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INTRODUCTION Lo

Scanner Pockmark in Witch Ground Basin in 0 scamnerpockmark
the Central North Sea

@ Area with abundant pockmarks (Gafeira and : ‘ - brghrspot
Long, 2015) tunnel valley 3 ,

@ Scanner Pockmark up to ~17 m deep and about
100 to 300 m wide

0.4 stwt
@ Vertical fluid conduit connecting deeper methane

sources to surface (Karstens and Berndt, 2015)

@ Seismic reflector indicating gas reservoir in
~40 mbsf (Bright spot, Bottner et al., 2019;
Berndt et al., 2017)

adapted from Berndt et al. (2017)
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Introduction
oe

@ Sensitive to porosity and pore content (Edwards, 1997) ose

@ Experiment with electric dipole source (DASI, Sinha
et al., 1990) and three-axis dipole electric field receivers
(Vulcan, Constable et al., 2016)
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adapted from a version by Karen Weitemeyer and finalised by Kate Davis depth (m)
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EM DATA PROCESSING

@ Source: ~90 A square wave signal
@ Receiver: x - crossline, y - inline, z - vertical

@ High energy in high frequencies due to energy
guided along air-water boundary (Weidelt, 2007)

@ Processing: 1-s long time windows transformed
into frequency domain, divided by source dipole
moment, stacked over 30 s and clock drift
corrected (Myer et al., 2011)

—WVulcan 350m x
—WVulcan 350m y
—Vulcan 350m z
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@ Power spectra (top) of 60-s
time series for channels x, y
and z.
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Resistivity [2m]

Profile distance [km)]

Analysing the effect
of 40% gas pocket
underneath seismic
reflector

Predicted data for
model with and
without gas pocket

@ Difference
(based on

L L L ! L L !
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in predicted data (residuals) vs data error o
stacking and navigational uncertainties

Gehrmann et al., 2019)

@ Data anomaly for datum 1

(F(mog); —
where F'(m

F(myo%))i/oi,
) is the forward operator on model m.
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Data anomaly for inline F,
and vertical F, electric field
response for f < 30 Hz

Anomaly for short offset
(197 m) similar for all
frequencies

Anomaly for long offset
(350 m) more diverse (different
information) in the f < 13 Hz

Higher frequencies seem to
contain similar information
and would therefore bias the
result if included into inversion
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@ Optimal resistivity models from inversion

(MARE2DEM, Key, 2016) for vertical electric

field component for 1 to 7 Hz

@ Background resistivities vary between 0.6-1 Qm

at the surface and 2-2.6 Qm at 200 mbsf.

380
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Resistivity [2m]
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Porosity estimation
[J

SICAL PARAMETERS FROM RD2 core MSCL DATA

o I?ens?ty [g‘lcm?] ‘ Pgrosjty ‘ Besistivity [(Z‘m] r- I
e - [
= s
sl & 1 % | t{ ] @ Rock Drill 2 (BGS) cores at reference site about
; i e 3 6 km to the North East of Scanner (Karstens
10 fmee 1t S 1 et al., 2019).
iz el ||
- bptis L gl | @ Bulk den.sity and resistivity are measured With
< — U - the multi-sensor core logger by BOSCORF using
nl I - gamma ray attenuation (Evans, 1965) and
Tw o T electromagnetic induction (Jackson et al., 2006)
25) respectively
% 1l il | @ Porosity ¢ is estimated from densi.ty d using
—— - —en—— Qﬁ = dbulk - dgrain/dﬂuid - dgrain with dgrain:2~65
gl [ megeer e [ e g/cm? and dguiq=1 g/cm?® (Geotek, 2016)
18 2 22 24 02 03 04 05 05 1 1.5
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Porosity estimation

SIS TIVITY- POROSITY RELATIONSHIP L.

@ Logging data shows a distinct
trend for resistivity vs porosity @ The empirical Archie’s law (Archie, 1942)

with depth Pbulk/ Piuid = ap™™
can be fit to the logging data

0.2 0.3 0.4 0.5 0.
Porosity

: @ Archie parameters a and m can be calibrated
7 30 . .. .
. @ Best fit from non-linear optimisation (Dosso
g 25 et al., 2001) for a = 0.73 and m = 1.46.
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Porosity estimation
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POROSITY ESTIMATION L

@ Probability density for resistivity and porosity

@ Sampling from resistivity,
Archie’s parameter
relationship to estimate
background porosity

160 150

180
200
@ Comparison to Athy’s law of
compaction (Athy, 1930)
¢ = poe 7,
where the compressibility is
represented by S, for clay-rich, .
plastic sediments is chosen
here between 2-6 - 10~7 1/Pa
the effective stress ¢’ depends
on lithostatic pressure and 340

3 0.4 0.6 1 1.6 25 0.1 2 03 04 05 06
therefore on depth and density il i Porasiy

220

Depth [m]

300

320 mean 0.01
68% cred.

= = Athy's law
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FORWARD MODELLING AND INVERSION STUDY

@ Synthetic data (realistic data error) for models
with different gas saturation using seismic
constraints

@ Background is 1.2 Qm, 10% gas — 1.5 Qm,
20% gas — 1.9 Qm, 30% — 2.5 Qm,
40% — 3.4 Qm using Archie’s law

@ Vertical profiles show that about 20-30% of gas
required to be resolved

gty
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Gas estimation
o

(GAS ESTIMATION

@ Resistivity model with seismic /.,,
constraints (top) shows background ool
resistivity increase from below 1 Qm to
1.8 Om at 200 mbsf

Depth [m]
Resistivity [©2m]

@ Gas pocket with up to 30% free gas
estimated (bottom). Caution: Errors as
large as estimation!

@ However, synthetic data study suggests
at least 20% are required to cause
resistivity anomaly

Depth [m]
o
Free gas (%]

@ Interdisciplinary data and modelling 300 5
also back up shallow gas pocket
required to explain the active venting

. . . . . 0
2400 2500 2600 2700 2800 2900 3000 3100 3200
Profile distance [m]
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Gas estimation

@ We estimate a background resistivity trend from 0.6-1 2m at the surface and 2-2.6 Qm at 200 mbsf
from towed CSEM vertical electric field amplitude data.

@ Using structural constraints from seismic data reveals a resistive area at about 40 mbsf below the
pockmark, a potential shallow gas pocket.

@ With forward modelling we estimate that frequencies from 1 to 7 Hz have the most diverse
information content about the gas pocket.

@ A synthetic data study shows that at least 20-30% gas are required to cause an anomaly in the
CSEM data above the data error.

@ We calibrate the rock physics relationship Archie’s law with sediment core logging data to predict
porosity and free gas.

@ Porosities decrease from about 40+9% at the seafloor to 19+3% at 200 mbsf, which matches
porosity estimates from sediment compaction.

@ Gas estimates are up to 30% with equally large uncertainties and require comparison to the
geophysical, geochemical and modelling studies done in the STEMM-CCS project.

@ The towed CSEM data resolves the upper 100-200 mbsf, but resolving physical parameters of the
chimney at greater depth requires adding more data, for example, from the ocean bottom
instruments.
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