hatch naturally, is inspected period-
ically. This inspection has revealed
that a large number of hatchlings ei-
ther never come out of the nests or,
on coming out, get trapped or fail to
find their way to the sea. Many of
these are collected alive and taken to
the laboratory to join the head-start
program, where they grow into
healthy juveniles.

Hatchlings released

Still another part of the hawksbill
conservation program involves the
incubation of the nests in the labora-
tory and releasing the hatchlings
immediately into the natural envi-
ronment. In the hope of reducing
mortality of the young at this stage,
the juveniles are settled in patches of
sargassum. According to a current
theory, hatchlings may spend their
initial months of life hidden in float-
ing sargassum where they find pro-
tection, food, and flotation. Masses of
sargassum are collected in the sea
and maintained in tanks until the
turtles hatch. Nevertheless, more
research on this relationship is
necessary.

In summary, all methods of
repopulating marine turtles are still
in experimental stages. Many years
will be needed to determine which is
the most adequate. At this point, no
massive programs using particular
techniques can be recommended. To
increase human knowledge about
this group of animals, its survival
must first be assured. Only as people
and governments become aware of
the plight of the hawksbill turtle can
it receive protection and be rescued
from extinction. O
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Natural seeps:

SANTA BARBARA on the California
coast has to overcome some hor-
rendous natural disasters to remain
one of the nation’s most attractive
communities. It sits—one cannot say
rests — on one of the most active
earthquake surfaces on the planet. It
has floods, mud slides, and rock
slides when heavy rains swell the
creeks that rush down the Santa Ynez
Mountain canyons and across the
coastal plain into the Pacific. Brush

BArE reET, blackened by beach tar, are a
common sight along the Santa Barbara, Cal-
ifornia coast. Although commercial offshore
oil production and oil spills are frequently
blamed for the ugly tar, here natural seeps are
one of the major sources.

Santa Barbara News-Press
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Unwanted oil and gas production

by RoBERT SOLLEN

fires that rage through semirural
residential tracts make coast-to-coast
headlines. Its 1969 offshore oil spill is
widely regarded as the disaster that
spawned the environmental move-
ment of the 1970s.

These calamities make news. One,
however, that arouses emotions lo-
cally but gets little attention else-
where is offshore oil and gas seeps.

Uncapped gushers

Of the several seep areas in the
Santa Barbara Channel, the biggest
— generally believed by scientists to
be the greatest in the world —is 10
miles west of Santa Barbara. (The
Pacific Coast runs east and west
there.) The oily waters are off Coal
Oil Point, so named a century or
more ago because of the odor.

At ocean depths of 30 to 250 feet

just off the point, there are more

than 2,000 seafloor holes through
which oil and gas ooze and bubble up
in incredible volumes within a few
square miles.

Underwater oil-bearing geologic
formations there have little or no
caprock. The lid that once covered
the ancient deposits of organic mate-
rial that became oil and gas has been
eroded away. Where there is overlying

10 miles= 16 kilometers
30 to 250 feet=9 to 76 meters
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rock, it is often fractured shale that
allows oil and gas to rise through.

While the Coal Oil Point seep area
appears to be the world’s largest, it is
by no means the only one. Seeps are
found around the world, principally
in regions of frequent earthquakes.
They are found around almost the
entire enormous Pacific Plate, a rim
of earthquake activity. Beyond that,
the Dead Sea and Asphalt Lake in
Trinidad are active seep areas. The
Athabasca tar sands in Canada are
the remains of a tar seep.

Most marine seeps are along conti-
nental margins where sediments are
too thin to contain shallow hydrocar-
bon deposits.

“Natural seeps have been active
within the Santa Barbara Basin for at
least the last 10,000 years, and per-
haps during all of the late Pleistocene
time,” according to geologist Peter J.
Fischer who has looked quite inten-
sively into the phenomenon.

Only sand and mud cover the oil-
bearing structure, and that is not
enough to contain the lighter-weight
oil and gas. The oil and tar rise in
inverted tear-shaped blobs, and the
gas bubbles pop when they reach the
surface.

