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1. InBES Background

> PR FHHMREFIIE (CAGS 3)

> China Australia Geological Storage of CO, (Phase 3)

> MBARFZRINE (CGS) :FhEEl SLHEFISCCUSH IR TR AT THM R
>

>

>

The Feasibility Research of Xinjiang Guanghui CCUS Pilot Project (2016-2018)
S584: FiBKE. PRERERXE L NWEMRER

Xinjiang University, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences




» Xinjiang has various industrial sectors and numerous CO, emissions.

» The CO, emission points have relatively intensive distribution.

» Xinjiang has abundant of oil resources.

1. InBES Background
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2. TAB )% Project overview
0 Main activities: Y e S s ool = of GERS
* Field investigation e —
« CAGS-111 Symposium | e
 Training course in Xinjiang University
 Other academic activities

H‘RFMEW@
B




2. TABHE)5%  Project overview

Storage site geological model

| | | |
Engineering Technical Social Economic -
conditions solutions feasibility feasibility | |ToF af‘a'ys's
Captyr_e_technology Trans_pc_)r_t technolo_gy Storage technology feasibility
feasibility analysis feasibility analysis analysis
l i
I ,
System integration Economic analysis Risk analysis
performance analysis
Risk Control
Identification suggestion

CO2-EOR Roadmap




CO, concentration: 99.8%;
Capture scale: 0.1Mt/a
Duration: 3years and 20years

» Several oil fields or oil blocks are suitable for CO,-EOR.



3. ST R TIED T
Feasibility analysis on capture

O Capture technology

 CO2 concentration: 99.8%:;

Storage tank air recovery

« Capture scale: 0.1Mt/a

Exhaust gas as regeneration gas

Y

i \ : :
Raw materials Compress > Refine Compress 5| Punfy 5| Product
(CO2) liquefaction (CO,)
135,000 tons/year 0.25MPa  PSA pfocess 3MPa 95,000 tons/year
95% CO; T TN CO 99.8% CO;
\ v >| Empty




3SR RITIESD T
Feasibility analysis on capture

O Energy consumption

P55 IiH /J\Hﬁ%g P2 R RE FERETEMr | FALRERE
AL | BE | BT g AT | HE MJ/t
1 HH, kWh 1282 | kWh | 226.554 | MJ/kWh | 10. 89 |2467. 175
2 B EE K t 2 o 0. 353 MJ/t | 6.28 2.22
3 | fEEEIK t 510 t 90. 127 | MJ/t | 4.19 |377.632
8 xR 7K t 1 t 0.177 MJ/t | 96.3 | 17.018
IR
4 s i 18 i 3. 181 MJ/t | 2763 [8788.959
Ig}if 3 3 3
5 €0, BMPAC) Nm 100 Nm 17.672 | MJ/Nm® | 1.17 | 20.676
IR EZ 3 3 3
6 (0 T Nm 50 Nm 8.836 | MJ/Nm® | 1.59 | 14.049
/fk/_:k 3 3 3
7 L) Nm 100 Nm 17.672 | MJ/Nm® | 6.28 | 110.98
T = fe 11798. 709 MJ/t

V. RERETEAR SRR Chmiib Tt aekEit5niE)  (GB/T 50441-2007) , LACO27/%iH47533t/ait .




(N 4. WX EIITED T
Feasibility analysis on transportation

B st;’ . . . .
e “ The distance of different transportation options

w COZ source J
3 *ﬁv & 7 & ’j.[w“.ﬂ’f‘.\

» Terrain conditions: flat; mainly gobi and desert.

DI-2 76km o >
N DI-12 85km » Truck transport conditions :

4DI-20 s6km P * Pressure : 2MPa, temperature: -30°C;
. e  Tank capacity: 50t
* Price: 1.1 yuan/(t.km)




4. WX EIITED T
Feasibility analysis on transportation

O Pipeline design parameters

* Dense phase, liquid
 Pipe laying depth: 1.0-1.2m




O Pipeline cost

[#] 5 J A

Capital cost

4

XA TR T ST

Feasibility analysis on transportation

[ mEE R

line cost

FMEHE

Materials cost

1

2235 installation

[ R

Station cost

FMEHE

Materials cost

+ civil

fiEHth
land acquisition

K AN Permanent

I[fi i} #4: Temporary

GV T
communization
and evaluation

g Bt

~|survey and design

W, TEARAl. %, 4riH. 4Esh .
Monitoring, wages and benefits, power costs,
depreciation, maintenance and management.

