North Sea Manual on Maritime Oil Pollution Offences


Part III: Means of Securing Evidence

This part of the Manual reviews the various ways in which the necessary evidence can be collected.
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Chapter 6:
 Visual Observation

This chapter deals with direct visual observation as one of the most effective ways of recognising and assessing an oil spill exceeding the legal limits of MARPOL. The approximate volume of the oil contaminating a sea area can be estimated by assessing the coverage and observing the appearance and colour of the oil.

Section 6.1:
Introduction

6.1
Visual observations can be made:

a.
from aircraft and helicopters

b.
from ships in the vicinity

c.
by land-based observers.
6.2
The nature of oil spills and the light reflected from them often makes it difficult to assess their extent and volume from the deck of a ship or from land. The ideal is to observe from immediately above the area of interest. The difficulties are therefore greatly reduced if an aircraft or helicopter is used.

6.3
An observer can recognize different features on the surface of the sea and such observations can provide valuable evidence. In order to obtain maximum benefit from an observation however the observer should be sufficiently experienced in interpreting accurately what they see.

Section 6.2:
Appearance of oil spills

6.4
An oil spill will generally consist of one or several patches with thin sheens which may include concentrations of relatively thick layers. The thick patches of oil are indicated by dull colours, patches of intermediate thickness display a rainbow or metallic colour while the thinnest patches appear as sheens.
6.5
When a ship is actually discharging oil into the sea, the resulting sheen or layer on the sea surface shows itself in the wake of the ship (see Figure 6.1 below).
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Figure 6.1:
Oil discharges in the wake of ships
6.6
A ship may sail through an existing oil slick or sheen that was discharged from another vessel. Such a slick or sheen will be "opened" by the vessel. In some cases, depending on the circumstances, a continuous sheen will be observed after the passing of this ship (see Figure 6.2 below).
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Figure 6.2:
Ship sailing through pre-existing oil slick
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Figure 6.3:
Slick after passage through it by another ship
6.7
The two situations, a ship discharging oil or a ship sailing through an existing oil slick, can easily be distinguished by an experienced observer thus enabling the observer to establish whether or not the slick or sheen is a result of a discharge from the observed ship or from another ship.

6.8
Other phenomena also produce anomalies on the sea surface. Such phenomena include cloud shadows, seaweed, jellyfish, plankton blooms and subsurface sand banks. However, these phenomena will never resemble the oil in a ship's wake resulting from an operational discharge.

6.9
Experienced observers are able to determine the difference between these phenomena and oil. They can also distinguish between the different colours which are displayed by patches of oil of different thicknesses.

6.10
It is however sometimes difficult for even experienced observers to determine purely from visual observation whether certain spills result from operational spillages or are non-Annex I products or vegetable oil. In such circumstances an inquiry as to the cargo on board the vessel will resolve the problem. Certain products which are transported and discharged under the Regulations of Annex II of the MARPOL Convention may, when discharged into the sea, form layers on the water surface which could be similar to oil layers. In such an event, only inspection on board can produce a decisive answer as to whether the discharge exceeded the criteria of Annex I or Annex II of the Convention.

Section 6.3:
Observations as evidence of violations of MARPOL
Discharges of oil or oily mixtures from the machinery spaces of all vessels

6.11
Investigations have taken place during various trials and intercalibration tests to ascertain whether discharges which are within the limits set by MARPOL (see tables II and III, chapter 2) can be seen by an observer.

6.12
The following conclusions can be drawn from the test results:

a.
no discharge with an oil content of 15 PPM or below has ever been detected by visual observation*;

b.
discharges with an oil content greater than 15 PPM but less than 100 PPM cannot be observed under normal aerial surveillance conditions, as they never form continuous films or sheens with length greater than a few decimetres. However, discharges between 50 and 100 PPM have been visible under very special conditions (high discharge rate, low ship speed, low wind speed and calm sea).

Discharges from cargo tanks of oil tankers

6.13
Tests indicate that discharges of cargo residues allowed under MARPOL (i.e. beyond 50 nautical miles from the shore) may be observed as a blue or rainbow sheen, sometimes with brown patches, behind the vessel.

6.14
The results of investigations indicate that the discharge of oil or oily mixtures from cargo areas of oil tankers in compliance with applicable regulations may result in oil traces which are visible on the water surface. These oil traces mainly appear as blue or rainbow sheens, although brown patches of oil may occur in the wake of the ship (see photo below). The results of an investigation carried out on board the discharging vessel should give a decisive answer as to whether or not the discharge exceeds the criteria of Regulation 9 of Annex I to the MARPOL Convention.
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Figure 6.4
Rainbow or sheen patches 
6.15
For a detailed description of the tests referred to in this section and their results the reader is referred to the bibliography.

Section 6.4:
Assessment of oil quantity

6.16
Although it has been established that evidence through visual observation is sufficient to determine whether a breach of MARPOL has occurred, it may also be useful to estimate the quantity of oil spilt. Such information could be used to assist in determining the level of the penalty which may be imposed.

6.17
It is possible to estimate the quantity of oil by establishing:

a.
the extent of the area affected by pollution;

b.
the extent of the oil coverage within the area;

c.
the thickness of the oil film as estimated by its appearance.

