


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, makes any warranty, express or 
implied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or usefulness 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. The views and opinions of authors 
expressed herein do not necessarily state or reflect those of the United States 
Government or any agency thereof. 

This report has been reproduced directly from the best available copy. 

Available to DOE and DOE contractors from the Office of Scientific and 
Technical information, 175 Oak Ridge Turnpike, Oak Ridge, TN 37831; prices 
available at (615) 576-8401. 

Available to the public from the National Technical Information Service, U.S. 
Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161; phone 
orders accepted at (703) 487-4650. 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



P4 Natural Gas Supply SBIR Program 

Harold D. Shoemaker 
William J. Gwilliam 

Morgantown Energy Technology Center 

INTRODUCTION 

The Small Business Innovation Research 
(SBIR) program was created in 1982 by Public 
Law 97-219 and reauthorized in 1992 until 
the year 2000 by Public Law 102-564. The 
purposes of the new law are to (1) expand and 
improve the SBIR program, (2) emphasize the 
program’s goal of increasing private sector 
commercialization of technology developed 
through Federal R&D, (3) increase small 
business participation in Federal R&D, and 
(4) improve the Federal Government’s dissem- 
ination of information concerning the SBIR 
program. 

Eleven agencies, those with extramural 
R&D budgets of more than $100 million, were 
required to establish a SBIR program using a 
set-aside of a stated percentage of that budget. 
The percentage has grown from an initial 
0.2 percent in Fiscal Year (FY) 1983 to 
1.25 percent in FYs 1986-1992 for the civilian 
agencies. Public Law 102-564 increases the set- 
aside gradually, beginning with 1.5 percent in 
FYs 1993-1994 and attaining a maximum of 
2.5 percent in FY 1997. 

The funding for the DOE SBIR program 
has totaled $384 million over the first 12 years. 
The program’s budget for FY 1995 was 
$70 million, based on a set-aside of 2 percent. 
These funds are used to support an annual com- 
petition for Phase I awards of up to $75,000 for 
about 6 months to explore the feasibility of 
innovative concepts. Phase I1 is the principal 
research or R&D effort, and the awards are up 

to $750,000 for a 2-year period. Phase III is the 
commercial application of the research and R&D 
effort by small businesses with non-Federal 
capital and may also involve follow-on, non- 
SBIR funded Federal contracts for products or 
services intended for use by the U.S. Govern- 
ment. To date, the DOE has funded an average 
of about 145 Phase I applications and about 55 
Phase 11 applications per year. Success ratios 
for applications have been about 12 percent in 
Phase I and 45 percent in Phase 11. 

Each agency issues at least one annual 
solicitation for Phase I grant applications. 
DOE’s solicitation contains topics in technical 
areas such as the following: Basic Energy 
Sciences, Health and Environmental Research, 
High Energy and Nuclear Physics, Magnetic 
Fusion Energy, Energy Efficiency and Renew- 
able Energy, Nuclear Energy, Fossil Energy, 
Environmental Management, and Nonprolifera- 
tion and National Security. Each year about 
45 topics are allocated among the technical areas 
in proportion to their contributions to the budget. 
These funds are placed in a common pool, and 
applicants are selected competitively for awards 
on scientific and technical merit. 

DOE’s SBIR program has two features that 
are unique: 

It provides for uninterrupted funding 
between Phases I and I1 for those awardees 
that choose to submit their Phase I1 applica- 
tions 6 weeks before the end of their Phase 
I grants. Funding continuity has been pro- 
vided to these awardees for 12 consecutive 
years. 



To assist awardees in seeking follow-on 
funding for Phase II, DOE has sponsored a 
Commercialization Assistance Project 
(CAP) for the past 6 years. This effort has 
provided individual assistance in developing 
business plans and in preparation of presen- 
tations to potential investment sponsors. 
In the 1993 CAP, awardees made presenta- 
tions to about 55 sponsors from venture 
capital firms and large corporations. 
Forty-three percent of the companies that 
participated in the 1991 CAP achieved 
further funding for their projects, resulting 
in a total of more than $14 million in pri- 
vate sector support toward commercializa- 
tion, with an additional $24 million 
expected from option agreements over the 
next 4 years. 

In the 1995 DOE SBIR solicitation, the 
DOE Fossil Energy topics were 

Environmental Technology for Natural Gas, 
Oil, and Coal. 

Advanced Recovery of Oil. 