gLl

Pipeline transportation cost




4, ENRIATA(TIEST
Feasibility analysis on transportation

O Truck transportation cost &Pipeline transportation cost

» For a 3-year pilot project, it Is better to choose truck transportation.
» For a 20-year project, the pipeline transportation is much cheaper.
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Storge test site screening

\" Distance between source and sink

m <

natural condition well condition

reservoir depth recovery degree

crude oil properties

reservoir temperature
mineralization

reservoir dip angle _
Porosity

permeability

formation pressure



5. HFie bz

Storge test site screening

Natural condition

Reservoir Condition

» Shorter distance, lower transportation cost.
» Reservoir must have enough capacity.
» More wells, more flexible.
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Storge test site screening

Natural condition

v' Gobi desert

v Uninhabited, no residential area
v' Open and flat

v little vegetation covered

v No surface water system




D AR b v

Storge test S|te screem ng

j;’ \‘ | CO2 source

'mm-gv

73.3km B8 75. 8km ) 2\
Distance of transport modes (km)

mD|-2 mDI-12 = DI-20
85 86

76 73.375.8

63.6

DI-2 76km
" DI-12 85km
& DI-20 86km

Tank Pipeline




Reservoir properties and wells

Region

DI-12

DI-2

Reservoir description

Reservoir: Gray, medium - thin, medium coarse, conglomerate sandstone,

Caprock: Mudstone, > 15m thick

Buried depth of reservoir

Middle depth 1115 m

Middle depth 970 m

Ground temperature

44.6°C

40.3°C

Reservoir dip angle

5-8°

5-8°

Formation pressure

Central pressure8.678 MPa

Central pressure7.043 MPa

Oil area of oil reservoir

5.57 km?2, > 6.6m thick

1.43 km?, > 5 m thick

Initial oil saturation 55.8% 54.4%
porosity 19.20% 17.80%
Effective thickness 6.6 m 5.0m
Viscosity of crude oil (mPas) 39.8 ( ground ) 110.1 ( ground )
Density of crude oil g/cm3 0.87-0.883 0.9-0.909
Saturation pressure 5.773 MPa 5.92 MPa
Pressure coefficient 0.778 0.726
Saturation degree 66.5% 84.1%

Injection well 20 (not all opened) 9 (not all opened)
Producing well 45 (not all opened) 23 (not all opened)
Well spacing <280 m <280 m

Time and degree of reservoir mining

Development in 2005
The recovery degree is less than 15%

Development in 2007
The recovery degree is more than 15%




SENLEIRE vzl i
Storge test site screening

v'Higher viscosity .

Reservoir

o v '
condition Water EOR do not work effectively.
v'32 wells, enough for 0.1
million tons CO, injection
per year.

o10llfe=i=1gle N v Nearest distance to

Scale ) T
SlalkEieg| emission source.

v" Gobi desert, oil field

W[ v Easy to set up
condition

v'Reserves is low.
v'Recovery degree is hig
v'"Need EOR.

injection, production and

monitoring equipments




6. HFATIRIITIED T

O Brief introduction to DI-2 = ==
| jTt WOk R OM W Z
I S DUELH I_ | :IJIL| W X
= | HL | e 2. Zees
- 14

o 5 ES S 2 {lﬂ:]lzﬁlg

; i 4§
| ] 3

#1 J,-Jj:.; i

) = 47 w2z .\

in it . ‘ S T 12
p | w| [ . |5 st ik AT | BRI

I " DiNan Bulge

A . it

o . »The DiNan Bulge was formed in the middle late Carboniferous.
E 1 . toA

! . »Upper Jurassic , some Middle Jurassic, Triassic and Permian formations are missing ,

= " . .
% g ].], because of the Indosinian movement and denude start from the end of the Upper Triassic.
0l o
g S A »BaDaoWan group belongs to the low/early Jurassic, 900m ~ 1000m depth.

©
™ | m i

' »Below BaDaoWan group is the BaShan group, which belongs to Upper Carboniferous.



