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Bakgrunn

« NOROG arbeidsgruppe p& metan,
* Lundin, AkerBP, Connocophillips, Winthershall Dea og Equinor
- Metan er en potent klimagass | atmosfceren
- | de senere &r har det veert en gkt fokus pd kilder til metan bdde pé land

Main Seep
Area

SW
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Appearance of gas seepage from seabed

2 Di bubbl M
- Methane appears on the seabed as a mixture of ot transler

bubbles and dissolved methane in fluid/porewater. i) 1l

L CH,+20, > CO, + 2H,0
« Bubbles will rise in the water column towards the et ml
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Visual inspection, ROV

« Observation class ROV can visually
detect but challenging to quantify

- ROV with proper tools can measure
rate and sample for further analysis
onshore. E.g. gas composition
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Site Su rvey M BES data Multi-beam echo sounder Frequency 70-100kHz
Side scan sonar Frequency 120-410kHz

Sub-bottom profiler (pinger, chirp) Peak frequency 3850Hz

Ultra high resolution seismic Source 10 cu.in,
Streamer length 100m
Streamer depth O.75m

i High resolution seismic Source 160 cu.in,
iﬂ Streamer length 1200m
Streamer depth 2.5m

1
N ABRR|
£ o3 i

Cone Penetration test (CPT)

14 q»*” :
A S —
N e ———
- . UHR Streamer
[ ] -
Multibeam echosounder Sub-bottom profiler HR Streamer

HR Source

Side scan sonar

Open
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Water column anomalies in 2D and 3D

Seabed Features

From Thorsnes et al. 2019

Gas flare clusters
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Measurements of dissolved methane

Franatech — Mobile applications

Remote Operating Vehicle (ROV)

- Methane can be measured by sensors e.g. " Qceancering
* Fugro
« Methane sensor from Franatech has been tested . Shell

out on different platforms and are currently in use

at several fixed subsea installations. _
Autonomous Underwater Vehicle
» Kongsberg Maritime
« ENI
* CsNET
* Chevron/Total

Underwater Buoyancy Glider
« Alseamar

* Blue Ocean Monitoring

» Teledyne




Equinor
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AkerBP
OKEA

Wintersha
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Lundin

Methane Monitoring projects at Haltenbanken 2021

Mapping of background levels of dissolved
methane in the water column

Deep water survey 2021, (A-NIVA and IMR)

« Franatech sensor on Video Assisted
Monitoring System (VAMS)

Sediment monitoring Survey, Region VI 2021 (DNV)

« Var, AkerBP, OKEA, Winteshall DEA, OMV, Lundin
and Equinor

- Franatech Methane sensor at selected
locations, mainly regional stations

- Water samples for analysis of Methane
concentration at selected locations

« SINTEF Norlabs in collaboration with
SINTEF did the analysis for methane

equinor
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Area investigated Deep Water survey,
Video Assisted Monitoring System (VAMS)

Astenx Snefrid Nord '
- Aasta Hansteen R |
- Template D, 2 drops e ety 9
- Template C, 8 drops ,xg‘

Fogelberg ;‘
- ® Sigrid/Rita
Nona/Tussen

Gamma/Harepus

Flyndretind @
@
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CH4 [ppmv] Flyndretind 05
Att seabed

Nona Tussen and Flyndretind

NTU-04

435000

UTM Sone 32, EDS0

&  Bio/kjemi
+  Templat

®  Bio/kjemi

*  Templat
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433 500

T
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CTD with Methane Sensor locations: preliminary results from DNV equinor

44 |ocations: Sensor drop from surface to seabed.

d

o
£

=

CTD og CH4 sensormalinger i vannkolonnen pa utvalgte stasjoner i perioden 20mai-12juni 2021

Up&Down Max of ppmv by Station, Lat WGS84 and Long WGSB4 Station. Density and Depth heltall Max of ppmv by ppmv and Dybdeintervall
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Water sample locations - regional baseline DNV

Station | Vannprever

AsL3
ASX3
DG2-1
IR2
KRR1
MAH2
MEL7
Met_1
Met_2
Met_ 3
MT1-6
R6-01
R6-05
R6-07
R6-08
R6-09

R6-10
R6-14
R6-15

RG-17
R6-18

R6-27
SKAS
TRS9
Totalt

B W W WW W= =Www=-Www

NfwWw w N ww www wWw = -

100m below surface

10m above seabed




Water sample vs sensor, preliminary results from DNV

Station
®ASL3
@ ASXK3
®IR2
@ KRR1
®Met 2
®Met 3
®R6-01
®R6-05
®R6-08
@®RG-09
OR6-11_21
®R6-15
@®RG-17
OR6-27
®TRSY

Average of CH4 (nmol/l) watersample

120 -

&0

10 m above seabed

CH4 (nmol/l) comparison

Water sample
200

&

r
(=]

&0 [

~

Max of CH4 (nmol/l) watersample
=
<

10 15
Average of CH4 (nmol/l) sensor

Sensor sample
200

140

120

100

80
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Literature review — Methane Seeps, A desktop study

@ SINTEF

QC2021 A-006 - Unrestricted

Methane seeps

A desktop study

Author(s)
Tor Mordam, Anusha L. Dissanayake, Odd Gunnar Brakstad

Dl{'%:ﬁbu le

Dissalution Turbulent mixing Biodegradation
—_— e CH,+ O, =3 COy+ HO

5, 00300 6w

e
z

Cd

N

SINTEF Ocean
Climate and Environment
2021-02-19
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JIP: NOROG, Lundin, AkerBP, Winthershall Dea and Equinor

Comparison of analytical methods

Cold CH4 GC methods -
3¢ stable isotope (ex situ/in situ) -
®H-CH4 ex situ-

14C-CHa4 ex situ-

Ycc H, ex situ

3H-CH, ex situ

3¢ stable isotope (ex situ/in situ)
Cold CH; GC methods

Half-lives (days)
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Fraction of Methane biodegraded at different depths

B Direct to surface
0.8 B Evaporated

B Dissolved

B EBicdegraded

=
=)

Mass fraction
]
£

=
o

=
=

10 20 50 100 200 300 1000 20

Biodegradation half-lifa [days] Biodegradation half-life [days]

50 100 200 500 1000 20 50 100 200 500 1000
Biodegradation half-life [days]

15 | Open
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Oxidation of methane in Seawater, SINTEF study

+ JIP: NOROG, Lundin, AkerBP, Winthershall Dea and Equinor .
Direct bubble as
. Started July -21, finished end of -21 early -22. ST Gt

SINTEF will investigate and determine:
CH,+20, > CO,+ 2H0

- the incubation time needed for the oxidation methods Dissolution Turbulent mixing Biodegradation

+ decide, and compare oxidation rates at different methane
concentrations at two SW temperature (4-5°C and 13-15°C).
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Oppsummering

- Det er tilgjengelig teknologi for & kartlegge utsivinger av gass fra havbunnen
- Skrogmontert flerstrdle ekkolodd (MBES) detekterer selv de minste utsivinger
- ROV gir god visuell beskrivelse av utsiving og kvantifisering av rate samt gass analyse er i dag mulig & fé til.
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