Natural Gas Supply. 

Natural Gas Utilization. 

Advanced Coal-Based Power Systems. 

Advanced Fossil Fuels Research. 

The subtopics for this solicitation’s Natural 
Gas Supply topic are (1) Drilling, Completion, 
and Stimulation; (2) Low-Permeability Forma- 
tions; (3) Delivery and Storage; and (4) Natural 
Gas Upgrading. 

The 1995 DOE SBIR solicitation was 
mailed to prospective proposers on December 1 , 
1994, and the proposals were due to DOE 
March 1, 1995. The FY 1996 SBIR solicitation 
will be issued in the Fall of 1995. Questions 
about the DOE SBIR program, or if you want to 

be placed on the SBIR mailing list, may be 
addressed with Mrs. Kay Etzler, Program 
Spokesperson, c/o SBIR Program Manager, 
ER-16, U.S. Department of Energy, Washington, 
DC 20585, telephone (301) 903-5867. 

A Fossil Energy natural gas topic has been a 
part of the DOE SBIR program since 1988. To 
date, there has been 65 Phase I SBIR natural gas 
applications that were funded (15 in 1994). Of 
the initial 50 Phase I applications, 30 were suc- 
cessful in obtaining Phase II SBIR funding (the 
15 in 1994 have not competed yet). The current 
Phase 11 natural-gas research projects awarded 
under the SBIR program and managed by 
METC are presented below by award year. The 
presented information on these 2-year projects 
includes project title; awardee company, address, 
and telephone number; principal investigator; 
project abstract; anticipated results/potential 
commercial applications; and a project schematic 
(grouped together at the end of article). 

1993 PHASE I1 PROJECTS 

Process for Sweetening Sour Gas by Direct 
Thermolysis of Hydrogen Sulfide -- Bend 
Research, Inc., 64550 Research Road, Bend, 
Oregon 97701-8599; (503) 382-4100 
Dr. David J. Edlund, Principal Investigator 

About 25 percent of the natural gas pro- 
duced in the U.S. contains excessive amounts of 
hydrogen sulfide (see Exhibit 1). Current 
methods for treating this sour natural gas (e.g., 
amine scrubbing coupled with flaring or the 
Claus process, and liquid redox systems) pro- 
duce environmentally objectionable by-products. 
As increasingly stringent environmental regu- 
lations are legislated and enforced, current gas- 
sweetening technology wi8 become inadequate 
for economically utilizing the nation’ s sour-gas 
reserves --estimated to be 135 trillion cubic feet. 

Continued development of a membrane- 
reactor-based process to sweeten sour natural 



gas without releasing sulfur compounds (such as 
SO,) to the atmosphere or producing other toxic 
or polluting by-products appears promising. The 
membrane-reactor process will be energy- and 
cost-efficient relative to currently used 
processes. The membrane-reactor achieves high 
efficiency in the direct conversion of hydrogen 
sulfide in the sour-gas feed to elemental sulfur 
and hydrogen, by employing a platinum-coated, 
hydrogen-permeable metal membrane that cat- 
alyzes the decomposition of hydrogen sulfide 
and simultaneously separates hydrogen as it is 
produced. 

In Phase I, it was demonstrated that the 
hydrogen sulfide thermolysis reaction catalyzed 
by the membrane surface was very rapid, and 
that the rate of conversion of hydrogen sulfide 
to hydrogen and elemental sulfur (beyond the 
equilibrium value) was proportional to the rate 
of hydrogen removal via the metal membrane. 
Tests at realistic operating conditions showed 
that the formation of coke and other byproducts 
on the membrane surface was insignificant. 

Phase 11 is directed at increasing hydrogen 
flux by reducing the thickness of the Pt coating 
on the feed surface of the membrane. Using a 
prototype reactor that utilizes this high-flux 
membrane, a synthetic sour natural gas feed (at 
1,000 psi) will be treated by reducing hydrogen 
sulfide from an initial concentration of about 
0.5 percent down to 14 parts per million (pipe- 
line specifications). 

Anticipated ResultdPotential Commercial 
Applications as described by the awardee: The 
membrane-reactor process is expected to 
sweeten sour natural gas without producing SO, 
(a leading cause of acid rain), toxic metal and 
sulfide wastes, or other pollutants. Processing 
costs equal to or less than that of current 
methods for treating sour gas are projected. 
Projected processing costs for the membrane- 
reactor process are 1$0.20/1,000 standard cubic 
foot for streams containing 50.5 percent H,S 
(about 80 percent of the H,S-bearing gas 

currently in production in the U.S.). In addition, 
the process could also find application in 
treating H2S in refinery streams -- replacing the 
current reliance on the Claw process and asso- 
ciated tail-gas clean-up systems. 

