John F. Matthews, Jr.

Consulting Petroleum Engineer
5120 Whisper Oaks Lane
Carmichael, CA 95608
(916) 481-7471
petrengrdu@SBglobal.net

November 26, 2007

Re: Review Comments on book, “GAS MIGRATION, Events Preceding Earthquakes”,
by Leonid F. Khilyuk, George V. Chilingar, Bernard Endres, John O. Robertson, Jr.;
published by Gulf Publishing Company, Copyright 2000.

TO WHOM IT MAY CONCERN:

In October of 2007, I was requested by Sacramento Natural Gas Storage, LLC, (“SNGS”)
to review the referenced book and provide 1.) technical review comments on specific
issues raised in the text; and 2.) professional opinions concerning the relevance of those
issues to the underground natural gas storage project that SNGS is in the process of
developing in Sacramento, California. Following are my technical review comments and
professional opinions.

First, I have personal knowledge of two of the co-authors, Chilingar and Robertson, from
classes I attended with them at the University of Southern California’s School of
Petroleum Engineering. Both of these individuals have continued their affiliation with
USC and currently serve on faculty, in addition to their international consulting services.
Endres is not personally known to me, nor can I find any academic or professional
credentials for the claimed qualifications as an environmental consultant, or a safety
engineer, or as a geologic specialist. Khilyuuk is not known to me personally, but his
credentials are well established as a mathematical modeling consultant.

Introduction and General Comments

The intent and purpose of the text is reflected in the authors’ opening statement in the
Preface: "Guases migrating to the earth’s surface provide crucial information regarding
the state and evolution of the structure and tectonics of our planet. By listening to and
analyzing “whispering” gases, locations of intense tectonic activity can be identified and
areas of potential natural disasters delineated, such as volcanic eruptions, tsunamis, and
earthquakes.” In deed it 1s this seismic and geologic focus and associated mathematical
models on forecasting natural disasters that are the essence of the book. Relative to this
current review assignment, only one of the 28 chapters, e.g., 19 of 350+ pages, discusses
“Hazards of Gas Storage Fields”.
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The authors also state in their Preface that, “The migration of gas to the surface from oil
and gas formations is a problem that greatly affects those surface areas where human
activity exists. Underground gas storage facilities and oil fields have demonstrated a long
history of environmental gas migration problems.” These thoughts on underground
storage facilities for natural gas will be the focus of this report.

Issues Raised by the Text, Relative to Underground Natural Gas Storage Facilities

1. “The migration of gas to the surface from oil and gas formations is a problem
that greatly affects those surface areas where human activity exists”. (Page xv)

This statement must be separated into some constituent parts to be fully understood.
First, the problems that may result from migration of gas to the surface from oil fields
are significantly different than those that may result from gas migration from “dry” or
natural-gas-only fields. Some of the gaseous substances emanating from oil fields are
considered toxic, while those emanating from natural-gas-only fields are not. Please
note that the proposed SNGS storage facility will re-utilize a depleted reservoir that
did not contain or produce oil.

Second, while gas migrating to the surface from o1l or gas fields that are usually
thousands of feet below the surface through natural faults, could theoretically create
hazards, the probability of such migration is extremely low. In addition, as the authors
point out on page 255, “In summary, diffusion, as a mechanism working on a
molecular level, can move free gas toward the surfaced. The process, however, is a
very slow one, occurring over geologic time. Gas held in solution also does not move
freely toward the surface. Although the process is slow, all gas eventually migrates to
the surface.” As they cite in Table 17-1, the Time to Reach the Surface for Methane,
i.e., natural gas, from a typical depth of 1,740 meters is 140,000,000 years. By the
authors’ admission, “Clearly, vertical molecular diffusion of gas from petroleum
reservoirs buried at depths around 1,700 m (5,600 feet} is not the mechanism
responsible for the volumes of gas observed in surface soils over oil fields (see
Gurevich et. Al., 1993)”. With respect to the SNGS facility, which 1s located at a
depth of approximately 3750 feet: if one uses the author’s formula, the time required
for natural gas to reach the surface from the SNGS facility through natural pathways
1s calculated to be approximately 94 million years.

Third, the only relevant pathway for natural gas to reach the surface after escaping
from an underground natural gas storage facility, is up through the man-made
wellbore or alongside those wellbores. The authors cite the “breakdown of cement
and the seals that block the vertical migration of fluids and gases in the wellbores
and their annular space” as the primary cause of vertical gas migration. While it is
true that cement can deteriorate, the cements used today in such applications are
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much stronger and impervious to such deterioration. In fact a literature search and the
authors’ text cite no examples of problems caused at the surface by such deterioration
of cement along wellbores at the 36 depleted reservoir facilities that have been
created in the last 20 years. With respect to the SNGS facility, there is a near-zero
probability that the cement used to anchor and protect the wellbore will deteriorate
and result in leakage of natural gas to the surface at any time during the 50+ year life
of this facility. In addition, the design of the SNGS facility and their

“best management practices” will include constant monitoring of each well for any
leakage. Manual inspections of wells for leakage will be conducted on a no-less-than
monthly basis.

Finally, the authors make mention of poorly plugged and abandoned wells as a means
of gas migration from reservoirs to the surface. Leakage through improperly
abandoned wells has indeed been a problem from time to time throughout California,
and for a variety of reasons. The requirements for properly plugging and abandoning
a well in California are promulgated and enforced by the State’s Division of Oil, Gas
and Geothermal Resources (“DOGGR”), an organization for which I served as the
State Oil and Gas Supervisor. The current regulations are rigid, specific, and enforced
by the Division. Inspections are performed prior to the Division’s sign-off on any
P&A’d well. Relative to the SNGS facility, the seven wells that were drilled for the
extraction of natural gas from the Florin field were all properly plugged and
abandoned under the current stringent regulations. There have been no incidents of
leakage reported in the last 15+ years. In addition, I have recommended to SNGS that
they have an on-site testing done at each of the original well sites, in conjunction with
representatives from the DOGGR, to determine if any leakage of natural gas is found.
SNGS has committed to have these inspections of the accessible old well sites
performed within the next 30 days. This empirical evidence will provide unequivocal
answers to the question of, “Are the old wells currently leaking?”. Furthermore,
SNGS has committed to physically testing these old wellsites on a monthly basis
during the first six months of operation of the storage facility, and no less than
quarterly throughout the 50+ year life of the facility.

Attached are detailed comments about specific issues raised in the subject text.
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In summary, the text may have some significant value to seismologists and
geophysicists who are concerned with predicting occurrences of earthquakes and
other seismic events. The text has little relevance to underground natural gas storage
facilities in the real-world of today. Those same points have even less relevance to the
specific case of the storage facility proposed by SNGS.

Very truly yours,

@dohn F. Matthews, Jr.

California Registered Petroleum Engineer
P-1226
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