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— Task1: Establish selection method and indictor system of the target area scale of CO,
geological sequestration.

— Task2: Carry out the investigation and evaluation of target area scale in Sichuan basin,
and select a number of appropriate target areas, compile target area scale evaluation
achievement map; Choose one or two typical target areas to carry out case study in
Sichuan basin.

— Task 3: Select key indictors to carry out specific study.
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Target scale selection and evaluation index system of CO,

geological stor
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evaluation of Sichuan Basin
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Effects of depositional system and sedimentary on CO,
geological storage suitability
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Target scale selection and evaluation index

system of CO, geological storage




5= Background

CHEGS Based on the potential evaluation scaladiditvby Carbon Sequestration
Leadership Forum (CSLF) and hydrogeological expioneexperiences, we
divided the potential evaluation scales into tHWng 5 stages.
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Exploration
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Project capacity

Injection scale
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> The target area assessment served as a transition. On the one hand, “the
target area” is result from Basin potential and suitability assessment,and
is of value to study on the site selection; on the other hand , “the target
area” is the origin and primary reason of the demo-project site selection.
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project sites selection
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Planning sites selection
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the third basin tectonic unit suitable for Co, geological storage
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Basic principle for Target scale selection and

evaluation

> LR AR

> 2 BB E AR
s

> 3R

> 4R E— MR F SRR
 PUEHLAME, RESAR
3 5 R A0 R

_________________________________________________________________

»> 2. Most effective storage

capacity in reservoir

> 3. Economic suitable

» 4.Inlinewith environmental
.| protection general construction
project site conditions, not ;
influenced by geological factors
of external adverseprinciple |
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Criteria of Target Selection for G@eological storage in deep saline aquifer

1.Crustal stability (DMotion peak acceleration of earthquakEarthquakeé®Active faults within 25km

- % (DDepth;@Rock(3)Single thick;@Continuity; ©®Permeability{®)Quality and quantity of sub-cover)
.Caproc
- E Microscopic closed index
afe
Y (DFracture development situatid®@)lf there are other drilling and abandoned wells deeper than 800
3.Faults and Leak o ) »
target range@®Unknown faults under the existing technical conditions

5. Hydrogeology (DHydrodynamics2Water head of deep saline aquifers
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® Safety

It consist of Crustal stability, Caprock. Faults and Leak and Hydrogeology 4
sub-layer and 16 indicators.

Sub-layer

Indicators

Rank
Medium

Crustal
stability

Caprock

Faults and
Leak

Hydrogeol
ogy

Motion peak acceleration of
<0. .10~0. >0.
earthquake / (10 m/s?) gLe et 0.2
Earthquake Safe Medium Danger
Whether the target and its

Active faults within 25km

No active faults in target
and within 25 km range

No active faults in target,
but within 25 km range

peripheral targets are developed

around around active faults is not clear so far
Depth of Caprock /m 800~1 200 1200~1 700 >1700
Lithology of Caprock Evaporites Mudstone Shale or Dense limestone
Single thick of caprock /m >100 100~50 <50
Continuity of caprock With regional continuity | Substantially continuous Distribution is not continuous,
y P distribution distribution limitations
Permeability /1073 um? K<<0.01 0.01<K<1 K>1
. . Multipl ith Multipl ith I
Quality and quantity of sub-cover ultiple sets.W|t good ultiple sets Y\“t genera Only one set
quality quality
Microscopic closed index H,/m 2200 100~200 <100
. . I M f : L f , faul
Fracture development situation |Limited fractures, no fault SCREIRUEIENES, [ SIURELTES IS e el
fault growth
If there are other drilling and
abandoned wells deeper than 800 No No Yes
m in the target range
Unknown faults under the existing No No Maybe