6. HFATIRIITIED T

Feasibility analysis on storage

O Brief introductionto DI-2 W21 1< I\ AT 7 2 W2 w301 — w31 Al e e 10

1 iy
)2

//////
.....

M i £
g

Structural map of top Jurassic BaDaoWan Group

» Reservoir belongs to BaDaoWan group.
»Monocline

>4 large faults

»Reservoir Is about 10 ~ 20m thick.




6. HFATIRIITIED T

Feasibility analysis on storage

o
D3022

03623

D3018 D3030
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6. HITFATTRITIED T
Feasibility analysis on storage

Simulation injection scheme

o By - S - |I’]j€CtIOﬂ Fluid Temperature
@ Injectionwell ——
@ Production well / ‘ Water 20°C
o Mixed Gas 250°C
03023 D323 Pattern 1
oPe ? oo oPs : oo C02 20°C
ﬁfﬁ 4. ,D~.'-«24 @ B{ﬁ g ':D ,»4»\. ‘,D».'n'~:24 .
8 &) 2 D.;-.fl‘?b % ;I;M 8 a; 04’0312 DWEW !J 1;1 C02 2500C
o310 03008 0NC5 - 0, ¥ o310 03Bs 005 @ 0. 0% i
R Pl i oy Y s P Mixed Gas 250°C
D3&9 F‘),Jbu7 7"&;90]03&!02 03%9 9~.ul)7 )‘%;JUﬂ.DJUUZ s ;‘
\ B , @, o2 < ;;353‘ \ B , @, o 2 w%  Pattern 2 CO, 20°C
%J‘ ’ ,'.,q‘ ; fgi/| 3 .gé 2 C02 250°C
Pattern 1 Pattern 2 >7 injection schemes

»Mixed Gas is 67% N, and 33% CO.,.

»0.1 million tons CO,, per year, for 10 years.
»The oil field have already test the mixed
gas EOR in few wells, and it is working.



6. HIFATRITIESHT

Feasibility analysis on storage

Simulation Result

m Pattern 1, water ® Pattern 1, mixed gas, 250°C = Pattern 1, CO2, 20°C = Pattern 1, CO2, 250°C
m Pattern 2, CO2, 20°C m Pattern 2, CO2, 250°C m Pattern 2, mixed gas, 250°C
1.60E+05
L AOE+05 » Water based EOR is not working.
» Mixed gas works, and CO, is a little more efficient than mixed gas.
& 1.20E+05
m - - - -
E » Inject with a high temperature, CO2-EOR will work quite efficient.
5 1.00E+05 T
g » Current injection wells could be used.
® 8.00E+04
=
S
= 6.00E+04
£
)
O 4.00E+04
2.00E+04
0.00E+00 -

1 year 2 years 3 years 5 years 10 years



6. HFATIRIITIED T

Feasibility analysis on storage

Simulation Result

50
45 » After about 5 years injection,

/ reach the max production
rate.

/ > The max rate is 43.37 m3/day.
> 2.551 m3/day/well.

\

w w
o O

Oil Rate (m3/day)
5 o S o

ol

O | | | | | | | 1
2019/1/1 2020/5/15 2021/9/27 2023/2/9 2024/6/23 2025/11/5 2027/3/20 2028/8/1 2029/12/14

Date

The oil production rate of Di-2,
with current 17 production wells, CO,, 250°C
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7. INEIX G
Environmental risk assessment

ransport component:

