between these and the topside facilities. Following a workshop 
to collect comments, the team developed UBProdAlloc, a standalone 
computer program with a user-friendly Excel interface. The program 
can predict uncertainties and allocate flowrates for subsea systems, 
accounting for meter operating conditions, in-situ PVT properties, system 
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configurations, subsea pipeline pressure drop and temperature changes. 
The model can perform the following tasks:

•	 estimate the overall system balance based on total or phase flow rate 
measurements and their uncertainties, or predictions at subsea or  
topsides;

•	 detect abnormal or normal balance based on multiphase flow meter 
and single-phase flow meter measurements; and

•	 assess uncertainty in separator measurements when utilized as a 
reference.

The base case model can include up to 3 wells and accommodate two 
and three-phase separators. It can be used in cluster, manifold and tie-
back configurations and can accommodate gas lift. The team plans to 
expand the program to include additional wells and configurations. The 
program will also be upgraded to identify the meter that contributes most 
to system uncertainty, improves estimates of the impact of carry-over and 
carry-under on single-phase meters, and improves thermodynamic and 
separator modeling.

A final report on the DOE funded phase of the project is in preparation and 
will be available at www.netl.doe.gov/kmd.

For more information on this project contact Jay Jikich at NETL (Sinisha.
Jikich@netl.doe.gov or 304-285-4320) or Winsor Letton, Ph.D. at The 
Letton-Hall Group (letton@ix.netcom.com or 713-974-7328). 

http://www.netl.doe.gov/kmd
mailto:Sinisha.Jikich@netl.doe.gov
mailto:Sinisha.Jikich@netl.doe.gov
mailto:letton@ix.netcom.com
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Anatomy of a Creative Mind
In mid-September E&P Focus had the opportunity to visit with David Hall, 
the man who drove the creation of IntelliPipe networked drillpipe. David 
possesses one of the truly creative minds in industry. If you are like us, you 
probably wonder what drives innovators such as Hall. We were able to ask 
him. But, first some background.

Hall is head of Novatek, an innovations laboratory located in Provo, Utah. 
Novatek was founded, under another name, by David’s father, Dr. H. Tracey 
Hall in 1955, one year after he helped invent the polycrystalline diamond. 
That creation is, of course, a staple of drillbit technology, among other 
things. David followed in his father’s footsteps, eventually taking over 
Novatek. Between them, Hall, his father and the Novatek staff hold more 
than 500 patents. David’s name is on more that 350 of those patents.

So, how does an innovative mind work? Let’s ask David.

Q. David, what is your philosophy for developing new ideas and 
technologies?

A. I take my philosophy from Thomas Edison, thanks to my father who was 
a big Edison fan and passed that admiration on to me. Edison’s philosophy 
was not to be afraid to make lots of mistakes in rapid order.  That is the way 
he created the electric light bulb. If you are not willing to make mistakes 
you will never get out of the starting blocks. This means you cannot be so 
enamored with your original idea that you fail to adapt. You have to fail and 
move on.

But you have to go farther philosophically than that. You have to realize 
that few ideas are truly new or unique. That requires acknowledgement 
of those who preceded you and their work. You must also realize that 
innovation requires a lot of people. It is not just one person. Everything we 
do here at Novatek depends on the input of large numbers of people. And 
innovation requires a massive commitment by industry. Innovation is the 
easier part. Commercialization is more difficult.  A lot of financial backing 
and stamina is required. An innovator cannot do that, but industry can. 
That leads to an interesting phenomenon.  Innovators must be willinag 
and able to sell their innovations to large companies with the resources to 
commercialize them.

Q. How did these philosophies translate into the development of 
networked drillpipe?

A. First, we had to identify the need. We had to become familiar with 
problems and issues in the upstream industry. To do this, we attended DOE 
meetings and industry conferences to identify the top 10 exploration and 
production problems in need of solutions. We went to the largest upstream 
companies seeking the same information. We found that a key issue was 
the need to transmit large amounts of data up and down a drillstring. That 
became our challenge. We received an award from DOE’s National Energy 
Technology Laboratory in 2001, and we matched that award. That kicked 
off the project. 

Q. How did you begin? 

David Hall, Novatek, Inc.
CEO and President
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A. We started by examining acoustic transmission of data along drillpipe. 
In true Edison fashion, after three years and 20 or 30 ideas, we found 
that acoustics were not the answer. We started over, looking at inductive 
conductor technology. Our initial success came when we put two cell 
phones in a bag and immersed them in water in a 55 gallon drum. We 
found that they could communicate via short hop inductive conduction.  
From there, it was trial and error as we perfected the technology. We 
started with just a little wire in a groove in the drillpipe. We found we 
needed a thicker wire. We learned we had to shield the wire with ferrite. 
When we designed the connection, we determined that the conductive 
ring had to be a spring, that rotation of the spring had to also free it of dirt, 
that the spring had to have a high fatigue tolerance, and so on, through 
multiple iterations.  Finally, we perfected the technology. Then we had to 
commercialize it.