technical conditions

Hydrodynamics

Hydraulic closed role

Hydraulic sealing action

Water transport fugitive role

Water head of deep saline aquifers

Below Ground

Consistent with the ground

Above ground
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F & E R /m >80 80~30 <30
ik AT FRuEEK T <1:3 1:3~1:5 >1:5
R AR . (RS /m >1200 | 600~1200 <600
)25 71 25 <0.9 0.9~1.1 >1.1
2 KA /g /L 10~50 3~10 <3. >50
i RF 1o e >15 15~10 <10
o A B FLBREL/% Rt A | >12 12~4 <4
- B /10 um? WhE >50 50~10 <10
— BRiE | >10 10~5 <5
HhHAGRAE/mW/m? <50 50~70 >70
Hh b 5 AR HiE A & /°C/100m <2 2~3 >3
Hb 2R P /°C <3 3~25 >25
e A REAFE /104 >900 | 900~300 <300
R EAFRIR i R /a >30 304 <30




® Reservoir

It consist of Reservoir feature, physical properties. Geothermal and Store
prospect 4 sub-layer and 16 indicators.

. Rank
Sub-layer Indicators Good Medium Poor
Mixed clastic
Lithology Clastic and carbonate | carbonate rocks
rocks

Thickness /m >80 80~30 <30
Reservoir aspect ratio of effective reservoir <1:3 1:3~1:5 >1:5
feature Heterogeneity ?:ween Stratums ~1200 600~1 200 <600
Reservoir pressure coefficient <<0.9 0.9~1.1 >1.1

Mineralization of groundwater / 10~50 310 <3. >50
(g/L)

Porosity /% Sandstone >15 15~10 <10

Physical Carbonate >12 12~4 <4
properties Permeability Sandstone >50 50~10 <10

/1073 um? Carbonate >10 10~5 <5

Terrestrial heat flow / (mW/m?2) <50 50~70 >70

-l 0 I Geothermal gradient / (1072 °C/m) <2 2~3 >3
Surface temperature /°C <3 3~25 >25
Store prospect Effective storage /10 t >900 900~300 <300
Service life of reservoir /a >30 30+ <30
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® Socio-economic and environmental conditions

It consists of social environment, geological environment. character of target
and safe distance to drink source 4 sub-layer and 11 indicators.

Indicators

Sub-layer

Social

Rank

Environment

Geological
environment

Safe distance
to drink

source

Good Medium Poor
population density / (A/km) <{25,Extremely | 26~50,Absolute 51, Relatively sparse area
sparse areas sparse areas
Distance to resident /m >>1 200 800~1 200 <800
Land use Desert and other |Pasture, woodland,| Residential, industrial land,
unused land Farmland, garden |transportation land, Waters, etc.
Occasion to happen geological disasters Not prone Low er::zdlum High prone
Whether in mining subsidence area, karst subsidence
area, ground subsidence area, activity area desert, No No,But may impact Yes
volcanic activity area;
Lower than the highest water level of Rivers, lakes and .
. No No,but may impact Yes
reservoirs / flood storage
City and regional development planning Accord Accord Not accord
Agricultural reserve, nature reserves, Scenic spot,
Character of cultural relics (archaeological) reserves, Life drinking
water reserves, Water supply planning vision, mineral | No,and>10 km |No,but may impact Yes
resources reserve districts and other zones that need
special protection
Vegetation status No A few Many
Whether there is groundwater aquifers for industrial or (G5 oM therg 'S Yes,and there is no good
agricultural use in the upper of CO, reservoir No 000 LRI underlying impermeable layer
impermeable layer
Whether in the main supply drinking groundwater area No No,but may impact Yes
Distance to surface water source for drinking >3 3~1 <1
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® Economical suitability

It consist of Amount of carbon, Carbon source distance < Mode of CO2
transportation and Mineral deposits 4 sub-layer.