In moderate amounts, this would
not mean much. But the statistics are
astounding. Off Coal Oil Point, just
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west of the University of California at
Santa Barbara, as much as 100 bar-
rels of oil (50 barrels on an average)
come up through the ocean bottom
every day, enough to put some com-
mercial oil wells to shame.

Smog from the seafloor

Probably even more astonishing is
the amount of air pollution believed
to be caused by the gas seeps. Esti-
mates vary, but a 1981 report by
North American Weather Consul-
tants indicates that an individual gas
seep may produce up to 6 to 12 tons
per day of reactive hydrocarbons, the
kind that become photochemical
smog when exposed to sunlight. The
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report says that this amounts to
about 25 percent of Santa Barbara
County’s hydrocarbon air pollution.
The figures are average, and the seep
flow rate varies greatly from time to
time. No one knows why.

On the invitation of Atlantic Rich-
field Company (ARCO) and Nekton
Inc., a San Diego marine research
firm, I observed the seeps off Coal
Oil Point for nearly an hour through
the oil-stained portholes of the 16-
foot submersible Nekton Gamma. Be-
fore the 220-foot dive, the scientific
crew showed me video-tape pictures
of the seafloor in the seep area, but it
hardly prepared me for the real thing.

16 feet=4.9 meters; 220 feet=67 meters
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O1L FROM WHAT MAY BE the world’s largest
natural oil seep bubbles up from the bottom to
paint a broad moiré across the water off Coal
Oil  Point in Santa Barbara County.
Regardless of its source, uncontained oil is a
pollutant, disturbing the environment.

The statistics on the profusion of
seepage seemed more credible as we
watched millions of gas bubbles,
some as big as golf balls, press
through craters in the silt. “Like de-
scending in a sea of champagne,”
Nekton Gamma skipper Tim Caf-
farella rhapsodized as we glided to
the bottom.

Not a desert

Amid the free-flowing gas seeps
was a thriving plant and animal com-
munity. As the vehicle settled easily in
the silt, we saw broad flat swaths that
looked like new-fallen snow. “That’s
Beggiatoa,” biologist Tom Vetter had
explained during our earlier video-

July—August 1985

tape briefing. “It’s a sulfur-based bac-
terium that thrives among the seeps.
It also appears in long stringy
shreds,” he said, and before long we
saw these white shaggy strips waving
eerily under the force of rising gas
bubbles. We also saw huge white-
plumed anemones (Metridium senile).
They grow a foot high on thick stalks
topped by a full round plume. A vari-
ety of fishes seemed not unduly dis-
turbed by the intense lights of the
research submersible. Some watched
from burrows.

The purpose of the Nekton Gamma
dives, however, was not aesthetic grat-
ification. It was to pinpoint the center
of the seep territory for ARCO, which
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was to put down two square steel
pyramids, or inverted funnels, each
100 feet on a side, to trap oil and
gas. It was not an attempt to clean up
the water; although that is an inciden-
tal consequence. The aim is to take
away enough air pollution to permit
ARCO to offset the smog that will be

generated by exploratory drilling in
these waters. The offset, which must
be at least 120 percent, is required by
the county’s Air Pollution Control
District and the state Air Resources
Board.

Results of the seep containment
project are double what ARCO and

DIVING INTO AN OILY WORLD, the submer-
sible Nekton Gamma (left) makes it possi-
ble to directly study the seeps and their
environment. On the muddy bottom (below),
heavy oul forces its way up through the sedi-

ment. In spite of the oil, or perhaps because of

it, biological communaties near the seeps can
be dense (below right).

Left: General Oceanographics
Below: Lawrence Livermore National Laboratory

the public agencies expected when
the equipment was put in place in
September 1982. The system collects
more than 1 million cubic feet per
day of natural gas, amounting to
more than 6 tons of reactive hydro-
carbons. Plans are afoot to increase
the area of the gas-seep containment
device.

