Decrease in natural marine hydrocarbon seepage near Coal Oil Point,
California, associated with offshore oil production
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ABSTRACT volden and Harbaugh, 1983; Hornafius et al.,
Prolific natural hydrocarbon seepage occurs offshore of Coal Oil Point in the Santa Barbara 1999). At a regional scale, the Coal Oil Point
Channel, California. Within the water column above submarine vents, plumes of hydrocarbon seeps represent a significant source of gaseous
gas bubbles act as acoustic scattering targets. Using 3.5 kHz sonar data, seep distribution offshofeydrocarbons (Killus and Moore, 1991; Cynar
of Coal Oil Point was mapped for August 1996, July 1995, and July 1973. Comparison of the seepnd Yayanos, 1992) and residual asphaltic hydro-
distributions over time reveals more than 50% decrease in the areal extent of seepage, accompaarbons (beach tar) (Hartman and Hammond,
nied by declines in seep emission volume, in a 13 karea above a producing oil reservoir. 1981). The Miocene diatomaceous shale and silt-
Declines in reservoir pressure and depletion of seep hydrocarbon sources associated with oil prastone of the Monterey Formation are the source
duction are the mechanisms inferred to explain the declines in seep area and emission voluméor the seep emissions (Reed and Kaplan, 1977;
Hartman and Hammond, 1981).
NATURAL MARINE house gas (Watson et al., 1990), may provide a The nearshore seeps at Coal Oil Point (Allen
HYDROCARBON SEEPAGE significant and overlooked source of methane iatal., 1970) are predominantly oil exuded directly
Hydrocarbon seepage from the world’s contithe environment (Hovland et al., 1993; Hornafiusrom the outcrop of the Monterey Formation
nental shelves affects ocean chemistry (Danda al., 1999). Natural marine hydrocarbon seepsxposed in the axis of the Coal Oil Point anticline
and Hovland, 1992) and provides a naturadffshore of Coal Oil Point in the northern SantdFischer, 1977) (Fig. 1). Farther offshore, seepage
source of petroleum pollution (Landes, 1973Barbara Channel, California, are among theasses through overlying Sisquoc Formation cap
Wilson et al., 1974; Kvenvolden and Harbaughargest and best documented seeps in the worlock and includes both oil and gas (Fischer,
1983). Submarine venting of methane, a greeifAllen et al., 1970; Wilson et al., 1974; Kven-1977). The offshore gaseous seepage is controlled

Figure 1. Offshore Coal
Oil Point study area. Fault
locations and anticline-
syncline pairs in Monterey
and Sisquoc Formations
of northern Santa Barbara
Channel shelf determine
seep distribution. Mapped
distribution of seepage is
from 3.5 kHz sonar survey
during August 1996. Area
of seepage comparison is
boxed 13 km 2 area sur-
rounding Platform Holly.
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by the local geologic structure, which trends wesSONAR SURVEYS OF SEEP Peter Fischer in July 1973 were obtained for com-
northwest. Seepage is most intense at submaridéSTRIBUTION parison. A comparison between two sonar records
fault conduits and at structural closures along anti- Gas hydrocarbon seepage offshore Coal CQalong a survey line between Platform Holly and
cline axes (Fischer, 1977; Quigley, 1997). At on®oint was mapped with 3.5 kHz sonar (Sweethe seep tents in July 1973 and July 1995 reveals a
structural closure along the South Ellwood anti1973; Tinkle et al., 1973) during July 26—27, 1999arge decrease in seep activity (Fig. 2).