6.18
Research under the auspices of the Bonn Agreement has shown that there is a reliable relationship between the visual appearance of the oil slick and its thickness. This relationship has been tabulated in the Bonn Agreement Oil Appearance Code (BAOAC):

BONN AGREEMENT OIL APPEARANCE CODE

	CODE
	Description
	Layer thickness interval (µm)
	Litres per km2

	1
	Sheen (silvery/grey)
	0.04 - 0.30
	40 – 300

	2
	Rainbow
	0.30 – 5.0
	300 – 5000

	3
	Metallic
	5.0 – 50
	5000 – 50,000

	4
	Discontinuous true oil colour
	50 – 200
	50,000 – 200,000

	5
	Continuous true oil colour
	200 – more than 200
	200,000 – more than 200,000


6.19
Codes 4 and 5 are subject to further evaluation.

6.20
Detailed guidelines on the application of the Bonn Agreement Oil Appearance Code have been published by the Bonn Agreement. In summary, a specially trained observer should estimate the area covered by the whole slick, the percentage of that area covered by the oil and the code that is applicable. The area should then be multiplied by the percentage and the appropriate number of litres per square kilometre in order to produce an estimate in litres of the amount of oil involved. It is commonly regarded as appropriate to use the lower end of the range of litres for each code for purposes of enforcement of offences, since this is the minimum amount that the research shows will be involved. (For response purposes, it may be more appropriate to use the upper end of the range, since this will ensure that the response allows a sufficient measure of precaution).

Section 6.5:
Reporting visual observation

6.21
The Bonn Agreement and the Helsinki Commission have established common forms for a Standard Pollution Observation/Detection Log and for a Pollution Observation/Detection Report on Polluters and Combatable Spills (Annexes A and B to this chapter). These will normally be completed by the observers.

6.22
Where they are to be used for enforcement purposes, it is also desirable that these operational logs and reports are accompanied by supporting material containing:

a.
the details of the member(s) of the aerial surveillance crew that is/are responsible for the observation. This should include name, rank and length of service in aerial surveillance operations and in the present rank;

b.
the details of training in aerial observation that the person(s) responsible for the observation have received;

c.
(where relevant) the details of the training in the application of the Bonn Agreement Oil Appearance Code that the person(s) responsible for the observation have received.

6.23
Wherever possible, a report of a visual observation should be accompanied by a photograph. Details on photographic possibilities are given in Chapter 7.

Annex A
( HELCOM

( BONN AGREEMENT STANDARD POLLUTION OBSERVATION / DETECTION LOG

( NO POLLUTION DETECTED

	REPORTING AUTHORITY
	AIRCRAFT REG
	MISSION No
	CAPTAIN
	CO PILOT
	OPERATOR
	OBSERVER
	DAY
	DATE
	MONTH
	YEAR

	
	
	
	
	
	
	
	
	
	
	


	FLIGHT TYPE
	ROUTE / AREA
	
	
	
	TIME OVER THE SEA
	TIME OVER THE SEA
	TOTAL 

	
	
	
	
	
	DAY
	NIGHT
	TIME OVER THE SEA

	
	
	
	
	
	hrs
	mins
	hrs
	mins
	hrs
	mins


	No
	AREACODE
	TIME

UTC
	POSITION
	DIMENSIONS
	AREA COVER

%
	OILED AREA

Km2
	OIL APPEARANCE COVERAGE

(PERCENTAGE - %)
	MINIMUM VOLUME
	MAXIMUM VOLUME
	COMBAT

	
	
	
	LATITUDE

‘NORTH’
	LONGITUDE

‘EAST/WEST’
	LENGTH

Km
	WIDTH

Km
	
	
	1
	2
	3
	4
	5
	Oth
	m3
	m3
	Y / N

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


	No
	POLL

TYPE
	DETECTION
	PHOTO
	VIDEO
	FLIR
	WEATHER
	REMARKS

	
	
	SLAR
	IR
	UV
	VIS
	MW
	LF
	Y / N
	Y / N
	Y / N
	WIND
	CLOUD
	VIS
	SEA
	Wx
	

	
	
	
	
	
	
	
	
	
	
	
	O
	
	
	FT
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	O
	
	
	FT
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	O
	
	
	FT
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	O
	
	
	FT
	
	
	
	


	No
	REMARKS
	OIL APPEARANCE TABLE

	
	
	No
	OIL APPEARANCE 

DESCRIPTION
	MINIMUM VOLUME m3 / km2
	MAXIMUM VOLUME m3 / km2

	
	
	
	
	
	

	
	
	1
	SHEEN
	0.04
	0.30

	
	
	2
	RAINBOW
	0.30
	5.00

	
	
	3
	METALLIC
	5.00 
	50.0

	
	
	4
	DISCONTINUOUS TRUE COLOUR
	50.0
	200

	
	
	5
	TRUE COLOUR
	200
	>200


STANDARD POLLUTION OBSERVATION LOG
COMPLETION GUIDE

HELCOM:
Tick HELCOM Box if the flight is in HELCOM Area

BONN AGREEMENT:
Tick BONN AGREEMENT Box if flight is in Bonn Agreement Area

NO POLLUTION DETECTED:
Tick NO POLLUTION DETECTED if no pollution is detected

REPORTING AUTHORITY:

National Authority Responsible for Pollution Control.

AIRCRAFT REG:

Aircraft Registration Letters / Numbers.

MISSION No:


Nationally Assigned Mission Number.

FLIGHT TYPE:


National Designation for Flight Type as follows:

NAT
-
National

REG
-
Regional

EXER
-
Exercises

OPS
-
Operational Flight.

RIG
-
Oil Rig Patrol

SHIP
-
Shipping Patrol

TDH
-
Tour de Horizon Flight


CEPCO 
-
Co-ordinated Extended Pollution Control Operation

CAPTAIN OF AIRCRAFT:
Name of Captain

CO PILOT:

Name of Co Pilot

OPERATOR:

Name of Operator

OBSERVER:

Name of Observer

DAY:


Number Assigned to the Day of the Week as follows:




Monday
- 01




Tuesday
 - 02




Wednesday - 03




Thursday - 04




Friday - 05




Saturday - 06




Sunday
- 07

DATE/MONTH/YEAR:
Two number designation for each of date/month/year of Flight

ROUTE / AREA:
Flight Route or Area

TIME OVER THE SEA – DAY:
Time over the Sea during Daylight

TIME OVER THE SEA – NIGHT:

Time over the Sea at Night

TOTAL TIME OVER SEA:

Total time between Coasting Out and Coasting In.

