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The Geological Remote Sensing Group (GRSG) is a Special Interest Group affiliated jointly with The
Geological Society of London and the Remote Sensing and Photogrammetry Society. It was founded
in 1989 to raise awareness and encourage the use of remote sensing technologies in the
geoscientific and related communities. The GRSG seeks to represent the views of industry,
government and academic individuals and organisations - resulting in a balanced scientific,
technological and commercial viewpoint.

Front Cover

Whil st this issueb6s front c ov eirisspestacdldr noaelthe leggatdh e U ¢
given the snow that we had over the AGM it seemed an appropriate image to include given the

coldest winter experienced in the UK for several decades...oh and rather a lot of snow!! MODIS

250m composite of UK and Ireland January 7" 2010.

Source:

http://rapidfire.sci.gsfc.nasa.gov/gallery/?2010007-0107/GreatBritain.A2010007.1150.1km.jpg
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Chai rmanodés Messa

Dear Members,

This is the first newsletter of 2010, and it includes a report by Charlotte on the very well attended and
successful 2009 meeting, on the theme of Exploration Remote Sensing, attended by over one
hundred people from more than 15 countries. This is also my first newsletter as Chairman, stepping
in to the shoes of Dan Tarani k who has | eft
leadership, with the hard work of busy committee members and the support of our members, the
GRSG continues to grow. There have been some other changes to the committee too, with Jason
Manning, who has been our tireless secretary, and Gareth Crisford, both stepping down. Others are
taking on new roles, including Luke Bateson stepping in as treasurer and we also welcome some
new faces, including Eric Peters, Naomi Morris and Clive Farquhar, bringing experience and new
ideas.

The GRSG committee are all volunteers, meeting regularly in London, which can limit the possibility

of new people joining us. Thi s vy eyasuppleneedtihgl fewere

more active participation by our overseas reps. and give members outside of the London area an
opportunity to get involved. Let me know if you are interested in joining the committee
(Chairman@agrsg.org.uk).

We began the year on a sound financial footing, and with the support of our corporate members and
sponsors, will be able to maintain membership and conference fees at the same level as last year.
You will also see some investment in members, through the introduction of online membership and
registration, and more content on the new GRSG website which is currently being developed by our
webmaster Christian and should be available soon. The traditional registration form will also still be
available for those who prefer to put pen to paper.

Away from the virtual corridors of the GRSG, the recent tragedy in Haiti has very publically
demonstrated how the world of remote sensing is changing, and the incredible acquisition capacity of
new satellites, including Worldview-2 and Geoeye-1. Imagery of the entire country was available in
Google Earth within days of the 7.0 richter earthquake, and available for free download, supporting
volunteers in Haiti and elsewhere providing vital GIS and mapping support. Elsewhere, the MODIS
Terra image of a snow-covered UK received a lot of attention, appearing in the BBC website, and
many email inboxes and school classrooms (see front cover). It seems appropriate therefore that the

theme of the December meeting this year will be Geo-environmental Remote Sensing. Keep 1%'7 3™
December free in your diaries.

| hope you enjoy this first newsletter of the year, and if you are reading this ahead of renewing your
member ship webéd | ove to hear from you.

¥

Richard Eyers
GRSG Chairman
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Editor 0s Message

Happy New Year!

Well things have changed a little on the committee as you will see during this newsletter and whilst
we are sad to lose some great committee members, including our Chairman and Secretary we have
some new faces that are just as enthusiastic!

There is quite a lot in this newsletter as we have had several contributions plus we have started a

new section called AMember Profil eso, her e, and i
not only our Corporate members and Sponsors but also our Committee members. We want to use

this as a way not only to say thank you to our Corporate members and Sponsors for supporting us

but also so each of our members gets to know a little more about who we are and what we do.

We also have a very interesting article from Takashi Nishidai and his colleagues at JGI Inc who
presented a well received talk at our 2009 AGM in December. On that note, some pictures and a
roundup of the AGM can be found in this newsletter for reference.

Plus there is also an article from Friedrich Kuehn and Cornelia Glasser of the DGPF German
Geological Society, both our respective societies are promoting ourselves to each other and we
thought this would be a good opportunity to include a piece on the German Geological Society in this
issue. Last, but by no means least, Bob Agar has written a very interesting pieceon A Cor e | mag
down under o which | am sure wild/|l be of interest toc

Once again | must also not forget to thank my brother James who appears to have got himself a
regular spot in the newsletter drawing our cartoons!

Pl eas e do n itconthce me witla dng suggestions or contributions in the form of articles,
information on upcoming meetings, images for the cover, and industry and software news.

| hope you enjoy this issue and thank you to all who contributed

Charlotte

GRSG Newsletter Editor
c.bishop@fugro-npa.com
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GRSG News Eﬁ

As you will be aware by now there have been several changes on the Committee and Richard gives
a good overview of this in his first Chairman speech. So whilst there has been some change to the
line-up the enthusiasm is still there to bring you great newsletters, AGMs and continue to be very
much a group for fAyouo.

