











the Ross Store explosion scenario proposed here, the Third
Street fault fractured enough to allow upwardly migrating
pulses of gas-pressurized water and free gas discharging into
and through the overlying alluvial section, without detectible
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differeniial movemeni of the fauit itseif. With migration of
the water upward, gas would be released either into the soil,
or could vent directly to the surface.

THE OIL FIELD GAS/INTERMITTENT
FRACTURE CONDUIT SCENARIO

The actual mechanism of fracturing and migration is indi-
cated by the following calculations, in which the process is
modelled by considering a fault which acts as a membrane
separating adjoining fluid bearing zones within Production
Zone C. We place our calculations at 3000-feet depth,
roughly representative of the injection depth. This condition
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results in horizontal total pressure of (3000-200) x 0.5 + 200
= 1600 psi. Under this condition, any pressure, Px, from the
injection side of the block acting on the fault membrane that
exceeds the 1600 psi may cause incipient displacement or
parting of the fault.

Now, with injection at X, fluid pressure will increase. Re-
storation of hydrostatic pressure in the X side of the produc-
ing zone will create original fluid pressure of 3000 x 45 =
1350 psi. This is 250 psi (at ground level) short of the fluid
pressure that would equal the 1600 psi necessary to displace
the fault membrane slightly. This incipient displacement
condition would require an injector well head pressure of at
least 150 psi, but in the short-term it would need more than
150 psi because of pressure loss in the well bore and time-
dependent pressure loss between the well and the fault. This
pressure decay process including both geometric and tem-



poral decay factors can be simulated by meodelling, as is
routinely done by petroleum engineers. Even wnhmn doing
so, however, it appears likely, based in part on other studies
of the field, that the permined 770 psi wellhead injection
pressure would suffice to raise the formation pressure enough
to dispiace the fault membrane. (Note that fracturing occurs
at the fault discontinuity at some significant time after the
well is pressurized, not at the well, therefore short-term hy-
drofracture tests of the well, which are sometimes required to
check for hydrofracture hazards, would not indicate a poten-
tial for later hydrofracture at nearby faults).

Displacement of the fault membrane would permit opening
of a pamng lenticular fracture transmntmg a mobile pulse of
fluid which would migraie rapidiy and upward (Fig. 9).
Escape of gas from the mobile and increasingly less confined
fluid into the alluvium (or into abandoned wells) would fol-
low. The fracture opening, however, would collapse as the
fluid pressure was released, and would remain closed until an
adequate pressure gradient again built up in consequence of
continuing injection into the formation. This would account
for the episodic and brief character of the surface venting
events.
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Figure 9. Fault injection pressure for case of long term injection

Our analysis indicates that the raise of well head pressures :
Gilmore #16, sanctioned by C.D.O.G., from 200 to 770 ps
was sufficient to fracture the formation at the nearb
fault. This possibility is not recognized in current C.D.O.C
review of oil field operations, though the analytical tech
niques necessary for its consideration are certainly availabl
in the oil industry. Moreover, there is evidence suggestiv
that additional injection, unreperted in C.D.O.G. records, wa
taking place at the time of the disaster. It seems to us tha
future studies of the Los Angeles gas problem can hardly b
considered complete without full investigation of these is
sues. Finally, our analysis suggests that the criteria currently
employed by C.D.O.G. and industry may not adequately pro
tect against formation fracturing and escape of formational o
injected fluids and gas to the surface environment, resulting
in disastrous consequences comparable to the 1985 Ros:
Store explosion.
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Westin Hotel, Long Beach
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Session: "Environmental Liabilities Associated with Oil Industry Operations".