Remote Leak Survey Capability for Natural 
Gas Transport, Storage and Distribution 
Systems -- Deacon Research, 24.40 Embarcadero 
Way, Palo Alto, California 94303; 

Dr. Anthony 0’ Keefe, Principal Investigator 
(415) 493-6100 

The detection of natural gas and coal mine 
methane leakage is important for both worker 
safety as well as for environmental considera- 
tions (see Exhibit 2). The accepted techniques 
for the detection of such leaks are based upon 
slow air sniffing systems which detect the major 
constituent of natural gas (methane) by chemical 
means. While such techniques are sensitive, 
they are slow and must be employed in the 
immediate vicinity of the suspected leak. 
Remote optical detection of methane has been 
demonstrated, but such systems have been too 
complicated for field use. 

Phase I developed a small and rugged 
remote optical sensor for the detection of dilute 
gaseous methane in air which utilizes a propri- 
etary stabilization scheme. The approach is 
considerably less complicated than other 
schemes, such as distributed feedback frequency 
stabilization, and will be inexpensive enough to 
manufacture for several commercial areas. The 
sensitivity, ruggedness, and simplicity of this 
approach was demonstrated in Phase I. 

Phase 11 will develop a prototype system 
design suitable for field testing for performance 
and regulatory certificatid. 

Anticipated Results/Potential Commercial 
Applications as described by the awardee: This 
project will develop a commercial detector of 
methane gas leaks. The device will be used in 



the transportation, storage, and distribution 
phases of gas handling to prevent explosions, to 
reduce the impact of greenhouse gas emissions 
by early detection of methane sources, and as 
safety instrumentation in coal mining. 

Electrochemical Natural Gas Reduction to 
Alcohols -- Eltron Research, Inc., 2830 
Wilderness Place, Boulder, Colorado 

Dr. Anthony F. Sammells, Principal Investigator 
80301-5455; (303) 440-8008 

This project aims toward the development 
of advanced electrolytic technology for the 
purpose of promoting methane hydroxylation at 
practical rates, selectivities, and efficiencies 
leading to the synthesis of commercially sig- 
nificant alcohols (see Exhibit 3). 

Phase I identified advanced electrocatalyst 
and catalyst sites which were incorporated into 
gas diffusion electrodes, demonstrating high 
activity toward promoting initial oxygen reduc- 
tion, from a methane/oxygen reactant gas mix- 
ture. Subsequent proton abstraction from the 
methane intermediate was found to be followed 
by reaction to yield methanol and ethanol. 
Experimental conditions were identified which 
gave high efficiencies for this process and 
provided a technical foundation for optimization. 
Methanol synthesis rates observed during 
Phase I, using electrodes which were not yet 
optimized, were up to three orders of magnitude 
greater than those for conventional heteroge- 
neous methanol synthesis. 

Phase II will include (1) preparing selected 
electrocatalysts and catalysts; (2) performing an 
in-depth electrochemical study of electrocatalyst 
and catalyst optimization for improved selective 
methane hydroxylation; (3) incorporating pre- 
ferred dispersed electrocatalysts and catalysts 
into gas diffusion electrodes, compatible for 
application with aqueous and polymer 
electrolyte-based electrolytic technology; and 
(4) fabrication and performance testing of 

electrolytic stack technology. The application of 
mature technology for methane hydroxylation 
leading to alcohol synthesis will be expected to 
proceed with higher selectivity, efficiency, and 
rate than for related heterogeneous reactions 
leading to the same reaction products. 

Anticipated Results/Potential Commercial 
Applications as described by the awardee: Suc- 
cessful completion of this program will result in 
the development of technology for achieving 
methane activation under ambient or near ambi- 
ent conditions, leading to the synthesis of 
condensed species such as methanol. This tech- 
nology would provide an option for lowering 
costs associated with methane conversion to 
methanol, and consequently, will be of value to 
the chemical feedstock industry. A plentiful 
supply of low cost methanol could then be used 
as a feedstock for gasoline synthesis on an 
industrial scale, thereby reducing dependency on 
foreign energy sources. 

