AAPG AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS, AN INTERNATIONAL ORGANIZATION

MAY 1994

Seismic, geophysical and
geochemical databases were
integrated to create a 4-D (x,
y, z and time-lapse) data cube
to visualize fluid flow in the
Eugene Island area of the
depobasin. The sequence
goes clockwise from the
upper left corner. “Trails” of
seismic amplitude anomalies
indicate the presence of
hydrocarbon migration
pathways extending
downward into deep, hard
geopressure. The complex
amplitude anomaly network is
thought to originate from
three main source areas of
turbiditic sands, ponded
among vast vertical salt
columns. Isotherm overlays
on structure show hot spots
that occur in tandem with
pronounced pressure gradient
bulges. Modeling of the fluid
flow needed to produce these
coupled anomalies requires a
transient fluid burst up the
Red fault zone within the last
10,000 years.
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Cooperation
By LOUISE S. DURHAM geographically distant and separate academic institutions H
EXPLORER Correspondent The group’s lofty goal is two-fold: An Ald to AI I
Just when you thought you had heard it all, now there's 0 To image and tap inte active, or dynamic, hydrocarbon
talk that the practice of drilling into reservoirs in order to pathways By DON TOBIN
produce oil and gas may become passé. 0 To identify the mechanisms that cause hydrocarbons to One of AAPG’s major endeavors
Before you scoff, take a look at a cutting edge project burst out of geopressured confines and begin upward this year has been to expand and
down Gulf of Mexico way at Eugene Island Block 330. migration. strengthen our cooperative efforts with
Some erudite folks are testing a theory there that it may be It has attracted the interest of a dozen oil and gas other associations to effect a more
possible to tap into and produce hydrocarbon “streams” as companies — mostly majors — and several communications harmenious and productive
they migrate upward from deep source rocks toward and service companies, which have joined forces with the relationship among the principal earth
shallower reservoirs —a concept that could revolutionize the organization. science organizations.
way operators select well locations. Basic to the GBRN methodolagy is the There has been some effort toward
And, if successful, it could increase the analysis of dynamic, time-dependent these goals in past years, but to a
undiscovered hydrocarbon reserve base in The success of a subsalt phenomena, which transcends the usual lesser extent compared with the
the Gulf by as much as a few billion concept resulted in 82 exploration | subsurtace cbservations (stratigraphy and purposeful and determined resolve to
barrels. companies bidding $277 million at structure) and instead homes in on the achieve the mutually supportive
The project is being spearheaded by the Gulf of Mexico lease sale for visualization of physical and chemical working relationship that we are now
the Global Basins Research Network the chance to try their luck seeking | influences of fluids as they move through attempting.
(GBRN), which was organized in 1989 as big payoffs. Story on page 4.
an Internet research consortium of See Streams, page 14 See President, page 8
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the rock.

Quantification of changes in
pressure, temperature, geochemistry
and seismic amplitudes over time in a
given area provides the clues to detect
the presence of active hydrocarbon
migration routes

The research group looked at
basins worldwide in search of a study
area with a strong migration signal.
The Gulf basin, with its active sea floor
seeps and vast available data base,
was determined early on to be the
primo locale for a migration
phenomena study.

Finding Fault

Eugene Island Block 330, site of
the initial field test, is a Pleistocene
producing behemoth that has
coughed up more than one billion
barrels of oil equivalent since
production began in 1972.

It occurs as an anticlinal structure
on the downthrown and low pressure
side of an arcuate NW-SE-trending,
pressure sealing growth fault. Dubbed
the "A” fault or “Red"” fault, this feature
serves as the plumbing system for
fluid movement in the field.

Peculiar things are happening here;
the oil/water level is static, and the
pressure has been increasing since
1987, according to Jeff Nunn,
Louisiana State University
geophysicist and GBRN co-director.
The field is depleting at an unusually
slow rate, and Nunn points out, “So far,
it's produced 103 per cent of the
estimated reserves.”
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A sketch of the Eugene Island 330 drilling program, designed in part
to address how secondary migration of hydrocarbons is occurring
through the fault zone in the shale-prone and geopressured section

beneath the “non-photo blue” shale.