No:



Number allocated to pollution detection.

AREA CODE:

The international telephone code for the country (Area) in which the pollution is located:





Bonn Agreement


Belgium

32
Denmark (+ Helcom)
45



France

33
Germany (+ Helcom)
49



Netherlands
31
Norway
47



Sweden (+ Helcom)
46
United Kingdom
44



Helcom



Estonia

372
Finland

358



Latvia

371
Lithuania

370



Poland

48
Russia

7

TIME UTC:

Time of pollution detection.

POSITION:

Latitude and longitude of pollution (degrees, minutes and seconds // WGS / 84 Datum).

DIMENSIONS:

Length and width of pollution in kilometres.

AREA COVER %:
Observer's assessment of the percentage of the boxed dimensioned area (length x width), covered with pollution.

OILED AREA:

Oiled Area covered with pollution; calculated by multiplying length, width and cover %






Example:




Length  x  Width  x  Cover %




  2 Km x  1 Km   x  50%, gives...




   [2.0]  x  [1.0]   x  [0.5]





= Oiled Area = 1 Km2
OIL APPEARANCE COVERAGE %:
Allocation of Percentage of the `Oiled Area' to the Appearance of the pollution.



Example:



1/2 cover – Rainbow
- Column 2 = 50%



1/4 cover - Metallic
- Column 3 = 25%



1/4 cover - True Colour 
- Column 5 = 25%

MINIMUM VOLUME:
Minimum Quantity of Oil Pollution in cubic metres.

 


Calculated as follows:




[Oiled Area] x [Appearance Code Minimum Thickness 
Value] X [Decimal Percentage of Appearance].





[1 Km2] x [0.3 m3/km2] x [0.50] = 0.15 m3





[1 Km2] x [5.0 m3/km2] x [0.25] = 1.25 m3




[1 Km2] x [200 m3/km2] x [0.25] = 50 m3




Minimum Total Quantity = [0.15] + [1.25] + [50]  = 51.4 m3

MAXIMUM VOLUME:

Maximum Quantity of Oil Pollution in cubic metres.




Calculated as follows:




[Oiled Area] x [Appearance Code Maximum Thickness Value]





X [Decimal Percentage of Appearance].






[1 Km2] x [5.0 m3/km2] x [0.50] = 2.5 m3






[1 Km2] x [50 m3/km2] x [0.25] = 12.5 m3





[1 Km2] x [>200 m3/km2] x [0.25] = > 50 m3




Maximum Total Quantity = [2.5] + [12.5] + [>50]  = > 65 m3

No:


The same number as previously allocated to the pollution detection.

POLLUTION TYPE:
Pollution Type as follows:




OIL

- Oil




CHEM
- Chemical




FISH
- Fish Oil or Waste




VEG
- Vegetable Oil or Waste




OTH
- Other (Amplify in Remarks)




UNK
- Unknown

DETECTION:

Detection Sensor.




SLAR
- Radar 




UV
- Ultra Violet




IR

- Infrared 





VIS
- Visual 





MW 
- Microwave 





LF
- Laser Fluorosensor 

PHOTO:


Photographs of pollution

VIDEO



Video of the pollution

FLIR



Forward Looking Infrared of the pollution

WEATHER:


Weather at the time of pollution observation / detection





Surface Wind:
Direction and Speed (knots or beaufort as required by national authorities),





Cloud:
Coverage in Octas or aviation description (scattered / overcast)) and Base in feet, 





Visibility:


Nautical Miles or Kilometres 





Sea State:
Using the description code given in the Abbreviations





Weather:


Rain, Snow, Haze, Mist etc

REMARKS:


Any Amplifying Remarks.

Note:

For all Detections / Observations Boxes write:



‘Y’ Sensor used and pollution detected



‘N’ Sensor used but pollution not detected



‘-‘ Sensor was not used or not available

Annex B
POLLUTION OBSERVATION / DETECTION REPORT ON POLLUTERS AND COMBATABLE SPILLS (IMO)

1.
REPORTER:


a.
Reporting State:


:.............……………………..……..……………............................


b.
Observer (Organization/Aircraft/Platform)
:
.........…………………………Call Sign…….……..….….............


c.
Observer(s)(Family Name(s))
:
1........................... …..………........2………..….....…..……........

2.
DATE AND TIME:


a.
Date (yymmdd)  b. Time of Observation (UTC)
:
Date...............................…   Time…………...…………….UTC

3.
LOCATION OF THE POLLUTION:


a.
Position of the Pollution (Lat/Long)
:
Begin…..………..…..……....N,
……………..…..…..…..W/E






:
End……………….………….N,
………..…………....……W/E


b.
Inside/Outside Territorial Waters
:
o   Inside                             o  Outside

4.
DESCRIPTION OF THE POLLUTION: 


a.
Type of Substance Discharged
:
...................................................………………..……………......


b.
Estimated Quantity 


:
..............................m3

c.
Length (km)
d. Width (km)
e. Coverage (%)
:
Length.......…...km   Width…..........km     Coverage…..%


f.
Oiled Area (km2)


:
Oiled Area……….….(km2)

g.
Percentage of Oiled Area by Appearance (%)

1:…………….%

4:……………..….%



1=Sheen

2=Rainbow
3=Metallic 

2:…………….%

5:………………...%



4=Discontinuous True Colour
5=True Colour

3:…………….%

Other:…..……….%

5.
METHOD OF DETECTION AND INVESTIGATION:


a.
Detection (Visual, SLAR, IR, UV, Video, MW
:
o   Visual   o   SLAR   o   IR   o   UV   o   Video   o   MW,

LFS, Identification Camera, Other) 
:
o   LFS        o   Video    o.  Ident.Cam      o  Other


b.
Discharge Observed       c. Photographs Taken
:
Observed:            Yes / No
Photos             Yes / No


d.
Samples Taken               e. Need of Combating
:
Samples:              Yes / No
Combat:           Yes / No


f.
Other Ships/Platforms in Vicinity (Names)
:
.......................................................………………………………