Reinterpretation of Existing Wellbore Log 
Data Using Neural-Based Pattern Recognition 
Processes -- Jason Associates Corporation, 1500 
West Canal Court, Suite 400, Littleton, Colorado 

Mr. Curtis L. Morgan, Principal Investigator 
80120; (303) 798-8032 

A significant portion of known gas reserves 
is contained within heterogeneous reservoirs for 
which well logging, using current analytical 
techniques, often can only provide information 
of a qualitative type (see Exhibit 4). This is due 
to the indeterminate nature of geologic signal 
processing, combined with the inherent limita- 
tion of utilizing mechanistic approaches to 
analyze the interrelationships of multiple signals 
in complex geologic formations. 

-rf 

Hydrocarbon Signature Logs (HSLs) iden- 
tify producing zones with a greater degree of 
accuracy than can be derived using conventional 
wellbore analysis. This can substantially 
increase the hydrocarbon discovery rate for 



obscure reservoirs. HSLs are created using a 
proprietary process termed PROWLS (Pattern 
Recognition for Wellbore Log Suites). 
PROWLS is based upon an emergent pattern 
recognition technology called neural computing 
which has been developed primarily through 
Department of Defense sponsored research to 
address the problems of identifying military 
targets in difficult environments. 

Phase I successfully adapted this tech- 
nology which can be used to identify oil- 
producing zones in a well, using a suite of 
conventional wellbore logs. Proof of concept 
was initially demonstrated using the Silurian 
Interlake formation, an Upper Interlake Sub- 
group of the central Williston Basin, which 
produced oil and gas from sequences of thinly 
interbedded peritidal dolomites and calcareous 
dolomites. On the Nesson Anticline, the 
Silurian interval is recognized as an area with a 
high potential for bypassed production because 
of the extreme difficulty of identifying pay 
zones using conventional log analysis. HSLs 
developed for wells in this formation identified 
producing intervals to a high degree, which were 
not achievable with conventional analysis. 

Phase I demonstrated that PROWLS can 
reliably estimate production of tight gas sands 
based upon patterns contained within the log 
suites. Further, PROWLS accurately identified 
all of the dry wells within the study field. HSLs 
were produced that showed definitive signatures 
indicating downhole porosity and permeability 
of the producing sand. Maps were produced 
that identified producing trends for the study 
field. 

Phase I1 will define process capabilities anc 
limitations. Procedures for model verification 
and validation will be designed. The PROWLS 
process will be imbedded into an existing com- 
mercial well log software system. Extensive 
demonstration cases will be developed to show 
system capabilities. 

Anticipated Results/Potential Commercial 
Applications as described by the awardee: 
PROWLS will be a software product that will 
allow oil and gas professionals, with no prior 
experience in neural computing, to take advan- 
tage of this state-of-the-art pattern recognition 
technology. Innovative applications of this tech- 
nology will facilitate additional gas production 
from depleted or nearly depleted fields, enhance 
development of new production, and create new 
reserves through discovery of bypassed pay or 
oil and gas. 

An Advanced Liquid Membrane System for 
Natural Gas Purification -- LSR Technologies, 
Inc., 898 Main Street, Acton, Massachusetts 

Dr. Zhen Wu Lin, Principal Investigator 
01720; (508) 635-0123 

The cost associated with contaminant 
removal from natural gas is considerable. 
Impurities such as hydrogen sulfide, carbon 
dioxide, nitrogen, moisture, and natural gas 
liquids must be removed in order for the gas to 
be suitable for pipeline transport (see Exhibit 5). 
Hydrogen sulfide removal and recovery in 
particular can involve costly processing steps, 
due to the low selectivity of this contaminant by 
chemical solvents which also have an affinity 
for carbon dioxide. 

This project will develop a novel Moving 
Liquid Membrane System (MLMS) for the 
selective removal of hydrogen sulfide. The 
MLMS combines absorption and regeneration in 
the same processing unit. Its design utilizes a 
large surface area for high mass transfer in a 
compact control volume. Also, the liquid cir- 
culation rate is much lower than that of conven- 
tional absorption systems. Phase I has shown 
that the MLMS has the ability to produce very 
high hydrogen sulfide permeability and hydro- 
gen sulfide/carbon dioxide selectivity. The 
bench-scale membrane apparatus has also proven 
to be completely stable with no evidence of 
membrane dryout or degradation. The concept 



needs further refinement of its design through 
additional laboratory and pilot-scale testing. 

