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Gas Storage “White Paper”

6100 Fossil Energy Working Group

Introduction

Natural gas is an important component of  the overall energy production and consumption picture for the United States.  Because natural gas is considered more environmentally benign than other fossil fuels, its use has grown to approximately one quarter of all consumption and demand is expected to increase rapidly in the coming decades.  To realize the expected growth in demand and consumption, the infrastructure supporting gas delivery must be carefully planned and developed.  It is the thesis of this paper that an essential component of the natural gas delivery infrastructure must be a distributed system of  underground storage facilities, developed either in depleted reservoirs, aquifers, or in underground caverns.  To support this thesis, this paper first  provides a summary of the natural gas market, and then describes the role of underground storage in terms of the industry’s ability to deliver natural gas to the end use customer.  Because of its key role in the U.S. energy picture, the production, storage and delivery of natural gas is also an issue of significant national security importance.  The national security implications of the need for improved natural gas storage and delivery infrastructure are also discussed along with key uncertainties/technical issues that are considered important in achieving the nation’s gas supply and infrastructure security goals.  Finally, we outline and discuss Sandia’s capabilities and potential roles in assisting industry and government in achieving these goals. 

The Case for Natural Gas Storage Needs
Demand for natural gas is rising, driven to a great extent by overall and predicted U.S. economic growth. Current forecasts from sources like the National Petroleum Council suggest consumption could grow from an annual 22 trillion cubic feet (Tcf) at the end of the 20th century to more than 30 Tcf annually by 2015. Meeting the Challenges of the Nation's Growing Natural Gas Demand (Washington, D.C.: National Petroleum Council , 1999) 
Electricity generation and co-generation capacity additions through the year 2020 are estimated to total 363 gigawatts to meet growing demand and offset power plant retirements (NETL, 2001).  Of the new capacity, 88% is projected to be fueled by natural gas or both oil and natural gas.  The increased demand for natural gas is expected to quickly outstrip existing pipeline capacity.  Even though pipeline expansion is anticipated to proceed at a rate of 1.2%/yr, a significant increase in storage capacity will be needed to meet the peak deliverability needs, to maximize pipeline efficiency, and to provide security of energy availability. (DOE/EIA-0383(99), 1999).  Underground storage ensures reliable deliverability during periods of heavy demand by supplementing pipeline capacity and providing ready sources of gas near major power generation facilities.  During peak demand, gas storage can supply over 30% of consumption needs.



To support this increased demand, it is estimated that total U.S. gas storage expenditures required for construction of new storage facilities will total between $2.2 and $2.4 billion through 2010 to meet that projected 30Tcf demand (INGAA Foundation, F-9901, 1999). 
The safest, most secure and economically viable form of natural gas storage is storage in natural or man-altered underground formations.  The three principal types of underground storage sites in the U.S. today are: (1) depleted reservoirs in oil or gas fields, (2) aquifers, (3) salt cavern formations.  Two of the most important characteristics of an underground storage facility are its capability to hold large volumes of natural gas for future use and the rate at which the gas inventory can be withdrawn (its delivery rate).
Most existing gas storage in the U.S. is in depleted natural gas or oil fields (348 sites 3,368 Bcf capacity, 57.674 Bcf/day delivery rate) that are close to consumption centers.  Conversion of a field from production to storage takes advantage of existing infrastructure (wells, gathering systems, and pipeline connections).  Depleted oil and gas reservoirs are the most commonly used underground storage sites because of their wide availability.  
Aquifers are used in some areas to store natural gas (40 sites, 392 Bcf capacity, 8.644 Bcf/day delivery rate) if the formation is overlain by an impermeable layer.  While aquifers are similar to depleted fields, their use for storage requires more base (cushion) gas and greater monitoring of withdrawal and injection performance.  Delivery  rates may be enhanced by the presence of an active water drive. 
Salt caverns (27 sites, 139 Bcf capacity, 11.416 Bcf/day delivery rate) provide very high withdrawal and injection rates compared with their working gas capacity and base gas requirements are relatively low.  The majority of salt cavern storage facilities have been developed in salt dome formations in the Gulf Coast states.  Vertical salt caverns leached from bedded slat formations in Northeastern, Midwestern, and Western states are also being developed to take advantage of the high volume and flexible operations possible with a cavern facility.  Cavern construction is more costly than depleted field conversions, but the ability to perform several withdrawal/injection cycles per year reduces the per-unit cost of gas injected.  The largest growth in daily withdrawal capability has been from salt cavern storage.  These facilities can cycle their inventories more rapidly than the other types of storage.