If you would like to join the committee then please get in touch!

X
GRSG Member news m

SEG new Regional Vice President Lecturer

Alvaro Crosta has been awarded a lectureship from SEG as part of their 2010
travelling Lecturers scheme. Alvaro will become the SEG 2010 Regional Vice
President Lecturer.

His talk titles include:
e Remote sensing and spectral geology from target detection to understand
mineralisation process
e Remote sensing in mineral exploration ALVARD P. CROSTA
¢ VNIR and SWIR spectroscopy for mineral mapping {SEG 2008 F)

For more information please see the January 2010 SEG newsletter
www.segweb.org/about/lectures.aspx and congratulations Alvaro!
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General Membership news

As we are in the membership section it seemed like a good opportunity to review how our
membership is faring this year. The diagram below shows the breakdown over our different
membership groups. | f you are |l ooking to renew and havenot
touch.

Corporate

17
21%

GRSG Membership breakdown from December 2009 to Present

X

Grsc

Students

Attention all students!!

Students are also reminded that membership fees are being held at only £7 to encourage more
student members to join GRSG. If you would like to join or would like to know more Information
please contact the GRSG Student Representative Gareth Morgan (gareth.morgan@imperial.ac.uk)
or the GRSG Membership Secretary Michael Hall (Michael.Hall@infoterra-global.com).

Also, please do take a look at the new bursary opportunity for fieldwork, closing date is April 30™!

X
Students Award Winners 2009 m

Congratulationstothi s year 6 s st ud eatdr in thewear they Wdpe ta grovide a short
article for the newsletter and we also encourage them to attend the AGM this year to present their
work so keep a look out for these articles in coming issues

Nicholas Roberts (Simon Fraser University, Canada) 1 finvestigation of landslides in La Paz,
Bolivia using RADARSAT-2 permanent scatter interferometric SAR and polarimetric SARO
The student award will provide part funding for fieldwork and data in support of this research.

Elliot Sefton-Nash (Bristol University, UK) i fStudying the distribution and formation of light-toned
layered deposits on Marso The student award will provide part funding for a visit to the University of
Washington where these new methods will be tested and validated.

Matthew Garthwaite (Leeds University, UK) T AINSAR investigations and numerical modeling of

interseismic strain in central Tibeto .The student award will provide funding to attend the 2009 AGU
Fall Meeting.
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New Bursary Opportunity

Nigel Press (Fugro NPA Limited) was awarded a lifetime membership following his long support of

GRSG through the generous NPA st udent awards and also in recog
support to GRSG. Many of you will have heard Nigel make a small speech at the GRSG in
December where he very kindly, and in recognition of this award, has extended his Fieldwork bursary

scheme through the Lydia Press Memorial Fund to GRSG student members.

Nigel has written a short piece below to describe the opportunity and more information can be found
on the website.

I was very honoured by your c o #imaMembereobtise GREGsdndir e i 1
recognising that there is still much needed scientific progress to made in our discipline, | wanted to

offer some continuing contribution for the future in return. | am therefore pleased to announce that a

fieldwork bursary fund run by my family is being opened to Members of GRSG. The Fund provides a

few bursaries each year, mainly to MSc students, to undertake fieldwork which has a humanitarian,
sociological or environmental benefit, and ideally is carried out in conjunction with an NGO. More

details will be found at www.lydiapress.org. Selection of projects is made purely on merit; last year

The Fund partly supported a GRSG member, Naomi Morris, on a very ambitious trip to work on geo-

hazards in Papua New Guinea, other recipients included undergraduates from Oxford who worked on

the Colima volcano i n Mex itednoltaha itk clhsibgidate forlagplicatiens t h g u
in 2010 is April 30".

Nigel Press, Chairman
Fugro NPA Ltd

X
Job Vacancy

Now this is a section of the newsletter that we
standing members, Marc Goossens is in need of some help!

Here is a brief description of what Marc is | ooki
contact Marc direct.

Brief description:

1) Based in the Netherlands

2) Flexible

3) able to work independently

4) entrepreneurial

5) able to think analytically, critically and creatively
6) fast learner

7) Background in geology-mining-mineral exploration +/- environmental impact
8) several years experience in the mineral exploration business

9) fair experience in Remote sensing. In any case strong affinity is
important.

Natural resources
Remote Sensing
Data Integration

contact:
Marc Goossens geosense@wxs.nl
website: www.geosense.nl

If you are looking for new staff, please contact Charlotte with the vacancy det ai | s, and
publish it in the next newsletter.
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News and Developments

Worldview-2 starts commercial service

After only a few months calibration, following its launch in
October 2009, Worldview-2 started commercial service on 4"
January 2010 (DigitalGlobe Press release 5" January).
Worldview-2 has 8 spectral bands in the VNIR and also has
stereo. For those looking for sample data there is more
information on the applications of Worldview-2 and sample data
on the DigitalGlobe website www.digitalglobe.com or see
http://worldview?2.digitalglobe.com/docs/WorldView-2_8-
Band_Applications Whitepaper.pdf .

