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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, 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.



ABSTRACT

Gas storage is a critical element in the natural gas industry. Producers,
transmission and distribution companies, marketers, and end users all benefit directly
from the load balancing function of storage. The unbundling process has fundamentally
changed the way storage is used and valued. As an unbundled service, the value of
storage is being recovered at rates that reflect its value. Moreover, the marketplace has
differentiated between various types of storage services, and has increasingly rewarded
flexibility, safety, and reliability. The size of the natural gas market has increased and is
projected to continue to increase towards 30 trillion cubic feet (TCF) over the next 10 to
15 years. Much of this increase is projected to come from electric generation, particularly
peaking units. Gas storage, particularly the flexible services that are most suited to
electric loads, is critical in meeting the needs of these new markets.

In order to address the gas storage needs of the natural gas industry, an industry-
driven consortium was created — the Gas Storage Technology Consortium (GSTC). The
objective of the GSTC is to provide a means to accomplish industry-driven research and
development designed to enhance operational flexibility and deliverability of the Nation’s
gas storage system, and provide a cost effective, safe, and reliable supply of natural gas to
meet domestic demand. To accomplish this objective, the project is divided into three
phases that are managed and directed by the GSTC Coordinator. Base funding for the
consortium is provided by the U.S. Department of Energy (DOE). In addition, funding is
anticipated from the Gas Technology Institute (GTI).

The first phase, Phase 1A, was initiated on September 30, 2003, and is scheduled
for completion on March 31, 2004. Phase 1A of the project includes the creation of the
GSTC structure, development of constitution (by-laws) for the consortium, and
development and refinement of a technical approach (work plan) for deliverability
enhancement and reservoir management. This report deals with the second 3-months of
the project and encompasses the period December 31, 2003, through March 31, 2003.
During this 3-month, the dialogue of individuals representing the storage industry,
universities and the Department of energy was continued and resulted in a constitution

for the operation of the consortium and a draft of the initial Request for Proposals (RFP).
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Executive Summary

Gas storage is a critical element in the natural gas industry. Producers,
transmission and distribution companies, marketers, and end users all benefit directly
from the load balancing function of storage. The unbundling process has fundamentally
changed the way storage is used and valued. As an unbundled service, the value of
storage is being recovered at rates that reflect its value. Moreover, the marketplace has
differentiated between various types of storage services, and has increasingly rewarded
flexibility, safety, and reliability. The size of the natural gas market has increased and is
projected to continue to increase towards 30 trillion cubic feet (TCF) over the next 10 to
15 years. Much of this increase is projected to come from electric generation, particularly
peaking units. Gas storage, particularly the flexible services that are most suited to
electric loads, is critical in meeting the needs of these new markets.

In order to address the gas storage needs of the natural gas industry, an industry-
driven consortium was created — the Gas Storage Technology Consortium (GSTC). The
objective of the GSTC is to provide a means to accomplish industry-driven research and
development designed to enhance operational flexibility and deliverability of the Nation’s
gas storage system, and provide a cost effective, safe, and reliable supply of natural gas to
meet domestic demand. To accomplish this objective, the project is divided into three
phases that are managed and directed by the GSTC Coordinator. Base funding for the
consortium is provided by the U.S. Department of Energy (DOE). In addition, funding is
anticipated from the Gas Technology Institute (GTI).

The first phase, Phase 1A, was initiated on September 30, 2003, and is scheduled
for completion on March 31, 2004. Phase 1A of the project includes the creation of the
GSTC structure, development of constitution (by-laws) for the consortium, and
development and refinement of a technical approach (work plan) for deliverability
enhancement and reservoir management. This report deals with the second 3-months of
the project and encompasses the period December 31, 2003, through March 31, 2004.
During this 3-month period, the dialogue of individuals representing the storage industry,
academia and the U.S. Department of Energy (DOE) continued. Two meetings were held
to address the creation of a constitution for the operation of the consortium and the

development of the initial Request for Proposals (RFP). The first meeting was held in



Atlanta, Georgia, and the second in Houston, Texas. These meetings resulted in the
development of a consortium constitution and the presentation of the initial draft of the

RFP.

Experimental

This project is in its initial stages therefore there are no experimental results

available at this time.