Methane dangers in Los Angeles linked to waste disposal in old oilfields

Studies of past oilfield hazards in Los Angeles show that the most severe hazards above old oilfields are
associated with disposal of production wastes and attempts to give new life to old fields by
repressurizing the ground, according to studies by two experts who have analyzed the history of hazards
present in the Fairfax and Baldwin Hills areas. "Both the failure of the Baldwin Hills Reservoir in 1963
and the Fairfax Gas explosions of 1985 occurred following initiation of waste disposal or secondary
recovery operations by pressure injection of oilfield wastewater back into the fields," said Douglas
Hamilton, a geologist who has been studying these events for the past decade. To an increasing degree
much of the fluid that is produced by oilwells in old fields is gassy salt water that has no use and must
be disposed of. The discovery in the late 1950s that the waste could be pumped back down into the
ground, and that the undergound balloon of pressure would actually force more oil into oil wells was a
boon to the oil industry. "But the history of past disasters backed by mathematical modelling studies
now show that use of excessive pressure will cause gas and water to burp back up from thousands of
feet below the ground," according to Richard Meehan, who teaches courses on environmental hazards at
Stanford University. The rush to develop land areas over oilfields and the controversial siting of the
Belmont Learning Center at the edge of Los Angeles' oldest field and development proposals in the
Playa Vista wetland area have raised new concerns about methane hazards. Repressurization and waste
disposal have not been attempted at the field beneath the Belmont Learning Center, though these
operations are being conducted at another newer oilfield located beneath the downtown part of the city.
Natural processes of repressurization and earthquakes could also result in methane releases, but the
hazard is much greater when waste disposal is active. The important thing is to maintain injection
pressures at safe levels and also understand the various pathways that gas and fluid might take to reach
the ground surface, according to the experts.

Abstract of the paper to be presented follows.
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Explosion and other gas ventings at the Fairfax District, Los Angeles

by Douglas H. Hamilton Consulting Geologist 2 Bassett Lane, Atherton CA 94027 tel 321-3071 and Richard L. Meehan 777
Hermosa Way, Menlo Park, CA 94025, Adjunct Professor Stanford Univ tel 650-323-0525 meehan@stanford.edu

Methane gas ventings in the, Fairfax District of Los Angeles resulted in the explosion of a Ross Dress for Less department
store in 1985, and the evacuation of several buildings in 1989. The Fairfax District overlies part of the old Salt Lake oil field
and is about one-half mile from the LaBrea Tar Pits. The oil field, once developed by more than 400 wells, was largely
abandoned prior to being redeveloped by slant drilling starting in 1962. Since then production of oil, salt water and gas has
been continuous with the water being reinjected into the field since 1980. The disposal reinjection was into a block adjacent to
te Third Street fault which projects to the surface near the surface venting sites. Injection was at surface pressures of up to
770 psi giving rise to a gradient of about 0.7 psi/ft within the subsurface near the point of injection. We conclude that this
resulted in episodic fracturing of the Third Street fault.

The fault acting as a valve structure, was temporarily jacked open by the local fluid overpressure and while open served as a
conduit for escape of pressurized methane to the near surface. With depressurization the fault conduit would collapse and the
venting cease. Similar effects of fault activation by fluid pressure excursions have been demonstrated in connection with the
1963 failure of Baldwin Hills dam in the Inglewood field, with seismicity triggering elsewhere, and also in geological
paleoeffects preserved in vein structures.

Clearly the phenomenon of methane venting in the urban environment can be hazardous, especially if no provision has been
made to control it at the surface. But we propose that an adequate response to this hazard should include developing an
integrated understanding of both surface and subsurface condifions, starting, where oil field activity is involved, with the
geology and operations within the producing zone.

Other old oilfields such as the Los Angeles field have not been subject to artificial repressurization and do not present the
same explosive and ground rupture hazards which accompanied reinjection of wastes at the Salt Lake and Inglewood fields.
Potentially hazardous migration of gas to the surface at these locations would be controlled by diffusive or natural
repressurization processes operating in conjunction with primary or secondary permeability characteristics of the upper few
thousand feet of rock or via abandoned wells.

Some illustrations follow:

Fairfax area gas ventings, 1985
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Nighttime gas release, near Ross store.

8/10/08 11:05 AM



press http://www.stanford.edu/~meehan/class/ce2942000/press.htm

Uore then seven Sours shr ongingl exsiosian, fames com 5 sees

BLAST: 23 ln;ured Burnof' of Gas
Could Take Months. Fire Dent. Savs

Relation of explosion site to Los Angeles landforms

Fluid injection and the Baldwin Hills reservoir
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