Worldview-2 image of Samaheej, Bahrain 28" January 2010
© DigitalGlobe

New view of Geological Strata on Mars

Mars impact crater reveals new detail in geological strata exposed in

the crater wall . The | maawmaissarwk e n f
Orbiter at a slightly oblique angle reveals new details in the geological

strata exposed in the crater wall. A previous image from of the same

crater taken in 2006 does not show as much detail.

Source: http://www.wired.com/wiredscience/2009/08/stunning-view-of-
martian-impact-crater/

ERDAS 2010 released

The full suite of ERDAS 2010 products is now available to download from http://www.erdas.com/
This new release, released in March 2010 has a brand new interface a la the Microsoft Vista/7
ribbon. If you've spent years with the classic interface, it all may look a bit new
and daunting. Never fear! Erdas have got a one day course that will get you up to speed on the
new interface, and power your productivity with its new tools. The first date plann  ed is April 15th
in Leicester, and For more information on full training courses and a modular range where you can
tailor a course to suit your requirements then click here . (Source: ERDAS éNews March 4" 2010)

Landsat Thermal band resampled to 30m
http://landsat.usgs.gov/about LU Vol 4 Issue Special Edition.php
Commercial software has difficulty aligning the 30 meter multispectral
data of Landsats 4-7 with the dissimilar thermal pixel sizes. This forces
users of the Landsat thermal band to resample data. To remedy this
issue, the USGS will set the pixel size for all thermal data at 30 meters
as of February 17, 2010

Brandberg Massif, Namibia, Landsat ETM+ © USGS
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10"Birthday for NASA6s TERRA

On December 18, 1999, NASA launched Terra, the first of a series of large satellites meant to
monitor the health of our planet. Terra carries five instruments, including two from Japan and
Canada, that together track Earth's land, atmosphere, and ocean. Terra's primary mission has been
to answer the question: How is the Earth changing and what are the consequences of change for life
on Earth? Over its decade of observation it has seen a number of changes from deforestation,
desertification, urbanisation and has monitored global changes in vegetation and energy. (Source:
http://terra.nasa.gov/Ten/)

PR N

(left July 2000 and right July 2008)
http://earthobservatory.nasa.gov/Features/WorldOfChange/deforestation.php

We have been rather short on news in this issue so if you see something that the wider GRSG
should be aware of e.g. relevant press releases, new datasets, new software, launch dates etc then
please send it to Charlotte (c.bishop@fugro-npa.com).

Member Profiles: Spatial Energy

. SPATIAL

E N E R G Y ®©

Serving four of the five top Fortune 100 oil and gas companies on a daily basis, Spatial Energy offers
Imagery Solutions , Enterprise Hosting & Delivery and Imagery Analysis on behalf of the energy
industry.

Spatial Energy is solely dedicated to meeting the needs of energy companies operating worldwide.
To t hat end, we acquire, processes, and manage
resolution satellite and aerial imagery, topographic maps, and digital elevation models (DEMS).

Spatial Energy has established preferred relationships with the leading data providers and can thus
select the best source(s) to meet your particular application. In addition, programs such as the
Energy Partner Program (EPP), BasinWatch and Spatial On Demand provide simplified, cost
effective access to imagery.

Known for our innovative online tools and extensive data provider network, Spatial Energy is
committed to reducing the cost, time, and effort associated with acquiring and analyzing complex
imagery, helping energy companies turn imagery from a time-consuming task into a corporate asset.
For more information on Spatial Energy, visit us at www.spatialenergy.com

Bud Pope
bpope@spatialenergy.com
+1 303 324 1431 cell

+1 303 625 1048 office
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Member Profiles: ERDAS

P ERDAS i The Earth to Business Company i helps organizations
/ “ harness the information of the changing earth for greater
.. e rd aS advantage. @ We create Geospatial Business Systems that
The Earth to Business Company ¢ ¥ @nsform our eart hosrmatient enablinght o b
individuals, businesses and public agencies to quickly access,
manage, process and share that information from anywhere. With deep industry expertise in imagery

and understanding of geospatial data, our solutions and people help businesses identify ways to
reduce costs and create new revenue-generating opportunities.

PELE

Our portfolio of solutions includes modern,
relevant and innovative  geospatial
products, helping customers gain a greater
share of the business available. Constantly
striving to deliver state-of-the-art solutions,
organizations implement our technology to
stay ahead of the pack by being efficient
and productive.

Our customers include those with
traditional geospatial information needs,
such as government and private sector
organizations, as well as businesses
focusing on oil and gas, real estate,
insurance and other new, emerging
markets. We extend our offerings beyond s : .
an organi zationds o ucparl tmelirt ot u
incorporate our technology with existing business systems being used throughout the enterprise. We
comprehensively address the needs of customers with different levels of geospatial information
experience and need. Knowing that not everyone has a geospatial background, we take
responsibility for solving technical problems, providing friendly, professional, personalized service
that resolves issues quickly. In addition, we help an organization quickly get up-to-speed and
productive on its solutions.

