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Innovative development of subsea methane sensors for leak
detection and methane source determination
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Reduction of Methane emissions

Effective mitigation of offshore methane emissions from abandoned oil and gas wells
requires a stepwise monitoring framework
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Date Technical University of Denmark Title 2



=
=
—

= d well f meth in the North S
-— dnNad well seeps or metnane In ine No ed
100000 y ain Upper |
s = = Jurassic
from the seabed at the sea/air interface yestof i depocentres
10000 | ,’ef ari;, lcjaprl:;nilemus [
~ oo . e
T 1000 - 7 -
g 44 B Oil field
> 5t B Gas field
c
2 100 1 =2 ﬁ'o:;densau
—_— - _ 3 B Oil and gas tield
E I 1 ] /=
= 10 - i
g -
= Innes Moray Firth ’
% 1 ' |
= _
Z oK
0.1 1 27 A -
Mid Neeth 1
D 01 537 High F!g 8/
LS S S N P IO o East Irish | oL ' " G
Q'Q’Q QQPQ (b& 'b‘e’ @‘a Qge Q“ ¢ ‘7\1‘? 4)\{} 'b‘z' *-@ QQ "0 '\{g'zo %@Q qq% 6\"0 p‘:\so 4;9\\ S;: s "9-‘: i:l::k f \
0(}& @é oe'*' Q’Q;Q ‘?ég Q’QQ ‘PGQ a;» &N eg,q' ’}Q so@ o & @@z #th &Q &Q \Sg-" . {b(\ 1 \\ - G \‘\\3 —f i
6\ & Q} 24(\‘, é ?}‘, ?} Q’\o q}o {%' ? Q'Q "I}‘ 'ﬁ}é "‘0 Q‘o ¢\° 4&0 0&' z% S;Jbsurface sediment . \~“S‘°"S‘ A
3, & & & '\b O '\b &8 o2 "e’ & < X W Q]° K (3; 4 remobilization feature L Law
P O I I SRR I R S NS o
& & A L L gy 2 [ L NS .
FH P FEEE S R N ~ P
‘Q ‘Q «0 ?}\ é\ \\ erei le. O . 6{3 't\ i}@ é‘ *:l:‘, *ﬂ:" b’b Q,b :} Pockmarks jm - = \ ; -
2 [ & é\ & ) ) o & Q9 Q' Q‘" N x2 é.. R Basin f:a | Amsterdam 5%
{\Q {\Q & & & x& (-4 0@ x, X, o2 6,\ Pipes/ gas chimneys AL TS NL
RN QIPCAPTAN ) K S o & B & phitis
I’ 1% Al Al Al 0 ,(b é < ((\ 77 Massit } &
‘9 ‘) ’8‘0 \\i'-y O O \z& \'@ . | - Sand injections s ’ :
O . O 45@ ‘O\o \},60 Polygonal fault systems : ° o 0 % 100 Rs
ﬁé Q l = I, . \' _ ' ‘ FR . : l!ms'sﬂs : HI ‘ km

Methane fluxes from natural seeps (green) and associated with gas wells (pink/purple) both from the seabed and directly induced at the
sealair interface as measured in the North Sea.

Literature review on natural seepage and human-induced leakage of methane at the North Sea and Gulf of Mexico - Griffioen TNO 2023
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== Carbon isotopes can be used to determine source origin
Carbon 12 Carbon 13 Carbon1a 813C isotope ratios of CH, and CO, in seawater
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o /: - Stable Carbon Isotopes of Phytoplankton as a Tool to Monitor Anthropogenic CO, Submarine leakages - Relitti 2020
) o - The Carbon-Isotope Record of the Sub-Seafloor Biosphere - Meister 2019
i v The DIC carbon isotope evolutions during CO, bubbling: Implications for ocean acidification laboratory culture - Zhang 2022
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Response by Michael Lewan to Howarth 2019 paper (from Milkow 2020) Carbon and hydrogen isotope systematics of bacterial formation and oxidation of methane - Whiticar 1999
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Modelling biogenic methane chemistry & isotopes
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Determining 3C/12C Carbon isotope ratio of methane seep
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The 513C isotope ratio of the CH, influx can be determined
via a Keeling crossplot (below), which requires a high
measurement accuracy of|[CH,]|concentration and
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Accuracy comparison of various sensor techniques

' N
Required accuracy:

New technology aims at {6130 0.1 9%
. I:l [CH,] 10 ppb
real-time underwater

I

« [CH,] measurement Underwater
Sensors
accuracy of 10 ppb
Kleint & Hartmann
« 313C measurement CRDS accuracy:
0 d13C 0.8 %o I
accuracy of 0.1% [CH,]  20ppb } -

Mass spectrometer accuracy: Picarro CRDS accuracy:

d13C 0.06 %o ‘5130 (H DR mode) 0.4 %o
I]‘|‘[CH4] concentration 1 ppb _[CH4] concentration 10 ppb
1 «— [CH,]+ sampling error 20 ppb <— [CH,]+ sampling error 20 ppb
[ 573C (HP mode) 0.8 %o
[CH,] concentration 1 ppb

Atmospheric sensors [CH.] + sampling error 11 ppb

A

\

Note that for comparison reasons all methane concentrations and concentration errors are quoted in ppb, which is a standard unit for methane concentration in air. The most
widely used unit for methane concentration in water is nmol/l, and the Keeling crossplot method for methane dissolved in water can also be made using concentrations in nmol/I.
For comparison: the average atmospheric CH, concentration of ca. 1850 ppb corresponds with a seawater CH, concentration of ca. 3 nmol/l at equilibrium conditions.
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Monitoring opportunity and Project objective

Based on these observations DTU-Offshore and NxPAS ApS have secured EUDP funding of a project to
exploit the opportunity that these natural isotope differences provide to distinguish biogenic methane
from fossil methane, and build an analyzer that works under water.

CH,lsotopMonitor - CIM

EUDP description:

e The North Sea region's closed oil and gas fields pose a potential leakage risk that requires monitoring.

e The CIM project develops a technology that can distinguish between methane from natural sources and
leaks from oil and gas fields.

e The project also includes a simulator for the correct interpretation of data from the seabed.

Timeline: 2026-2028

Partners:
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= Suggested Framework for Compliance with EU regulations
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