Results and Discussion

As stated in the first quarterly report, plans were made for a second meeting of the
parties involved in creating a Storage Consortium. This second meeting was held at the
Doubletree Hotel in Atlanta, Georgia, on February 3 and 4. This meeting considered two
issues of importance to the consortium. The first was the development of a statement of
work/identification of the challenges/research needs of the storage industry and the
second was the approval of the Constitution for the consortium.

To accomplish the first task, the development of a statement of work and
identification of the challenges and research needs of the storage industry, the
Department of Energy (DOE) arranged break-out sessions hosted by Energetics, Inc.
of Morgantown, West Virginia. The report prepared by Energetics, Inc. that summarizes
the input received during these sessions is included in the Appendix and was to be used to
prepare the initial draft of the Request for Proposals.

With respect to the second task, dialogue between the parties continued. It was
the consensus of the group in attendance that additional work on the constitution was
required before it could be adopted. An ad-hoc committee of individuals representing the
storage industry and academia was named and charged with the challenge of providing
input to the Consortium Director on issues that were viewed to be contentious and needed
further clarification. The primary issue that had to be addressed dealt with the
publication of data that are the property of individual companies; but may be used to
support research undertaken through the aegis of the storage consortium. To address
these concerns, a meeting was tentatively planned for early March in Houston, Texas, at

the Sofitel Hotel.



On March 2, 2004, the GSTC met at the Sofitel Hotel, in Houston, Texas. The
purposes of this meeting were as follows. Review and approve the latest draft of the
GSTC constitution, consider a draft of the consortium’s initial RFP, distribute GSTC
membership applications and initiate the process of self-nomination for membership to
the EC.

With only minor changes, the constitution for the GSTC was approved as
presented. A copy of the consortium’s constitution is included in the Appendix. The first
draft of RFP was presented and discussed in considerable detail. Given the fact that the
RFP needed to be approved by the Executive Council (EC) of the consortium, further
discussion of the RFP draft was tabled until the EC had been elected and could provide
their respective input. It was fully understood that once the RFP had been approved by
the EC and Consortium Director that it needed to gain approval from the DOE before it
could be posted/circulated.

The next agenda item was the self-nomination for membership to the EC. It was
agreed that those individuals who elected to serve on the EC needed to provide to the
Consortium Director, a brief biographical sketch. It was decided that the initial election
for membership to the EC would be conducted via electronic mail. These elections were
scheduled to occur during March.

The next meeting of the consortium was tentatively scheduled for June in
Morgantown, West Virginia. The purpose of the meeting is to select the proposals to be
funded by the consortium for year 1.

Subsequent to this meeting in early March, steps were taken to address the action
items that resulted from the input received from the Houston meeting. Biographies were
received by the Consortium Director, distributed to the membership and the election of
the EC took place. The results of this election were as follows:

Karen Benson, Panhandle Energy - 2-year term

Charles Chagannes, Duke Energy Gas Transmission - 2-year term

Larry Chorn, Colorado School of Mines - 2-year term

Larry D. Kennedy, Jr., El Paso Corporation - 2-year term

Andrew Theodos, Columbia Gas Transmission Corporation - 2-year term

Stephen R. Bergin, ONEOK Gas Storage, LLC - 1-year term



Ramon Harris, Jr., National Fuel Gas Supply Corporation - 1-year term

John Leeson, Dominion Transmission, Inc. - 1-year term

James Philo, Consumers Energy - 1-year term

Moreover, steps were taken to create a web-site for the consortium that can be
accessed by the membership and used to post meeting information et cetera. The web-

site is a work in process. It can be accessed at: http://www.energy.psu.edu/gstc/.

Conclusions

The work necessary to bring the consortium from the stage of being a concept to
one of a reality was begun during the first quarter of this project. During the second
quarter, the Gas Storage Technology Consortium (GSTC) became a reality. A road-map
that identified the near-term challenges and research needs of the storage industry was
developed and incorporated in the draft of the Consortium’s first RFP; a constitution for
its governance was approved and is in place, and the election of the Executive Council
took place.