Individuals and organizations alike trust our solid history of delivering reliable technology that
improves their reputation and brand in the marketplace. As a part of Hexagon, ERDAS is backed by
a $2+ billion organization that brings financial stability, global reach, expertise and more.

Jason Sims

Marketing manager
ERDAS inc
Jason.sims@erdas.com
+1 770 776 3400
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Member Profiles: ITC @

(ITC)

University of Twente, Faculty for Geo-information Science and Earth Observation
Freek van der Meer vdmeer@itc.nl

At the Faculty for Geo-Information Science and Earth
Observation (ITC), 240 staff including 18 professors devote their
efforts to developing knowledge of geo-information management.
By means of education, research and project services, we
contribute to capacity building in developing countries and
emerging economies. In doing so, considerable attention is paid
to the development and application of geographical information
systems (GIS) for solving problems of societal relevance. Such
problems can range from determining the risks of landslides,
mapping forest fires, planning urban infrastructure, implementing land administration systems,
monitoring food and water security, to designing a good wildlife management system or detecting
environmental pollution.

On January 1% 2010 the institute ITC became a faculty of the University of Twente. On 31 December
2010.

The (now) Faculty ITC has six scientific departments:

Department of Earth Observation Science

Department of Earth Systems Analysis

Department of Geo-information Processing

Department of Natural Resources

Department of Urban and Regional Planning and Geo-information Management
Department of Water Resources

The Department concentrates on a number of societal issues and problem areas, including:
e earth resources management, exploration and exploitation;
e land (soil) degradation and natural hazards and disasters; geo-environmental hazards.

The last is done in the framework of an agreement with the United Nations University (UNU).

Our research activities are concentrated in two intimately linked research themes:
- earth systems science
- disaster geoinformation management

The Earth system science research them strives to develop algorithms for modelling earth
observation data supported by field measurements and subsurface imaging to understand earth
processes. Thematically it covers the following three domains:

1) Georesources exploration;

2) Geoenvironmental engineering;

3) Geotectonics and geodynamics;

Technologically the theme contributes to a better use of earth observation data and geoinformation in
the following fields:

1) Hyperspectral remote sensing;

2) GIS-based predictive mapping;

3) Geophysical investigations;
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4) Interferometric SAR (INSAR);

The research fimadagpé meént & adatusmllhazardsiag well als with Disaster
Risk Management. The strength from the research group comes from including the entire chain of
processes from hazards to disasters. In the research the concept of "risk" takes a central place. Risk
is seen as the overlap in time and space of natural hazards, with the vulnerability of "elements at risk"
(people, property, infrastructure and natural resources) and the research covers 3 focus points.

1) Improve understanding of natural hazards,

their functioning, spatial and temporal variability,

and the influence of driving factors such as climate variability and land use change.

Spatial modelling, data driven processes , object recognition and change detection
Hydrological modelling

2) Understanding and analyzing the risk for multiple hazards.
e GIS
e Multidisciplinary approach
e Advancing in economic consequences of a disupted
infrastructureData availability
e Risk assessments

As such, hazard research is firmly embedded in applied earth sciences,
using our knowledge of the earth's surface.
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ENVI Service Pack 1

ENVI 4.7 Service Pack 1

ENVI, the premier software solution for processing and analyzing geospatial imagery, announces the
availability of a new service pack, ENVI 4.7 Service Pack 1 (ENVI 4.7 SP1), which helps you get
information from imagery by increasing ease-of-use and adding efficiency to your image processing
and analysis procedures. This service pack allows you to easily access the ENVI tools you use most
in a comprehensive toolbox. And, ENVI 4.7 SP1 provides new spectral image analysis tools, as well
as support for more data types and new visualization tools to help you get information from imagery.

Advanced Image Processing Tools Now Available in the ENVI Favourites Toolbox

Since ENVI introduced ENVI Zoom, the unique dynamic display interface, it has gained popularity
with users of all experience levels, allowing you to easily open imagery and quickly perform
advanced image processing procedures in an environment that is more streamlined than the
traditional three window paradigm. Now, when
more streamlined workflow with the introduction of the ENVI Favourites Toolbox, which gives you
access to all of the advanced ENVI tools, data formats, and processes that ENVI is known for from
within the intuitive and interactive dynamic display interface. And, data formats like CIB and MODIS
that were not previously supported in the dynamic display interface can now be opened, processed,
and analyzed within all from the dynamic display.

The ENVI Favourites Toolbox provides easier access to the
popular, automated workflows ENVI has become known
for. The workflows, which make advanced image analysis
routines available to anyone using step-by-step, guided
processes, can now be accessed and completed from
within the dynamic display interface, creating a more
streamlined user experience.

