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CCS is regarded as a key technology for the reduction

of CO, emissions at international level.
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1X However, little is known about the short-term and long-term
impacts of CO, storage on marine ecosystems even though CO, has
been stored sub-seabed in the North Sea (Sleipner) for over 15 years
and for 3 years in the Barents Sea (Snhvit).
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London Protocol and the OSPAR Commaission demand
inter alia offshore CCS should be a permanent storage.
Risks have to be avoided and substances added to the
CO, stream should be minimized.

It was clear that the basic risks of offshore CCS to the
marine environment are associated with potential
leakages. CO, as well as substances added to the CO,
stream and substances mobilized by the CO, stream
from the surrounding material must be considered.



Impacts of CO, leakage on marine ecosystems

-

Contents lists availakle at &ciencellirect ESTUARING
- -~
SHELF SCIEMNCE e
Estuarine, Coastal and Shelf Science A

Leaes,

journal homepage: www. elsevier.com/flocatefecss

an(

reSLﬂ.ssessment of pH variability at a coastal CO; vent for ocean acidification studies

Philip Kerrison?, Jason M. Hall-Spencer?®, David J. Suggett?, Leanne |. Hepbumn 2, Michael Steinke?*

* University of Essex, Deparrment of Biokogical Saences, Wivenhoe Forli, Colchester COd 350G, LI
b iarine Mmentute, Marine Biology @md Frology Research Centre, Dmiversity of Fymouth, Fymouth FL4 844, L

A unique natural laboratory




leakage rate are acceptable ?

The maximum permissible leakage flux from submarine
storage should be defined as less than 10 % of the normal flux
rates which generally corresponds to a rate smaller than 10 t

of CO, per km? per year (Prof. Klaus Wallmann).
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ECO,—EU project led by IFM-GEOMAR

4 year €10.5 Mio.
Objective :

The ECO, project sets out to assess the risks associated

with the storage of CO, below the seabed.




3 study sites :

® Sleipner (90 m water depth)
® Snghvit (330 m water depth)

® the B3 field in the Polish Baltic Sea (80 m water depth)

Focus on :

® whether or not gas is being released at these sites

® how 1t could be transported through the different strata

® which reactions are involved.



To evaluate
v’ the likelihood of leakage,
v the possible impacts on marine ecosystems,

4 the potential economic and legal consequences of leakage

THE GOAL

To provide not only a comprehensive risk assessment but also
guidelines for monitoring and a best environmental practice guide for

preparation and management of storage sites.



The first expeditions have already been conducted during
spring and summer 2011 to monitor the seafloor and

evaluate the safety of the storage sites located in the

North Sea and Barents Sea.




Research projects
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CCS project in Chinese large-scale power plant
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marine environment
monitoring in China

Monitoring stations

Environmental elements

Ecological elements

Methods and instruments is
more and more mature and

advanced.



CO, concentrations in the atmosphere and ocean are essential

for monitoring changes in carbon sinks and climate.

» Monitoring of CO, switching throughput is in full operation in 2009.

Biological and physical pumps of carbon dioxide

000000 D0ODOD0DO0O0 q‘_':ﬂ:-c::]cl-ﬂ

co,
Fa¥ o o Q o
o o 8] o o
oY v % o
ranrylae o tElohed deres Asees A
- - Gindtng o W
. g - -
g - £ ®




A three dimensional, real-time air-sea carbon dioxide

monitoring system has preliminarily formed.

» About 20 shipborne underway monitoring sections have been
deployed, and 5 shore-based stations and 5 buoy stations are

being under construction.

6 monitoring sections in the Bohai Sea;
5 monitoring sections in the west of the North Yellow Sea
5 monitoring sections in the East China Sea

4 monitoring sections 1n the South China Sea
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Improving of marine environment monitoring technology and means

satellite, plane, ship, buoy; Remote

sensing, On-line monitoring




Assessment of CO, sequestration capacity of seabed n
China and pre-study of risk control technology

v'Focus on the  potential
capacity of geological storage of
CO, In the Bohai Sea and South

China Sea especially.

v/ Assessment of the ecological
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Ecologically Sensitive Areas to CO,seabed
sequestration

» Spawning, nursery and feeding grounds;
» Marine protected areas ;
» Speclal marine protected areas ;

» Fishery areas such as marine fish, shrimp,

shellfish and algae farms;



Sensitive species to CO, leakage
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» Possible ecological impacts could be categorized into acute

and chronic.

€ Acute impact such as mortality of marine organisms could
be determined by lab and field experiments and assessed by

simulation models.

€ Chronic impacts, such as sub-lethal effects ( metabolic
suppression, reduced protein synthesis, respiratory stress) would
be difficult to verify by the same approach as for acute impacts.
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Specimen 001-Tube 002
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Acute impacts-copepod

species time/h LC,, pH 95%
confidence interval

Calanus sinicus 24 6.15 6.23-6.06
48 6.40 6.48-6.32
Acartia pacifica 24 6.43 6.55-6.31
Steuer 48 6.62 6.75-6.49
Tigriopus 24 5.85 5.98-5.73
japonicus 48 5.93 6.05-5.80




Rate of carbon fixation
[mg C (g DW) " h’]

Chronic impacts - Corallina pilulifera

10 1

I Calcification
(] Photosynthesis

6.8

5.5

The ratio of PIC/POC

1.6




microorganism

In deep-sea layers, bacteria are dominant organisms

and play significant roles 1in oceanic carbon cycling.

M.Mix 1 2 3, 4,5 6 7 ,8.9 10

DGGE

The microbial population dynamics could be monitored by
DGGE technique, o oo
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Suggested monitoring indicators

o pH
+ pCO,
+ saturation ratio of aragonite
+ Trace metal
¢ Sensitive species:
carbonate skeleton molluscs, foraminifer

calcified algae, microorganism population...



Risk control and risk management

The main research topic in risks associated with

underground CO, sequestration 1s leakage.
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1t Insight in the risks associated with underground CO,

sequestration 1s a key factor affecting public acceptance.

1t Understanding those risks is indispensable to facilitate
the formulation of standards and a regulatory framework

required of large-scale application of CCS.



] Before sequestration, careful and sufficient investigation
must be conducted for ecological and environmental
assessments.

O Evaluation of the direct impact of the increased CO, and

decreased pH on marine material cycling, individual organisms

and ecosystems

O Accumulating base-line information through a field survey of
biomass, biodiversity and the trophic structure in order to

evaluate induced ecosystem alterations.



Monitoring of CO, seabed sequestration

@ Therefore practical implementation of CO, seabed sequestration
must, as a precautionary measure, employ monitoring programs

for its ecological impacts.

@ The monitoring programs should be designed for both acute
and chronic impacts. Those for the acute impacts will be
restricted to areas near CO,-1njection site and need to be
conducted at frequent intervals, whereas those for chronic

impacts will be extended over much larger areas



ii

h s::.:ln?:; seismic reflection
underwater
sponiancous
sampling gravimaotry potentiol
permanent soillair
gas measurements
tar tal ‘adose z§ne - —
- : “DIiHus
Pl
= i T
ifsolved
dwater
parmaability anwvirt
_:":_'-'_.T‘_ T
= L=
ly T
Py
- L= CO;
W B TR
Pl el Y ¥
iy e
e 3

e

LY e
il |

l’.. =







