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1.1 Definition of CSLF and USDOE

* National scale
* Basin scale
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1.2 Definition of CGS

> I

National scale — Predicted potential

> g 4 e 1 ) PR

Basin scale - Inferred potential

> B SR b

Target scale — Controlled potential

> Shib RIERRGE T EIP

Site scale — Basic capacity

> EERTEMAFRITM

Injection scale — Project capacity
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1.3 Differences and similarities

- Evaluated scale of USDOE, CSLF and CGS

USDOE and CSLF method: the scales are not matched with
capacity levels, for one object or scales, evaluated method is
effected by technical and economic conditions;

CGS method: matched, for many objects in national, basin and
regional scales, evaluated method is effected by geological survey
or research degree. But it is unreasonable of the method of target
scale potential assessment.

- The underlying problem of potential assessment for China

Large number of basins, with different tectonic background and
sedimentary environment, even different formations

Large area, e.g. Ordos basin covers more than 250,000 km2

Different levels of geological survey and research, including
vertical formations.
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1.4 New definition

- Mesoscale for target selection X Zi#t RE ( EMRE )

Suitable for potential assessment of one basin or the inner
regional areas.

Between basin and site scales which needs more geological
survey for CCUS demonstration or industrialization in the
short term, generally before 2030 according to carbon
reduction target of China.

Because of the large coverage and complicated geology
different from abroad, the methodologies and parameters
should be more suitable for geology.

Without considering the technical and economic conditions.
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2.1 Potential assessment method of USDOE
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2.1 Potential assessment method of USDOE

GC02 =A-h- Pe " Pco, Es.aline

A —reservoir distribution area

h —reservoir thickness

@, —saline aquifer average effective porosity

Pco, —CO2 density at reservoir temperature
and pressure conditions

Eqaiine —storage efficiency (effective coefficient)

Berndt Wischnewski formula for evluation of CO2 density
http://www.peacesoftware.de/einigewerte/co2_e.html
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2.1 Potential assessment method of USDOE

V. =A-h-¢

Eatine = Ean/atEnnyhg Epe/ gror JJA EL Eg Eg

E = EGeol E °Ed

\'

»E.. AHZEES 24, Eq.7~1 if homogeneous reservoir

» E R IRFRENGE 2%, the volume where CO2 is distributed accounts
for the total volume of the studied core or reservoir

» ENFLIN RS 24, the volume of injected CO2 accounts for the
total porosity in one pore
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2.1 Potential assessment method of USDOE

Parameters fior saline formation efficiency.

Term Symbaol PaojP=o values by lithology Description
Clastics Dolomite Limestone
Geologic terms used to define the entire basin or region pore volume
Met-to-Total Area Epnia 0.2/0.8 0.2/08 0.2/0.8 Fraction of total basin or region area with a
suitable formation.
Met-to-Gross Thickness Etnihg 0210767 0.17 /0 687 0.13/0.62* Fraction of total geologic unit that meets

minimum porosity and permeability
requirements for injection.

Effective-to-Total Porosity E eliint 0.64/0.774 0530714 0.64/0752 Fraction of total porosity that is effective,
i.e., interconnected,

Displacement terms used to define the pore volume immediately surrounding a single well C0, injector,

Volumetric displacement efficiency Ey, 0.16/039 0.26/0.43a 0.33/057= Combined fraction of immediate volume
surrcunding an injection well that can be
contacted by C0, and fraction of net
thickness that is contacted by C0; as a
consequence of the density difference
between C0, and in sifu water,

Microscopic displacement efficiency E4 0.35/0.767 0,570,644 0270422 Fraction of pore space unavailable due to
immobile in stiu fluids,

 Walues from IEA GHG (20049,

Saline formation efficiency factors for geologic and displacement terms.

