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ETP2015 estimation

10 o] anc ctric 54.5% 59.4%  46.7%
23.4% 17.6%  27.5% 29.8% 30.5% 31.4% 30.6%
0.0% 1.3% 5:3% 8.9% 11.8% 15.1% | 15.7%
9.1% 10.7% 11.0% 10.2% 9.8% 10.0% 10.7%
0.0% 4.7% 7.8% 8.1% 8.7% 7.5% 6.7%
13.0% 6.3% 1.7% 1.1% 1.0% 0.4% 0.3%




Most power plants and
industrial parks are located in

[ Linkou
the western part of Taiwan, [ 4.41 MtCO,/yr

~

‘ Shiehe
| 1.60 MtCO,/yr

where suitable sedimentary Tongshiao
basins and rock formations

for CO, storage are available 2.39 MICO,/yr ___Shemse
. | 2.64 MtCO,/yr
( Taichung
[ 39.7 MtCO./yr Hoping

\/\l
&

7.7 MtCO, /yr

Mailiao
| 32.4 MtCO,/yr L:(

87.3 MtCO,/yr -

P&': —Taoyuan Saline Aquifer
’T | + YHS Gas Field (CPC)
[ 15.2MtCO,iyr L TCS Gas Field (CPC)
]
. f , Dalin ) T CB Industrial Park (TPC}_E
Figure from ITRI " 2.09 MICO,/yr
¥ Linhai

BELHN2{EZE

Electricity Consumer
605,495 kW (steel/petrochem) )
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[] Reservoir CO, accumulation

—>» Migration pathway
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2. ARy

CO2CRC (2008)

residually

trapped CO, rock grains continuous

Flow direction =3

4. F i 473

2+
(aq)

+ CO,*,, = MCO,, (where M =Ca, Mg, Fe)
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Residual Trapping
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Dissolution Trapping
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Structural &
stratigraphic

trapping

Residual CO,
trapping

Trapping contribution %

Solubility
trapping

1 10 100 1,000 10,000
Time since injection9 stops (years) IPCC (2005)
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and other structural
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I
Sanstone (CO:reservoir) thickness in between 800-3000m
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b. Offshore area within 25 km Gres
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Offshore Total
(25-50 km) | Capacity
(x100 Mt) (x100 Mt)

Coastal
Plain

33 33 Gty
34 68
34 114
10 80

CO2CRC (2008)
42 109

153 459 45.9 billion tons (459 & #f)
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HES 2 00 TEps {%ETEE FLEER | RS e ?JH? CO’EM Jéﬂ‘f ‘FBHE | EffAERE
CEFALR) | &R (%) ISER SR | BRI | (BN AR | ()

J\fE 21.6 120 17.5 178 0.5 0.5 201.63 0.37
H 24 275 22.4 175 0.5 0.5 646.80 1.18
L1 6.4 250 15 150 0.5 0.5 90.00 0.16
i ME 5! 128 337 15 141 0.5 0.5 2280.82 4.15
TR 19.2 298 225 151 0.5 0.5 485.98 0.88
=l 44.8 245 23.6 152 0.5 0.5 984.33 1.79
T HT 120 255 9.2 162 0.5 0.5 1142.97 2.08
Kk 72 730 15.2 126 0.5 0.5 2516.57 4.58
-y TH 96 253 10.3 190 0.5 0.5 1188.29 2.16
il 72 255 22.4 171 0.5 0.5 1758.15 3.20
HiDH 9.6 240 10 177 0.5 0.5 101.95 0.19
AL 14.4 240 10 162 0.5 0.5 139.97 0.25
JNEMI 403 75 19 277 0.5 0.5 3981.70 7.24
AL 19.2 45 20 95 0.5 0.5 41.04 0.07
HEET 15560.20 28.29

B iE % (2008)
Around 2.8 billion tons (28 i #f)



The 15t project

1915 in Welland County, Ontario. —
e The first commercial underground gas storage was build in

Buffalo City, New York State, USA in 1916, converting from
a depleted reservoir, Zoar. The facility is still in operation.

No. of projects

e Around 600 projects worldwide.

Types of underground storage

e Depleted oil [ gas reservoir |- 450
e Salt cavern/Abandoned mine pit
e Aquifer } 145



Background

e Since 1990
 Depleted gas reservoir (depth 2,580-2,750 m) -
e Supply gas fired power generation
e 9 injection/production wells
e Max injection rate: 2.6 MMSCM/D
e Max production rate: 3.9 MMSCM/D

Technology & Experience

e [njection & production

* Pressure & temperature & inventory monitoring

e Modeling & simulation

e Over 20 years operation experience learned by CPC Corporation, Taiwan
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» satellite remote sensing

»
< \\\\-)-)) Monitoring wells :

Scenarios for geologic storage of COZ2 in Taiwan
and monitoring techniques for storage security

1.Compositional changes

in groundwater

2.Borehole wireline

ogging and seismics

.Cross-well seismics

4.Borehole deformation
5.Microseismicity

: Onshore traps (& frli) A
. Saline formations near the coastline (’F“ 7f‘1 02 capture

: Offshore saline formations ¥% 3

: Offshore traps e . iin

o0 o>

m‘ Buioy

===

Vlicroscopic view of CO2 reserviors
water, CO2, mineral grains

—Water

eismics,
microseismicity)

C02

ediments

seawater — Mineral pellet

20
(© 2010 Andrew Tien-Shun Lin, Dept. Earth Sciences, National Central University



Three CO,
Geosequestration
Systems

- Shales 2

- Sandstone/
shale interbeds

Onshore gas fields,
northern and central Taiwan

Offshore
northern
Taiwan
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Chinshui Shale
(cap rocks)

Kueichulin Fm
(reservoirs)

Nanchuang Fm
(reservoirs)

Data collected by Prof. C.-Y. Wang




Deep

monitoring monitoring

well
A Microseismicity

A

Depth: 100 m

Underground source of
drinking Water

CO, overburden
rocks

CO, caprocks

CO, reservoirs

alow Injection

well
well

Depth:300 m

. zon

Depth: 1710 m

Depth:1710 m

Depth: 100 m

Tokoushan Fm.