Q. How did you commercialize the technology?

A.  We needed a big company with resources. Grant Prideco had just 
become independent and fit what we were looking for in terms of 
resources. They took the risk and started as a “watch” partner. DOE also 
helped, providing leads and coaching us in negotiations. That proved to 
be the right combination. Later, of course, National Oilwell Varco acquired 
Grant Prideco and the technology. That was an additional, important boost 
for our commercialization efforts. That is the way it works. Innovators 
must allow themselves to be diluted in order to bring innovation to the 
marketplace. You have to keep selling your soul.

Q. Where do you see networked drillpipe technology going from here?

A. We need to move steering tools and transducers closer to the bit to 
provide intelligent services from the bit to the surface. We need to apply 
this to drilling risers as well as drill strings. We need to apply this expanding 
technology to production operations. It has applications in geothermal 
wells and in “next generation” seismic. Eventually, we hope it will become 
an operating system that everyone along the exploration and production 
chain finds useful because it allows one to insert data sensors at any point 
in the network and transmit the data back to the surface. 

It also will have applications in downhole and along-the-string power 
provision. We are looking at a self-powered transducer based on a 
small-chip system. We have a group dedicated to high temperature, 
shock resistant, small electronic chip technology. The opportunities for 
innovation are almost limitless.

Q. Where do you see Novatek going forward?

A. We will have innovation centers within our own structure. We have 
ventured into building construction, transportation, waterless toilets, 
urban planning systems, construction, mining, road resurfacing and many 
other areas. If you look back at my father’s man-made diamond, you 
will find it used everywhere, from container construction to asphalt and 
cement scouring. Technology is incredibly interconnected. We never know 
where the next connection might be made, but we do know that we are a 
lot more interconnected than one might think.

And that is how an innovative mind works.
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E&P Snapshots

Methane Hydrate Production Technologies 
to be Tested on Alaska’s North Slope
 
The U.S. Department of Energy, the Japan Oil, Gas and Metals National 
Corporation, and ConocoPhillips will work together to test innovative 
technologies for producing methane gas from hydrate deposits on the 
Alaska North Slope. 

The collaborative testing will take place under the auspices of a 
Statement of Intent for Cooperation in Methane Hydrates signed in 
2008 and extended in 2011 by DOE and Japan’s Ministry of Economy, 
Trade, and Industry. The production tests are the next step in both U.S. 
and Japanese national efforts to evaluate the response of gas hydrate 
reservoirs to alternative gas hydrate production concepts. The tests 
will provide critical information to inform potential future extended-
duration tests. 

The tests will utilize the “Iġnik Sikumi” (Iñupiaq for “fire in the ice”) gas 
hydrate field trial well, a fully instrumented borehole that was installed 
in the Prudhoe Bay region by ConocoPhillips and the Office of Fossil 
Energy’s National Energy Technology Laboratory earlier this year. 

Methane hydrates consist of molecules of natural gas trapped in an 
open rigid framework of water molecules. It occurs in sediments within 
and below thick permafrost in Arctic regions, and in the subsurface of 
most continental waters with a depth of ~1,500 feet or greater. Many 
experts believe it represents a potentially vast source of global energy, 
and DOE scientists have studied methane hydrate resource potential 
and production technologies for more than two decades. 

The current test plans call for roughly 100 days of continuous 
operations from January to March 2012. Tests will include the initial 
field trial of a technology that involves injecting carbon dioxide (CO2) 
into methane-hydrate-bearing sandstone formations, resulting in the 
swapping of CO2 molecules for methane molecules in the solid-water 
hydrate lattice, the release of methane gas, and the permanent storage 
of CO2 in the formation. This field experiment will be an extension of 
earlier successful tests of the technology conducted by ConocoPhillips 
and their research partners in a laboratory setting. 

Following the exchange tests, the team will conduct a one month 
evaluation of an alternative methane-production method called 
depressurization. This process involves pumping fluids out of the 
borehole to reduce pressure in the well, which results in dissociation of 
methane hydrate into methane gas and liquid water. The method was 
successfully demonstrated during a one-week test conducted by Japan 
and Canada in northwestern Canada in 2008.

Iġnik Sikumi #1 well, Prudhoe Bay Unit, 
Alaska, in April 2011.
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Electronic Oil & Natural Gas Permitting Leads 
to Faster Process; Wins National Award
 
With support from the Office of Fossil Energy, the Ground Water Protection 
Council collaborated with Colorado Oil and Gas Conservation Commission 
(COGCC) to enhance the oil and natural gas permitting process, now being 
used or considered for use in multiple states.

