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Seabed conditions for platform abandonment
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Motivation

* Drilling and HC production
changes the fluid dynamics in
the overburden

* HC Wells may leak methane to
the seafloor, but there is natural
seepage that disturbs the image

* Distinguishing between
anthropogenic and natural
seepage is critical in relation to
abandonment

Vielstadte et al. 2017 (EST)



Building a SEabed Environmental baseline for
Platform abandonment - SEEP

* Baseline conditions — A geological
model

* Pre-production — outside the central
graben

* Syn/post-production — within the
central graben
* Focus on methane seepage
 Thermogenic or biogenic

* Production related or natural
occurrence

* |dentification of fluid migration paths

Migrating thermogenic Methane
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Shallow subsurface

Data from the Danish Central Graben area

* Highly heterogenous

* Sedimentation
controlled by rapidly
changing climate and
sea levels

* Contains potential
geohazards

* May facilitate or
inhibit natural
methane leakage Prins. 2019 (thesis




Geophysical Data — Cruise March and June

Multibeam Bathymetry
« Seabed morphology
« Identification of gas seeps

Sub-bottom Profiler
« Holocene geology
« Shallow gas

Ultra-high resolution Seismic

« Quaternary stratigraphy and
geomorphology

 Fluid migration paths
* Neotectonic activity

Vintage industry seismic

* Mapping potential pathways and shallow
gas in the overburden




Examples of seismic data

Sub-bottom Profiler data




Examples of seismic data

UHR-Seismic data




Examples of seismi

c data

Vintage deep seismic data
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Holocene Unit - two examples

- Transparent

) ) Innomar Data
- High amplitude at the base

- Erosive base — transgression
- Internal structure masked by seabed
pulse

UHR sparker data

o
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Seismic facies from units immedeatly beneath the holocene unit

Well stratified, subparrallel reflections

] 2 s
i)l

Local channel infill, parrallel reflections
Varying intesity

Shingled reflections
downlap, good reflection continuity




SAND, f-m, shells, OM

Open marine environment; ~late Holocene

SAND+SILT, shells, OM
Holocene transgression over infilled channel

CLAY, silty, laminated, numerous channel features
Pro-glacial lake deposit? LGM-Deglaciation?

Examples of e
seismic data

12/1/202:

T

SAND, f-m, sorted, w. gravel, shell fragm.
Lower section influenced by seafloor multiple

Pro-glacial outwash over moraine? Weichsel or Saale?

T2 Te00m

1a

1b



Examples of

ic data

seismic

B
!

:-."\1?\
1

B

S 17707

12/1/2022




Examples

orselme— Vintage deep seismic data

1.300
1.400;
150043

1.600




Gas expression on MBE

* Cirkular depression on the seafloor
* Signal disturbance on seismic data

* Possible pockmark formation

e Depressions caused by fluidization
and erosion of seabed sediment due
to gas venting




Sediment,
microbial
and faunal
data

L P ent gnd faunal anaIyS|s

. ) & Facies analysis of the sediment cores
"o - Sediments Dating of cores sediments
* Pb-210

¢ Grab samples
* Vibrocores

e Chemistry ‘_
* Ce-137 (peak 1963 to 64 and 1986)

microbial respons : .
. in the sediment cores

ochemistry of bivalves and
inifera (trace elements and sta



Examples of - yi3ldemar-3; production
sediment cores

Fine sand

Annotations

Depositional
environment

Samples

Notes

Depth (cm)
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HS

Pb210;
11 samples

v

Bivalve and
foraminifera
samples/10 cm

TS

TL

Completed bioturbated/biomolted colour changes
from light olive brown to black. Color 2.5;2.5/1 to 5/3

Shelly sand with many bivalve fragments and a few
complete. Specimen of Spicula subtruncalis, Venus, and
Ensis siliqua

Color 2.5 4/1

Scattered bivalve shels, finegrained sand.
Completely bioturbated. Carbonaterich.
Color 5/1

Scattered bivalve shels, finegrained sand.
Completely bioturbated. Carbonaterich.
Color 5/1

Val_3_276 cm, marine bivalve for C |4 dating,
base of the marine sand
Vibrocore struture preserved

Finegrained sand, no carbonate, scattered
organichrich beds
Color 5/1

Organic rich bed

Sharp erosive boundary (picture | 1.54)

Clay with a litcle organic material and a few
color changes. There s also a litcle silt present
(picture 11.54)

Carbonaterich

Color 2.5 4/1

Few small dropstones, flint and granite




Examples of
sediment cores

ithology

Central Site-2, no installations

¢ Completed bioturbated/biomolted very weal

Annotations Samples Notes

environment

|—Clay/silc
[—Fine sand
Depositional

Depth (cm;
P (o

colour changes Color 2.5; 4/

Silt to very fine sand, organic material, only very few
Bivalve and bivalve fragments. No complete specimens.
foraminifera
samples/10 cm

7 Bivalve fragment

Irregular echinoderm insitu? (picture 10.28)

Fragment of irregular echinoderm

HS

Very few, small and scattered bivalve
fragments

Very little biogene and organic material
Colour

2104

As above
Color 5/2

Gradually more finegrained

340 Or9
350 Very finegrained
360 Finegrained sand
Bivalve (complete) No bivalve fragmets
370 g Bivalve (complete)
380 T
390 Large pebbles (cm size; angular and rounded) b e
of flint. Dropstones 47 0 i Org Ts
400 g L Bivalves. S—= Org
Matrix is finegrained siltclay, colour change to o
410 e yellon Organicrich beds
420 )
Ts Finegrained sand with a thin silty bed
430




Intepretations of geological

ages and depositional

environments

ka

1

20

60

Age 6'®0 curve and Lithology
Marine Isotope Stages (BH 550513.5)
{Johnson et al., 1993) cla?' silt sand pfat
Holocene
5m
10m
Weichselian
20m
2N v

Depositional

environment
(BH 550513.5)

Lithostratigraphy,
German sector
(Coughlan et al,, 2018)

Lithostratigraphy,

Southern British sector
(Cotteril et al,, 2017)

Foram. strat.

Danish sector
(Knudsen, 1985)

Upper Marine Fm

VI (Bligh bank formation)

Buried River Valley Fm

Indefatigable grounds,
NZGT, and Well Hole Fm

S1-
Holocene

Limnic Fluvial Fm

V (Botney Cut Fm)

IV (Volans Fm)

Upper Sands Fm

Il (Bolders Bank)
Il (Dogger Bank)

S2 -
Weichselian

Prins and Andresen, 2019




Microbes and
gases

What gasses are there? How much? What is the isotopic
composition? Which gas-eating bacteria are present and how
many?

What is the pattern in pristine seabed, natural seeps, and
exploration sites?
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Possible questions which can be answered based on the data:

v’ Characterization of the gas/methan
seep

v Natural or anthropogenic?

v How often do we see seeps?

v What is the role/influence of gas in
the environment? |

v’ Are there any playback . j— _

mechanisms? e SRRy

Thanks to:

The crew on Aurora and SIMA
Danish Offshore Technology
Centre
TOTAL