The new ENVI Favourites Toolbox provides customizable,
one-click access to the ENVI image processing and
analysis tools and workflows that you use most

New Spectral Processing and Analysis Capabilities
Automated Hyperspectral Workflows

The past several releases of ENVI have introduced innovative ways to easily perform complex
analyses on multispectral data using automated, step-by-step workflows. Now, ENVI introduces
Tactical Hyperspectral Operational Resource (THOR) Tools 7 automated workflows to help you
process and analyze the hyperspectral data commonly used by the defence and intelligence
community. With ENVI THOR tools:

Detect anomalies in your data set

Remove atmospheric interference from your imagery

Detect change in an area over time

Discover lines of communication in an image

Determine the level of stress in vegetation

Detect specific targets based upon spectral signature

For more information, visit www.ittvis.com/THOR
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ENVI Software now provides automated hyperspectral tools, that walk you step-by-step through the
process of analyzing complex hyperspectral data.

WorldView-2 Satellite Data Support

ENVI 4.7 SP1 continues the longstanding tradition of providing you with the technology you need to
get information from the newest data and imagery formats. ENVI 4.7 SP1 introduces support for data
from the WorldView-2 satellite, allowing you to access, process, and analyze data in this new format.
Now you can use ENVI to get information from the first high resolution commercial satellite with eight-
band capabilities and shorter revisit times compared with last generation satellites.

New Visualization Tools

New Mensuration Tool

The mensuration tool, which is available in the dynamic display window, works in conjunction with

ENVI 6s arrow and polyline annotation tools, and cc
window.

Optimized Linear Stretch

The new optimized linear stretch tool, which allows you to obtain the maximum amount of information
from the shadow and highlight regions in an image, provides a dynamic range set that is optimal
when using integer data, such as WorldView and GeoEye.

Enhanced JPIP Performance
Data in JPIP format can now be accessed from the dynamic display interface and used with roaming
or other display functions without performance delay.

Download an ENVI 4.7 Service Pack 1 Brochure
Watch an ENVI 4.7 Service Pack 1 Overview
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Core Imaging Down Under

By Bob Agar, AGARSS, bagar@agarss.com.au

After the excellent and very successful GRSG AGM in London in December where a number of
presentations captured the imagination with developments in the application of infrared reflectance
spectroscopy to core logging and core and mine face alteration mineral mapping, it is good to be able
to report that Perth based Corescan now have their new hyperspectral core imager (HCI-2)
instrument operating. Having been invited to review the new system and see it in operation, | am
happy to present what | consider to be the state of the art in spectral core logging and imaging.

Boasting significant improvements on the original system that was built for AngloGold some years
ago, the new version is also forming the basis for what Corescan envisage as being a turnkey drill
core scanning and logging service that will deliver a rapid, objective and consistent mineralogical and
visual record of drilling programmes that can be easily integrated into 3-D orebody visualisation and
mine mapping software packages.

The surface of the core is scanned at high spatial resolution across an extended spectral range,
storing the radiometrically calibrated data in digital form for analysis and determination of mineral
composition as a function of depth.

HCI-2 operates across the VNIR and SWIR bands from 450nm to 2500nm at a spectral resolution of
4-5nm. Spatial resolution is configurable and optimised to specific project requirements down to a
0.5mm x 0.5mm sample size. The wavelength range of the HCI covers spectral regions in which a
wide range of hydrothermal alteration minerals exhibit spectral absorption features.

High quality optics focus the spectral measurement and maximise signal. The revolutionary design
of HCI-2 limits spectral mixing issues inherent in traditional systems providing a 'near pure' spectral
signature at the measurement location.

HCI-2's high spectral resolution (4-5nm), high signal to noise characteristic and high spatial resolution
(0.5mm) provides more accurate mapping of the core improving the ability to detect and discriminate
important alteration minerals.

A choice of scanning modes are available ranging from full core width imagery at 0.5mm sample
size, to optimised spectral profiling where a single scan line is acquired down the length of the core to
maximise core throughput.

A spectrally calibrated RGB camera provides a high resolution visual record of the core at 60 micron
pixel size. Measurement of core surface features, texture and shape is complimented using a 3D
laser profiler.

The system comprises a scan unit housing the optics, spectrometers, visual and profiling sensors; an
XYZ core handling table with conveyor driven tray loading system; and a high speed data acquisition,
processing and control computer.

Spectrometers VNIR, SWIR-A, SWIR-B
Spectral range 450nm to 2500nm
Spectral resolution 4.5nm

Spatial resolution 0.5mm (high)

2.5mm (medium)
5.0mm (course)

Scan modes Full core width image
Part core width scanning
Rapid centre profile scan
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Spectral calibration NIST traceable Rare Earth (reflectance standard)

Radiometric calibration Spectralon reflectance standard (Dark current)

RGB image resolution60um

Height profile resolution 15um

Core tray sizes up to 0.5m (W) x 1.2m (L)

Scan rates 10m to 100m per hour (depending on core width

and scan mode)

Unlike its predecessor, the HCI-2 operates with a translation table that can carry a variety of core
trays, each of is characterised spectrally to faciltat e mas ki ng out of unwan
trays are handled by a conveyor driven loading system removing the need for lifting of trays or
handling of the core itself.

