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Project OverviewProject Overview

• Regulatory requirement of dredge monitoring for pipeline trenching

Monitoring area ~ 1000 sqkm; 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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Area of interest:Area of interest: Mermaid SoundMermaid Sound (NW (NW ––Australia)Australia)

CALMCALM major marine habitats and water quality monitoring zonemajor marine habitats and water quality monitoring zone



Slide 5
ESA OGP Remote Sensing workshop | Sept. 2010 | DRIMS #5526810

Monitoring solution requirements and specificationsMonitoring 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   

RequirementsRequirements

SpecificationSpecification
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Data quality assessmentData quality assessment

+ tidal information + wind speed and direction * EoMap = (Earth Observation and * EoMap = (Earth Observation and MAPpingMAPping)                                                    )                                                    

Service Provider for Remote Sensing productsService Provider for Remote Sensing products

**
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Calibration and Sensor comparabilityCalibration and Sensor comparability

• Sensor independent processing based on EoMap algorithm1

• 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

• Calibration using in-water sampling   

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

•• Processing algorithm Processing algorithm –– MIP                                                            MIP                                                            
((MModular odular IInversion and nversion and PProcessing System)rocessing System)
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turbidity [NTU] (in situ measurement)

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

Transformation of SM to NTU:
Turbidity  [NTU] = 1.9 SM [mg/l]

R=0.8, SD=0.4 mg/l
N=8, date Dec 3,5,11 2007

1)1) Heege, T., Heege, T., HHääsese, C., , C., BognerBogner, A., Pinnel, N. (2003): Airborne Multi, A., Pinnel, N. (2003): Airborne Multi--spectral spectral 
Sensing in Shallow and Deep Waters. Backscatter p. 17Sensing in Shallow and Deep Waters. Backscatter p. 17--19, 1/200319, 1/2003
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Mermaid Mermaid Sound 
Remote SensingRemote Sensing for water quality monitoringfor water quality monitoring

Ikonos Ikonos 
Satellite data Satellite data 

at 3.2 m pixel size
0 0.25 0.5 0.75

kilometres

0 0.25 0.5 0.75

kilometres

02.11.200702.11.2007

raw dataraw data

Sunglint corrected and Sunglint corrected and 
land maskedland masked
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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.

EXAMPLE DATA

Data example: summary sheet
250 m spatial 

resolution
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Sensor comparability: MODIS Sensor comparability: MODIS 
 

IkonosIkonos

02.11.2007

Ikonos derived NTU 

Same algorithm 

MODIS: 250m

Ikonos: 3.2 pixel
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Sensor comparability: MODIS Sensor comparability: MODIS 
 

HyMapHyMap
MODIS: 250m

HyMap: 3m pixel

Note:

difference in scaling 

and colorbar
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Sensor comparability: MODIS Sensor comparability: MODIS 
 

RapidEyeRapidEye
MODIS: 250m

RapidEye: 6m pixel

Note: 3 hrs time 
difference
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Operational data flow Operational data flow –– 48 hours turnaround48 hours turnaround
Process flow:Process flow:

Dredge management 

Within 12hrs Within 18hrs

Continuous data base - product is ‘GIS ready’

O
ne data set every 

tw
o days !!

QC and QA 

ProcessingProcessingReceive and ServeReceive and Serve

Project  use Project  use 

Within 48 hrs

Compilation, update dataCompilation, update data
base and assessmentbase and assessment

Data                           Data                           

acquisitionacquisition W
ithin 36hrs

http://www.google.com.au/imgres?imgurl=http://www.atomic-clock.co.uk/images/logo/NasaLogo.jpg&imgrefurl=http://www.atomic-clock.co.uk/&h=270&w=334&sz=13&tbnid=ZQgTu9t5cKHcaM:&tbnh=96&tbnw=119&prev=/images%3Fq%3Dnasa%2Blogo&hl=en&usg=__HOoDk0P2Q1ZgFw4rVqE0R1CN_0I=&sa=X&ei=nbFoTM3XGIWycYvthJAF&ved=0CAwQ9QEwAw
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10.08.2008

31.08.200816.08.2008

MODIS Satellite data  MODIS Satellite data  
250 m pixel250 m pixel--sizesize

Time series in August 2008Time series in August 2008

TurbidityTurbidity

– 25
-
– 8
-
– 6
-
– 4
-
– 2
-

[NTU][NTU]

Land

Cloud

Not 
classified

Masks
Intertidal,
Unsurveyed,
Zero_to_2

Spoil
ground

Shipping 
channel

04.08.2008

Water quality Water quality 
monitoring areamonitoring area

400+ data sets

since Oct. 2007

Time series examples 1Time series examples 1

EXAMPLE 

DATA
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Time series examples 2Time series examples 2



Slide 16
ESA OGP Remote Sensing workshop | Sept. 2010 | DRIMS #5526810

Business Benefits for WoodsideBusiness 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 EventsBenefits for Woodside: e.g. Extreme Events

Strong easterly 
winds combined 
with a low tide 
effect creates 
anomalous 
observations 
across the entire 
monitoring area 
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Project summary and outlookProject 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  



Slide 19
ESA OGP Remote Sensing workshop | Sept. 2010 | DRIMS #5526810

AcknowledgementsAcknowledgements

‘THANK YOU’ for your attention

EoMap – Germany 

RapidEye – Germany

NASA – USA

GeoEye – USA

MScience – Australia 

HyVista – Australia 

and the Woodside Teamand the Woodside Team


	Operational                    MODIS Satellite                based water turbidity monitoring for dredging operations in Woodside
	Water turbidity monitoring using the MODIS satellite 
	Project Overview
	Area of interest: Mermaid Sound (NW –Australia)
	Monitoring solution requirements and specifications 
	Data quality assessment 
	Calibration and Sensor comparability
	Mermaid Sound                                                                         Remote Sensing for water quality monitoring
	Data example: summary sheet   
	Sensor comparability: MODIS  Ikonos
	Sensor comparability: MODIS  HyMap
	Sensor comparability: MODIS  RapidEye
	Operational data flow – 48 hours turnaround   
	Time series examples 1  
	Time series examples 2  
	Business Benefits for Woodside  
	Benefits for Woodside: e.g. Extreme Events   
	Project summary and outlook 
	    Acknowledgements  

