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Background of CO, geological storage
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Background of CO, geological storage

CO, emission sources and storage capacity in China
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Potential storage Sites in China

Total estimated CO, geological storage capacity (basin scale theoretical capacity)

Total Estimated Estimated Estimated Estimated
estimated capacity in oilfields | capacity in gas fields Capacity in un- Capacity in deep
capacity (MtCO2) by proved by proved mineable coalbed | saline formation
OOIP(MtCO2) OGIP(MtCO2) (MtCO2) (MtCO2)
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Background of CO, geological storage

Preliminary results of sources-sinks matching for China

e There are a number of potential
opportunities for low and even
negative cost storage options;
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 The vast majority of storage potential.
is offered by the large and high

DSFs

$200

$150

)

coz2
€%> QW SO O

capacity deep saline formations at *s PO o
estimated transport and storage .
costs of less than $10/tCO, ( without
capture)
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*  However, the properties of Dahowski, Li et al, 2012

geological formation impacts the

storage process dramatically,

including the technical and cost

aspect, further work should be done. /N
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» Background of CO, geological storage
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Major geological setting of Chinese Basin

The basic features of sedimentary basins in China

Faults system (multi-scale faults including active faults and field scale faults)
“Walled basin” landform
Complex migration of geo-fluid
Short distance transport of debris- fluvial-lacustrine environments
Late stage reformation

Landform - basins are surrounded by mountains or valleys
Multi-cycled - tectonic, sedimentary and stratigraphy sequence rhythm
Sedimentary rate varies with spatial and temporal scale

Sedimentary center varies with time

Pressure build-up

In-situ stress - complex stress field and fractures system;

A

I
Strong tectonic activity Active deep action
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Major geological setting of Chinese Basin

Unique feature of Sedimentary Basins in China
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Major geological setting of Chinese Basin

Geological setting of sedimentary basins
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Major geological setting of Chinese Basin

In=sjtu stress in China

Tectonic activity 141 &3]

Small tectonic units and basins
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Segmented by major faults
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Complex In-situ stress
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The stablllt of geo-mechanics
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Major geological setting of Chinese Basin

The geological characteristics of Chinese sedimentary basin is very complex.

In-situ stress in China
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Compressional Basin /e —
Extensiondl basin with high
population and economic density
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The complexity of geological setting increases the uncertainty of CO, geological
storage
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Major geological setting of Chinese Basin

- Eolian (Dunes)

- Fluvial (Stream)

- Lacustrine (Lake)
9 - Reef

10 - Shelf/Platform

11 - Slope/Rise

1 - Alluvial (Alluvial Fan)
The basic features of sedimentary basins in China 3. Conihal Swamp)
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Most sedimentary basins in USA, EU i - Strandplain (Beach/Barrier Island)
. o . - ' - Strandplain (Beach)
and other countries 7R - Strandplain (Tidal Flat)
4 A =N Y5 i S - Turbidite (Deep-sea Fan)




Major geological setting of Chinese Basin

asin . .
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« Target storage formations are mainly formed by non-marine clastic deposits
« High heterogeneity and poor continuity of seal-reservoir pairs
« Challenges in prediction and assessment of sealing, injectivity and capacity




Major geological setting of Chinese Basin

Sedimentary facies
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S-Source rock
AF-Alluvial Fan

SF- Shore Fan
BR-Braided River
MR-Meandering River
DP- Delta plane
DF-Delta Fan

Sedimentary facies

Knowledge of depositional environments
and directional tendencies imposed by the
deposition can influence how fluid flows

within these systems today and how CO,,

would flow in the future.
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Major geological setting of Chinese Basin

Sedlmentary facies

Reservoir models in North Sea
( Idar Akervoll, 2011)

2. Heterogeneity of seal-reservoir
pairs —affecting the seal, capacity and
injectivity.
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Major geological setting of Chinese Basin

Sedimentary facies

Multi-layered
formation

*041008# investigation point

3. The low average thickness of seal-reservoir pairs (sedimentary rhythm)
FEE R/

 rhythm of sedimentary system
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» Heterogeneity of seal-reservoir pairs

SLEML “AaER” MESET, BERRIANEA . HEFRMEAE,




Outline

» Background of CO, geological storage

vV COMT 3 HH

» Major geological setting of sedimentary basins in China
v b AR SR B MR 4B

» Major technical challenges related to geological setting
v HUT AR A T B R R P

» Possible solution to the technical challenges

v T8 R ok

» Summary




Technical challenges for CO, geological storage in China

e Main challenges related to geology feature
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e Technical challenges for CCS deployment in China
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Basin features and challenges: tectonic structure

*Multi-layered formation

*Small tectonic units and small basins are segmented by faults system
*Less stability of storage sites and tectonic units

*Challenges in the mechanical stability of faults and tectonic units
Seal-reservoirs consist of multiple thin layers. The average thickness is from
meters to twenty meters.

