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Background 

This Safety Record Study was performed by International Gas Consulting (IGC) at the 

request of Sacramento Natural Gas Storage, LLC (SNGS).  SNGS is currently proposing 

to develop an underground natural gas storage facility in a depleted reservoir located 

within the city limits of Sacramento, California.  The Study was developed for SNGS in 

response to a request for information by the leaders of AGENA, a local neighborhood 

association that serves the residents in the area of the proposed project.  The Study is 

intended to assist SNGS in reliably demonstrating to the local community that facilities 

similar to the one proposed by SNGS (Attachment A) have operated safely throughout 

the United States since the first storage facility was created more than 90 years ago.  The 

SNGS Project Description is provided as an attachment (Attachment B) to this Study to 

verify for the reader that the SNGS facility is in fact similar to the 360 other depleted 

reservoir and/or aquifer-type facilities.

IGC limited the study horizon to the most recent thirty (30) years of historical data, i.e., 

1976-2006.  This period was chosen to enhance the quality of the data, as the quality of 

the record-keeping and reporting has improved significantly throughout the country in 

recent years.  The study period also reflects histories of facilities constructed and 

operated under more recent codes, rules and regulations, using current technologies and 

equipment. 

We draw your attention to the quotation from the Federal Energy Regulatory 

Commission (FERC) on page 2 of the Study, which states … “There are more than 200 

jurisdictional underground storage fields generally operating successfully and safely …”. 

In the Study we cited 360 facilities.  The reason for the apparent discrepancy is that there 

are approximately 160 “non-jurisdictional” facilities operating in the United States, i.e., 

facilities that are not regulated by the FERC.  
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Introduction 

A major concern for a community in discussing the siting of a natural gas storage field is 

the safety track record of similar facilities.  While the historical safety record of this 

industry shows only a few accidental operational occurrences, communities in the close 

proximity of storage fields often have a fear of such facilities.  Consequently, prudent 

storage developers and operators employ a variety of procedures and processes to 

mitigate the risks associated with natural gas storage facilities and thus lessen the anxiety 

associated with living in the same area as one of these facilities. 

Storage Safety Track Record  

Underground natural gas storage facilities are designed and constructed to meet stringent 

industry and regulatory specifications and codes.  These facilities have one of the best 

safety records of all industries, both with respect to employee safety and to the welfare of 

the general public.  The Federal Energy Regulatory Commission (FERC) noted the 

impressive safety record of the storage industry in a recent ruling: 

There are more than 200 jurisdictional underground storage fields generally 
operating successfully and safely without major operational problems, despite the 
variety of difficulties inherent in storage operation…Field operators have 
achieved broad success through a system of sound engineering practices using 
appropriate monitoring and testing of storage field performance throughout the 
entire active operating life of each storage field.  The early detection of problems 
such practices allow has proven effective in assuring the initiation of remedies to 
minimize adverse effects to the environment and the preservation of the stored 
natural gas.1

There have been relatively few problems associated with the underground storage of 

natural gas in depleted gas reservoirs (including aquifer drives) during the 90+ year 

history of gas storage.  During the last thirty years, only five minor storage failures or 

accidents have been reported in the public record.  These five storage incidents are 

described below. 

1 99 FERC ¶ 61,385 (2002).  Docket CP01-427-001, Dominion Transmission, Inc. 
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Aliso Canyon, Los Angeles County, California 

The Aliso Canyon facility was completed in 1973 and provides 80 Bcf of working gas 

storage in a Depleted Reservoir. Subsidence resulting from the Northridge Earthquake 

damaged surface piping in January 1994.  Neither fire nor injuries were reported at the 

storage site.  The field was immediately shut-in to determine the full extent of the damage 

and to make appropriate repairs.  Repairs were made and the facility continues in 

operation today. 

Eaton Rapids, Eaton County, Michigan 

The Eaton Rapids facility was completed in 1990 and provides 7 Bcf of working gas 

storage in a Depleted Reservoir.  In January 1993, storage gas was found to be migrating 

from shut-in production wells.  Upon investigation, it was discovered that there was a 

leak in the production casing string, but it did not impact the water supply.  The only 

outcome was that some of the gas was produced in neighboring fields.  The leak was 

repaired, and the facility is still in operation.