cline, a site of intense historical seepage (Fischemd August 15-17, 1996. A 3.5 kHz acoustic trans- The 1973 and 1995 3.5 kHz analog records
1977; Fischer and Stevenson, 1973), offshore alucer was towed at a depth of 9 m and a cruisingere digitally scanned to compare seep distribu-
production occurs at Platform Holly (Fig. 1). At aspeed of ~5 knots and navigated by a differentitibn and intensity. Profiles of relative seep inten-
second closure 1.5 km east of Platform Holly, proglobal positioning system (GPS). Analog recordsity along each survey track were constructed by
lific gaseous seepage is captured by a pair of seepre recorded on a 19 in (48 cm) thermal papscaling the mean values of pixel darkness within
tents (steel pyramids covering 1906 ofi sea recorder. The sonar transceiver was operated with20—-30 m depth window relative to mean back-
floor) installed by ARCO in 1982 (Rintoul, 1982; out time-varied gain. A Krone-Hite filter band-ground values, normalized by the saturation
Guthrie and Rowley, 1983). The areal distributiopassed the signal from 3.0 to 4.0 kHz to eliminatevel of the paper (Quigley, 1997). The sonar
and volume of seep emissions have variegixcess noise. The analog acoustic data displaype@am is ~25 m wide within the depth window.
(Fischer and Stevenson, 1973; Fischer, 197¢ross section or profile of the water column and sd@elative seep-intensity data were subsequently
Quigley, 1997). Time variation in the seep emisbottom along the ship tracks (Fig. 2). The travelgridded at 100 m, contoured by using a tension-
sions is a significant issue. It implies variability intime of each successive acoustic return is relatedgpline surface algorithm (Smith and Wessel,
the local background levels against which polluthe depth by the sound speed, ~1500 m/s for ti®90), and displayed as a relative-intensity map
tion from industrial activities is measured, and iseawater and water-saturated sea-floor sedimeraéseep distribution (Fig. 3). The threshold level
relevant at a global scale if seepage from contark vertical bands within the water column aref noise was arbitrarily selected as 0.1 (10% of
nental margins represents a significant source sbnar backscatter from gas bubbles. To evaludtee saturation level). The comparison is limited
atmospheric methane (Hovland et al., 1993%hanges in seep distribution near Platform Hollpecause navigational coverage is similar only
Hornafius et al., 1999). over a 22 yr period, 3.5 kHz records acquired byithin a restricted 13 kfarea in the vicinity of
Platform Holly (outlined by the box in Fig. 1).
Change in seep distribution farther from Holly is
WEST unknown. Errors in the navigational data are on
the order of a few meters for the differential GPS
survey in 1995, but as great as 15 m for the 1973
——j|25m data (Fischer, 1977). The total area of seeps
mapped decreased from 0.9 kio 0.4 kn?
between 1973 and 1995; the most significant
|]Jsom  disappearance of seepage occurred immediately
adjacent to the platform (Fig. 3).
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8|75 m  SEEP EMISSION VOLUMES
A time series of average monthly seep gas emis-
sion volumes collected at the seep tents (Fig. 4)
illustrates variability in the seep emissions (Mobil
Seep Tents Platform Holly Oil Corporation data supplied in 1997). The initial
rate of gas collection at the seep tents following
0km 25km  iheir installation was 300003 050000 #) of
gas per day (Guthrie and Rowley, 1983). Sub-
sequently, collection volumes increased. The
WEST sharp increase in 1986 was due to the addition of
flaps to the seep tent structures. Gas collection re-
mained steady until a long-term decline in collec-
} 4 25 m tion rate began in 1989. Other variations are sec-
] ond order in comparison to this dominant trend of
decline, and they are of unknown origin. By 1994,
i emissions had declined to about half of the peak
50m  collection from 1987 to 1989, and the collection
rate stabilized. The sharp drop in collection vol-
ume after 1994 was caused by a failure of a pipe
from one of the seep tents, which was subse-
75m  quently repaired, but again failed. The temporary
repair caused the upward spike in the time series
in 1995. The dashed line in Figure 4 represents
our estimate of seepage volumes after accounting

EAST July 26, 1995

Seep Tents Platform Holly .
for the changes in area of the seep tents.
0 km 2.5km
Figure 2. Sonar profiles on track line between Platform Holly and seep tents comparing seepage SEEP TlME,VARlAﬂON
in July 1973 with July 1995 and illustrating drastic reduction in seepage adjacent to Platform Some variations in seepage could result from
Holly. Profile location is shown in Figure 1. natural effects, e.g., changes in the fracture migra-
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tion pathways due to viscous tar sealing (Vernasource and the sea-floor vents would be equivd990). A larger global estimate for natural seep-
and Slater, 1963) or seismic activity (Fischeient to the hydrostatic pressure, providing a corage rates would help to explain the unknown
1977). Although these effects may account fasiderable driving force. However, if the fracturesource of isotopically heavy methane in the global
second-order variations (illustrated in Fig. 4), thg@athways are liquid filled, then the pressurenethane budget (Crutzen, 1991; Lacroix, 1993).
dominant trend is most likely attributable to thegradient would need to be above hydrostatic to
effect of oil production on the reservoir pressurdrive seepage. This characteristic would perta@ONCLUSIONS
that drives seepage. The disappearance of seepaghy to the early production history of the reser- The distribution of seepage observed in maps
around Platform Holly and decline in emissiorvoir, which could explain the decrease of somef 3.5 kHz sonar data reveals a significant reduc-
volumes collected at the adjacent seep tents indieepage. In addition, if fracture pathways argon in the area of seepage within 13%ahPlat-
cate a long-term decline in seepage. The similaritiquid filled and the fracture apertures are todorm Holly between 1973 and 1995. The seepage
in seep distribution near Platform Holly in thesmall (submillimeter), capillary pressure wouldarea has decreased by more than 50% over a 22 yr
July 1995 and August 1996 data suggests thappose hydrocarbon expulsion (Hunt, 1979%ime period, and declines in volume emissions of
changes in seep distribution are negligible onBngland and Fleet, 1991). Thus, water intrusiogas collected at the seep tents declined by more
time scale of 1 yr. That the observed reductions into the fracture network could augment thehan 50% from 1989 to 1994. Lacking sonar sur-
seepage are spatially associated with oil produeffect of declining reservoir pressure and conveys between 1973 and 1995, we cannot say
tion from Platform Holly suggests that decline irtribute to the disappearance of seepage. whether sea-floor discharge decreased at the
seepage between 1973 and 1995 is associatedime variation in seepage would affect estisame time as tent collection volumes.
with effects of oil production. mates of methane leakage from continental The spatial coincidence between offshore oil
Oil production affects seepage as reservoirs afiargins (Hovland et al., 1993; Hornafius et al.production at Platform Holly and the observed
hydrocarbons are drawn down by producing well$999). This has important repercussions, becaudecrease in seepage around Holly are probably
(Landes, 1973; Wilson et al., 1974; Kvenvoldeimethane is a greenhouse gas (Watson et aklated and attributable to the impact of oil pro-
and Harbaugh, 1983), leading to reduction in
reservoir pressure. The seepage rate is props
tional to the pressure gradient based on Darcy July 1973 A
law (Craft and Hawkins, 1959). Since productior -
from Platform Holly began in 1967, more than 5( o,
million barrels of oil, an equal volume of water, 134 24N
and more than 30 billion cubic feet of natural ga ‘ ———— | km
have been produced by wells drilled from the <D @