Indicators

Amount of carbon / (10%t/a) >100

Rank

Medium

100~50

<50

Carbon source distance /km <20

20~50

>50

Mode of CO, transportation Pipeline

Road, rail

Shipping

Mineral deposits Not Overlaid Minerals

There are minerals, but
independently of each other

Overlaid Minerals




PP /712 Evaluation Method
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— After selecting target indexes target, determine the weights
of each factor floor and each factor with using expert scoring
method and AHP. Each index value is got by contrasting the
importance of each index. Based on CO, geological storage

target evaluation index evaluation
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Weights of evaluation indexes

Sequence Weight Sequence

| 6 |  DepthofCaprock | 00471 | 28 |  Geothermalgradient | 0.0084 |
|8 | Fracture developmentsituation | 00356 | 30 | Cityand regional developmentplanning | 0.0079 |

Reservoir pressure coefficient; 0.024 2 Unknown faults under the existing technical conditions| 0.005 2

Agricultural reserve, nature reserves, Scenic spot,
cultural relics (archaeological) reserves, Life drinking
Hydrodynamics water reserves, Water supply planning vision, mineral
resources reserve districts and other zones that need
ol .

Single thick of caprock 0.016 3 Whether in the main supply drinking groundwater area| 0.002 4

If there are other drilling and
22 abandoned wells deeper than 800 m | 0.013 6 44 Vegetation status 0.0013
in the target range



‘h’EEE

TG )1 73 H BR X PP =4

Case of target evaluation of Sichuan Basin
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— Sichuan Basin is
located in Sichuan
and Chongqing area,
the total area is
about 260000 km?2.
s a typical
sedimentary basin.
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Division of Geotectonic Units

%%
No.

M HIT

Geotectonic Units

T AR

Area

(km2)

N7 M i fm X
High fold region in Southeastern
Sichuan

76000

K ey BEAE i
High fold region in Southeastern
Sichuan

Noth Sichaun low—flat /'

50000 <& Stichae it /

TTrE T BERE
Low-steep fold belt in Southern
Sichuan

/ g i /
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e J .

/7 ' \-’/East Sichaun high—slope

26000 N

II

JI AR Gl ke X
Low-gentle uplifts in the middle of
Sichuan

ch
e néi Central SichaunBlowedse /  faulted fold belt

struetural belt  Guarlean
Suining - /

58000

1,

1| oS- ZERE
Flat fold belt in the middle of Sichuan

West Sichaun low—sleé Zyang P
structural belt o @?ﬁh%
P

@/ﬁesnan ngmang S| Shongging

37000

1,

TG e (R BEAE T
Low-steep fold belt in Southwester
Sichuan

SW Sichaun low—flat = |
structural belt .~ /

Jauzhou \

n 21000

I

JIVEEI=: 4TS
Depressions in Northwestern
Sichuan

Yibin_°
P6W Sichaun low—slope\
structural belt ;

66000 J?%

I,

JITAGTR -8 iy
Low-flat fold belt in Northern
Sichuan

34000 %,

I,

TR BERE 7
Low-steep fold belt in Western
Sichuan

32000
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— Sichuan Basin is complex with 6000 ~ 12000m

sedimentary thickness of Mesozoic, Cenozoic and
Paleozoic strata.
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€ Basin scale CO, geological storage suitability evaluation
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JNACAR- 48 i \
Low-flat fold belt in %ﬁ%ﬁ _
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. Unsuitable %
Western Sichuan
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Hechuan-Wusheng-Target
Suining Target

Anyue-Tongnan Target
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& Evaluation Result
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Suining target is most suitable to carry out,@@ological

storage, followed by Hechuan-Wusheng target, the last is Anyue-
Tongnan target.

Three target suitability are at the general level, in genermabtis

very satisfactory.
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Effects of depositional system and

sedimentary on CO, geological storage

suitability




® RIRHFT ot T () RUTARE R . WRITRRIE &R #IETT
PUA R WETBIE R —AMTITBRE R IREEE TR R,
HHEE B IR MR R . BRIREL S DURRAAR R 5T CO, MR B A7 R 15 /=
A FUAE T HIRS

® Analyze alluvial sedimentary system, fluvial system, lacustrine
depositional system, marsh sedimentary system, delta system,
coastal clastic depositional systems, shallow marine clastic
depositional systems, carbonate depositional system for CO,

geological storage reservoir cap the impact of favorable facies
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Depositional
system