McDonald Island, San Joaquin County, California 

The McDonald Island facility was completed in 1958 and provides 82 Bcf of working gas 

storage in a Depleted Reservoir.  In October 1993, an explosion and fire occurred at the 

reservoir facility, owned by Pacific Gas and Electric.  The accident was reportedly caused 

by an observation port being left off an in-line heater's firebox which, coupled with an 

unexplained trip-out of the system's flame, allowed the accumulation of a combustible 

mixture of gas and air in the box which then ignited.  There were no injuries associated 

with the explosion and fire, although approximately $2 million of damage occurred to the 

heater and surrounding equipment. 

Six Lakes, Mecosta County, Michigan 

The Six Lakes facility was completed in 1953 and provides 40 Bcf of working gas 

storage in a Depleted Reservoir.  In August 1974, a blowout and fire occurred during a 

remedial operation on a plugged storage well.  After two deviated control wells were 

drilled and water and mud were injected, the well was brought under control.  Surface 
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equipment was destroyed.  No third party damage to property or personal injury was 

recorded.  

South Romeo Storage, Macomb County, Michigan 

An explosion and fire blew out two safety walls of the compressor station building at the 

South Romeo storage facility, the Washington 28 field in Macomb County, Michigan, in 

October 1997.  The emergency shutdown device (“ESD”) immediately closed the station, 

controlled the loss of gas, and prevented further damage.  The failure was determined to 

be a design flaw in the compressor engine, which released gas into the compressor 

building, which subsequently exploded when a vent fan switched on.  The damage was 

limited to the compressor building.2

Gas Migration 

In addition to these reported incidents, there have been occasional problems with storage 

gas migrating beyond the intended reservoir due to a lack of structural integrity of the 

geologic reservoir or due to a man-made conduit, such as a poor cementation in the 

storage well casing strings.  Ironically, a major issue for storage operators is gas loss due 

to nearby production operations.  So-called “corner shooters”, exploration companies that 

drill into the corners in lease blocks attempting to capture and produce known reserves, 

have lead to several regulatory proceedings and litigations by storage operators to 

condemn the offending wells and acquire the mineral and storage rights in a 

condemnation hearing.  Some examples of this gas migration problem are listed in the 

table below. 

2 Incident Report # 407995, Submitted by Michigan Consolidated Gas Company (Michcon) to the U.S. 
Office of Pipeline Safety, October 27, 1997. 
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Gas Migration Occurrences of Storage Facilities In The U.S. 

Company Facility Date

National Fuel Gas Beech Hill 1992/2002/2006 

Gulf South Pipeline Bistineau* 1997

Midwest Gas Storage Carbon 1994-1995

Northern Natural Gas Co. Cunningham* 1991, 1995 

Louisville Gas & Elec. Company Doe Run Upper 2005

National Fuel Gas East Independence 1992/2002/2006

Williams/Southern Star Central Elk City* circa 1995 

Southern California Gas Co. Honor Rancho circa 1996 

PNM Gas Services Los Milpas 

Southern Star Central Webb 2001

National Fuel Gas West Independence 1992/2002/2006

 * Denotes “corner-shooter” activity 

Should such a breach occur, problems may arise, such as the contamination of freshwater 

zones or loss of gas to a “thief zone” with adjacent producing wells.  However, even 

when gas migration does occur it typically remains a deep subsurface problem and poses 

no danger to the buildings, vegetation, and people on the land above the migrating gas.  

As a validation of that statement it should be noted that none of the gas migration 

incidents listed in the table above resulted in gas being vented into the atmosphere.

Although the migrating gas remains usually remains subsurface, that does not mean that 

the storage operators do not respond when they discover that gas is migrating out of their 

5



storage fields.  If the volume of the migrating gas is large enough it can have a material 

impact on the storage field’s injection and withdrawal abilities and possibly alter the 

customer’s contractual obligations.  Additionally, the migrating gas may be able to be 

recovered from third-party production wells and then sold by those parties.  In both of 

these situations, the storage operator has a strong financial incentive to prevent the gas in 

their storage facility from migrating or, when it does, in recovering the gas.

As an example of the storage operator’s response when they discover that gas is 

migrating from the reservoir, consider the Beech Hill, East Independence, and West 

Independence fields listed in the table above.  Originally thought to be independent 

fields, Penn-York, the predecessor to National Fuel Gas, discovered that the Beech Hill 

field had migrating gas that was communicating with the other fields.  In 1990, Penn-

York attempted to adjust their rates to cover the cost of the lost gas.  In 1992 they then 

adjusted their base gas and total gas amounts and associated storage configuration in 

response to the gas migration.  Then, in 2002, National Fuel Gas, who had acquired the 

fields through a 1994 merger, increased the Beech Hill field acreage to extend the storage 

field’s boundary and incorporate the migrated gas within the expanded boundary.