Ezaine = Eanjar Ennjig Egejem Ev Ed

Lithology Pio Pso Pso
(lastics 051 2.0% 5.4%
Dolomite 0.64% 2.2% 5.5%

Limestone 0.40% 1.5% 41%




2.1 Potential assessment method of USDOE

 The US-DOE methodology is based on volumetric methods
for estimating subsurface volumes, in situ fluid distributions,
and fluid displacement processes.

 The US-DOE methodology could be suitable for potential
evaluation of CO2-EWR

* Subsurface storage volume estimates depend on geologic
properties (area, thickness, and porosity of formations) and
the efficiency of storage (the fraction of the accessible
pore volume that will be occupied by the injected CO2).
Storage efficiency was determined using Monte Carlo
sampling, which includes efficiency terms to define the
pore volume that is amenable to geologic storage and
displacement terms.
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CO, Geological Utilization and Storage (CGUS) technologies

CO2b i F| H 5 HF A
CGUS Purpose Technologies
Enhanced Oil Recovery, CO,-EOR IRy
Energy Enhanced Coal Bed Methane, CO,-ECBM IREES,
Production
Bk YE 13 SR Enhanced Gas Recovery, CO,-EGR KRS
CO, Geological
Utilization Enhanced Shale Gas Recovery, CO,-ESGR KT A<
Wi AR
Enhanced Geothermal Systems, CO,-EGS ~ IX#
Resources
production Enhanced Uranium Leaching, CO,-EUL  IX4
HEREMNA
Enhanced Water Recovery, CO,-EWR KK
COZS(;erzlog cal Saline Aquifers, Depleted Oil & Gas Fields, Unmineable Coal Seams
> BoKE, HIBHSE, RaRER
W H A

ACCA21, 2014
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2.2 Potential assessment of depleted oil fields CO2 storage and CO2-EOR

Geo, =OO0IP/p,; B+ prg, - Egr—s 75% (ti, 2009

Poii —oil density at standard atmospheric pressure

B —oil volume factor
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2.2 Potential assessment of depleted oil fields CO2 storage and CO2-EOR

GCOZ—EOR OOIP/p,; @ EXTRA- (PLco2 'RLCO2 T PHC02 'RHCOZ)

AP| = (1415/S,)-1315

l l

JREE bR

Where Ggo _gop —storage potential of CO, by using CO,-EOR technology: EXTRA—the
proportion of extra recovery to OOIP (Table 1): f}_mz —the lowest probability of oil

recovery (Table 2): Jr':’_,qioc,2 —the highest probability of oil recovery (Table 2): R}:COz =2.113

tm’: R =3.522 t/m’: §_—specific gravity: other parameters are the same as formula 2-1.
HCO, g P = r},r P

Table 1 The value of EXTRA with different API gravity

EXTRA (%) API
53 <31

13 (APT—31) +53 31= APl =41
183 =41

Table 2 Four EOR. cases with different

depth/pressure and API gravity

Depth API Fico, (%) Pico, (%)
>35 100 0
<2000
=35 66 33
>35 33 66
>2000
=35 0 100




2.3 Potential assessment of depleted gas fields CO2 storage and CO2-EGR

GCO2 = C)G”:)/pgasstd -B- Pco, * Egas—> 75% (Li, 2009)

B —gas volume factor
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2.4 Potential assessment of depleted gas fields CO2 storage and CO2-EGR

GCOZ—EGR = OGIP/pgasstd -B- Fro, Egas -C
75% (Li, 2009)
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2.5 Potential assessment of Unmineable coal seams CO2 storage and CO2-ECBM

Gc:o2 = Gegy 'Rcoz/CH4 "Pco,std E

Table 3 the values of RCG: jcu, and C of different types of coal (USDOE. 2003)

Types of coal -RC{}I /CH, C
Lignite 10 1.00
Non-caking coal 10 0.67
Weakly caking ocal 10 1.00
Long flame coal 6 1.00
Gas coal 3 0.61
Fat coal 1 0.55
Coking coal 1 0.50
Lean coal 1 0.50
Meager coal 1 0.50
Anthracite 1 0.50