With the completion of the above and the approval by the DOE of a work-plan,
Phase 1-A of the project is completed. Phase 1-B begins on March 31, 2004. This Phase
sets the stage for the initial round of funding of projects that are selected by the EC in
consultation with the DOE and the Consortium Director. Subsequent reports will deal

with these activities.
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Underground Gas Storage Technology Consortium
R&D Priority Research Needs

QOVERVIEW

As a follow up to the development of the new U.S. Department of Energy-sponsored
Underground Gas Storage Technology Consortium through Penn State University (PSU),
DOE’s National Energy Technology Center (NETL) and PSU held a workshop on

February 3, 2004 in Atlanta, GA to identify priority research needs to assist the consortium
in developing Requests for Proposal (RFPs). Thirty-seven active participants and seven
observing energy professionals representing industry, academia, and National Laboratories
participated in two parallel facilitated working sessions to develop input to the RFP
development process. Two focus questions were presented to the active participants:

1. What research needs to be done to demonstrate technologies to preserve and
improve deliverability of conventional underground gas storage reservoirs and
salt cavern storage facilities?

2. What research needs to be done to develop man-made storage systems and other
non-traditional methods of natural gas storage in close proximity to demand
centers?

PROCESS

Participants were divided into two groups identified as the Blue Group and the Orange
Group. Grouping was arbitrary as each of the sessions operated in parallel and addressed
the same two focus questions. As the participants were asked the first focus question, idea
generation began and thoughts were captured. Following organization and categorization
of these ideas, the participants were asked to vote on the ideas to signify those of highest
priority. The groups identified near-term and long-term priorities with respect to their
generated needs. This process was repeated for the second focus question.

SUMMARY OF RESULTS

The following table contains the highest-priority topics identified by each group. The
complete results of each group are presented and discussed in the subsequent sections.

R&D Priority Research Needs - February 2004
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BLUE GROUP

Conventional Storage

Practically all research would be
for a near-term (0 — 5 year) time
horizon for conventional gas
storage. In fact, there was
consensus that no long-term
assessment was necessary. There
was an overriding consensus to
emphasize the need for practical
research to solve immediate
problems for operators using
leading edge, but not cutting
edge, technology. Moreover, there
was general skepticism about
deviating from this emphasis and
addressing the second question on
non-traditional methods. The
group noted there is the need for
research and DOE-backed
demonstration to identify the
benefits of overcoming regulatory
barriers. However, this was not
to be considered within the
purview of the DOE effort. One
industry representative noted
that some of the easiest
engineering expansion and
upgrade projects for utilities
cannot be done because of
regulatory barriers — new
compressors cannot get approval
under the best-available-control-
technology criterion.

BLUE GROUP
NAME ORGANIZATION
Michael Adewumi Penn State

Ken Beckman
dJerry Benson
Karen Benson

Bob Bretz

Ken Brown

Jim Castle

Charles Chabannes
Jim Chown

Shari Dunn-Norman
Mark Gredell

Peter Gross

Floyd Hofstetter
Tim Illson

Jim Janson

Jim Mansdorfer*
Richard Mantia
Don Vogtsberger
Bill Weiss

OBSERVERS
Dan Driscoll

International Gas Consulting
Isotech Laboratories
Panhandle Energy

New Mexico Tech
Schlumberger DCS

Clemsen

Solution Mining Research Inst.
Michigan Consolidated Gas
University of Missouri — Rolla
Duke

NUI

Kinder Morgan

Advantica Limited

Puget Sound Energy

Southern California Gas
Mississippi River Transmission
Baker Atlas

Correlations Company

DOE/NETL

* Report out person

FACILITATOR: KEVIN MOORE, ENERGETICS

Conventional research needs from the Blue Group were categorized under nine major
headings: Reservoir, Mechanical, Water Issues, Data Management, Formation Damage,
Salt Cavern, Drilling and Completion, Regulatory Barriers, and Market. Participants
prioritized conventional research needs using four votes each. There were two research
needs with eight votes each. One of these needs was near well and wellbore damage:
remove it for good including scales, fines, salts, asphalt, etc. The other need with eight
votes was for a new approach to handling of produced water. Three other needs received
five votes each: prevent water from encroaching on the wellbore and reducing relative
permeability, expand smart pipe concepts to production casing to prove concept and a low
cost, low maintenance (plus or minus 10 percent) individual well head multiphase gas
measurement system. Water issues dominated the voting with two of the top five vote-
getters. With respect to the column headings, Reservoir and Mechanical headings got the
most total votes, so although none was a top vote-getter, there certainly is evidence that
these are very important research areas. In fact some of the cards could have been easily

combined to be a top vote-getter.