Alluvial (flood)

Type

Arid alluvial fan

G TG IESEE RN Alluvial wetland

Fluvial system

Delta system

Marsh
sedimentary
system

Lacustrine
depositional

system

Coastal clastic
depositional
systems

Shallow marine
clastic
depositional
systems
Carbonate
sedimentary
system

Subfacis

Alluvial fan root
Middle alluvial
fan
Alluvial fan end
Alluvial fan side

Favorable reservoir facies analysis on reservoir
and caprock
Storage conditions on root and middle are better;
Glutenite on alluvial (flood) fan have good lithology,
good physical property, as long as there is a better
confinement can be set as the CO2 geological
storage sealing layer.

Effects of Depositional system and sedimentary on CO, geological storage suitability

Representative basin or region

Continental sedimentary basins (such as
Karamay oil layer) on Triassic, Late Jurassic,
Cretaceous, Tertiary

Straight River

Argillaceous rocks are scattered distribution, lateral
discontinuous, relatively poor vertical sealing

Neogene Guantao on Bohai Bay Basin,

Mean'dermg river BLCISTEEE capacity; fluvial sands development, especially in | Changging Oilfield is typical of ancient river

Braided river Overbank : . . . .

. the mainstream of the river, have good reservoir oil reservoir sandstone body
Mesh River .
development CO2 geological storage.
Meandering river Delta olain
delta P Delta front sediments is relatively thick, well- North Basin Carboniferous - Permian paralic

. . Delta front . i .

Braided river delta developed reservoir. deposition; Daging Changyuan Delta
Fan delta Plreit el

River Swamp Man
Lake into swamp
Coastal marshes

Marsh sediments with good continuity and closure
are thick, are good geological storage of CO2 cap.

Widely developed coal basins, such as the
Sichuan Basin, the Ordos Basin

Freshwater
Brackish lake
Lagoon

Lakeside phase
Shallow lacustrine
Semi-deep lake
Deep lake
Bay phase

Ideal lake depositional model is basically showed
zonal distribution, that is packed gravel lake beach
- sandy sedimentary belt - silt, deposited with the
marl - Lake Centre ooze deposition zone, forming a

reservoir - Cover ideal combination.
Meanwhile, deep lake turbidite sandstone
reservoirs are also important.

Producing layer Dagang Oilfield part belongs
Paleogene coastal lake beach sand body
(coastal sand dam), Liaohe Basin and the

lower reservoir basin portion oilfield BIYANG
fan sandstone body belongs to the lake.

No barrier coast

To gravel beach facies, can develop better clastic
reservoirs.

In China, Late Proterozoic, Cambrian and
Devonian and other coastal sediments, and
more development of these depositional
systems

Barrier coast

Lagoon
Tidal flat
Barrier island
(beach)

By the lagoon - tidal - barrier island (beach),
belonging to the transitional land and sea
sedimentary system, can develop the reservoir -
cap - storage combination.

To paralic depositional systems, North China
Basin Carboniferous - Permian sedimentary
and more development of such system.

Transition
Waterfront outer
shelf belt

Transition to clayey silt to silt.

Mainly with fine sand and clay, gravel component is
minimal.

Epicontinental
carbonate
deposition

Developmental characteristics of carbonate
reservoirs of natural gas, often better reservoir

development.

Tarim, Ordos and Sichuan large cratonic
basins.
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» Target scale selection and evaluation index system consists of

Safety, Reservoir, Socio-economic and environmental

conditions, Economical suitability, nearly cover factorsfor

CO, geological storagein Target scale
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» Index grading draw a number of areas of oil and gas

exploration, environmental geology, geological disasters, socio-

economic, etc., combined with the existing practice of CO,

geological storage, with a certain universality;
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» Because of difference of geology, environmental, social and

economic conditionsin different areas, and the different
perception of the importance of evaluation factors of policy-
makers, theindex system will have targeted adjustments

according to different regionsthe situation.
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Thanks for your attention!