6.
WEATHER AND SEA CONDITIONS:



a.
Wind Direction     b. Wind Force       c. Visibility
:
Direction…….Degrees
Force……...Bft/Kts
    Vis...…...kms


d.
Cloud Coverage
e. Wave Height
: 
Cloud………..Octa
Wave Ht……..….m



f.
Current Direction 



:
Current Direction………….Degrees


OBSERVATION OF A DISCHARGE OF HARMFUL SUBSTANCES BY A SHIP UNDER ARTICLE 6(3) OF MARPOL
7.
SHIP INVOLVED:


a.
Name



:
.................………………………………………………….............


b.
Callsign
c. Flag State

:
Callsign:.............................   Flag State:…………………..........


d.
Home Port



:
………………………………………............................................

e.
Type of Ship


:
……………………………………................................................


f.
Position (Lat/Long)


:
…………….....N,
………………...W/E …….…..……UTC







:
……………….N,
………………...W/E  …….…...…...UTC


g.
Heading
h. Speed


:
Heading.............Degrees                  Speed........................kts


i.
Colour of the Hull


:
..................……………………………………………...................

j.
Colour of the Funnel and Funnel Mark
:
...................……………………………………………..................

k.
Colour / Description of Superstructure
:
………………………………………………………………………


l.
Vessels IMO Number


:
………………………………………………………………………

8.
INFORMATION BY RADIO CONTACT:



a.
Radio Contact
b. Means of Communication
:
Contact:  Yes / No     Means VHF / Teleph, ...…….Ch / Freq


c.
Last Port of Call


:
…………………………………………….....................................

d.
Cargo                    e. Last Cargo
:
………………………………………………………………………


f.
Next Port of Call, ETA (yymmdd)
:
………………………………………..........ETA..........................


e.
Statements of Captain/Officer on Duty
:
………………………………………...........................................








………………………………………............................................








………………………………………............................................

OBSERVATION OF A DISCHARGE OF HARMFUL SUBSTANCES BY AN OFFSHORE INSTALLATION

9.
OFFSHORE INSTALLATION INVOLVED:


a.
Platform Name


:
………………………………………….............................…........

b.
Position (lat/long)


:
……………………………
N
……………………W/E


c.
Type of Platform (Production/Drilling etc)
:
.............................................……………………………………

d.
Company Name


:
………………………………………………………………………..

10.
INFORMATION BY RADIO CONTACT:


a.
Radio Contact
     b. Means 
:
Contact    Yes / No
      Means VHF / Teleph, .……Ch / Freq


c.
Contact with (position)

:
............................................……………………………………....


d.
Statements


:
………………………………………….........................................







:
.………………………………………............................…............







:
…………………………………………............................….........


11.
REMARKS AND ADDITIONAL INFORMATION:


……………………………………………................................….................................................................................


…………………………………………….....................................................................................................................


…………………………………………….....................................................................................................................



Chapter 7:
Remote Sensing

This chapter deals with airborne remote sensing systems, which are an efficient means of detecting discharges of oil at sea and supplying information for use as evidence. The data collected from all sensors is stored and can be examined either in flight or after landing. Also, stills or frozen images and conventional high-resolution photographic prints annotated with date, time, position and other mission data can be stored or transferred to the ground via an image link.

Section 7.1:
Features and operational capabilities

General

7.1
Most remote sensing instruments compare the radiation or reflection from the unpolluted sea with radiation or reflection from the polluted area. Investigations have shown that traces of oil which are detected by remote sensing equipment exceed discharge limits as specified in MARPOL Annex I.

7.2
Modern civilian airborne remote sensing systems are based on a multi-sensor concept with all-weather and day/night capability and are designed for maritime surveillance. The major use of these systems is the detection and monitoring of oil spills at sea but they can also be used for detection of other harmful substances, for example chemicals, and for the detection of algae. Visual observations and the various sensors complement each other to produce evidence of a violation.
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Figure 7.1
Surveillance aircraft

7.3
The design of remote sensing systems varies but they are usually designed with the following functions:

a.
Day/night and all-weather capability

b.
Real-time presentation of images and selected information on the operator's display

c.
Large-area coverage and long-range detection of small targets

d.
High quality photography

e.
Automatic annotation of all images with date, time, position etc.

f.
Automatic positioning of targets selected by the operator

g.
Information storage

7.4
Certain systems may also enable:

a.
Measurement of spill film thicknesses, mapping of thickness variations within the spill (thus enabling determination of spill volume)

b.
Identification (in bad visibility and at night) of ships (suspected of causing a spill)

c.
Identification of the pollutant and determination of the type of oil

d.
Detection of pollutants below the water surface

e.
Documentation support to surface and ground-based units by image link systems

f.
Ground-based image-processing

7.5
The following sensors are found in existing operational systems:

a.
Side Looking Airborne Radar (SLAR)

b.
Infra-Red line scanner (IR-scanner)

c.
UltraViolet line scanner (UV-scanner)

d.
MicroWave Radiometer (MWR)

e.
Photographic cameras and video cameras

f.
Image intensifiers; Low Light Level TeleVision (LLLTV)

g.
Synthetic Aperture Radar (SAR)

7.6
The capabilities of different remote sensing systems are compared in the following tables. These sensors have different capabilities and therefore in a multi-sensor concept can complement each other and the visual observations. Operationally, the surveillance procedure makes use of these capabilities in the following ways.

1.
Spill detection:


SLAR or visual

2.
Spill/source investigation:

IR/UV, MWR, LLLTT, Video camera or visual

3.
Spill identification:


LFS or visual

4.
Documentation:


All means

7.7
Most systems have a data presentation and management console which consists of computer signal processor, monitors, data storage, frame memory, hard copy unit, and control panels for different sensors as shown below.