«Complex migration pattern of CO, plume and pressure plume in heterogeneous
formation

Challenges in monitoring and evaluation technologies.
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Major geological challenges to CCS

Technologies challenges are mainly caused by tectonic activities and sedimentary
history. Major challenges are as follows

» The stability of tectonic units and faults: Stability of tectonic unites might be
affected by large-scale injection, cause stability problems, such as induced seismic
activities, faults re-activity. The Seal ability and stability of caprock should be
evaluated carefully before large-scale injection.

» The stability of caprock: High pressure injection might fracture the caprock with
the complex in-situ stress field and complex structure.

» Safety of operation and after closure: the facility need for further improvement
for complex geological feature

» Migration of CO, and pressure plume: Multi-layered and heterogeneous seal-
reservoirs pairs decreases the sweep efficiencies, effective storage capacity and
cause preferential migration, special injection strategy is needed. Special attention
should be paid for those formations with braided and meandering facies.

» Risk mitigation method. Leakage prediction and mitigation methods are very

important for preferential migration and possible leakage scenario.




Technical challenges for CO, geological storage in China

e Main challenges related to geology feature
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e Technical challenges for CCS deployment in China
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Technical challenges for CO, geological storage in China

The phases of CO, geological storage projects

Identify Characterize
candidate m) and evaluate
sites site

=

Prepare site Operate site

=

=

Close site Post
qclosure site

care

% Screening/Characterization
(2~5years)

-Site Screening

-Exploration Permit

-Site Characterization

-Site Selection

-Project plan and primary

design

Y Operation phase(20~50y)
-Storage Permission

-Site Design and Construction
-Site Preparation
-Injection/Post-injection
-Monitoring & Evaluation
-Environmental Evaluation

% Phase-Closure/Post-
Closure(500~1000y )

- Site Closure Permit
-Decommissioning
-Site Closure Certificate
-Transfer of Liability
-Long-term monitoring
and managing

Development phases associated with CO,, storage projects
The different stages will face different technical challenges




The possible solution to those technologies barriers

Sealing
Tectonic
Safety
Stability

Sedimentary

capacity
Heterogeneity £ .
conomic

Injectivity

e Site characterization and evaluation technologies with high definition : g
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e High definition model and prediction technologies : fit & E & A2, H
-0 & R E N

e Monitoring and verification technologies: Wl K W IE# M 5 H F i1 21T
MR

e Process and risk management : £ 5 Z &4 . Bh. BEEdEEHE

M & 3R

W The geological feature bring lots challenges to CCS deployment in China
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The possible solution to technical challenges

e Carry out technology R &D activities toward geological feature
in @ more strategic way, including, large-scale well drilling,
storage technologies, site characterization and prediction, site
screening and selection, process optimization, risk
management, monitoring and safety evaluation technologies,
and so on.
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The possible solution to technical challenges

R & D activities of CCS technologies

£ K%+ technologies

2 Hi K technology components

Yy RAE 5 1E E5 R
Site characterization, and

b %2 5 83703 high definition characterization technologies

= NI 5 S 30UE Lab experiment and properties up-scaling technologies

A R b TR 2 B 8 5L 3R modeling with high definition geological data

Development and operation
management and optimization

evaluation 55 8 3 5 S5 -4 T3 evaluation method on complex geological formation- such
as, faults, caprock integration, migration pathways and so on
e, FFE 5523 Well drilling & complication with multi-layered formation
T 5isiT8 1% )= H K Formation selection

Hhu T 15 7t Surface facilities

R i T 1% 4% Underground facilities

TRiiafT 5 EIPAE Testing and re-evaluation of projects

EAMIESEIE

warning tech

Monitoring, evaluation, and pre-

YI¥E 777 Geophysics monitoring methods, such as, 3D 2D seismic investigation

HoERAY, 27 W3 I Geochemistry

VRSS2 Z 48 & I down-hole monitoring-P/T/Q/

RS SER £ 2 HUFE real-time multi-layered formation sampling

WE WIS 3EY micro-seismic monitoring and evaluation

Hb T 4% T surface deformation

Mo o<, I3RS A gas monitoring

HAh$ AR other monitoring technologies

IS R
Risk management

—P——l

B, B8, KIS fidi A  workover such as, casing, cement, workover

P pE 2% 2% well packer failure

i 1 CO, eruption

2 leakage

FERHERETE  mitigation of induced seismic events
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Summary

» There are huge CCS potential for CCS deployment in China
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» The unique tectonic structure and sedimentary history of bring
challenges and uncertainty to CO, aquifer storage technologies
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» The solution to those challenges are R &D of key technologies in
a strategic way.
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Thank you!

for your attention!

Email: Nwei@whrsm.ac.cn