Prior to scanning in the core, each individual section of core is imaged digitally by the spectrally
calibrated RGB camera and this image is used to enter in depth coordinates for each section of core.
In addition, the type of scan required can also be entered at this point for individual sticks of core so
that sections can be recorded in any of a variety of modes. Profile mode collects a single strip of
individual pixels down the centre of the core, reconnaissance mode may collect a narrow swath of
pixels down the centre of the core, and detailed mode images the full width of core. In each mode,
the pixel size can be varied at 0.5mm, 2.5mm or 5.0mm so that the scanning of any one section of
core can be tailored to the degree of detail required, speeding up the data capture while still providing
substantial detail, even in profiling mode, where data capture would be faster and at significantly
higher spatial resolution than with its competitors such as the CSIRO Hy-Logger. Scan rates of
between 10m and 100m per hour are envisaged depending upon the scan mode required.

By logging in spatial coordinates for each section of core prior to scanning, the image data and
subsequent mineral mapping output products are already spatially referenced so that the data can
immediately be scaled and the core reconstructed, even where core recovery is less than 100%.

The simultaneous measurement of surface features using the 3D laser profiler offers an enormous
advantage to the structural geologist. In uncut core, structural features such as bedding, cleavage,
fracture and vein orientations can not only be visualised in the imagery but their orientation can be
computed. The laser profiler also offers the image processing geologist the advantage of being able
to simply mask out unwanted materials such as the core tray or depth markers based upon their
height relative to the core itself. This, coupled with the locational information input prior to scanning
makes the image processing and image reconstruction much simpler than with full core imagers such
as the SPeclm system in which the whole tray is captured in a single image and unwanted materials,
such as the tray itself or depth markers, need to be masked out after the event and, even in the best
circumstances, involving some manual editing. Another disadvantage is the angular distortion in
whole-tray imagery with the outer parts of the tray having a different pixel size to those parts of the
core in the inner sections, making structural observations or calculations problematical and also
distorting rock textures.

The logging of drill core is one of the most important aspects of mineral exploration and yet it is
frequently the designated task of the most junior of geologists. Alteration minerals and assemblages
and the way in which they vary with respect to mineralisation offer the explorer important vectors
towards mineralisation and can effectively influence the positioning of new drill holes or curtailing of
existing holes in progress that can save precious exploration dollars. Inexperienced geologists can
find discriminating different clay alteration species difficult and even experienced geologists cannot
determine the chemical variations within single alteration mineral species that can also provide
meaningful exploration vectors. For these reason, spectral core logging is finding an ever growing
market. Hyperspectral imaging of drill core takes spectral core logging to another level that provides
the geologist and exploration team as a whole with a rapid and reliable digital record of a drill hole
that can quickly be sent electronically around the world to any of a number of geological consultants
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or experts should the need arise and takes away the qualitative assessment of core that is typical of
manual logging by even the most experienced of geologists.

The accurate and reliable spectral mapping of alteration minerals either in remotely sensed
hyperspectral imagery or in field spectroscopy has been well demonstrated over the last decade
even though the spectra being analysed are from mixtures of constituent minerals within a single
pixel or field of view of the field spectrometer. The data processing algorithms that are used to
recognise these mineral mixtures are tested and robust but, when logging core with a field
spectrometer such as the TerraSpec or PIMA, care is needed to determine exactly what any
individual spectrum means. For example, is it collected from altered wall rock to mineralisation or
perhaps from an altered selvage to a post mineral vein? Is it perhaps collected from a breccia clast,
the breccia matrix or even a vein. Before any alteration assemblage trends or any alteration mineral
compositional variations can be mapped, the spectral log has to be carefully annotated so that like
spectra can be compared to like.

In the hyperspectral imaging of drill core, especially at sub-millimetre resolution there are distinct
advantages in both the processing, analysis and interpretation of the spectra as well as in the
derivation of trends in both the alteration assemblage and the chemical variations of individual
alteration minerals. The first and most obvious advantage is that with such a fine spatial resolution,
there will be a large number of pure pixels in the image providing a comprehensive and easily
determined group of end member minerals that can subsequently be mapped. Furthermore, the
location of these end member minerals is immediately apparent from the image itself. Textural
information is present in the image data which at this resolution can be likened to hyperspectral
petrography. Thus, as individual minerals are altered or replaced by others associated with
mineralisation, this can be seen happening in the image and the degree of alteration quantified.
Similarly, by mapping compositional parameters for individual alteration minerals present throughout
a section of core, compositional variations that relate to pre- and syn-mineralisation phases can be
distinguished from those relating to post mineral events. Once a mineral map is completed for a
section of core, the relative amounts of each alteration mineral within a scan line and hence within an
assemblage can be computed and need not be an estimate made by the geologist on site or
estimated from modelled spectral mixtures. The HCI data allow the geologist to quickly compile a
paragenesis of the alteration and mineralisation and so determine the minerals and parameters that
are important in providing exploration vectors or even ore grade estimates.

