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CCS Process Chain (IEA, 2004 )
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Overview of geological storage options (IPCC, 2005)
T HF IR

Overview of Geological Storage Options — Droduced oil or gas
1 Depleted oilandgasreservoirs e Injected CO,
2 Use of CO, in enhanced oil and gas recovery EXENINES stored CO,

2

3 Deep saline formations — (a) offshore (b) onshore
4 Use of CO, in enhanced coal bed methane recovery
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CO, storage operation across the world (CO2CRC, 2011)
EIXCO2+FUIB 7%
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Geologic storage life cycle (Schlumberger, 2008)
Hh o7 5 7 Ui B JE 2R
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Risk of CO2 leakage (IPCC, 2005)
CO2ittimENfaE
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CO2 monitoring and verification (BGS, 2009)
CO2IEMIFN#% A - LA A

permanent soilair
gas measurements
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Satellite Optical Remote Sensing

m Multispectral NDVI time
series analysis

m Hyperspectral NDVI time
series analysis
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Principle - NDVI - Vegetation: distributed sensors
BRI - NDVI - “HE R £ S R CO2(L gs”

- Normalized Difference Vegetation Index J9—1tHE# 55K
+ NDVI = (NIR = VIS)/ (NIR + VIS)

— NIR = near-infrared light (0.76pum) &L 4%
— VIS = visible light (0.6pum) A] L

* Closeto+1 (e.g. 0.8 -0.9) - dense and healthy
vegetation

* Close to 0 - dead / no vegetation
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Satellite Optical Remote Sensing
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SPOT-VGT S10 EESPOT I ZE

« The French Centre National d’Etudes Spatiales (CNES),
in cooperation with Belgium and Sweden

« Two Vegetation instruments on SPOT satellites
— Vegetation 1 on SPOT 4
— Vegetation 2 on SPOT 5

« 10-day NDVI synthesis from SPOT Vegetation (CNES
website, 2009)
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10-day NDVI synthesis from SPOT vegetation (May 2009, CNES)
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SPOT-VGT 4 & 5

SPOTLEZZH

Satellite SPOT-VGT 4 SPOT-VGT 5
Altitude 822 km 822 km

Inclination 98.7 degrees 98.7 degrees

Orbit sun-synchronous polar sun-synchronous polar

Period of revolution

101 minutes

101 minutes

Swath width

60 x 60 to 80 km

60 x 60 to 80 km

Repeat cycle

1 day

1 day

Band

BO, B2, B3 and MIR

BO, B2, B3 and MIR

Spectral band

0.43 - 0.47um (blue)
0.61 — 0.68 pum (red)
0.79 — 0.89 pum (near IR)
1.58 — 1.75 pm (mid-IR)

0.43 - 0.47um (blue)
0.61 — 0.68 pum (red)
0.79 — 0.89 um (near IR)
1.58 — 1.75 pm (mid-IR)

Period

24/03/1998 — still

operational

04/05/2002 — still

operational
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MODIS

* Onboard the Terra (EOS AM) and Aqua (EOS PM)
satellites

« 36 spectral bands ranging in wavelength from 0.4um to
14.4um

 Resolution of 250m

« 8 and 16 day MODIS NDVI composite images
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Landsat-5 Thematic Mapper (TM)

Parameters Landsat-5 TM
Altitude 705 km
Orbit Polar, sun synchronous
Inclination 98.2 degrees
Revisit cycle 16 days
Resolution 30 meter (TM)
Swath width 185 km
Spectral band Band 1 : 0.45 - 0.52 (blue)
Band 2 : 0.52 - 0.60 (green)
Band 3 : 0.60 - 0.69 (red)
Band 4 : 0.77 - 0.90 (near infrared)
Band 5 : 1.55 - 1.75 (shortwave infrared)
Band 6 : 10.40 - 12.50 (thermal infrared)
Band 7 : 2.08 - 2.35 (reflective infrared)
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Flowchart of GEOS-NDVI time-series analysis
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]
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Large NDVI difference
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Nested: SPOT, MODIS and Landsat ZLE4ZES
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Natural analogue BHACO2iit®

« The consequences of CO2 eruptions from geologic
reservoirs, such as volcanic and geothermal structures,
can be devastating

« Lake Nyos, Cameroon

« Mammoth Mountain, California, USA
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CO2 disaster at Lake Nyos, Cameroon, 21 August 1986
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Lake fills manly from the
south during the wet
season, which peaks in
August —

¢ >y <

Strong winds disturb the
water surface

\’\

Lake Nyos crater
formed by gas

Turbulence created by
water inflow and wind
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/ - ey ' _| Volcanic gases seep
/ [ upwards from
/ y | underlying magma J
The Lake Nyos,
Cameroon, disaster of 21 August - . - .

1986. The lake lies in an area of
ancient volcanic activity associated
with continental plate spreading in the
past. This event could be repeated.
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A chain of volcanoes ML EE
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Mammoth Mountain, California, USA EEMN#|{EE T IEI5 1L
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Natural leakage model (USGS, 2004) vs COZ2 storage
leakage model (Damen et al., 2005
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Landsat 5 TM result

4th September 1988 S5th September 1994
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CO2 concentration - USGS field survey

3% [E] 77 i A5 5 St i A

USGS tree kill maps at Mammoth mountain
CA, USA
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MODIS to Landsat
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Mammoth Mountain NDVI time series result - Landsat
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Construction phase at Otway CO2CRC
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Satellite Optical Remote Sensing

SPOT-VGT MODIS Landsat TM

Low (1,000m) Medium (250m) High (30m)
Image resolution



SPOT VGT 10-year NDVI time-series plot
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Pixel No. 13: 10-year NDVI time series and annual growth model
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ANDV!I time series plot for pixel No.13
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Rainfall (mm)

Annually Rainfall data and model for Victoria
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Rainfall differential result [ERES TR 5

100 ¢

80 | ]

60 | |
]

40 | .\ |

Rainfall

(]
=

60 | S I I 1 1 1 I ; 1 1
20020101 20030101 20040101 20050101 20060101 20070101 20080101 20090101 20100101 20110101

Year

School of Civil & Environmental Engineering

UNSW

THE UNIVERSITY OF NEW SOUTH WAL




Temperature
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Satellite Optical Remote Sensing
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Otway CO2CRC Landsat5TM




Satellite Optical Remote Sensing
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Landsat time series analysis for ANDVI around the CO2 Injection well
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Vegetation Stress: Otway (2003-2012)



Concluding remarks g

« Potential CO2 leakage has to be carefully monitored
BATNIZZ Y S HF R BECO2iE F

 Wherever possible, vegetation can be used as “distributed
sensors” of CO2

HFX MR AR EETF ith A1E2  XCO2(% 23R

* Vegetation dynamics needs to be thoroughly understood
with multi-year optical satellite remote sensing data

AE RS FE N TE T EERBIEF FREESHE
 |Integration of optical satellites of low, medium and high

resolution can be used to detect vegetation stress due to
CO2 contamination

= PORSEREF 255 R ANDVIRERKNCO2 ik
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