Phase II will focus on further testing for 
hydrogen sulfide removal using simulated feed 
gases. It is also important that new gas 
processing technology be brought to the field to 
validate its operability with real gas. Therefore, 
a larger pilot-scale unit will be constructed to 
evaluate the long-term operability of the system 
with industrial gas. A key aspect of the research 
will be to bring the technology to the demon- 
stration stage. 

Anticipated Results/Potential Commercial 
Applications as described by the awardee: The 
MLMS is well-suited to treating gases with sig- 
nificant H2S concentrations (up to the percent 
range), especially when the CO, to H,S concen- 
tration ratio is high. Projection from the gas 
industry indicate that new reserves will likely be 
smaller, of lower quality, and at remote loca- 
tions. The simplicity and performance of the 
MLMS will make it an attractive choice in these 
applications. 

1994 PHASE I1 PROJECTS 

Application of Exploration and Advanced 
Well Completion Technology to High 
Productivity Coalbed Methane Fairways -- 
Advanced Resources International, Inc., 165 
South Union Boulevard, Suite 8 16, Lakewood, 
Colorado 80228; (303) 986-2121 
Mi. A. David Decker, Principal Investigator 

The growth of coalbed methane has been 
dramatic and highly valuable to the gas and oil 
industry (see Exhibit 6). Looking across all of 
coalbed methane production, one quickly grasps 
a startling observation -- the majority of U.S. 
coalbed methane production, 1.2 billion cubic 
feet per day out of 2 billion cubic feet per day, 
is provided by less than 10 percent of the pro- 
ducing wells, the highly prolific open-hole 
cavity wells located in the San Juan basin cavity 

fairway. Finding and efficiently developing 
other coalbed methane cavity fairways are the 
top priority for a healthy, growing coalbed 
methane industry. 

During Phase I, the controlling parameters 
for highly productive cavity completions and the 
set of geologic processes responsible for these 
favorable reservoir properties were documented. 
An exploration rationale and a set of geological/ 
geophysical tools were set forth to "rediscover" 
the San Juan basin "cavity fairway." Using this 
exploration strategy in conjunction with explora- 
tion tools, the San Juan basin was specifically 
high-graded with a final partition that accurately 
defined the fairway location and outlined an area 
within which 80 percent of the wells produce at 
a rate of 1 million cubic feet per day or greater. 
Using the same exploration strategy, a prelim- 
inary geologic evaluation suggests that cavity- 
type fairways are likely to exist in other North 
American coal basins. 

In Phase 11, the two basins most suitable for 
cavity well completions will be screened. The 
Phase I exploration strategy will be used to 
identify the cavity fairways in these basins and 
to locate specific drilling sites. The wells will 
be tested and then cavitated to determine the 
economic feasibility of cavitation in these new 
basins. 

Anticipated ResultsPotential Commercial 
Applications as described by the awardee: This 
project should demonstrate that coalbed methane 
production economics can be substantially 
improved by the utilization of the cavity com- 
pletions in coal basins where this technique has 
not been attempted. Widespread utilization of 
the technology should be a natural outgrowth 
when the economic benefit has been demon- 
strated in Phase 11. 9 



Liquid Absorbent Process for Removing 
Nitrogen from Natural Gas -- Bend Research, 
Inc., 64550 Research Road, Bend, Oregon 

Dr. David K. Lyon, Principal Investigator 
97701-8599; (503) 382-4100 

Domestic natural gas provides an 
increasingly important portion of the U.S. 
energy supply (see Exhibit 7). Estimated U.S. 
gas reserves are about 1,OOO trillion standard 
cubic feet (scf), or about 1,000 quads. About 
25 percent of the estimated reserves are 
contaminated with nitrogen to the extent that the 
gas cannot be used without nitrogen removal. 
No technology exists today for the cost-effective 
removal of nitrogen from natural gas at the 
wellhead while keeping gas losses during 
treatment below a 3 percent limit imposed by 
environmental and economic constraints. 

Over the past 3 years, a process has been 
developed for purifying nitrogen-contaminated 
natural gas at the wellhead. In this process, the 
nitrogen is separated from the rest of the natural 
gas using a regenerable absorbent based on 
aqueous solutions of transition-metal complexes. 
The final nitrogen absorbent ideally will have 
the following characteristics: (1) rapid absorp- 
tion of nitrogen at the pressure and temperature 
of the natural gas feed stream (high pressure and 
ambient temperature), (2) rapid desorption of 
nitrogen under mild conditions (ambient pressure 
and moderate temperature), (3) extremely high 
selectivity for nitrogen over methane, and 
(4) appropriate kinetics and lifetime properties. 