R&D Prioritv Research Needs

_ F ebrua;y 2004




Non-Traditional Storage

The Blue Group was concerned that the second focus question was deviating from the goal
of the consortium to provide immediate practical solutions for gas storage operators.
Nevertheless, the group realized that the non-traditional area had the potential for some
breakthrough discoveries and applications that must not be overlooked given immediate
needs. For example, small scale applications in the home could have a dramatic impact on
the thinking of what is needed for research. The timeframe for this second question is
therefore longer than the first question, but no distinction was made in the voting
prioritization.

Non-traditional research needs from the Blue Group were categorized under nine major
headings: Data Management, Refine Existing Technologies (not yet commercial), Field
Demonstration, Expand Existing Presently Commercial Feasibility Studies, and Other.
Participants prioritized research needs using three votes with a choice between high
priority and low priority with respect to the first question. The low priority votes out-
weighed the high priority two-to-one supporting the observation that there was more
concern for the first question. All votes were counted for prioritization. The number one
vote-getter was to increase low permeability and pressure aquifer storage R&D with 11
votes. Two other needs had relatively high votes: small scale household hydrates with eight
votes and house sized carbon/coal filled storage cells with seven votes. Developing a cost
effective method for creating caverns in hard rock at depth received five votes, and this
need is related to the laser made cavern storage need with four votes.

R&D Priority Research Needs Felbruary 2004
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ORANGE GROUP

Conventional Storage

Conventional research needs from the
Orange Group were organized into
nine categories: Integrity, Above
Ground Equipment, Product Quality
and Chemistry, Reservoir Description,
Salt Cavern Issues, Deliverability,
Subsurface Equipment, Damage,
Inventory, and Performance.
Participants in this group voted twice
on these conventional research needs
so that priorities for near-term (0 — 5
years) research and long-term (greater
than 5 years) research could be
established. For the near-term
timeframe, three conventional storage
research needs tied as having the
highest number of priority votes, while
a four-way tie existed for the second
highest priority research need. Three
of the top seven near-term research
needs were included under the
Integrity heading and were as follows:
Study cement bond and integrity
longevity, Improve pipe and well
casing integrity monitoring, and How
do you prove integrity/How do you
know when you've met the
requirement for integrity. The other
top vote-getters included the following:
Improve reservoir description,
Research overall quality of product
shipped, Salt cavern stability, and

NAME

ORANGE GROUP

ORGANIZATION

Steve Bergin
Ilkin Bilgesu
Steve Caldwell
Larry Chorn
Kerry DeVries
Glenn DeWolf
John Guoynes
Ray Harris
Steve Heath
Ann Justice
Larry Kennedy
Larry Lake
Bill Savage
Tom Stemmer
Richard Stocke
Andy Theodos*
Terry Williams

Joe Young

OBSERVERS

Rodney Anderson

Steve Foh

Christina Sames

ONEOK

West Virginia University
CEESI

CSM

RESPEC

URS

Halliburton
National Fuel
Williams

MAPL

El Paso

University of Texas
NITEC

BASIC

Texas Gas
Columbia Gas
Buckeye P/L
Sunoco Logistics

DOE/NETL
GTI
PRCI

* REPORT OUT PRESENTER

FACILITATOR: ALICIA DALTON-TINGLER, ENERGETICS

Expansion techniques of existing storage like aquifers. When the participants voted for
long-term research needs, two ideas tied for the highest priority, and two other ideas were
tied for the second highest priority. Two of these four needs, both categorized as Product
Quality and Chemistry, were Improved LNG technologies and Progressive souring of gas
reservoirs. The other two top vote-getters were Salt cavern mechanical integrity testing
standards and Investigate benefit of implicit gas network - reservoir simulator system. The
group was later informed that the Blue Group participants did not identify long-term
priorities relative to conventional research needs nor did they identify near-term priorities
for non-traditional research needs. The Orange Group was asked if they still stood behind
their dual-voting, and the participants agreed that there are conventional research needs
that are near-term priorities and others that are long-term priorities. The group decided to
continue with the dual-voting to represent time frames for their second set of research

needs.