Li, 2009




2.5 Potential assessment of Unmineable coal seams CO2 storage and CO2-ECBM

GCOZ—ECBM = GCBM ' RCOZICH4 "Pco,std Ecoal -C

Table 3 the values of RCG: jcu, and C of different types of coal (USDOE. 2003)

Types of coal -RCﬂl /CH, C
Lignite 10 1.00
Non-caking coal 10 0.67
Weakly caking ocal 10 1.00
Long flame coal 6 1.00
Gas coal 3 0.61
Fat coal 1 0.55
Coking coal 1 0.50
Lean coal 1 0.50
Meager coal 1 0.50
Anthracite 1 0.50

Table 4 Storage efficiency of unmineable coal seams (Goodman, 2011)

Py Psy Pgy
21% 37% 48%




2.6 Potential evaluation of CGUS

Area: 135,000 km?
Length: 700 km
Width: 340 km
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2.6 Potential evaluation of CGUS

Oil and Gas fields

OOIP 10%
239
68276.07
11013.52
426
4448
5756
157
1984
2478
1093
1190
5058.91
5740
751
2180
6386
2032
7071.36
582
188
306

OGIP 10%
4.88
74.06

1.31

27.35

44.94




2.6 Potential evaluation of CGUS

Depth  OGIP (10®m3®) (HiFifEE) Coal

1000-1500 11614.6 Non-caking coal
1500-2000 15723.69 Non-caking coal
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2.6 Potential evaluation of CGUS

First order tectonic units —$R¥3&#T: 6
Secondary tectonic units =4 ¥Ji& 8 Jt: 44
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Geothermal geology Xigi#hig17
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Peak ground acceleration (GB 18306-2015)
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2.6 Potential evaluation of CGUS

Criteria for reservoir selection basically:

iR AR R BEARSRA

RE Depth: 800 - 3500 m

&M Lithology: clastic rocks, carbonate rocks
BE Thickness:>10m

A.BRE Porosity: > 5%

BZEZE Permeability: >1 mD

#/&= Caprocks: regional, generally mudstone and thicker than 20 m

EZME  Distance from the nearby active faults: > 25 km
it MIE S Peak ground acceleration: < 0.40 g

& 3h h &4 Hydrogeology: not open hydrodynamic area
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2.6 Potential evaluation of CGUS
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2.6 Potential evaluation of CGUS

- Triassic reservoirs
= - EX 5 = Low exploration and research degree

Baikouquan Formation Baijiantan Formation
®: 13.18% average ®:14.1% - 19.12%
K:16.55-77.12 mD K:20.92 ~ 57.48 mD




2.6 Potential evaluation of CGUS

Jurassic reservoirs % REE

Badaowan Formation

Sectionl

Section?2

Section3

®: 8.61% average ®: 15.29% average ®: 16.14% average
K: 2.31 mD average K:>10 mD K:>10 mD
Sangonghe Formation -
1028 7 * ~
Sectlonl Sectionzlil SectionZ:il Sectlon3 "
®: 9.64% average ®: 12.74% average  ®: 11.38% average ®: 16.54% average
K:30.18-375.36 mD  K: 1-190 mD K:1-143 mD K: 17.58-75:46 mD
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2.6 Potential evaluation of CGUS

Jurassic reservoirs % REE

- Xishanyao Formation )
Sectioniw Sectionzﬂ““ Section3ﬁj“‘ Sectionlldj“\“
®: 13.1-19.7% ®: 19.7% average P: 13.1-19.7%
K: 2.7-225 mD K: 225 mD average K: 2.7-225 mD

®: 18.35% average

Toutunhe Formation

K: 3.62-161.99 mD

Qigu Formation




2.6 Potential evaluation of CGUS
HERGEE

_ Hutubi Formation

Cretaceous reservoirs
Qingshuihe Formation

Section?2

Sectionl

®: 16.29% average
K: 1.47-369.82 mD

Lianmuqin Formation

®: 18.27% average
K: 44.71 mD average

Donggou Formation

®: 28. 16% averége 3
K: 166.22 -529.84 mD

: 22.25% average

K: 110.38 mD average

g
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2.6 Potential evaluation of CGUS