During Phase I, the understanding of the 
relationship between the molecular structure of 
the nitrogen-binding compounds and their 
properties was advanced, and the performance of 
candidate nitrogen absorbents was substantially 
increased. Specifically, the feasibility of 
identifying new absorbents with solubilities and 
nitrogen-binding capabilities that met Phase I 
targets was demonstrated. A computer model 
was developed that predicted process economics 
at the current level of performance of 

$0.55/1,000 scf, based on reasonable absorbent 
cost and lifetime assumptions. This level of 
performance would enable economical treatment 
of a small percentage of the nitrogen- 
contaminated U.S. gas reserves, and this 
progress sets the stage for continued collabora- 
tive funding from a commercialization partner 
and for an accelerated Phase I1 project. 

The goal of this project is to prepare new 
nitrogen absorbents (based on Phase I results) 
that exhibit superior nitrogen-binding properties, 
and (when their production is scaled up) can 
lead to process costs approaching the target of 
$0.25/1,000 scf. This level of performance 
would allow for economical treatment of 
virtually all known nitrogen-contaminated U.S. 
gas reserves. 

Anticipated ResultsPotential Commercial 
Applications as described by the awardee: An 
economical process for purifying nitrogen- 
contaminated natural gas should render up to 
250 trillion scf (250 quads) of low-grade natural 
gas saleable. This gas, at today’s prices, is 
valued at $7-8 billion each year over a 50-year 
period. In addition, this project should serve as 
the groundwork for development of other liquid- 
absorbent-based separation processes, such as 
separation of olefins from paraffins, and 
fractionation of olefin isomers. 

A Pressure Swing Adsorption Process for 
Nitrogen Rejection from Natural Gas -- 
Northwest Fuel Development, Inc., 
4064 Orchard Drive, Lake Oswego, Oregon 

Dr. Peet M. Soot, Principal Investigator 
97035; (503) 699-9836 

The technical and economic feasibility of 
the pressure swing adsorpion (PSA) process 
was demonstrated in Phase I (see Exhibit 8). 
The laboratory work demonstrated that activated 
carbons affect the desired separation between 
methane and nitrogen. Some commercially 
available activated carbons were shown to have 



a selectivity of methane to nitrogen of three or 
more. A kinetics test demonstrated that these 
materials adsorb methane very rapidly, a major 
unexpected positive result. Because the PSA 
process can be cycled so quickly, the activated 
carbon adsorbents are much better than the more 
expensive carbon molecular sieve materials used 
by other developers. 

Based on laboratory test results and on 
mathematical modeling, a conceptual PSA pro- 
cess was developed and a preliminary demon- 
stration plant was designed. The plant is 
expected to produce pipeline quality methane 
gas (exceeding 97 percent methane) from a feed 
stream containing only 83 percent methane. The 
plant recovers 57 percent of the feed methane. 
Some of the unrecovered methane is used as 
fuel for the necessary compressors, and the 
balance is reinjected into the producing forma- 
tion at some distance from the producing well. 

The demonstration plant, planned for 
Phase II, could process 300 Mcfd (thousands of 
cubic feet per day) of raw natural gas. This 

should yield 149 Mcfd of product gas at a cost 
of $1.40/Mcf. Even this small plant should 
produce an economically competitive product 
since present day natural gas prices at the well- 
head are generally in excess of $2.00/Mcf. A 
larger plant, capable of producing 1 MMcfd of 
pipeline quality gas, should have a processing 
cost of only $0.70- 1 .OO/Mcf. 

The Phase II process demonstration unit 
should provide the foundation for rapid com- 
mercial deployment of this technology in 
Phase III. 

Anticipated ResultdPotential Commercial 
Applications as described by the awardee: The 
Nation has nearly 250 trillion cubic feet of 
sub-quality natural gas. Successful development 
of this process should provide economic, 
national security, and environmental benefits. 
Cost estimates show that this process could 
provide gas at lower prices than current levels. 
It uses a domestic resource -- not an imported 
one, Environmental benefits arise from the 
capture of a greenhouse gas: methane. 
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