R&D Prioritv Research Needs
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Non-traditional Storage

Non-traditional research needs generated by the Orange Group were categorized into the
following nine headings: Centralized Storage, Low-pressure Storage, LNG, Distributed
Storage, Coating/Liners Materials, Security Safety and Risk, and Optimization Studies.
Participants voted to identify top priority non-traditional research needs for the near-term
(0 — 5 years) and then again for the long-term (greater than 5 years). Two non-traditional
research needs each received nine votes, placing them in a tie for the highest priority need.
These needs were Underground LNG storage and Low cost lining for mines and caverns.
Second and third highest priorities were identified as Storage as gas hydrates and Methods
for storage in abandoned mines, respectively. When the participants voted to identify long-
term non-traditional research needs, both of the top vote-getting needs were categorized as
Low-pressure Storage — Storage as gas hydrates and Sorption of gas onto a solid. The
storage as gas hydrate need was a top vote-getter in both the near- and long-term
timeframes as participants believe this needs should achieve significant progress within the
0 — 5 year timeframe and beyond.

R&D Priority Research Needs February 2004
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Appendix 2: CONSTITUTION FOR GAS STORAGE TECHNOLOGY CONSORTIUM

Article [
Name and Purpose:

Section 1. The name of this organization shall be the Gas Storage Technology Consortium
(GSTC).

Section 2. The mission of the GSTC is to assist in the development, demonstration and
commercialization of technologies to improve the integrity, flexibility, deliverability, and cost-
effectiveness of the nation’s underground natural gas (hydrocarbon) storage facilities. Moreover,
the projects selected will primarily focus on demonstration of technologies to preserve and
improve the deliverability of and management of existing conventional underground storage
reservoirs and salt cavern storage facilities, and secondarily focus on research to develop man-
made storage systems and other non-traditional methods in close proximity to demand centers. Its
functions shall pertain to natural gas science and engineering, and the dissemination of new
information to the scientific community, industry and the general public. The specific research
focus will be identified in the Requests for Proposals (RFPs).

The organization shall serve its Members by guiding, stimulating, and aiding their efforts to:

i) Formulate research, development, and technology assessment goals;

ii) Create a supporting infrastructure for conducting research and development that will
increase knowledge of and expand the technological base for natural gas (hydrocarbon)
storage; and

iii) Promote and enhance the dissemination of research results and technology
transfer to storage operators for the benefit of the nation.

Section 3. The GSTC and Members who are not participants in a project are not liable in any
way for any activities under a given project.

Article II
Membership:

Any individual, firm, partnership, association, institution, university or corporation engaged in
natural gas (hydrocarbon) storage, or engaged in research and development of technologies
associated with natural gas (hydrocarbon) storage, or a user of natural gas (hydrocarbon) storage
services is eligible for Membership in the GSTC Consortium.

Section I. Membership in the GSTC shall be at one of three Membership levels:

i) Full Memberships are defined as those Members from any individual firm,
partnership, institution, or corporation directly engaged in the production and
service of the natural gas (hydrocarbon) industry, or individuals and institutions
engaged in research and development associated with natural gas (hydrocarbon)
or users of natural gas (hydrocarbon) services and who have provided an annual
membership fee of $1,000 per year. Full Members are entitled to designate one
(1) voting representative to the Technical Advisory Committee, receive periodic
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communications, to compete for a seat on the Executive Council, to sponsor or
propose a project for Consortium funding, and to receive quarterly and final
technical reports. Full Members are eligible to have up to two (2) people in
attendance at meetings. Full Members are eligible to receive research funding
from the Consortium. Annual membership fees for full members are subject to
change at the discretion of the Executive Council. No meeting fee will be
assessed to full members.

i) Affiliate Members are defined as those Members from associations and
professional societies. Affiliate Members are entitled to designate one (1) voting
representative to the Technology Advisory Committee, and to receive periodic
communications. Affiliate Members are eligible to have up to two (2) people in
attendance at meetings. Affiliate Members are not eligible to receive research
funding from the GSTC Consortium, may not be elected to the Executive
Council, nor are they eligible to receive technical reports. If however, an
Affiliate member provides co-funding in support of a specific project, the
Affiliate member is eligible to receive the technical reports associated with the
specific project and may be eligible for appointment to the Executive Council as
provided in Section III. The annual membership fee for Affiliate Membership is
$500 per year and is subject to change at the discretion of the Executive
Council. No meeting fee will be assessed to affiliate members.

iii) University Members are defined as any university or college that is engaged in
research and development technologies associated with natural gas
(hydrocarbon) storage. No membership fee will be assessed to University
Members. University Members are entitled to designate (1) voting
representative to the Technical Advisory Committee, receive periodic
communications, to compete for a seat on the Executive Council, to sponsor or
propose a project for Consortium funding, and to receive quarterly and final
technical reports. University Members will be assessed a meeting fee of no
more than $100 per day to cover expenses associated with their attendance at
meetings.