Finally, in 2006, National Fuel Gas petitioned the FERC to allow two of the observation 

wells in this extended boundary to be converted to production wells so that they can 

reclaim the migrated gas.  Thus it can be seen that storage operators will use a variety of 

methods—financial, regulatory, and engineering—to, first, prevent the gas from 

migrating and, second, to recover it if it does manage to circumnavigate the barriers that 

the storage operator initiated.  These migration control techniques are discussed in further 

detail next. 

Areas of Risk and Focus of Mitigative Measures 

Natural gas storage facilities can be operated safely and with minimal environmental 

issues.  There are several areas that can be addressed to minimize the likelihood of 

problems with the facility: reservoir integrity; casing integrity, wellheads; surface 

facilities; and pipelines.  Each of these will be discussed in greater detail below. 
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Reservoir Integrity 

Prevention and/or reduction of possible future gas losses and the risks associated with

storage can be minimized by careful analysis of all historical data.  Additional geological 

work, such as reservoir simulations and computer modeling, and seismic data may be 

necessary to clarify closure or faulting.  Observation wells on the flanks of the trap 

should monitor pressure data and fluid composition on an ongoing basis. 

The determination of the maximum volume of gas in the reservoir and the maximum 

pressure for storage operations must consider the spill point of the structural closure and 

the fracture gradient of the caprock.  Furthermore, if stimulation through fracturing of the 

reservoir is needed to increase productivity of the storage wells, the fracture job must be 

designed to maintain the integrity of the reservoir and its caprock.

Casing Integrity 

Potential problems with well casings can be avoided through prudent well drilling and 

completion techniques during the development of new storage facilities.  Risks are 

mitigated for wells at existing facilities through the careful and critical review of all well 

records and production history. Gas leaks from the storage wells can be prevented with 

proper cementation of the casing in the storage wells and nearby abandoned well bores, 

and well-designed tubular, casing, and connection programs.  

Complete well logs that provide information on the well bore should be run on all new 

storage wells, and taking core samples from the storage zone and the caprock are 

recommended.  Existing storage wells (if any exist in the area) may need additional logs 

run to provide more complete diagnostics.  Types of logs include vertilogs, neutron, 

temperature, and noise, which are commonly used to evaluate wellbore integrity.  As part 

of the storage maintenance program, mechanical integrity testing or additional well 

logging to determine pipe condition should be performed periodically (typically every 5 

years).  Corrosion protection is also advised.

Annular pressures or other casing readings at the surface should be monitored on an 

ongoing basis to detect potential problems.  An evaluation of inactive or abandoned wells 
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will determine if they should be re-entered for remedial work, such as re-cementing 

and/or re-plugging.

Wellheads

Surface well head facilities are designed and selected to provide a very long service life. 

The surface valves are selected to withstand the expected maximum reservoir pressure 

and maximum injection pressure expected during the life of the project.  Wellhead 

pressure sensing equipment is installed that will detect leaks in the wellbore tubulars and 

surface lines or a gas overfill.  Automatic emergency shutdown valves are installed at the 

surface to close in the well if there is a sudden loss of pressure.  An additional safety 

valve can be located downhole, especially if the well flow rates are large or the site is 

located near a community.  These valves should be checked at least twice a year to ensure 

safe and effective operations.  Leak detectors are required on wells in close proximity to 

populated areas.

Typically, the wellhead site is contained within a fence or other sight barrier.  However, 

the wellhead must still be accessible and have the proper connections so the well can be 

easily checked (data gathered, tested, sampled) and serviced (logging or workovers such 

as pulling and replacing tubing).

Surface Facilities  

The storage facility site should be fenced, secure, and when possible, unobtrusive to the 

surroundings.  The station may be manned 24 hours a day depending on weather, season, 

and current level of activity.  Proper safety and fire equipment and training are a 

necessity.

Operations and maintenance practices are key to the safe operation of the surface 

facilities.  A policy and procedural manual on site provides the field employees detailed 

operation, maintenance, and safety procedures for gas pipelines and related facilities.  In 

addition, an Emergency Plan and Preparedness Manual is to be on site and readily 

accessible.  This contains significant event notification plans, including the requirements 
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of DOT Emergency Response Procedures, OSHA Emergency Response Requirements, 

and Environmental Emergency Response Requirements (EPA). 