The Colorado Oil and Gas Conservation Commission has received a 2011 
Council of State Government Innovations Award in Natural Resources for 
the “eForm” system which streamlines permitting of oil and natural gas 
operations and allows for online completion of regulatory forms.

“With multiple agencies spread across multiple locations and utilizing 
multiple forms, we recognized several years ago that we need to look for 
something that would make our systems more convenient,” said David 
Neslin, Executive Director of the Colorado Oil and Gas Conservation 
Commission. “The eForm system was developed to make the process easier 
for the end user but to handle the complex needs of agency personnel.”

Colorado Oil and Gas Conservation Commission staff worked with the 
Ground Water Protection Council with funding provided by the U.S 
Department of Energy to develop the system, which drew high praise 
when rolled out to the industry in July 2009. Within six months of its 
introduction, more than 80 percent of the forms submitted were being 
done using the eForms online system. 

“The system was a double-win for our constituents,” Neslin added. “Not 
only was it easier for the industry to submit forms but because the system 
made data management and analysis easier for our staff, this has helped us 
to significantly reduce our processing times.” 

The eForm system compiles regulatory data and allows the COGCC staff, 
the Colorado Department of Public Health and Environment and Colorado 
Parks and Wildlife employees to all have access to it.  Review by the 
separate agencies can occur at the same time instead of submittals being 
reviewed by COGCC and then transmitted to the other agencies for review.

Public transparency is also enhanced through the eForm system. Through 
the system, interested members of the public are able to query, view and 
comment on oil and gas applications that are under active review. The 
online system allows broad public review of processes and enhances the 
ability of the public to comment on projects at times and places that are 
convenient for them.

Development of eForm system was funded by the COGCC with support 
from the United States Department of Energy through the Groundwater 
Protection Council. The eForm system was developed with open, code-
sharing allowing for other states, including Nebraska and Alabama, to 
implement portions of the system in their regulatory approval processes. It 
is also being considered for use in Pennsylvania, Kentucky, and Montana.
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CO2 Injection in Kansas Oilfield Could 
Greatly Increase Production, Permanently 
Store Carbon Dioxide, DOE Study Says 
 
The feasibility of using carbon dioxide (CO2) injection for recovering 
between 250 million and 500 million additional barrels of oil from Kansas 
oilfields has been established in a study funded by the U.S. Department of 
Energy (DOE).

The University of Kansas Center for Research studied the possibility of 
near-miscible CO2 flooding for extending the life of mature oilfields in the 
Arbuckle Formation while simultaneously providing permanent geologic 
storage of carbon dioxide, a major greenhouse gas. 

Miscibility refers to the pressure at which the CO2 and oil are completely 
soluble in one another or form a single phase. Below the minimum 
miscibility pressure (MMP) the injected CO2 mixes with and swells the oil to 
reduce its viscosity, increasing its ability to flow through the reservoir more 
easily to the production well.

The project was administered through the Research Partnership to 
Secure Energy for America to address the technology challenges of small 
producers as part of the Ultra-Deepwater and Unconventional Natural 
Gas and Other Petroleum Resources Program (Energy Policy Act, 2005). 
The program is managed by the Office of Fossil Energy’s National Energy 
Technology Laboratory.

In the laboratory, researchers subjected core samples from the Arbuckle 
Formation to simulated CO2 flooding. The studies showed that more than 
50 percent of the residual oil remaining after water-flooding could be 
recovered from Berea Sandstone, Baker dolomite, and Arbuckle dolomite 
cores at pressures below the MMP. 

The investigators also conducted simulation studies which indicated that 
the ultimate oil recovery is highly dependent on the degree of reservoir 
heterogeneity. Maximum recovery efficiency can be achieved by proper 
design and implementation of CO2 injection, with optimization of injection 
pressure, injection rates, and the well pattern.

The project is now moving into a second phase of research, in which 
researchers will conduct a variety of tests to improve characterization of 
Arbuckle reservoirs. The testing will determine the nature of the flow paths 
and average properties in the reservoir, assess the effect of geology on 
process performance, calibrate a reservoir simulation model, and identify 
operational issues and concerns for future applications of near-miscible 
CO2 flooding. Future work, if funded, would include field demonstration of 
the methodology. 

The Arbuckle Formation has produced 36 percent (2.2 billion barrels) 
of the 6.1 billion barrels of total Kansas oil produced over the past 100 
years. Oil production peaked in the 1950s, tapering off to the point where 
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today, 90 percent of the wells operated by more than 100 small producers 
pump less than five barrels per day. The Arbuckle was chosen for the 
DOE-sponsored project because it represents a significant resource for 
improved oil recovery even though miscibility with CO2 is not achievable at 
the operating pressures in most Arbuckle reservoirs.