Section 1a. Full, Affiliate, and University Membership

i) Application for Full, Affiliate and University Membership shall be submitted
to the Director whose responsibility it shall be to ensure their completeness
and compliance with provisions of the consortium’s constitution.

i1) Upon receipt of Membership fee, the member(s) shall imnmediately exercise
all rights, privileges and responsibilities of Membership. In the case of a

University or College, the membership fee is waived.

iii) Calendar year shall mean January 1 through December 31.
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iv) Voting on consortium issues by the Technical Advisory Committee will only
be by those members in attendance.

Section 1b. Full, Affiliate or University Members may withdraw from the
Consortium upon thirty (30) days written notice to the Consortium Director.
Membership fees are nonrefundable.

Article 1T
Organization and Officers:

The GSTC shall be governed and managed by an Executive Council and the Consortium
Director.

Section 1. The Executive Council shall be the policy making body of the Consortium.
The Executive Council shall establish an overall research and development plan for the
GSTC, approve and issue requests for proposals to Full Members and University
Members to fulfill research and development priorities, establish review procedures for
research proposals, select proposals to be funded by the Consortium based upon the
relevance to the established goals and objectives of the Consortium, and perform the
duties necessary to achieve the GSTC mission. The director and various committees
derived from the GSTC Membership shall be utilized as deemed necessary by the
Executive Council to achieve these and other Executive Council goals.

Section la. The Executive Council shall be composed of:
i)  Nine (9) voting members elected by the Technical Advisory Committee;

ii) The GSTC Director who shall be a non-voting member presiding over the
Council;

iii) A representative from the National Energy Technology Laboratory (NETL)
who shall be a non-voting member of the Council;

iv) A representative from the Pipeline Research Council International (PRCI)
shall be a non-voting member of the Council;

v) A maximum of two (2) university members;
vi) A minimum of 5-storage operators - storage operator in this context is defined
as a U.S. based operator that files an EIA (Energy Information

Administration) 191 form,;

vii) Executive Council can be expanded as per Article I11, sections 2¢ and 2d.
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Section 1b. With the advice and consent of the Executive Council representatives,
the GSTC Director shall set the time, place and agenda of the Executive Council
meetings and shall preside over these meetings. Every effort will be made to hold
meetings in various geographical locations throughout the country. Whenever possible,
telephone conferencing will be scheduled to conduct meetings. Executive Council
Members shall be responsible for their own travel and other expenses associated with the
performance of their responsibilities.

Section lc. Representatives of the Executive Council who are unable to attend the
Executive Council meeting shall notify the Director as far in advance as possible. An
Executive Council Member can vote in absentia provided it is done in a written form,
however Executive Council Members must be present to vote on the selection of
proposals to be funded by the Consortium.

Section 2. The Technical Advisory Committee shall provide research ideas, and aid
the Executive Council in developing and implementing technology transfer plans for the
GSTC. The Technical Advisory Committee shall advise both the Executive Council and
the Director regarding the relevance and the scientific merit of the Constitution research
and development programs.

Section 2a. The Technical Advisory Committee shall be composed of one (1)
voting representative from each Full, Affiliate and University GSTC Membership.

Section 2b. The Technical Advisory Committee shall elect nine (9)
representatives to serve on the Executive Council. In the initial year, the Technical
Advisory Committee shall elect five (5) representatives who shall serve a two-year term
and four (4) who shall serve a one-year term. Thereafter, the Technical Advisory
Committee shall elect either four (4) or five (5) representatives each year to replace
outgoing representatives. No representative can serve two consecutive terms except the
one-year term representatives elected in 2004. In the event an Executive Council
Representative is unable to fulfill their full term of office, the Consortium Director and
the NETL Representative will convene the Technical Advisory Committee to elect a new
representative to complete the unfinished term. Voting will be by electronic ballot and
election by a simple majority of the voting members.