Exposed piping, vessels, measurement, pressure regulating, and compression equipment 

should be kept painted and in good repair.  Cathodic protection and internal and external 

corrosion control on all aboveground and underground facilities must comply with 

Federal and State regulations.  Gas measurement equipment is maintained and tested 

regularly.  Environmental impact surveillance policies and practices must, at a minimum, 

meet all statutory and regulatory obligations.  

Pipelines

Storage facilities may include a significant number of field pipelines, as well as high-

pressure pipes connecting to the transmission or distribution pipelines.  Once tested and 

placed in operation, the most serious threat to natural gas storage pipelines is mechanical 

failure caused by unintentional impact by third party equipment.  Although proper siting, 

careful design and appropriate buffers make the possibility of such an occurrence remote, 

ongoing effort is required to mitigate this risk. 

National One Call systems provide anyone digging along a pipeline right-of-way the 

ability to call one number to be sure it is safe to proceed.  Pipeline routes are clearly 

marked to alert the public of the presence of the pipeline, as well as a phone number to 

call if any unusual activity or abnormal condition is detected.   

After completion and throughout the life of the pipeline, operators use various methods to 

physically monitor the pipeline condition.  Periodic inspections, patrols, and surveys are 

are supplemented by continuous daily surveillance and awareness by company field 

operating personnel.  At least annually, personnel walk the line using leak detectors to 

inspect the pipeline system.  In areas where housing developments are encroaching in 

proximity of the existing right-of-way, the pipeline route may be observed weekly or 

even daily to ensure that no construction activity threatens the integrity of the pipe. 

Although much effort is made to construct and maintain the pipeline, years of use, 

varying pressures and temperatures can cause old secure welds to weaken.  Some leaks 
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can be detected by periodic leak detection surveys and the pipeline can then be excavated 

and repaired.  "Pigs" are mechanical devices that are run inside the pipeline to 

periodically clean the inside of the pipeline and, in some cases, to evaluate the condition 

of the pipe.  "Smart pigs" are electro-magnetic devices that use electronic and x-rays 

techniques to examine the pipe internally in order to identify any weakness or reduced 

pipeline thickness.

Frequent tests like those prescribed in the recently implemented Pipeline Safety 

Improvement Act can provide early detection and avoidance of potential problems.  

Pipelines are operated consistent with their design, which specifies minimum and 

maximum operating pressures, connection locations, gas quality, temperature, and receipt 

and delivery conditions. 

Conclusions

The attached report, “U.S. Natural Gas Storage Fields, Active & Inactive Depleted 

Reservoirs/Aquifers” (Attachment A) has been provided as a reference document.  An 

analysis of the Safety Record of the subject type of storage facility reveals the following. 

The analysis period was limited to the most recent thirty (30) years of operational 

histories of these facilities to enhance the reliability of the reported data. Of the 360 

facilities currently operating in the United States, 301 facilities have been operating 

throughout this 30-year period.  Those facilities have accumulated 9,030 operating-years 

of history during the report period, with five (5) incidents recorded.  That operating 

record reveals a frequency of occurrence of safety incidents this type of storage facility of 

one incident every 1,806 years.  It should be noted that none of these incidents were 

reported to have resulted in personal injuries or loss of life. 

The impressive safety record of underground natural gas storage in depleted reservoirs 

has contributed to the continued growth in demand for gas storage services throughout 

North America.  Storage operators have a proven track record in providing reliable and 

safe gas deliveries, which can reduce gas cost to end-users.  Storage fields are located 

throughout much of the U.S, frequently inconspicuous to nearby communities.  
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The design, construction, operation, and maintenance of storage facilities is focused on 

safely preventing gas loss incidents.  Integrity management programs maintain the safety 

of the public.  Ongoing monitoring and evaluation of surface and subsurface facilities and 

conditions lead to the timely detection of potential problems and the mitigation of the 

possible negative consequences.  In addition, regulatory oversight ensures high standards 

of equipment and operations.  On balance, storage provides a safe means of helping 

assure supplies to satisfy the nation's demand for natural gas. 
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ATTACHMENT “A”:  U.S. NATURAL GAS STORAGE FIELDS, 

ACTIVE & INACTIVE DEPLETED RESERVOIRS AND AQUIFERS
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ATTACHMENT “B”:  SNGS PROJECT DESCRIPTION

[See PEA Chapter 2.0, filed April 9, 2007]