7 A1

Risk assessment

NO. Risk list Consequen | Possibility | Controllability | Explain
ce(1~5) | (1~5) (1~5)
1 System design defects 4 2 4
2 Insufficient material for system design 4 2 4 Through strict audit procedures
Improper design in the process of piping design and process management, the risk
3 (such as incorrect or inappropriate valve 4 2 4 of design can be very low.
placement)
4 Improper operation in the process of installation 4 2 4 Strengthening the management of
. . o . the construction process can
5 Equment_or mate_rlal ql_Jallty is not passed in the 4 5 4 greatly improve the controllability
process of installation, pipe laying and valve room of the construction risk
6 Qverpressure operation 4 2 4
Operation of pipeline / equipment / valve ) o
! malfunction, leakage, corrosion 4 < 4 EStab“-:"h training process and
- - — - strengthen operation management
8 Operation failure of pipeline, equipment and valve |4 2 4 9 P 9
9 Human error in operation 4 2 4
Unintentional destruction caused by third parties Strer_’ngthen publicity, e_nhance
10 - . 4 4 3 public awareness and increase the
(mining operations) : o S
identification of pipeline
Failure of formation / soil movement to pipeline /
11 . 4 2 2
equipment / valve chamber . .
= - - Establishment of emergency chain
External corrosion (soil type, wall thickness loss, e
12 abnormal density, rupture pressure increase, 3 1 3
DC/AC interference)
13 Non fault leakage and corrosion caused by pipe 3 4 5
release operation Rationalizing the operation
Failure, leakage, corrosion caused by maintenance Arrangement and strengthening
14 S ! 3 2 4 o .
of pipeline / equipment / valve the monitoring of the operation
Failure, leakage, corrosion in the process of process
15 : 3 2 4
redebugging
16 CO, gas source interruption 1 1 5 Strengthgnmg BOTHEE ) i
the suppliers of gas sources
17 Phase transition caused by temperature change 3 4 4 _Select_the appro_prlate thermal
insulation material

=

N
(6]

N
o

Risk(Consequence*Possibility)
= =
o (6]

Controlled Unacceptable
1d
® °
13 1,2.3,4,5,6,8,9
® 713,17
° )
12
1415
Acceptable
® 11
16
5 4 3 1

Controllability



7. INE XSS

Environmental risk assessment

O Storage component:

Risk Identification

Monitor and Review ‘l

T— Risk treatment

Risk Analysis

Risk Evaluation

-------- » Risk matrix

O Lithosphere [0 External
« Geology * Geology
e Fluid * Near surface environmental:

O Storage system

* Drill hole: well °
completion, borehole *
sealing and
abandonment

e Carbon dioxide .
Interaction *

 CO, storage *

human behavior, land
environment
Future human activities

O Influence receptor

System performance
Environmental medium:
atmosphere, soil, surface
water, and groundwater
Health

Animal and plant
Microorganism




7. MR X S A
Environmental risk assessment

[0 Storage component:

> Environmental risk assessment standard

The classification of the risk possibility level




7. INE X BEG1S
Environmental risk assessment
0 Storage component:

The consequence serious degree classification

Influence |Grade Influence degree

The environment index like the soil/underground water/surface water/environment air does not exceed the environment
Insignificant 1 quality standard or environment background value of the project site. Or the carbon dioxide density exceeds the
environment background value. Do nor have continuous influence on the environment risk receptors.

The environment index like the soil/underground water/surface water/environment air does not exceed the environment
quality standard or environment background value of the project site. Or the carbon dioxide density exceeds the
environment background value. Have some adverse influence on the environment risk receptor but can be solved and
recovered.

Minor 2

The environment index like the soil/underground water/surface water/environment air exceeds the environment quality
Significant 3 standard or environment background value of The project site. Or the carbon dioxide density exceeds the environment
background value. Have certain adverse influence on the environment risk receptor but can be solved and recovered.

The environment index like the soil/underground water/surface water/environment air exceeds the environment quality
Major 4 standard or environment background value of the project site. Or the carbon dioxide density exceeds the environment
background value. Have some adverse influence on the environment risk receptor and is difficult to be recovered.

The most environment indexes of soil/underground water/surface water/environment air exceed the environment quality
Severe 5 standard or environment background value of the project site. Or the carbon dioxide density exceeds the environment
background value. Have serious influence on the environment risk receptor but can bring some irreversible damages.




7 IMEXE TS
Environmental risk assessment

[0 Storage component:

Work out the risk matrix by calculating the influence degree*possibility based on the
above mentioned classification criteria. The higher than value is, the higher risk occurrence
possibility is and the more serious the conseguence Is.

Risk consequence = possibility * the degree of influence.