Cholan Fm.

Chinshui Shale

Kueichulin Fm.

Nankang Fm.
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This project has been suspended since earlyZ015 due to protests from local residents.
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Depth Structure Map for Top Kueichulin Formation
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1 €Oz Injection Well

2 Deep Monitoring Wells

3 Intermediate Monitoring Wells

4 Shallow Monitoring Well

5 Contingency Monitoring Well

6 Soll Gas and Soll Gas Flux Mnitoring

mq::-ajm Zone
Qr-&aﬂm Zone

ondafy Sea)

® Pressure and Temperature Monitoring
~ Fluld Chemistry Sampling

A Selsmic Array

M Injection Interval - CO;



Approach Techniques Measured Applications
Parameters

Eddy Covariance

CO2 Detectors -
IRGA

EC flux towers

CRDS, NDIR-based CO2 sensor

CO2 flux

CO2 concentration

Characterize net CO2 flux.
Detect and quantify CO2 release
to atmosphere should it occur.

Temporally characterize CO2
concentrations within 3 m of
land surface.



Approach

Surface
Displacement
Monitoring

Geochemical
Monitoring in the
Soil and Vadose
Zone

Geochemical
Monitoring of
shallow
groundwater

High Resolution
Earth Electrical
Resistivity

Techniques

INSAR/PSInSAR, GPS,
Tiltmeter

Flux accumulation chambers,
Soil-gas tracer sampling, soil-
carbon analysis

Shallow-groundwater
sampling, geochemical
analysis

Electrical resistivity imaging
(ERI)

Measured
Parameters

Ground deformation

Soil CO2 flux

Chemical and
isotopic
compositions of
groundwater

Electrical resistivity
of shallow geological
materials

Applications

Detect surface deformation if
any due to CO2 injection.

Detect, locate and quantify CO2
release should it occur.

Characterization of shallow
groundwater, CO2 release
detection

Characterize shallow subsurface
geology (< 40 m) and detect
potential CO2 or brine impacts.



Cloud database

I Monitoring station

150 cm

From Prof. Tsanyao Yang (NTU)

150 cm

Manual pump

Sampling bag Filter




Approach

Techniques

Measured
Parameters

Applications

Well Logging Tools
(open and cased
holes)

Downhole
Monitoring Tools

Seismic Methods

Electrical
Techniques

Subsurface Fluid
Sampling and
Tracer Analysis

Traditional standard logging,
density, neutron porosity logs,
pulsed neutron tools (PNT),
magnetic resonance

Downhole/wellhead pressure,
temperature gauges, flow
meters, oxygen-activation
logs, radioactive tracer
surveys, corrosion monitoring,
borehole seismometers

Time-lapse surface seismic
(2D or 3D), Borehole seismic
(vertical seismic profile, VSP),
Crosswell seismic
tomography

Crosswell electrical resistivity
tomography (ERT), surface-
downhole ERT

Wireline-based samplers, U-
tube sampling, ChemWish
sampling

Petrophysical
properties of rocks
and fluids (including
injected CO2)

Formation and
annulus pressure and
temperature, micro-
seismicity

P- and S-wave
velocity, reflection
horizons, seismic
amplitude,
attenuation

Resistivity of the
rocks between
boreholes

Chemical
compositions of
fluids including
tracers

To characterize rocks and fluids
and condition of wellbore. CO2
saturation

Control formation pressure
below fracture gradient, monitor
wellbore and injection tubing
conditions, detect migration of
CO2 near injection well. Monitor
well integrity and rock fracturing
during injection

Geological characterization of
the sites. Tracking distribution
and migration of injected CO2.

Tracking distribution and
migration of injected CO2.
Estimating CO2 saturation

Fluid compositions before and
after CO2 injection. CO2
saturation. Monitor for CO2
leakage.
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Slide provided by Prof. C.Y




ottom

4.Soil gas
5.Atmospheric Concentration
6.Well logs

7.Satellite Images
8.Groundwater concentration
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Vp (km/sec)

1.5 1 - 5.0

P Joint monitoring is key to
1.0 ; ’- : i understand CO, behavior.
0.0 0.2 0.4 0.6 0.8

CO, Saturation ~ SCO, max. 63%

Slide provided by Dr. Zigiu Xue (RITE)



Velocity Difference Tomogram (BLS / MS1)
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Fields
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1. Taiwan has an excellent geological c 2
geosequestration and a huge capacity for CO, storage of
around 48.7 billion tons (first-order estimate) for both
onshore and offshore areas.

2. Pilot test sites for different storage scenarios (i.e.
depleted gas fields and deep saline formations) need to
be implemented ASAP.

3. Various monitoring technologies that tailored to Taiwan’s
geological conditions should be developed, verified and
benchmarked based on pilot tests.
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