With regard to gas storage technology, NETL states “The need for new technology is most pressing in many important regions of the U.S. without conventional storage geology (Northeast, Mid-Atlantic, South Atlantic, and Pacific Northwest), or where conventional storage does not meet the requirements of end users.  The Energy Information Administration (EIA) estimates that if natural gas storage were not available, the interstate pipeline capacity of the U.S. would need to be increased by 50% in order to meet current winter natural gas demand.”
 For example, 
in 1997 natural gas consumption by all consumers in the Northeast was 3,786 billion cubic feet (Bcf), or 17 percent of total U.S. natural gas consumption. Since only 327 Bcf of natural gas was produced in the region in 1997, the Northeast must rely on gas storage and pipeline transmission to provide adequate supplies. 

The EIA AEO99 reference case projects annual U.S. growth in natural gas consumption to be slightly more than 2 percent annually in the 1999-2020 period.  However, natural gas markets in the Northeast are projected to expand at an annual rate of 3.3 percent in the 1999-2020 period, with consumption more than doubling to about 7,735 Bcf per year in 2008. Given the limited ability of the region to produce natural gas, reliance on pipelines and storage facilities will grow.

National Security Implications of Natural Gas Storage 
Security of Gas Supply

It is estimated that at current rates of consumption, there are enough natural gas reserves in the U.S. to last for over one hundred years.  North America has vast amounts of natural gas. Land formations under and offshore the Lower 48 states contain an estimated 1,466 trillion cubic feet (Tcf) of natural gas. Alaska has an additional estimated 313 Tcf in gas resources. Total recoverable North American resources are estimated at more than 2,400 Tcf - more than we'd use in a century at current rates of consumption. That figure has the potential to grow as new natural gas fields are discovered. (“Building America With Natural Gas”, Natural Gas Supply Association, 805 15th Street, N.W., Suite 510, Washington, DC 20005, October 2000)

According to the Strategic Center for Natural Gas (SCNG) at NETL, “… To service the projected increase in gas use, the gas industry must identify the market needs for new storage development and expansion of existing storage facilities that are in close proximity to existing and planned industrial and power generation facilities.”  They go on to state “Innovative natural gas storage concepts are required to meet the needs of the natural gas industry and end use customers in the U.S., especially in areas where conventional storage is not available or does not meet the requirements of end-users.”  “Underground storage is a vital part of the natural gas industry.  The ability to store gas ensures reliability during periods of heavy demand by supplementing pipeline capacity.  During periods of peak demand gas storage can supply over 30% of natural gas consumption.  Storage also enables greater system efficiency by allowing more level production and transmission flows throughout the U.S. during the year.”

The New England and South Atlantic regions have a combined expected growth of 1.7 Tcf of gas by the year 2010.  New storage facilities are needed to support such growth and maintain high, reliable deliverability.
Natural gas demand for electricity generation is especially strong and is expected to double during the first decade of the 21st century. Combined-cycle gas turbines and techniques for reusing waste heat ("cogeneration") make both small and large gas-fired facilities highly efficient. They are also less expensive to construct than most other types of generation. Because natural gas contains the least carbon of any fossil fuel per unit of energy, emissions from gas-fired power plants are relatively low, making the plants easier to site in areas with air quality restrictions. "Impact of Unconventional Gas Technology in the Annual Energy Outlook 2000," (Washington, D.C.: Energy Information Administration, 2000) 
Because of the large projected natural gas reserves in the conterminous 48 states, Alaska, and off-shore, the development of these resources is in the strategic national interest of the United States, assuming that issues related to deliverability (including storage) are solved.