platform. This withdrawal of subsurface fluids is \\:@‘\g 0 o 0
reflected in a recorded decrease in subsurfa IoR N
pressure (Fig. 4). Prior to 1977, gas was re T~  Future Seep
injected, which may have increased formatiol Holl A . Tents Site
pressures and could have increased seepage r: olly

(Kvenvolden and Harbaugh, 1983). Pressure |
the Monterey Formation reservoir beneath Pla
form Holly began to drop below hydrostatic .
levels in 1983 (Fig. 4; Mobil Oil Corporation -~~~ Track Lines /
data supplied in 1997). By 1994, the total pres '
sure drop was about 35%. There is a lag of se

I

34°23N / S AR

eral years between the pressure drop under Ho 119°55'W 119°54'W 119°53'W
and the drop in collection rates at the seep ter

beginning in 1989. This can be explained as dt July 1995

to the low permeability of the Monterey Forma-

tion migration pathways (Isaacs and Peterso 119°55'W 119°54'W 119°53w B

1987). The reduction in reservoir pressure is ir
versely correlated with distance to Platforn
Holly (Quigley, 1997). Near the platform, sub-
surface pressure was approximately hydrostat
at11.9 MPain 1972, about the time of the earlie
3.5 kHz sonar survey. By 1994, the pressure h:
decreased to 7.54 MPa. At 1.5 km east of the ple
form under the seep tents, the pressure was 9.
MPa in 1994, suggesting that pressure decres
was greater near Platform Holly.

Although mechanisms other than pressur 132003N Relative Sonar Return
such as gravity flow of meteoric recharge water — >0.5
or buoyancy of gaseous hydrocarbons (Hun — 0.25-05
1979), can potentially drive seepage, the seepa 0.1-0.25 Seep Tents
at Coal Oil Point is most likely pressure driver ¥ . ¥
(Quigley, 1997). If the fraf:ture pathways, whick Figure 3. Comparison of distribution of gaseous hydrocarbon seepage in vicinity
serve as seepage conduits, are gas charged, t of Platform Holly in (A) 1973 and (B) 1995. Note nearly complete disappearance of

the pressure gradient between the reservc seepage immediately adjacent to Holly in 1995. Map location is box in Figure 1.
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Dashed Line = Correction
5 for Mechanical Modification

Figure 4. Time series of
seep-gas volumes col-
lected at seep tents.
Dashed line provides esti-
mated correction due to
1 changes in seep tent
‘ areas (see text). Dominant
77777777777777777777777 trend is long-term decline
HE in gas collection begin-
o6l L . ning in 1989. Inset shows
' 1 reservoir pressure in Holly
wells since 1973.
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duction on reservoir pressure. Oil productioririscher, P.J., and Stevenson, A. J., 1973, Natural hydrbandes, K. K., 1973, Mother nature as an oil polluter:
from the Monterey Formation oil and gas reser- carbon seeps along the northern shelf of the Santa  American Association of Petroleum Geologists

. . . . Barbara basinn Fischer, P. J., ed., Santa Barbara Bulletin, v. 57, p. 637-641.
voirs caused SUbsequ_ent decllngs in res_e_rvo'r Channel revisited: American Association ofQuigley, D. C., 1997, Spatial and temporal quantifica-
pressure, thus removing the primary driving  petroleum Geologists Annual Meeting Guide-  tion of gaseous natural marine hydrocarbon seep-
mechanism of the seepage. This finding implies  book, Field Trip 3, p. 17-28. age in the Santa Barbara Channel, California

that worldwide oil production may lead to de-Guthrie, L. D., and Rowley, P. R., 1983, Containment [Master’s thesis]: Santa Barbara, University of

; : i of naturally occurring subsea hydrocarbon emis- California, 95 p.
clines in natural emissions of hydrocarbons on a sions—A project review: Offshore Technology Reed, W. E., and Kaplan, I. R., 1977, The chemistry of

global scale. Conference, 15th, Paper 4446, p. 33-38. marine petroleum seeps: Journal of Geochemical
Hartman, B., and Hammond, D., 1981, The use of car-  Exploration, v. 7, p. 255-293.
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