One plausible explanation for this
production anomaly is that initial
reserve estimates may have been
conservative, perhaps in part because
they failed to take into account the
reserves that were present in some of

the silts or shaly sands that, owing to
their inherently high irreducible water
saturation, show a low resistivity
reading on the logs.

An inadequate understanding of
these intervals could have eliminated

significant reserves — something
GBRN scientists continue to
investigate.

But substantial clues for dynamic
hydrocarbon replenishment have been
identified here. Organic fingerprinting
of the oil produced at Eugene Island
shows geochemical variances over
time from the same perforation depths
in the same wells that suggest
evidence for refilling of reservoirs.

Adding intrigue to the scenario are
isotherm overlays on structure that
show the 400,000-year-old producing
reservoirs to be four times hotter than
expected. These hot spots, in tandem
with pronounced pressure gradient
bulges, are centered over the area’s
maijor oil fields.

Modeling of the fluid flow needed
to produce these coupled anomalies
requires a transient fluid burst up the
Red fault zone to have occurred within
roughly the last 10,000 years.

Happy Trails

The argument for active migration
is enhanced by data acquired from 3-
D seismic surveys, which indicate
“trails” of seismic amplitude anomalies
in several Eugene Island blocks.

These “trails” connect to the Red
fault zone either directly or, in some
instances, indirectly by means of an
antithetic fault that intersects the Red
fault at depth.

GBRN scientists believe that at
least seven separate observed
amplitude anomaly trails indicate the
presence of migration pathways that
extend downward into the deep, hard
geopressure.

continued on next page

~Lately, We've Developed Quite

B9 Ruder, Gulf Redources Corporation

W]1en it comes to 3D seismic interpreta-
tion, the market leader is Landmark.
But many small and medium size independents
believe we're beyond their reach because of
our longstanding, high visibility relationships
with the majors and large independents.
Not true. Landmark has the flexibility and
resources to provide even the smallest inde-

Mark Ziegler, The Veetor Companies, USA

pendents with just what the majors have—
complete 3D software solutions backed by
comprehensive service and support. And
if you think we're just talking, take a look
at all the independents who've come on
board lately—and the many who've used
us all along.

These days, 3D'’s not just the leading tech-

Don Earney, Bandera Petroleum Inc.

Carolyn King, Global Natural Resources

nology, it’s an investment for success. You
need 3D seismic to minimize drilling risk,
optimize drilling location, control costs and
raise investor capital. Landmark’s unparalleled
3D capabilities can help you do just that. All
vou have to do is call for information, or
request a free videotape titled, “Independents
Talk About the Landmark 3D Solutions.”
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A basemap of the Eugene Island South Addition, 330 Field, showing
the A-A’ seismic line. To the right, the seismic line (courtesy of
Pennzoil) with well A-20ST2 well path. The sand tops are labeled.
The “A” fault (shown in red) was the fault-zone upon which the

GBRN experiments were run.
continued from previous page

This complex network is thought to
originate from three main source areas
of presumably turbiditic sands, which
are ponded among vast, vertical salt
columns at depth. These turbidites
may contain huge reservoirs that filled
with hydrocarbons when the sands
were initially capped with a shallow
salt sheet in an earlier analog to the
deepwater flexure trend

The now-evacuated salt sill was fed
by the vertical salt bodies.

Using multiple vintages of
overlapping 3-D seismic surveys —
referred to as 4-D seismic technology
—the GBRN team imaged a

hypothesized hydrocarbon migration
pathway by fitting isosurfaces to high
amplitude seismic reflection strength
regions of the 4-D dataset, which
consisted of 3-D surveys that were
shot there in 1985 and 1988 over a
four-square-mile area.

Changes in the form of the
amplitude isosurfaces were identified
by superposing the surveys.

Because the seismic amplitude
isosurface technigue images acoustic
impedance contrasts rather than
active fluid flow, the observed
differences in the amplitude
isosurfaces might represent pressure
changes caused by fluid movement
out of the deep source beds, up along
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the Red fault zone, under and around
a prominent salt overhang, and
upward to the shallower, producing
reservoirs.

Pennzoil E&P, a participant in the

GBRN effort essentially since its
inception, agreed to let its El #A-20 ST
well be the guinea pig to test the

See Gulf Concept, next page
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