Attempts to pinpoint seeps are dif-
ficult because they are not always in
the same place. Even the big ones
move around. Seep craters grow
larger as bubbles erode the sides, and
then they cave in, sealing the hole.
Pressure then builds up under the silt
until the rising gas finds a new point
of least resistance and pokes another
hole in the ocean bottom.

All the gas goes into the at-

1 million cubic feet= 28,300 cubic meters

mosphere, but where does the oil go?
This is not totally understood, but
there are some knowns. Tests indi-
cate that 10 to 20 percent of the vol-
atile oil fractions evaporate within a
short time after surfacing. The re-
maining heavier oil starts sinking. In
scientific terms, it “achieves a state of
near neutral buoyancy” It is thus
likely that much of this natural seep
oil enters the water column.

Some oil, however, never surfaces.
Heavy oil is deposited in the deep
trough of the Santa Barbara Basin.

After weathering (evaporation),
most of the oil that surfaces is broken
up in choppy seas. But each summer
as coastal winds subside and the seas
calm, heavy oil from the seeps ac-
cumulates on the surface instead of
breaking up in the chop. It comes

Tom Vetter/Nekton, Inc.
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ashore in languid globs and stains
the surf zone, the intertidal region,
and the sandy beach.

But calmer seas alone might not be
to blame for the summer problems.
The June 1973 “Coal Oil Point Up-
welling,” an unusual rush of crude oil
from the ocean floor, is still unex-
plained despite examination by the
State Lands Commission, the oil in-
dustry, and independent scientists.

There are, of course, a number of
theories and speculation on the
causes of the fluctuating flow rate.
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Resource Management Dept., Santa Barbara County

A CURTAIN OF BUBBLES, 7ises from the
ocean floor (left). The bubbles burst at the
surface (above) releasing reactive hydrocar-
bons into the air. Exposed to sunlight these
compounds contribute to the smog problem in
Santa Barbara.

Some say that secondary recovery
techniques by the offshore oil indus-
try not only pressurize commercial
wells, but also superactivate the
seeps. The State Lands Commission
and ARCO, which operates produc-
tion platform Holly in the seep area,
say no. For a long time, ARCO rein-

jected its natural gas production into

the reservoirs, partly because it did
not have a gas-processing plant, and
partly to add down-hole pressure to
increase oil production. The State
Lands Commission added radioac-
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tive tritium to the reinjected gas, and
found no trace of it in the gas or oil
that came up through the seeps. The
tests, however, were not considered
conclusive.

Suspected source of pressure

There is another suspect. South-
ern California Gas Company stores
14 billion cubic feet of natural gasin a
nearby underground cavern that ex-
tends into the offshore area. Could
this put pressure on the shallow seep
area? The State Lands Commission
and the utility company insist that
there is no geologic connection be-
tween the gas storage area and the
seep structures. Al Pizano, manager
of the gas company’s Santa Barbara
office, said that the top of the cavern
is 4,000 feet below the surface. “The
gas stored there is carefully mon-
itored, and we would easily detect any
leakage,” he said. The underground
area, once a producing gas reservoir,
has been used for gas storage for
40 years.

Whether the offshore seeps are
stimulated by commercial oil activity
is only one vexing question. The
other is how to distinguish between
seep oil and oil that might be from a
spill from one of the 19 offshore pro-
duction platforms, an exploratory
drilling vessel, or a passing tanker.

“There is not much difference be-
tween seep oil and petroleum pro-
duced from an offshore platform,”
said Commander L. A. “Skip” On-
stad of the Coast Guard’s 11th district
office at Long Beach. He also has
acknowledged that a short time after
oil has been exposed to wind, sea,
4,000 feet=1,219 meters
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and sun, its chemistry changes, and
the chances of learning what it
looked like originally are vastly di-
minished. Moreover, much commer-
cial oil is produced from the same
formations as the seeps come from,
making it difficult to determine
whether a sample came up through
an oil well or through a natural hole
in the ocean bottom.