TABLE I

	
	SENSOR

	
	Human eye
	Photograph camera
	Video camera
	LLLTV
	UV-scanner
	IR-scanner

	Working principle

Capability
	passive;

visible light;

reflection
	passive;

visible light;

reflection
	passive;

visible light;

reflection
	passive;

visible light; (UV)

reflection
	passive;

UV;

reflection
	passive;

thermal IR

	Real time
	X
	X
	X
	X
	X
	X

	Day
	X
	X
	X
	X
	X
	X

	Night
	
	
	
	X
	
	X

	All weather
	
	
	
	
	
	

	Oil type determination
	(X)
	(X)
	(X)
	
	
	

	Film thickness determination
	(X)
	(X)
	(X)
	
	
	

	Subsurface oil detection
	(X)
	(X)
	(X)
	(X)
	
	

	Mapping
	(X)
	X
	X
	X
	X
	X

	Detection range
	variable
	0.5 - 2.5 km depending on altitude

	Electronic image transmission
	
	
	X
	X
	X
	X

	Ship identification
	X
	X
	X
	X
	
	

	Position documentation
	X
	X
	X
	X
	X
	X


X = Capability

(X) = Capability depending on circumstances

TABLE II

	
	SENSOR

	
	Side-Looking Airborne Radar
	Microwave radiometer (1 frequency)
	Microwave radiometer (3 frequencies)

	Working principle

Capability
	active;

microwave;

backscatter
	passive;

microwave emission
	passive;

microwave emission

	Real time
	X
	X
	X

	Day
	X
	X
	X

	Night
	X
	X
	X

	All weather
	X
	X
	X

	Oil type determination
	
	
	

	Film thickness determination
	
	0.1 - 2 mm
	0.05 - 3 mm

	Subsurface oil detection
	
	
	

	Mapping
	X
	X
	X

	Detection range
	40 - 160 km
	500 m
	500 m

	Electronic image transmission
	X
	X
	X

	Ship identification
	
	
	

	Position documentation
	X
	X
	X


X = Capability

Data presentation and management console

7.8
A basic principle of airborne remote sensing systems is the handling and recording of all received information on board the aircraft. This is accomplished by a central management console where the operator can inspect the remote sensing data presented, either as images in real-time, or as replayed recordings.

7.9
An annotation computer can be fed manually by the operator with data before every flight mission. During the flight the annotation computer may continuously and automatically be fed with position data, aircraft heading and altitude. The computer can then automatically furnish all recorded images with information on day, time and position, as well as data related to the sensors, the aircraft and the flight mission.

7.10
At the console, the operator can select information from the different sensors. The output from the sensors can be displayed in black and white or colour as real-time images on a monitor (TV display). Two channels can usually be shown at the same time, for example IR-UV or IR-MWR channels side by side - thereby assisting oil spill quantity assessment.

Data documentation and transmission

7.11
After processing, the information from all sensors is stored by digital cassette recorders and/or hard disks. These recordings can be replayed for evaluation either in flight or after landing. Also, stills or frozen images from conventional TV cameras or low light level TV cameras can be stored digitally and replayed afterwards. Modified single reflex cameras can give conventional high resolution photographic prints annotated with date, time, position and other mission data. All information can be transferred to the ground via an image link and be reproduced as large hard copies.

Calibration

7.12
As remote sensing instruments work on differences between signals rather than absolute signal strength they do not require pre-flight calibration. The quantitative capabilities of the systems are tested in regular exercises.

Section 7.2:
Brief description of sensors

General

7.13
Registration and documentation of an oil spill can be accomplished as illustrated in the picture shown in figure 7.2. The way in which this is carried out will depend on different factors such as visibility, cloud-base and wind.
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Figure 7.2
Airborne registration and documentation of an oil spill

Legend to Figure 7.2:
	Action point
	Action

	1.
	Detection

	2.
	SLAR and camera registration

	3.
	Storing of SLAR images

	4.
	Descending to 500 ft

	5. - 8.
	Camera registration of the ship's wake

	9.
	Descending to 200 ft

	10.
	Obtaining camera registration of the spill

	11. - 13.
	Obtaining camera registration of the ship (name etc.)

	14.
	Ascending to 500 ft

	15. - 17.
	Registration by IR/UV, MWR, and LSF

	17. - 18.
	Storing of IR/UV images

	19.
	Documentation and reporting, including tape recording of radio-communication between ship and aircraft


Photographic camera systems

7.14
An aerial camera system is a common tool for recording violations. The system normally used includes modified 35 mm single reflex cameras with special data boxes mounted on the back. It is often used as supporting evidence to visual observations. Data is exposed onto the film and appears as a data strip along the upper part of the developed photograph. This data includes date, time, position, aircraft heading and picture identification numbers. The data boxes are connected to the annotation computer.
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Figure 7.3
Photo with data strip
Video Cameras

7.15
Video cameras are also frequently used. The data, as with photographic camera systems, is recorded on the videotape.

Side-looking airborne radar (SLAR)

7.16
The radar signal of the SLAR is returned when there is reflection from the sea surface (sea clutter). Such reflection is caused by capillary waves which are present on the sea surface even at very low wind velocities. If these capillary waves are smoothed by the presence of a substance on the sea surface, for example oil, little or no signal is returned to the emitting radar. The SLAR can therefore detect such a substance by comparing the level of return from the different parts of the sea. Even a thin oil film makes the sea surface smoother than the surrounding area.

7.17
The SLAR requires a fixed antenna mounted under and along the aircraft fuselage. The radar beam can be directed either to one side or to both sides of the aircraft and is perpendicular to the aircraft's direction of motion. A continuous scan of the ground or sea is obtained due to the aircraft's forward motion. The swath immediately below the aircraft cannot be surveyed because of the construction of the antenna with side-radiating beams.