Paleogene reservoirs

HIER M=

Ziniquanzi Formation

Sectlonl s

SectlonZ =

Sectlon3

/" N
P \(“4 \:Lf"

NN

®: 12.47% average
K: 3.87-127 mD




2.6 Potential evaluation of CGUS

i Effective,
Enhanced oil recovery, CO,-EOR 0.148 Credible
) Effective,
Depleted oil field CO, storage 1.345 Credible
Effective,
Enhanced gas recovery, CO,-EGR 0.009 Credible
Effective,
Depleted gas field CO, storage 0.016 Credible
Enhanced coal bed methane, CO-,-ECBM LTRSS Theoretlcg e
Credible
4.02 expected
Unmineable coal seams CO; storage 3.405-7.783 Theoretlcg e
Credible
6 expected
_ _ 4.8027-164.093 Theoretical, Less
CO2-EWR/deep saline aquifers 96.055 expected Credible
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2.6 Potential evaluation of CGUS

Total: 3.744-12.792 Gt | -

FATTEAR P33 A3 110"k’

(\/ =
20.642 /
l Bk

i 15.878

Potential of 2"? sandstone group in section 2 of Sangonghe Formation

=T B RbAH F S B AL AR E A ) A
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2.6 Potential evaluation of CGUS

Total: 1.961-6.699 Gt
Expected: 3922j =

IR

FAT AR P33 4 110 "tk

I 36.340

20.189

. 4.038

Potential of sandstones in the bottom of Qingshuihe Formation
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2.6 Potential evaluation of CGUS

AL TR T 38 A 710 t/km®

I 951.580 \

476.828

. 2.075

Total potential of deep saline aquifers CO2 geological storage/EWR
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Targets of EOR/EGR/depleted oil & gas fields CO2 storage in mesoscale
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Geological suitability assessment for CO2-EWR target selection

Guideline for CO, geological storagE

J%JE, a3

High security: stable caprocks
without natural or artificial
leakage channels, and far
away from active faults

ak e o o \iﬁ]' S 2318
Great storage potential : enough
underground space for CO, storage

HEFEK

FeaS|bIe carbon source scale and
transportation distance

Unaﬁected by geologlcal hazards and )
not harmful to the environment and




Geological suitability assessment for CO2-EWR target selection

Level one Level two .

Mix of
Lithology 0.0 Clastic Clasticand  Carbonate
Carbonate
Characterist (pimglelayer o1 >80 30<h<80 10<h<30 <10
Reservoir IcorTthe g
A best : ; Turbidity, Beach bar,
con;:lrlitéons 2E0 || Szdlmentary fai:es 0.36 River, Delta allfide Reef
storage Ve"age/ﬁ’/oros' Y 0.20 >15 10<p<15 5<¢p<10 <5
potential n \i)e raog 5
permeability k/ mD 0.27 >50 10<k<50 1<k<10 <1
Storage potential per
storage g 49 UnitareaG | 1.00 >100  10<G< 100 <10
potential (10% t/km?)
_ _ . Shale and
Lithology 0.30 Evaporites Argillite _dense
Characterist _ limestone
ic of the 0.62 Thickness h/m 0.53 >100 50<h<100 10<h<50 <10
main : 1000<D <
caprock Depth D/m 0.11 <1000 2700 >2700
B%ﬁgrrﬁgm%glégl)o&ve 0.06  Multiple sets  Single set None
Geological Groundwater Groundwate Groundwater Groundw
safety [ Hydrt:r%cgyna 0.24 Hydrodynamic 1.00 high- r semi- ater
conditions ' conditions ' containment containment containment open
area area area area
Peak ground 050  <00sg 0958010 01550308 2040¢
ggﬁ\r/?tlc 0.14 Within
Y Deve(l)?ﬁ)cg(e:trgrgsgree 0.50 Simple Moderate Complex zgclfcri?le‘)f
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Geological suitability assessment for CO2-EWR target selection