Section 2¢. With the consent of the Technical Advisory Committee, the Executive
Council may be expanded to eleven (11) voting Members pending a simple majority vote
of the Technical Advisory Committee. The eleven members Executive Council must be
composed of no less than six (6) Gas Storage Operators.

Section 2d. With the consent of the Technical Advisory Committee pending a
simple majority vote and approval of the NETL representative, the Executive Council
may be expanded to include those member(s), that provide co-funding to the Consortium.
The Full or Affiliate member shall be a non-voting member of the Executive Council.
Terms of Full or Affiliate members so elected as non-voting members of the Executive
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Council will be determined on a case-by-case basis by the GSTC Director and the
Council Representative from NETL.

Section 3. The GSTC Director shall be the chief representative of the Consortium and
shall be responsible for the administration of its affairs. The Director may represent the
Consortium in situations where a single representative of the Consortium is appropriate.
The Director may interact with public and private funding sources to secure and maintain
funding necessary to meet the long-term goals of the Consortium.

Section 3a. As the GSTC Administrator, the Director shall implement the
decisions of the Executive Council, and oversee the daily operations of the Consortium.
The Director will establish and enforce computerized and other necessary communication
systems among all Consortium Members. Under the direction of the Executive Council,
the Director, in accordance with Articles III Section 4 and Articles V and VII, will
operationally manage Consortium funding. The Director will have authority to establish
and maintain research reporting procedures using Department of Energy guidelines where
applicable. The Director may publicize the GSTC and its research results utilizing
publications, research reviews, and any other means approved by the Executive Council.
The Director will make recommendations to the Executive Council to aid it in setting
policy for the GSTC.

Section 3b. The Director shall be appointed by the College of Earth and Mineral
Sciences with the approval of the Pennsylvania State University, and serves at the
pleasure of The Pennsylvania State University. It is the responsibility of the University to
provide staff and facilities for the conduct of the Director’s duties and responsibilities as
provided in the Constitution.

Section 3c. The Director will schedule at least one Executive Council meeting per
year at places and times set by the Director with the approval of the Executive Council
representatives. The Director will prepare the agenda for Executive Council meetings
from items submitted by the representatives of the Executive Council and the Technical
Advisory Committee. The Director shall preside over the Executive Council meetings
and arrange for minutes of the meetings to be recorded and distributed to all Members.
Attendance by a majority of the representatives of the Executive Council shall constitute
a simple majority of voting members for the conduct of business at scheduled meetings.
In the event that specific items of Consortium business require a vote of the Executive
Council and it is impractical to convene a full Executive Council meeting, the Director
will poll the Executive Council Membership by telephone, computer, or other means. The
Director in consultation with the Executive Council, shall schedule Technology Transfer
meetings and Technology Advisory Committee meetings, at a minimum of one meeting
per year.

Section 4. Administrative costs in support of the Director and Director’s office will be

borne by the Consortium and shall not exceed the management funding provided to The
Pennsylvania State University through the DOE Cooperative Agreement.
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Article IV.
Amending the Constitution:

Section 1. The Consortium Constitution can be amended only at the recommendation
of the Executive Council. All amendments must comply with the Pennsylvania State
University and the DOE Cooperative Agreement. Recommended changes to the
Constitution must be first approved by a two-thirds majority vote of the Executive
Council and subsequently approved by a two-thirds vote of the consortium membership.

Section 1a. Any GSTC member may propose a change in the Constitution by
petition to the Consortium Director. The Director shall submit the proposed amendment
or change to each representative of the Executive Council at least thirty (30) days prior to
the next meeting of the Executive Council.

Article V
Program Funding:

Section 1. The GSTC Director will solicit proposals from the Full and University
Members of the Consortium on an annual basis. A fully executed membership agreement
must be in place and current prior to accepting a proposal for review.

Section 2. A minimum 40% co-funding is required for each proposal submitted to the
GSTC Consortium. The 40% co-funding is calculated as 40% of the total cost of the
proposed project. The Consortium does encourage collaboration among the GSTC
Members. Full Members, University Members and any other participants in proposed
research projects are encouraged to provide additional co-funding for each proposal
submitted to the Consortium for review. All co-funding must be supported by appropriate
documentation and will be subject to review as part of the complete proposal package.