7.18
A signal processor in the SLAR system integrates several hundred radar pulse responses into one TV line. The resulting image is then presented on a TV monitor. In this way, the clean sea is presented on the screen as a grey background. Oil spills appear as dark areas, while vessels and other objects on the surface show up as white spots. It is often also possible to observe patterns in the sea clutter itself, indicating sea currents, large wave systems, and underwater structures in coastal areas. Dark area are investigated further in order to determine whether they are oil.

[image: image8.jpg]SLARBILD KBV 585 N 57481
E 18023

060508
06KROOLJAO34

N N57396
E 17503

86-85-08 POSITION N 57 38.4 E 817 49.9 ALT: 01888 HEAD: 215
11 REG: 24149 DISP: SLAR





Figure 7.4
SLAR picture showing oil spill and data strip
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Figure 7.5
SLAR picture showing oil spill and data strip
7.19
One common feature of SLARs is automatic target positioning. The operator can use a special light or roller pen to point at a target on the monitor screen. The position of the target is then automatically calculated and immediately presented as latitude and longitude in the data block together with the other annotation data of the SLAR image.

7.20
For oil spills the detection range by a SLAR, depending on weather conditions, is normally about 30 km on each side of the aircraft and the surface coverage could, depending on the aircraft's speed, be 15 000 km2 per hour.

Infrared/ultraviolet (IR/UV) scanner

7.21
The IR-channel can make day and night registrations when there is no mist or clouds between the plane and the sea. It measures the thermal radiation which is generally less from an oil film than from the water. The thicker parts of an oil spill differ more in their radiation from the water than the thinner parts. Consequently the IR-channel gives some indication of film thickness variations in an oil spill.

7.22
The UV-channel can only be used in daylight and clear conditions. It registers the UV-light which is being reflected by the oil. An oil film, even if it is extremely thin, reflects UV-light better than the clean water surface. The reflectivity is not influenced by the film thickness. Thus the UV-channel maps the whole spill area, even the very thin oil films. The contrast variations only show reflectivity differences in the oil spill and do not indicate thickness variations.
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Figure 7.6
IR/UV scanner registrations of oil spills

(with the IR channel to the left and UV to the right for each spill)

7.23
The IR- and UV-channels complement each other. The IR shows the thicker and thinner parts of the spill whereas the UV shows the total coverage (see figure 7.6) The IR-channel on the left half of the picture shows the thicker oil layers as darker in colour. The UV-channel to the right shows the whole oil spill and confirms that the IR-image results from the presence of a substance and not another phenomenon affecting the sea surface temperature. The contrast variations in the UV-channel are caused by differences in UV reflections and do not indicate thickness variations.

7.24
An IR/UV scanner has a much smaller coverage than a SLAR, generally 300 - 500 m width depending on the altitude of the aircraft.

Microwave radiometer (MWR)

7.25
The sea surface naturally radiates microwaves of a wavelength of up to a few centimetres. An oil spill on the sea surface will increase this radiation as a function of the thickness of the oil film. An airborne microwave radiometer records the radiation and when starting a mission will calibrate itself on the natural radiation.

7.26
With a scanning microwave radiometer (coverage generally 300-500 m width) it is possible to map the thickness variations in the oil film and thus calculate the volume of the spill. The console computer calculates the volume of the spill automatically.

7.27
A modern microwave radiometer, using three frequencies simultaneously, can measure the radiation of oil films within a thickness interval from 0.05 to 3 mm (when the thickness is more than 3 mm the MWR measures 3 mm and therefore underestimates the volume of the spill). Experience has shown that most oils, even rather high viscosity types, soon spread out to these film thicknesses.

7.28
The microwave radiometer registration of an oil spill can be presented on a monitor screen as a colour picture where different thicknesses are coded with different colours for easy interpretation. The microwave radiometer is mainly a tool to measure the quantity of an accidental oil spill. As it does not measure thicknesses below 0.05 mm, it will usually not detect operational discharges.
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Figure 7.7
IR/MWR scanner registrations

(with the IR channel to the left and MWR channel to the right)
7.29
The MWR image in figure 7.7 shows the thicknesses in different colours for easy interpretation. This figure does not represent an operational discharge.
Synthetic-aperture radar (SAR)

7.30
SAR is especially suited to satellite-borne applications. The first European remote sensing satellite ERS-1, which was launched in July 1991, carries an imaging SAR. The SAR can survey the world's oceans for large oil spills.

7.31
The drawback of a satellite-borne SAR system is the lack of flexibility. The desired place for surveillance cannot be chosen in the same way as for an airborne system. Besides this, the frequency of passage over any given point is at present very low. Satellite-borne systems can therefore not replace the airborne ones. But the satellite-borne systems have the advantage of covering remote areas, which are seldom surveyed by oil spill surveillance aircraft, and could therefore be useful for statistical studies. The SAR is, however, unlikely to be usable for detection and investigation of operational discharges in the predictable future.
Section 7.3:
Satellite surveillance

7.32
Cameras and other forms of remote sensors can be mounted on satellites and can provide information about areas of the sea where the sea-surface appears to be modified in some way. Skilled interpretation of such information can identify areas where such changes may be the result of spilled oil.

7.33
However, there is as yet no technique which can definitely identify oil slicks at sea from satellite observation.

7.34
Satellite surveillance is therefore still only a tool for identifying circumstances which require more detailed investigation by visual observation or remote sensing. Nevertheless it is a very useful tool and one of growing importance for this purpose.

Section 7.4:
Documenting remote-sensing results

7.35
A distinction can be made between:
a.
remote-sensing systems which document the results on “one-time” material – the typical example is a traditional camera which records the results on a negative, where any subsequent changes can (at least in the large majority of cases) be observed by an expert;

b.
remote-sensing systems which document the results on material which is inherently capable of modification – the typical example is the digital camera where the file is capable of being manipulated considerably without the resulting file necessarily showing any changes.

