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Absftract

Acoustic remote sensing systems such o multibbeam and sidescan
sonars can be used for mapping and detection of near-surface gas in
marine sediments. These systerns can provide arealistic depiction of the
sedfloor by means of the simulfaneouws acquisition of co-registered high-
resolution bathymetry and calibrate d seafloor backscatter. An acoustical
backscattering model for gassy sediments 5 used to recognize gas
signature in multibeam sonarrecords. Additionally, anablysis of backscatter
images and detailed bathymetry reveals anomalouws seafloor features,
which are associated with gas expultion. These processed acoustic
remote sensing data can be interpreted in conjunction with other
geological, geophysical and geochemical data from an exploration
areq, to help explain the distribution and origin of nearsurface gas. The Eel
River Basin offshore Morthern California will be wsed to assess the
applicability of acoustic remote sersing methods for the location of near-
surface gas accumulations. In this area, animmense databocse of marine
information was collected, including acoustic remote sersing data
collected at P3kHz [multibeam sonar] and at 100kHz [sidescan sonar]. We
also made an alfempt to invert the acoustic backscatter model and then
obtain estimates for sediment acoustic properties and fluid/gas content.
To test this approach, we used a Simrad EM300 [30kHz) multibe am sonar
datasetfrom Skjalfandi Bay, lceland.

The analysis starts with the backsc atter time series stored in raw Simrad
datagrams. which are then corrected for seafloor slope, insonific ation
areq, time varying and angle varying gaire. Initially, we looked only at the
angular sector between 307 and 40°. This sector is the most sersitive to
volume backscatter, as in the near nadir region the backscatter is
dominatedbysedfloorroughness andimpedance contrasts. Furthermore,
bewvond the critical angle only a small fraction of the acowstic energy
penetrates the sedfloor, which makes veolume scatter a secondary
contribution. At the same time we used the core databome fo extract
physical properties for the surficial sediments. These physical properties
and an acoustic backscatter model were wsed to calculate the predicted
backscatter values. The difference between the predicted [based on
physical properties] and measured [with EM1000) backscatter defined a
“backscatter anomaly™, which showed anomaloushy high backscatter in
deeperwaters and anomalously low backscatterinshallow water. Several
lines of evidence suggest an association of gas with the backscatter
anomalies. Inorderto betterunderstand the effect of gas on backscatter,
we extended the Willams, K.L. [2001]) model to include gas as afunction of
volume concentration and depth [Fonseca and Mayer, 2001]. Through
the use of 2D and 3D GI5 combined with theoretical modeling we have
been able to demonstrate that the surficial backscatter of the Eel River
margin appears to be responding., in a complex way to gas in the
sediment.

Im our attempt fo invert the wwed backscatter model, it became clear
that its direct inversion was an ill-posed problem. In order overcome this
limitations, we applied a constrained interactive inversion of the model,
imposing coretraints based on Hamilton relations for sediment physical
properties, and building parametric equations with the AVO [amplitude-
versus-offset] parameters calculated from the backscatter angular
resporse. The AVO attributes [near, far, slope, gradient, fluid factor,
product etc] were calculated from the stacking of a number of
consecutive time series. Based on the calculated AVO attributes and the
constrained inversion of the acoustic backscatter model, we estimate the
gas/fluid content, the acowtic impedance and the roughness of the
insonffied area on the seafloor. In Skjalfandi Bay, the areas with high fluid
factor anomalies correlated to regions that showed evidence of gas in
seismic profiles.

Fig. 1. Eel Rrver Margin - Em1000 multibeam sonarzursey areda showing
acowstic backscatter response [(High backscatter in white, low
backscatterin black). Thered dots are core-sampling sites.

| would like to expres my thanks to te Janet Yun and Dan Orange
for the Eelshelf data that they prowvided and to Bjami Richter for the
Skjalfand! Bay analyze
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Fig. 2. Thefully corrected backscatterforthe EelRverMargin, MNote
te high baclscatterin the deep waters and the low backscatter in
the shallow water -- the B counter-intuitive az we would expect
higherbackscatterasociated with the coanergranedsediments.
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Fig. 3. Simulated backscatterresponse. The model predicts ahigher
backscatter n shallow water, where coanrer high-mpedance
sediments are present. In deeperwatern, the model predict low er
backscatter, due to the low acoustic impedarnce and finer grain
szes Thiz e in confrastto the measvred backscatter,
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Fig. 4. Backscatteranomalywith detribution of faulls. The proximity of
the Lttle Salmeon Fault can facilitate the gas migration frem the
reservoirtfo the crestofthe anticline. Infact, the extenzion of the fault
zone inland crosses a productive gas field

Fig. 3. A small amount of free gas on the sediment structure can

explain the prominent negative backscatter anomaly on the Eel

Riversubagueous delta. Gas was reported on the Eelsubaqueous
delta bazed on meazured geochemical anemalies viing a towed
gas chromatograph.

