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Project Overview

» Regulatory requirement of dredge monitoring for pipeline trenching
Monitoring area ~ 1000 sgkm; various survey options were investigated
 MODIS satellite sensor selected
* Regular observations start in Oct. 2007 (dredging in Nov.)
back processing of selected scenes from July 2007
» Over 420 scenes processed and delivered until Q3 2010
» Data delivery robust and consistent => operational

* Products used regularly in dredge committee meetings for
environmental assessments

» Substantial benefits for Woodside to use this monitoring technique
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Requirements

Specification

Monitoring solution requirements and specifications

Entire water quality monitoring area to be covered in regular intervals
— ‘high frequency’ during dredging operations

Monitoring method to agree with in-situ water turbidity measurements on seafloor
Monitoring solution needs to provide geo-located data

Spatial resolution has to be high enough to allow local assessment

Back-up options should be available

MODIS: 250 m pixels possible (1km atmospheric correction)
Derived product is NTU : Normalized Turbidity Unit

2 sensors daily : MODIS Aqua and Terra

Delivery within 2 days of data acquisition

Continuous quality control and assessment

Calibration with simultaneous in-situ water turbidity measurements

Sensor comparison with multiple selected data sets from different remote sensing
instruments on same day
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Data quality assessment

¥ woodside

1V 1.0 Preliminary calibrated 4 weeks rolling

Versior
IMAGE QUALITY
Sun glint: (Sun glitter reflectance)
. 0.005, 0.005 (average, maximum} = not or very slightly influenced
. 0.020, 0.030 (average, maximum) = slightly influenced
. 0.030, 0.060 {average, maximum} = influenced
Definition viewing angle:
. = 46° = very large
. 31°-45° = large
. 21°-30° = medium
. =20 ° = small
Ratings:
. 1to 6 in which .. y—

- 1 equates a scene with lots of disturbances

- 6 equates an excellent scene
.
1:

- strong impact on the values due to cloud coverage, sun glint
- or ROl is at the border of the scene
- or several influences are combined.

- much clouds (explicit effect on neighbouring areas, respectively important areas are covered)

- or maximum viewing angle (about 60%) ||

- or sun glint influenced A
- or 2 effects combined such as slight sun glint and large viewing angle

- either few clouds (with slight effect on neighbouring areas) g
- or m_iddle to Iarge viewing angle
= g; ﬁtlllgehtd;asﬂrgggtces D m
’ % - little disturbances especially in deep water visible otherwise almost no sun glint, no clouds and just a small viewing angle. —
’ ¥ - no sun glint. no clouds, small viewing angle, little disturbances =
. 6:

- excellent conditions AND satellite sensor specification fits perfect to application (radiometric/spectral/spatial resolution)

*
+ tidal information + wind speed and direction * EoMap = (Earth Observation and MAPping) e W
Service Provider for Remote Sensing products




Calibration and Sensor comparability

» Sensor independent processing based on EoMap algorithm®

 Algorithm verified and tested in various other projects
e.g. by DLR (German Aerospace Centre) and ESA (European Space Agency)

» Well established methodology across the Remote Sensing community

e Calibration using in-water sampling

Calibration of turbidity measurement and suspended matter
Version 1 December 13, 2007

Transformation of SM to NTU:
T(Turbidity [NTU] = 1.9 SM [mg/l]
||R=0.8, SD=0.4 mg/I

N=8, date Dec 3,5,11 2007

n
=}

e Sensor comparison on same day
HyMap / Ikonos / MERIS and RapidEye

[
3
1

e Processing algorithm — MIP

(Modular Inversion and Processing System)

suspended matter SM [mg/l]
(satellite / MIP derived)
=
o

+-
:

0.0

.................
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 4.5

turbidity [NTU] (in situ measurement)

D Heege, T., Hase, C., Bogner, A., Pinnel, N. (2003): Airborne Multi-spectral
Sensing in Shallow and Deep Waters. Backscatter p. 17-19, 1/2003
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Mermaid Sound
Remote Sensing for water quality monitoring

raw data

02.11.2007

lkonos

Satellite data
at 3.2 m pixel size

Sunglint corrected and
land masked

Datum: GDA 1994 MGA Zone 50
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Data example: summary sheet

1714000

T
7.7 39,000

T
1714000

250 m spatial \'A'(
resolution  WOQODSIDE
Version V 1.0 Preliminary calibrated 26.11.2007

The MODIS satellite
sensors are being
used create a ‘water
turbidity’ map of
Mermaid Sound
where Woodside is
conducting some
dredging operations
in support of the
shipping channel
expansion and the
pipeline activities.

This map is updated
on average every two
days and thus allows
a very effective
monitoring of the
entire area incl.
natural phenomena
and seasonal effects.




Sensor comparability: MODIS < |konos

WOODSIDE MODIS: 250m

Vergmon VT 0 Prebmenary calibrated

Ikonos: 3.2 pixel

Ikonos derived NTU

Same algorithm
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Sensor comparability: MODIS <& HyMap
h@(‘;%,SIDE MODIS: 250m

0 Preliminary calibrated

HyMap: 3m pixel

Note:

difference in scaling

(£ .e]

T
(¥R

and colorbar

Turbidity
[NTU]
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Sensor comparability: MODIS < RapidEye

W woodside  MODIS: 250m
Varsion V1.0 Prefiminary catibrated 2 . 1
B B RapidEye: 6m pixel

Note: 3 hrs time
difference

16.11.2008
Turbhsiny
pma
= 3
[ ]
L ]
e
-
— 2
[~
Cmma
o el
Raniioring Area Quall Date: 15 November 2009
T T TR R Time:  03:96 UTC, 11:16 AWST
Satellite: RapidEye RE-2 6m
—iRapidEye & Sl recrietios
}mwjm.u!m:
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Operational data flow — 48 hours turnaround

| . Receive and Serve Processing
Process flow: Within 12hrs Within 18hrs .
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Time series examples 2

02.05.08 __ 03.05.08 050508 i 080508 __ 09.05.08

Satellite based water turbidity mapping using MODIS data 7, .4<ide
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Business Benefits for Woodside

- Cost savings compared to aerial monitoring (> A$ 1 Million )
- No HSE risk due to avoiding aerial monitoring

- Consistency over entire monitoring area

- Extreme events monitoring

- Baseline established over the various seasons

- Statistical framework for typical min. / max. values and
record of local conditions over almost 3 years

- Tie In with seafloor turbidity sensors
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Benefits for Woodside: e.g. Extreme Events

o

WOODSIDE Strong easterly
winds combined
with a low tide
effect creates
anomalous
observations
across the entire
monitoring area

n V10 Preliminary cahbrated

1.J P

7 L

\, woodside Slide 17

ESA OGP Remote Sensing workshop | Sept. 2010 | DRIMS #5526810



Project summary and outlook

» Successful way of monitoring water turbidity in a large area
 Part of an overall environmental monitoring strategy
» Operational method of using satellite remote sensing

» Will serve as a benchmark example for future dredge monitoring
and become part of the standard workflow

 Allows larger scale / regional and natural variations to be
separated from local disturbances

» Underpins Woodside’s commitment to operating sustainably in a
sensitive environment

» Opens the opportunity for current and future development projects
to benefit from capability development on satellite monitoring
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