[NOTE/COMMENT - the section above should be focused on the fact that natural is resource that can be further developed to meet the energy needs of the US and has fewer environmental consequences than coal or other fossil fuels available in the US. Thus, the use natural gas versus oil (imported) or coal (dirty) to satisfy energy needs represents a major solution path for achieving future energy security.  The section below should focus on how storage enhances the ability to rely on and use gas as well as providing enhanced infrastructure surety to the supply system.  Points: (1) storage should be distributed and of sufficient capacity to cover any anticipated or unanticipated disruption of supply be either natural or human-caused events.  (2) the distributed nature of storage helps ensure against single point failures of the supply system, such as often experienced in the electric grid.  (3) underground storage, in particular is less vulnerable to natural disasters or malevolent actions.]
Underground Storage Enhances Energy Security
Salt cavern storage sites represent only 3% of the overall storage working gas capacity, but about 15% of deliverability, because of their high efficiencies as compared to other storage types.



Key Uncertainties/Technical Issues

[Note/Comment – this section needs to outline the issues and uncertainties relative to current and potential future storage technology, regardless of whether NETL is currently support the effort.  Could we put together a short list of technical issues/needs (from the industry perspective), then address how NETL is currently looking at solutions, then address SNL role in developing those solutions.]
NETL has sponsored research aimed at resolving key technical issues related to underground storage.  Their efforts have concentrated on investigating the feasibility of lined rock caverns, refrigerated mined cavern gas storage, natural gas hydrate storage, and modeling of salt cavern design and integrity.  Two additional projects are underway: Columbia River basalt aquifer gas storage, and chilled gas storage in bedded salt caverns.

NETL has identified in their most recent RFP a need for proof-of-concept studies or demonstrations of “previously developed technologies” as described above, and for development of technological innovation in salt brine disposal to overcome the dominant barrier to developing natural gas storage in areas remote to ocean disposal.  This suggests the need for development of salt cavern storage sites in the bedded salts of the northeast.  To this end, the horizontal cavern leaching technology developed and patented by Sandia would/could be of great interest to the natural gas storage community.  The technology must still be demonstrated and the leaching code HORSMIC “validated” through field experimentation.

SNL Role


Sandia's salt expertise is unique among national labs.


Minimal R&D in U.S. in salt currently


Sandia already known (name recognition within industry and government)


Technology synergistic with nuclear waste disposal in salt.



Salt Mechanics



Fluid Dynamics



Leaching



Product Degradation



Cavern Sealing



In situ Instrumentation



Site Characterization

· States of Louisiana and Texas have adopted storage cavern rules and regulations based on the nitrogen cavern integrity test program developed by Sandia for SPR.

· The most widely used salt leaching code in the U.S., SANSMIC, was developed by SPR/Sandia.  It is also the standard used for comparison by other countries.

Sandia has been a leader in technology development for gas storage in salt for 20 years.  Sandia is directly responsible for the technology in the siting, development, and/or long term stewardship of over 60 salt caverns for crude oil storage and 4 caverns for gas storage.  Sandia has authored one of the high usage codes for vertical cavern development in salt (SANSMIC), and holds the only known U.S. patent on a dissolution process for the controlled development of horizontal caverns.  We therefore have recognized technology that can be applied directly to horizontal cavern development.

Sandia can play a key technology role by demonstrating the technology for high deliverability storage in thin bedded salts.

Sandia has expertise in “near-wellbore” technologies such as multiphase flow, wellbore stability, and numerical modeling on a reservoir scale that should have impact to overall gas deliverability and reservoir storage economics.
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