7.36
Where the recording medium has little possibility of being changed without leaving traces, documenting the handling chain between the operator of the remote-sensing device and the evidence for production to the court or other decision-taking authority requires ideally:

a.
a record of the person who was the operator of the remote-sensing device; and

b.
a record of their qualifications for operating the device efficiently; and either 

c.
their confirmation that the evidence is the recording medium which was used (for example, a polaroid-camera photograph) or that it is a true print or copy of that recording medium; or

d.
confirmation of each step in the chain between the making of the record on the recording medium and the evidence produced.

7.37
Where the recording medium is susceptible to change, there is also a need for confirmation by all those who have handled the recording medium that at no stage has it been changed.

Chapter 8:
Modelling the Behaviour of Spilt Oil

It is possible, using a computer, to run a mathematical model of the behaviour of spilt oil, the direction and speed at which it moves and the way in which it spreads and changes its properties. It is also possible to use these techniques to follow a spillage back to the geographical area whence it originated.

Section 8.1:
Introduction

8.1
This chapter must be read in the knowledge that the technique described here is at best, a secondary tool with which to identify potential suspects. Further evidence will always be needed to make a positive identification.

8.2
Whether something lying on the surface of the sea remains in one position or moves depends upon the effect of the wind, the waves and the current at any given time. In the case of oil, this analysis is too simple and there are additional factors, such as the changes which take place in the spill itself, to be taken into account.

8.3
Using various parameters such as those already mentioned it is possible to formulate a series of equations which describe, mathematically, and with some degree of certainty, the behaviour of an oil spill.
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Figure 8.1




Fig 8.2
Computer display (Figure 8.1) compared with the corresponding sea chart (Figure 8.2)

8.4
The technique is useful in pollution combating operations when it is possible to use weather forecast, tide and current predictions to predict where the worst of the spillage will be at a given time in the future. This technique is used as part of contingency planning.

8.5
This technique is useful in reverse for finding the source of pollution. This is the process known as backtracking.
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Fig 8.3
Example of graphical presentation of calculated drift and spreading of oil
Section 8.2:
Backtracking

8.6
Starting from a spill of known position at a given time and using data of observed wind and current and taking into account the behaviour of the oil, it is possible to calculate to a reasonably high degree of accuracy, where the spill was at given times in its past history. (Heavy oil drifting below the surface can only be backtracked if the influence of wind is removed from the model.)

8.7
When the various positions thus obtained, together with the times at which the oil theoretically reached these positions are plotted on a chart, a "track" for the spillage is generated, this is a line on the chart showing how the oil has moved since it was discharged.

8.8
If similar tracks (with time references) for the ships in the relevant area are available these can be plotted onto the same chart as the track of the oil. Where a vessel's track passes close to the track of the oil, both in terms of distance and time, that vessel is a possible suspect.

8.9
It is important therefore to be able to identify the vessels in the relevant area and to be able to plot their tracks with an indication of time. The latter is reasonably straightforward if there is radar coverage of the area in question, the former extremely difficult without there being in force a legal requirement that vessels identify themselves, their position, course and speed to the coastal state. If the suspect vessel or vessels can be identified, it may be possible to confirm the polluter's identity by taking samples of the spilt oil and the oils aboard the suspected vessel and analysing the samples.

8.10
Backtracking has been used successfully by some authorities to identify a polluting vessel and to eliminate a suspected polluter from their enquiries.

Chapter 9: Sampling and Analysis

When there is doubt as to whether an observation on the sea surface corresponds to oil, sampling of polluted water is one way to remove the doubt. When traces of the oil discharged remain on board the suspected ship, comparisons of samples of oil taken on board the ship and in the spill or contaminated area may assist in the identification. There are several techniques for such comparisons. Combined gas chromatography and mass spectrometry techniques (GC/MS) is  the usual method of choice. It can provide a very detailed pattern which is characteristic of the oil analysed, a "fingerprint".

Section 9.1: General

9.1
If the only concern is to establish whether there is oil in the sea, a simple analysis of a sample will confirm whether or not the oil discharged in the sea is allowed under MARPOL (there are other means for this such as enquiry on board the ship).
9.2
When, on the other hand, there is doubt as to the identity of the ship which discharged oil, a comparison of samples may be a powerful piece of evidence . Samples may also be compared when several oil slicks are suspected of originating from the same source. This is particularly relevant in civil liability cases.
9.3
The rest of this chapter deals with cases where comparison of samples is carried out. Such comparison is irrelevant when the oil or oily residues which existed on board were actually discharged in such a way that no trace remained on board the ship (for instance when the discharge concerned oil residues from the bilges, from a carefully cleaned tank or from an oil drum).
9.4
Samples are collected at several spots in the spill area. Even in small spills at least two samples would normally be taken. Care is always taken in order to prevent contamination of samples. All samples are clearly marked to avoid sample confusion and are transported to an authorised laboratory as quickly as possible.

Section 9.2: Gas-chromatography/mass-spectrometry techniques

9.5
Different analytical techniques have been used in the past, but in recent years an increasing number of laboratories have adopted the gas-chromatography/mass-spectrometry (GC/MS) technique for the identification of oil samples. GC relies on the fact that each oil is a different mixture of a number of components. The technique separates the oil into single components according to their boiling points. The  result is a very detailed pattern which is characteristic for the specific oil analysed. GC will show a pattern representing the main components in the oil. Fig 9.1 is an example where four samples containing crude oils were analysed. Two of them are identical.
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Figure 9.1 Screening with GC of four oil samples

9.6
In the figure each of the peaks represent single chemical components from the oil. It is sufficient for

present purposes to regard the whole pattern as a "fingerprint".