Corescan are very eager to get their new instrument working and also to produce some samples of
their products. To that end, there is an opportunity for mining or exploration companies to provide
Corescan with core for them to image and evaluate as a case study. The results of the scan and the
alteration mapping will be carried out by Corescan free of charge for any case study submitted to
them on the basis that Corescan may use the case study to promote the technology and the HCI-2
system. They are very keen to collect data from different types and styles of mineralisation and to
work with geologists from companies who subscribe to a case study to address any exploration or
mine production issues that may be possible to resolve be such detailed logging. Any expressions of
interest in taking up this opportunity should contact:-

Neil Goodey,CoreScan Pty Ltd, neil.goodey@corescan.com.au
p +61 8 9277 2355 | f +61 8 9277 2466 | m +61 4 1798 5369
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Article: Time Series Analysis of X
Surface Deformation

Time Series Analysis of Surface Deformation by Satellite-borne SAR Interferometry applied to
Hydrocarbon Production Activity

Takumi Onuma, Kinya Okada, Yoshiaki Kannari, and Takashi Nishidai
Applied Geoscience Department

JGI, Inc.

1-5-21, Otsuka, Bunkyo-ku, Tokyo 112-0012, Japan

Abstract

Surface deformation associated with hydrocarbon development in arid desert terrain was monitored
using space-borne Synthetic Aperture Radar (SAR) interferometry. The target area is a gas field in
the North African desert, widely known as a long-term underground carbon dioxide (CO,) storage
project site, where the injection has occurred since 2004.

ENVISAT ASAR data from descending orbit was used to analyze time-dependent ground uplift and
subsidence in the study area. A total of 40 ASAR scenes were processed and analyzed covering the
temporal period 2003-2009. Surface deformation rate was obtained by stacking many differential
interferograms minimizing artifacts due to atmospheric delay and phase noise. Upheaval rate of ~6
mm/year was detected around the injection wells, whereas subsidence rate of 2 mm/year was
present around the gas producing wells. Deformed areas show elongated shapes parallel to the
anticlinal structure of the field, suggesting a relationship between the subsurface structure and
distribution of injected CO, in the storage formation. Deformation time series constructed by
sequential chains of interferograms revealed non-linear change of upheaval rate for each injection
well.

Our result shows that the "stacking technique" has successfully detected surface deformation
histories associated with hydrocarbon production and CO, injection activities. This demonstration
case, hence, indicates without doubt that this technique in conjunction with reservoir simulation or
other subsurface measurement methods enables us to monitor subsurface behaviors of hydrocarbon
reservoir, injected CO, efficiently and cost effectively.

Introduction

The first published result for measuring the Earth surface deformation using Synthetic Aperture
Radar (SAR) interferometry technique was surface displacement related to an active fault movement
caused by Landers Earthquake in 1992 (Massonnet et al.,, 1993). The interferometry technique,
termed Interferometric SAR (INSAR), uses a pair of two or more SAR scenes of the same area to
extract surface elevation and its surface deformation patterns at millimeter to centimeter scales.
INSAR is now widely applied as a technique to measure surface deformation associated with
tectonic, natural hazard, and exploitation activities of natural resources. Longer wavelength L-band
SAR (ALOS PALSAR) successfully enables us to visualize earthquake deformation (fault
displacement and local land slide) even in those areas covered by dense vegetation (Onuma, 2007).
In order to investigate surface deformation associated with subsurface emplacement of disposal
materials or exploitation of subsurface resources at depth, long-term periodical observations are
used as a means to help us understand the deformation history of a site. Lost Hills oil field is one of
the operating oil fields which has been analyzed using INSAR to optimize their oil field process
operations (Fielding and Blom, 2005).
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In the past few years, INSAR has been highlighted as an efficient tool that provides three dimensional
information reflecting behavior of CO, injected into underground storage sites. The In Salah Gas

field is well known as one of the largest CO, Capt ure and Storage (CCS) pro
first long-term CO, storage operation in an actively producing gas reservoir of the Ahnet-Timimoun

Basin in the Algeria Central Sahara Desert, 1200 kilometers south of the Mediterranean coast
(Riddiford et al., 2004) characterized by vegetation free rocky desert (Fig. 1). Temperatures rise up

to 55°C in the day time and decreases below 0°C in the night in this region. In such an arid terrain, a

radar signal transmitted by a satellite-borne SAR system and scattered by surface objects is
generally quite coherent between different time observations, this provides an optimum SAR data set

for INSAR processing.
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Figure 1. Krechba gas field layout showing CO, injectors (blue dot with line) and gas
producers (red dot with line) on Landsat-7 ETM+ false colour compaosite image.