P= Z PiAi(1 =1,2,3.....n)
i1

EE P HME

5 High suitable: 7-9, 40581 km?
¥ Suitable: 5-7, 34876 km?2
China,Australia,Geological;Storage,of CO2 A\
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4.1 Guideline for CO, geological storage site selection

T HE AR

Technological process of site selection

*Qutcrop geological
survey

*Feasibility study of
regional geology



4.2 Geology
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4.2 Geology
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4.2 Geology

194110 194110

i
194[10 19410
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Geostructure of Shigianfeng Formation Geostructure of Liujiagou Formation
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4.2 Geology
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Shenhua CCS Demon-project in China VS. Sleipner Project in Norway
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4.3 Reservoirs—High resolution sequence stratigraphic analysis
¢ e e 1 ) 50 o - / ;Z : : e ik PR L L PRI L e o B R %ﬁ;}%%%}?fm}%ﬁﬁ Jﬁg
: - ; = | [y %ﬁi(‘L#E’i B fLRE  BEXR (R T
i ; - m) (m) (%)  x103pm? =
a " T E ‘ il
'l Al = ;;‘I%— ? ‘ A ”2/@ 1 1690.0-1699.0 9 106 281 KE 5
|7 N u ‘ 1 1751.4-1756.8 5.4 12.4 5.47 N
ﬁ - 7//“, 2 1860.4-1866.0 5.6 9.3 157  KE 4
i =n 3 1876.0-1883.6 7.6 5 0.1 KZ
— : : A = AT 4 1909.8-1915.2 5.4 9.6 177 KE
1E L P& T‘ I ‘L% , [e245) 5 1918.4-1922.8 4.4 10.2 2.36 KE
i E ahls s 6 1926.2-1936.6 104 6.1 0.24 FE 3
{ A ol EE j g 7 1940.6-1947.8 7.2 11.2 3.52 KE
= < __ g 8 1982.8-1990.0 72 129 658 )=
1 2105.8-2109.0 3.2 12.6 5.99 T2
; = a 2 2167.0-2175.6 8.6 12 4.67 KIE
—_— == > s 3 2197.8-2203.4 5.6 8.8 1.23 T2
1 BE= = 4 2204.6-2208.2 3.6 12.2 5.03 KE 2
: % =] - 5 2215.0-2223.6 8.6 8.0 0.79 T2
T W e = L 1 2243.6-2247.8 4.2 12.5 5.7 KIE
S ) I Syl — 4 2 2271.2-2275.6 4.4 11.3 4.48 KIE
et } ™ 1 2406.2-2407.0 0.8 3.3 [ N gsk
e 2 2415.0-2419.0 4 5.6 / I 5844
Vgt 3 2423.4-2426.4 3 5 / I 203845 1
A2 EeN | || | | ) 4 2440.0-2442.4 2.4 5.5 /TR
g 4 i : B 5 2451.0-2453.0 2 5.1 /U %Risk
= e e == & Perforated intervals: 212, 3 dity layers
' T [T:al;Storage,of CO2




4. 3 Reservoirs

Bottom of Liujiagou Sandstone
Upper Shigianfeng Sandstone 2 17
Middle and lower shigianfeng Sandstone 10 S56
Shanxi—Shihezi Sandstone 10 85
Majiagou Ca::;?:te 10 36
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4.4 Lithology prediction
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4.5 Porosity and permeability prediction
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Porosity prediction
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Permeability prediction
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4.6 Geological modeling
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4.6 Geological modeling
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4.6 Geological modeling




Permeability model
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4.6 Geological modeling

Permeability [m0]
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4.7 Numerical simulation
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4.7 Numerical simulation
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