9.7
Screening by GC shows the main components of the oil. If the screening reveals no similarities, then the samples are not of the same origin.   If there are similarities, then the identity must be confirmed by MS. 
9.8
The GC/MS technique is GC with a selective detector (the MS part) added. The oil is still separated into single components, but in addition the MS shows the selected component types. This means that characteristic components in the oil which cannot be seen by the GC screening, due to their low abundance, can be fingerprinted.   The selection of components to conclude identity is a matter of debate. In Europe, most laboratories use the CEN/TR 15522-2 methodology and the selection defined therein.
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Figure 9.2 GC/MS fingerprinting of the same samples as in Figure 9.1

9.9
Figure 9.2 shows one of the fingerprints taken by MS on the same four samples as shown in Figure 9.1. The similarities and differences are even more pronounced for the pattern selected here. 

9.10
In summary, the combined GC/MS techniques allow for optimal fingerprinting providing a greater amount of detail (due to the separation technique) which increases the reliability of the identification, and high selectivity (due to the MS detector). This makes it possible to trace many component groups, even when analysing samples with low oil content.

Section 9.3: Component types used for fingerprinting

9.11
The flexibility of the GC/MS technique makes it possible to measure an almost unlimited amount of information from a single oil. In order to keep the time for the analysis within realistic limits, it is necessary to select a limited number of component types for the routine fingerprinting.

9.12
 All oil is formed from plants which lived millions of years ago. Each plant type contains a unique composition of specific natural products, some of which can still be found in the resulting oil in a modified form called biomarkers. It is thus possible to distinguish between oils from different fields – in some cases even from different wells in the same field. These differences are reflected in the refinery products too, and in mixtures of these. The selection of component types for the chemical analysis and  fingerprinting is therefore based on their ability to detect significant differences between oils.

9.13
The complexity of oil is increased, accordingly, when two or more oil products are mixed. Sludge residues from machinery room spaces on ships for example form the most complex mixtures of oil. The handling of different oil products aboard a ship leads to a unique composition of these residues. Matching of samples achieved by GC/MS in the case of sludge residues is a very strong indication that the polluter has been identified.

Section 9.4: Weathering

9.14
The GC/MS method is able to correct for the effects of weathering. The biomarkers are extremely resistant to weathering and will still maintain their characteristic pattern even in heavily degraded oils.
9.15
Here “weathering” means all changes in the composition of the oil which occur after the spillage.
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Figure 9.3 Example of heavy weathering (screening GC)

a) is the original oil; b) is a heavily weathered sample from the beach
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Figure 9.4 Example of one of the biomarker patterns from the same two samples as in Figure 9.3

9.16
Figure 9.3 is an example of heavy weathering. It shows the GC screening of a sample taken from the ship (top), and a sample taken from the beach after a spill. The sample shown from the beach was heavily degraded. At first glance, the GC screening seems to indicate that the two are different. However by means of the MS method, the results of which are shown in Figure 9.4, it was revealed that the fingerprints from the biomarkers were identical.

Section 9.5: Presenting analytical evidence

9.17
Analytical evidence will normally need to be accompanied by a detailed report by the person responsible for carrying out the analysis. This will need to:

a.
identify the person responsible for the analysis and his/her qualifications for carrying it out and draw conclusions from the results;

b.
explain the background to the analytical work, possibly drawing on the material above;

c.
describe in detail what has been done;

d.
describe what conclusions about the oil and its origins can be drawn from the results of the analysis.
Chapter 10:
Vessel Identification

Automatic Identification Systems (AIS) for vessels enable both shore-based and airborne observers and other vessels to identify vessels automatically. This has practical application in linking observed oil slicks to the relevant vessels.

Section 10.1:
Automatic Identification Systems

10.1
The International Convention on the Safety of Life at Sea (SOLAS) (Chapter V) provides for the fitting of Automatic Information Systems (AIS) to ships. Since 1 January 2005, all passenger ships and tankers and all other ships of 300 gross tonnage and above and fishing vessels over 15 metres long (Directive 2009/17/EC are required to fit AIS. Ships fitted with AIS must maintain AIS in operation at all times except where international agreements, rules or standards provide for the protection of navigational information.

10.2
The AIS is a shipboard broadcast system that acts like a transponder, operating in the VHF maritime band. It is capable of handling well over 4,500 reports per minute and updates as often as every two seconds. It uses Self-Organizing Time Division Multiple Access (SOTDMA) technology to meet this high broadcast rate and to ensure reliable ship-to-ship operation.
10.3
On board ship it can give a radar display with overlaid electronic chart data, that includes a mark for every significant ship within radio range, each as desired with a velocity vector (indicating speed and heading). Each ship "mark" can reflect the actual size of the ship, with position to GPS or differential GPS accuracy. By "clicking" on a ship mark, you can learn the ship name, course and speed, classification, call sign, registration number, Maritime Mobile Service Identities, and other information. Other information available is: manoeuvring information, closest point of approach (CPA), time to closest point of approach (TCPA) and other navigation information. The information is more accurate and more timely than information available from an automatic radar plotting aid. Display information previously available only to modern Vessel Traffic Schemes operations centres is now available to every AIS-equipped ship.

10.4
With this information, any ship can be called over VHF radiotelephone by name, rather than by some imprecise means.
Section 10.2:
Use in surveillance

10.5
Automatic ship identification systems can be used by aerial surveillance aircraft to obtain accurate identifications of the vessels in which they are interested.

Section 10.3:
Recording of identification

10.6
For evidence gathering, there is a requirement to prove a ship’s identity related to its AIS output. Besides identification by aerial surveillance this evidence can also be obtained by officers at shore-based operation centres. The AIS output can be compared with the results of several publicly available AIS monitoring systems including the EMSA systems ImDate, SafeSeaNet and CleanSeaNet, and by radio contact with the vessel involved, which makes the AIS output reliable as evidence.

*	See IMO Resolution MEPC 61(34) "Visibility Limits of Oil Discharges of Annex I of MARPOL 73/78".
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