CO; injection has been performed at the Krechba gas field, the northern most field of the In Salah
area since August 2004, with the injection of 1 million tons of CO, per year. The gas produced from
the area contains CO, ranging from 4% to 9% concentration which exceeds the export gas
specification of 0.3% and therefore removing some CO. is required. Separated CO, is re-injected
into the aquifer region of the Carboniferous gas reservoir at a depth of 1,900 m, through three
injection wells of KB-501, 502, and 503 instead of releasing CO, into the atmosphere (Fig. 2). About
17 million tons of CO, will be re-injected during the lifetime of the project. Monitoring at In Salah Gas
Project is considered to be crucial for developing a detailed understanding of behaviors of injected
CO, and reducing uncertainties in predictions of long-term CO, storage performance (Riddiford et al.,
2004; Haddadji, 2006).
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Figure 2. Schematic cross-section of Krechba field (after Haddadji, 2006).

INSAR processing for Imaging Earth Surface deformation

SAR data is a complex image that comprises amplitude and phase. InSAR exploits the phase
difference between two observations, which can be converted to the distance along the line of radar
illumination, referred to as the Line of Sight (LOS), and projected to height using SAR look angle and
platform altitude. Differential INSAR (DINSAR) is an extension of the INSAR technique which treats
the phase difference corresponding to the displacement of surface recognized among multiple
observations. In DInSAR the displacement is measured in terms of phase of radio wave, and the
amount of detectable displacement is thought to be 1/10 to 1/20 of the radar wavelength. ENVISAT
ASAR C band radar sensor has a wavelength of 5.6 cm. In this environment which is vegetation
free, surface displacement of low relief features can be detected to millimeter scale and related to
CO; injection.

Phase difference is derived by subtracting phase components related with topography and satellite
orbit (Fig. 3-b) from the initial interferogram (Fig. 3-a). Topographic phase is simulated by Digital
Elevation Model (DEM), and the baseline, is the distance between two sensors calculated from the
orbit data. DEM data used in this work is the Shuttle Radar Topography Mission (SRTM) version 2 at
3-arcsecond resolution, approximately 90 m x 90 m cell size (Rodriguez et al., 2005). The phase
difference is referred to as the differential interferogram. The phase of the differential interferogram
U Gis expressed as

4 -
& =~ 7 l’z —0; + Afam + A aget Abiopo + AN

Where o is the wavelength of the SAR system, [d;-d,] is LOS projection of the cumulative
deformation, Uy, is the tropospheric turbulence phase, Uuse iS the phase resulted from the
baseline estimation error, o Uipo IS the topographic artifacts which may be contained in the DEM, and
p naccounts for the phase due to the decorrelation phenomena and thermal noise. The first term on
the right hand side represents the deformation phase component, which is the target of the DINSAR
analysis, and the following four terms should be eliminated from the differential interferogram.
Although the precise orbit state vectors for an interferometry pair can be used in calculation of the
baseline, the obtained result may contain certain error that is one of the sources of phase error. Fig.
3-c shows an example of a differential interferogram containing baseline error which is causing phase
bias change trending from upper-left to lower-right corners. This error can be removed by using a
refined baseline calculated from the height data of ground control points and corresponding
differential phase (Fig. 3-d). Considering a low relief feature of the area along with the accuracy of
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DEM and interferogram pixel dimension of 80m x 90m, the contribution of o U, to the differential
phase is negligible. Subsidence due to pumping up of groundwater, displacement attributed to
crustal deformation, and surface deformation related with long term CO, injection are long lasting
phenomena that are considered as temporally coherent, whereas tropospheric turbulence and phase

noi se are coherent in space, not in time domai

noi seo, when a number of i nt erf er apgs,amispnar the
differential phase can be greatly reduced by a process of stacking the differential phase, this process
emphasizes the temporally coherent signal from for example, subsidence or upheaval. (Onuma and
Ohkawa, 2009). A further refinement of differential phase (e.g. reduction of phase noise) is feasible
by using the derived phase rate by stacking as a starting model of the deformation. Obviously, the
selection of interferograms which have both long time interval and short baseline leads to a better
result. Because of the longer time interval, there is a cumulativelylarger amount of displacement,
which makes the ratio of phase noise to the differential phase small. Stacking is performed by using
a weighted sum of individual differential phases with the time interval of the interferograms as
weights (Sandwell and Price, 1998).

Figure 3. DINSAR process. (a) initial interferogram calculated from ENVISAT ASAR data
acquired on 2005/1/22 and 2008/1/12, (b) simulated phase of topography and orbital
information, (c) first differential interferogram derived by subtracting (b) from (a), (d)
differential interferogram after baseline refinement of (c), (e) after noise removal from (d), and
(f) phase noise component of (e). Images are in the range-doppler coordinate system.

Stacking Technique and Results

ENVISAT ASAR data has been archived since 2003, a year before the injection started in August
2004. Generating interferograms and stacking them were performed using the available 40 available
scenes (descending orbit) from July 2003 to August 2009 (Table 1). Unfortunately only a couple of
scenes were acquired during 2007. Therefore all periodical observations were not archived even
though ENVISAT has a revisit cycle of 35 days.

GRSG Newsletter Issue 54 Page 22

n.
avali