Section 3. Proposals from non-US Full and University members may be accepted and
funded, provided that 75% of the total cost, based on actual costs, is conducted in the
U.S.

Section 4. The Consortium Director shall receive proposals from the Full and
University Members and distribute the proposals to the Executive Council fourteen (14)

days before the Consortium meeting.

Section 5. The Executive Council is the final decision making body for approval of
all projects funded by the GSTC.

Section 6. The GSTC Director will notify all applicants of their funding status in
writing within fourteen (14) days of the Executive Council decision.
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Section 7. For each research project funded through the Consortium, the Executive
Council will appoint a small (2-4) member ad-hoc committee consisting of GSTC
Members to help provide technical guidance during the conduct of the work. Members
are precluded from appointment to ad-hoc committees for a project co-funded by the
member’s corporate or university affiliation. Technical progress will be reviewed
periodically at Consortium meetings.

Article VI
Publications and Conferences:

Section 1. Overview Articles will be used to promote and describe, in non-technical
terms, the activities of the GSTC. The preparation, presentation and publication of
overview articles for GSTC projects shall remain the responsibility of The Pennsylvania
State University. GSTC Members shall be provided with the opportunity to review any
overview papers or presentations containing any of the results of the GSTC funded
projects and are free to distribute overview articles.

Section 2. Presentations. Full Members and University Members may present
technical papers on their GSTC funded projects provided the Consortium is
acknowledged for its funding and provided that said Presentations do not contain any
proprietary information subject to non-disclosure restrictions.

Section 3. Publications. Subject to the following restrictions, Full and University
Members shall be free to publish the results of the GSTC funded projects provided they
maintain the confidentiality of Gas Storage Technology information, where it has been
clearly marked “Confidential” in the initial proposal funded by the GSTC:

i)  All such publications shall be consistent with deliverables and statement of
work approved by the Executive Council and contained in the
subaward/subcontract issued by The Pennsylvania State University;

ii) DOE shall be given the right to review and comment on all publications
pursuant to Section 4.18 of DOE Cooperative Agreement No. DE-FC26-
03NT41779; and

iii) Parallel to the DOE review period, the Executive Council shall have the right
to review and comment upon any such publications and to the extent practical;
and

iv) The DOE and the Executive Council shall have 30 days to provide comments
to the Consortium Director. The Consortium Director will distribute
comments to the author of the publication. Authors shall give any such
comments due consideration.

29



Section 4. The GSTC Director shall be responsible for the preparation of all
guidelines for technical reports and publications that have been approved by the
Executive Council.

Article VII.
Finances:

Section 1. The Pennsylvania State University will serve as fiscal agent for the
Consortium. As such, the Pennsylvania State University will represent the Consortium in
fiscal matters and have the ultimate accounting and financial reporting duties and the sole
legal authority to enter into contracts and to administer and expend funds on behalf of the
Consortium. Periodically a summary of the total value of the GSTC consortium will be
posted to the Consortium website and will be available only to current members.

Article VIII.
Intellectual Property Rights Policy for Gas Storage Technology Consortium:

Section 1. Pursuant to Chapter 18 of Title 35 of the United States Code, commonly
known as the Bayh-Dole Act, as enacted by the Department of Energy (DOE) in DEAR
952-227-11, any domestic small business firm or nonprofit organization conducting
research under Consortium funding (Research Party) may elect to retain title to any
invention conceived of or first actually reduced to practice by its employees in the course
of or under the research conducted with Consortium funding. Title to these inventions
will be subject to DOE patent policies, including retention by the Government of a
license for Government use and march-in rights, and U.S. competitiveness and
manufacture requirements. The Consortium will petition the DOE for a class waiver of
ownership rights to any inventions conceived or first actually reduced to practice by
employees of entities other than domestic small business firms and nonprofit
organizations. Information that results from the research and development conducted
with Consortium funding and that would be trade secret or commercial or financial
information that is privileged or confidential if the information had been obtained without
Federal support, may be protected from public disclosure for u to five years after
development of the information, but shall be available to Consortium Members during
the period of protection.
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