The consequence matrix

Influence
Insignificantl | Minor 2 | Significant 3
Almost certain5 5
o Likely 4 4
oo [_PoSET |3
Unlikely 2 2
Rare 1 1




7. NG X PGS

Environmental risk assessment

0 Storage component:

Analysis result

E12 Mear surface aquifers and surface waters [
E12 Terrestrial plantsand animals —e—

L1 Geographical position

L2 Natural re sources

L3 Reservoir type

L4 Reservoir geometry

L5 Reservoir development

L6 Cover or seal

L7 Extra seal

L8 Rock or diagenesis

L9 Pore structure

L10 Unconformities

L11 Heterogeneity

L12 Fracture and fault

L13 Undetected fracture

L14 Vertical geothermal gradient
L15 Formation pressure

L16 Pressure and mechanical characteristics
L17 Physical properties of rock
L18 Fluid characteristics

L19 Hydrogeology

L20 Hydrocarbon

E1 Neotectonic activity

E2 Earthquake

E3 Demographic characteristics
E4 Life style

E5 Land and water use

E6 Community characteristics

E7 Building

E8 Topographic features

E9 Soil and sediment

E10 Atmosphere and meteorology
E11 Hydrologic state and water balance
E12 Near surface aquifers and surface waters

E14 Terrestrial e cosystem r—

—— .

E15 Drilling r—

— E16 Mining and other underground activities —e—

I ¢ 1 E17 Human activities in the surface environment ——
e 51 Formation damage —t—
r—— 52 Lining and well completion —

e — S3 Workover —

—e—i 54 Monitoring well r—

S5 Hole closing and seﬁ:ling r—
56 Seal failure t & 1
S7 Blowout F & 1
—e——1
S8 Old well ————
¢ 1 59 Soil peristalsis around the borehole *—1
i <
— S10 Influence of re servoir pr_es Al Closed performance loss
r— 511 Effect of reservoir p
. A A2 Release to the atmosphere
— 512 Interaction with | A '
—_— $13 Mechanical proces A3 Influence on Soil and sediment
514 A4 Influence on Surface Water
515 Adsorption of carbon dioxid A5 Groundwater pollution
516 Hea Ab Hydrogeological influence
517 Col A7 Influence of geochemical reaction
——— ioxi
518 Carbon dioxide volume ai A8 The health effect of CO2
e $19 Carbon dio: L
A9 Toxicity of pollutants

— 520 Schedy A10 The effects of physical d i
—_ $91 Pre closed sto e effects of physical destruction

——) A1l The influence of ecological modification

523 pr Al12 The effects of CO2 on animals
Al13 The effect of CO2 on plants

—— .

Al4 Ecotoxicology of pollutants
A15 Ecological effect
Al16 Change of microorganism system

—i
*r—

®

10

15

20

25



7. INEIX ST

Environmental risk assessment

[ Storage component: Evaluation results
J Atmosphere Soil
Groundwater Surface water
Population Flora and fauna Risk level
Consequence Consequence -
Acceptable risk Extralow
Possibility | 1 2 3 4 5 Possibility 1 2 3 4 5
Low
5 5
— — Unacceptable risk Moderate |
4 4
High
3 3
‘ ‘ - Extra-high
2 ® 2 ]




8. A% Summary

O Good geologoical conditions for CO,-EOR O FFCO,~EORMMH i 2544 R 4F
« Good reservoir physical properties . WPMELT

. Threcoit blosks: DI-L2. D120, DI-2 (bes BRI RS T FICO, ROR:
! ! o W12, Y20, 2 (XM E)

O Demonstration project recommend: e o
. 3 Iﬁ .
 Xinjiang Guanghui + DI-2 block (Cainan oil field) - ZR\{E‘EJT E %}X‘ .
- Based on the economic analysis on transportation ’ ﬁ%g g;ﬁiﬁxﬁjﬁ;%ﬁ
component: toETRE FIEOTTEOTIT:
a) For a short time pilot, truck is recommended,; a) %ﬁﬁﬁﬂﬁﬁf Tﬁﬁﬁ%ﬁ$§%@t R
b) For a long time demonstration project, pipeline is b) KIAIE, e Eiai.
cheaper O AR
OO Risk assessment: o TS R B A
« Leakage or erosion by pipe venting: o A EZAME, RESCESIEMAAE, HARY
« Leakage from re-builded wells; phase transition caused by FEH R 55 )5
temperature change; caprock damaged by mining. ] é’]ﬁﬁl%ﬁ% :
O Current barrier: o CHTEESTICIRIG I X AT HT LRI AR R X VG
« The new planned nature reserve covers Guanghui pilot Mo

site.



Thanks for your attention
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China Australia Geological Storage of CO>
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