In 1984, the Coast Guard claimed
(as it had from time to time in the
past) to have found a way to dis-
tinguish seep oil from commercial
petroleum in the Santa Barbara
region. Of the numerous methods
available, it settled on infrared spec-
trophotometry. “This method involves
simple, low-cost infrared instrumen-
tation and requires a minimum of
sample preparation. It permits rapid
on-site analysis without extensive
training,” the Coast Guard an-
nouncement said.

The Coast Guard was not pre-
pared, however, to install this tech-
nology, but instead would submit to
commercial testing laboratories the
samples supplied by irate beach and
surf habitués.

Oil’s impact studied

Most of the seeps are on or near
highly faulted and fractured anti-
clinal crests or major east-west faults.
Half the seeps have less than b feet of
unconsolidated sediment cover. Some
have no cover: the oil-bearing struc-
ture is simply exposed to the ocean.

Although the seep area is gener-
ally a nuisance, it is also a valuable
laboratory for research requiring oil-
polluted ocean waters. Many marine

5 feet=1.5 meters
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GAs TRAPS ON A COLOSSAL SCALE, these pyramidlike containment devices were anchored to
the bottom above some of the seeps off Coal Oil Point in September 1982. In spite of the fact that
the volume of gas collected far exceeds original expectations, this type of installation was not
intended to clean up the environment or to commercially produce gas or oil. It serves to offset
smog produced by ARCO’s exploratory drilling.

234 Sea Frontiers 31-4

!
1
3

biologists have studied the impact of
oil on marine life in this area. The
U.S. Department of the Interior is
funding several studies there, includ-
ing the impact of oily waters on pel-
agic birds.

The most recent and startling
study has been the work of Dr. Robert
Spies of the Lawrence Livermore Na-
tional Laboratory in California. After
extensive testing, Spies and his col-
leagues found that, instead of being
poisoned or repelled by hydrocar-
bons in the seep areas, many organ-
isms thrive in greater concentrations
there than in nearby marine habitats
free of oil and gas.

The scientists did their work in the
Isla Vista seep area near Coal Oil
Point where the oil and gas con-
centrations are lower. The seep site
and the petroleum-free test region
had in common.72 percent of the
populations which represented 90
percent of the individual organisms.
They found that there is a higher
concentration of animals among the
seeps. They speculated that this is the
result of enrichment due to the pres-
ence in the seep areas of Beggiatoa
sp., the sulfurrich bacterium that
we had observed from the research
submersible.

Spies and his associates theorize
that “petroleum compounds of the
seep are utilized by bacteria that are,
in turn, eaten by deposit-feeding in-
vertebrates locally” Beggiatoa ap-
pears to thrive on hydrocarbons,
and Spies said that it has not been
found outside the seep areas. It con-
verts hydrocarbons into bacteria, and
“the importance of bacterial biomass,
especially to soft-bottom communi-
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ties, has become an accepted fact,”
he said, adding that the more oil
there is, the more bacteria there
are to support large populations of
deposit-feeders. These organisms
consume organic materials in the
sediments.

Spies warns against drawing exten-
sive conclusions because “the oil con-
centrations in the water here are
moderate (four to five parts per bil-
lion), and we know that this unre-
fined crude is less toxic than most
refined petroleum products”

Qil still to come

Will the seep area ever run dry?
Experts say it will, but in geologic
time, not in a few human genera-
tions. They say there has not been
enough study to learn whether the
seeps are fed by a horizontal flow
from offsite reservoirs to the seep
area. Such horizontal flow is possible,
but basically what they are dealing
with is simply a big volume of oil
within the seep area.

While some of the gas can be trap-
ped to prevent atmospheric pollu-
tion, the oil and gas from the seeps
cannot be produced at a commercial
profit. The cost-benefit ratio is too
askew. The seep oil cannot be con-
tained and channeled through a well.
There are too many other places for
it to emerge.

So far, itis simply a condition Santa
Barbara has to live with. But the
research to date has been poorly
funded and not much more than
rudimentary. The Coal Oil Point
seep area appears to be ripe for
much comprehensive and revealing
research. ]
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