Following primary oil recovery (in which oil is naturally driven from a 
reservoir) and secondary recovery (in which pressure is applied to force 
the oil from the reservoir, usually by water flooding), as much as two 
thirds of the original oil in place typically remains stranded in a reservoir. 
Additional oil can be recovered using improved oil recovery techniques 
that increase the mobility of the crude oil. This enhanced oil recovery (EOR) 
not only adds to U.S. domestic energy supplies, but also provides a means 
of safe, secure long-term storage of CO2, and is a key component of carbon 
capture, storage and utilization research. 

Near-miscible CO2 flooding may be applicable to thousands of mature 
oilfields in Kansas and prevent them from being abandoned prematurely. 
According to the Kansas Geologic Survey, more than 6,400 highly 
compartmentalized reservoirs exist in Kansas, though about a third of 
these are small fields with an average of five producing wells or less.

 

New Technologies that Enhance 
Environmental Protection, Increase 
Domestic Production, Result from DOE-
Supported Consortium
 
New technologies that help small, independent oil and natural gas 
operators contribute to domestic energy production while improving 
environmental protection have resulted from U.S. Department of Energy 
(DOE) support of the Stripper Well Consortium (SWC). 

“Stripper wells” are wells that produce less than 10 barrels of oil or 60,000 
standard cubic feet of natural gas per day. According to the Interstate Oil 
and Gas Compact Commission, more than 375,000 U.S. stripper oil wells 
account for nearly 720,000 barrels of oil per day, or about 20 percent of the 
U.S. production. More than 322,000 stripper natural gas wells produce over 
2 trillion standard cubic feet of natural gas annually, or 19 percent of the 
total U.S. natural gas production.

By improving the economics of oil and natural gas production from these 
marginal wells, the nearly 100 technology-driven projects funded since 
the SWC was founded in 2000 have helped maximize the recovery of 
domestic hydrocarbon resources, minimize environmental impacts, and 
strengthen the nation’s energy security. In addition, every dollar of stripper 
oil and natural gas production generates roughly one dollar of economic 
activity, and nearly 10 jobs are dependent upon every one million dollars of 
stripper well oil and natural gas produced.
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The Consortium is mainly composed of small, domestic oil and natural gas 
producers, as well as service and supply companies, trade associations, 
industry consultants, technology entrepreneurs, and academia. Its goal is 
to keep stripper wells productive in an environmentally sustainable way.

Many SWC projects have resulted in commercialized technologies over 
the years and have been previously highlighted by DOE. Additional 
technologies, developed over the past couple of years, are now moving 
toward commercialization and are expected to positively impact the oil 
and natural gas industry, including:

 
Clean Tech Innovations LLC (Bartlesville, Okla.) has developed an 
environmentally friendly soil amendment to remediate oilfield brine-
contaminated soil. This rapid, simple, economic, and dependable 
remediation technology uses a proprietary component along with a 
highly soluble calcium source and fertilizer. The process involves tilling the 
soil; adding the amendment component, calcium source, and fertilizer; 
re-tilling; and watering. Grass grows in treated soil in 2–6 weeks, instead 
of years. The product can be applied by the customer, is lower cost than 
currently available technologies, and has been successfully demonstrated 
at multiple sites across the United States. 

 
Systems of Merritt Inc. (Upland, Ind.) has developed an iPhone app 
called Pumper’s Friend for collecting digital data from oil and natural 
gas fields. Using a smartphone, the app allows the pumper/well tender 
to quickly gather and transmit field data more accurately and to review 
well performance at the well site. This capability leads to more efficient 
operation of the well and increased production. 

 
OsComp Systems (Cambridge, Mass.) has developed a prototype 
positive displacement, near-isotherm rotary compressor to reduce the 
cost of natural gas compression at stripper wells. The technology lowers 
capital costs, is capable of a 42:1 compression ratio, has both wet gas and 
multiphase compression capability, has high energy efficiency (which 
results in reduced fuel gas use), and dramatically reduces the footprint 
of compression operations. In addition to its use for stripper wells, the 
compression technology has applications to small-scale liquid natural 
gas, enhanced oil recovery, mobile compression, sour aggressive gas, and 
for the compressed natural gas refueling industry. OsComp Systems will 
conduct field trials of the compressor in 2012. 

The Stripper Well Consortium is managed and administered by The 
Pennsylvania State University. Base funding and technical guidance to the 
consortium are provided by DOE’s National Energy Technology Laboratory 
and the New York State Energy Research and Development Authority.