Fig.a. Echeocharactermap showing the detribution ofsubsurface gas. The prezence of gas was
Inferred inseemic profiles based upon the presence of bnghtspok (abundant gas). and wipeout
zones, which are acoustically trarsparent areas (Yun 2000). Meote that the posiive backscatter
anomalies of the headscarp of Humbaold and Nodhwest slides are inside a gas wipeout zone
inferred from theseemic profiles
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Fig. 7. The modelshows that depth plays an imperant rele in the baclscatterresponse of gamsy
sediments. In deep water a small ameount of gas can result In a very high backscatter, a
contegquence of the higher bubble stifnes at high ambient pressure. In shallow water (less than
100m), the inteface backscatter eseverely reduced when the sediment & charged with free gas,
dueto decrease of sedimentzoundsp eed. Addilionally, the volume contrib ution in shallow water
& lower, due to higher attenvation of the bubbles in lower ambient pressure. The combination of
factors oftenresullzin anetdecrease in the total backscatterresponse in shallow water, relative to
agas-freezediment with thesame phyvzicalproperties.
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Fig. 8.. Density of pockmarks determined from deep-towed sidescan sonar with areas of l[andslide
(velow polgons). The positive backscatter anomaly associated to the high concentration of
pockmats inwaterdepths beyvond 400m suggests the presence efactiveseeping gasin this part of
the survey area. The gas probably comes from the dizzociation of hydrates, which were indicated in
theze areas by the presence of bottom-simulating reflections in high-reselution seismic lines [Yun,
1999 There & evidence that the nearsuface gas on the headscamps: of Humb oldt and Morthwest
sides may come from deep reservoirsources Gas prob ably accumulates at the impemeable crest
of thiz anticline until itseeps to the surface through factures at the base of the folded structure. Thie
seeping gas can explain the positve baclkscatteranomalies around th e fold ed stru cture
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Fig. 2. The nverion based on AVO analysis was applied te one acovstic remote
senting dataset acquired in the surmmer of 2003 In Skalfand Bay, lceland. The
egquipment vied was a Simrad EM300 multibeam sonar, a shallow water system
operating at 30KHz forning 135 beams in an angularsector of 150 degrees. The
survey alzo included a Subscan SBA3] 2 high-frequency seismic profiler (chirp sonar)
and a tow-cam unitforbottom photographs. Thesurveymappedwaterdepthz from
a0te Z30m, In an area covered with fluid expukion features (pockmarks) .

Fig. 10. The AVO parameter preserse some information fom the angular sign ature.
Forthat the nearsoundings 1.e. thesoundings with incident angle clozerto the nadrr,
will be processed separately from the farzounding, 1L e. the sounding with shallow
incident angles. Additienally, the slope and the intercept of the angular responze
curse are calculated. The slope & bazically controlled by the roughnes, while the
intercept 3 contrelled by the mpedance, although the actual relationzhip iz
complexandis descnbed the mathematicalmedelforthe acoustic backscatter
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Fig. 11. One impertantAVO parameterused to charactenze the baclkscatterangular
response & the Fluid-Facter. According to the backscatter modeling, thiz attribute &
directly related to the amount of free fluid, rermally gas, in the sediment structure.
Imitially, the background trend line forthe survey & defined as the linearregresion of
all coordinate pairs (slepe, iIntercept] In the slope-intercept plane. Then, the fluid
factoratinbuite & defined as the orthogonaldetance of each coordinate pairte the
background frend.
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Fig. 12. Based on the calculated ANVO attributes (near, far slope, gradient, fluid facter,
productetc) and theinvernion of the acousticbaclkscattermodel we estimate the acoustic
mpedance and theroughnes oftheinzonfied area on thezeafloor.

Fig. 13. Boettern photographs show abundant holes
within some large pockmarks that are evidence of
waten gas expulzion. Few amplivde anomalies are
seen in the chirp profiles, which seem fo indicate that
most of the pockmarks are inactive atthe moement, as
theyshow sedimen tinfill
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Fig. 14. High amplitude anomalies in the chip
profile: are evidence of ga: seepage: and
active pockmarls. Mozt of the pockmarks seem
tobe connected tounderlving N-5trending faults
and show deturbance of thesedimentbeneath
and no infill, a clear indication that they are still
active.

Fig. 13 Map of Fluid Facter anemaly in Skjalfand Bay.
Areaz: of High negative anomalies indicate the
presence of free fluid/gaz in the zhallow sediments
structure. These areas correlated to regions that
showed evidence of gas inzesmic profiles and bottom
photographs.

Fig. 18 Acoustic transparent areas in the chip profiles
are a clear evidence of the prezsence of highly gas
chargedsedimentsin thesubwurface.

Fig. 1a. Acoustic transparent areas (wipe-out zon es)
in the chirp profile: are a clear evidence of the
presence of highly gas-charged sediments in the
subsuface.
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Fig. 17 Acouwstic trarnsp arentareas in the chirp profiles
are a clear evidence of the presence of highly gas-
chargedsediments in thesubsuface.
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