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1. INTRODUCTION

Visual observation of spilled oil on the sea surface continues to be the most important
technique currently available for estimating the amount of spilled oil. Detecting, locating
and measuring the area of spilled oil at sea can be achieved with a high degree of
accuracy by the use of the appropriate remote sensing technique; satellite SAR (Synthetic
Aperture Radar) or SLAR (Side-Looking Airborne Radar) in aircraft to detect and locate
spilled oil, UV (Ultra-Violet) to accurately measure the area of spilled oil and thermal IR
(Infra-Red) to estimate areas of relative oil thickness. However, these remote sensing
techniques cannot answer the question “How much spilled oil is there on the sea?” Visual
observation remains the primary method for estimating spilled oil layer thickness and,
combined with a measurement of the different areas visible within an oil slick, the quantity
of spilled oil.

2. FROM BA COLOUR CODE TO BA OIL APPEARANCE CODE
Over the years, several different organisations around the world have devised their own

“colour codes” that relate colour to the thickness of spilled oil. In 1993, the Bonn
Agreement (BA) was using the version of the BA Colour Code shown in Table 1.

BA Approximate | Approximate
Code thickness voJumg. Appearance / Colour
(Mm) (m“/km°)
1 0.02 0.02 Silvery
2 0.1 0.1 Grey
3 0.3 0.3 Rainbow
4 1.0 1 Blue
5 5.0 5 Blue/brown
6 15-25 15-25 Brown/black
7 >100 >100 Dark brown/black
see note Brown/orange mousse

Note: A brown/orange mousse shows the presence of water-in-oil emulsion. While the
thickness is usually 1-4 mm, it may be even higher. The percentage of oil in the emulsion can only
be assessed with samples. The presence of mousse, however, shows a very high quantity of oil
which would, in the case of discharges dealt with in this Manual, correspond to an exceptionally
large discharge.

Table 1. 1993 Bonn Agreement Colour Code



Observers in the surveillance aircraft found the the BA Colour Code difficult to use in
several respects. Some of the Colour Codes were difficult to distinguish from each other
(“Brown/black” and “Dark brown/black”) and the “blue” colour was in two other categories
(“Blue” and “Blue/brown”). Oils of different types that may be spilled at sea have many
colours, from transparent through orange to brown and black, but are never blue and the
use of this classification was difficult to justify. In 1997, the BA Working Group on
Operational, Technical and Scientific Questions Concemning Counter Pollution Activities
(OTSOPA) decided that the BA Colour Code needed to be revised and refined. SINTEF in
Trondheim, Norway undertook the project.

2.1 Theory of oil film thickness and colour

The first stage was to review the literature and the theory of the effect of oil on a water
surface on the appearance. The literature review revealed that most of the original work
had been conducted in the USA (House of Representatives, 1930 and Hornstein 1972 and
1973), in Europe in the past (Wardley Smith, 1969) in more recent times (Rijkswaterstaat,
1992). Subsequent references referred to the earlier work and little original work has been
conducted.

Very thin oil films

Below approximately 0.04 pm thickness oil films at sea are invisible, even in perfect
viewing conditions. There is not enough oil present to affect the appearance of the sea
surface. In less favourable viewing conditions, or in the presence of substantial waves,
even thicker oil films cannot be reliably detected by the human eye. The very thin films of
oil reflect the incoming white light slightly more effectively than the surrounding water
(Figure 1) and will therefore be observed as a silvery or grey sheen.

Figure 1. Light reflection from very thin oil films

The rainbow region

Thicker oil films have the appearance of colours of the rainbow; yellow, pink, purple,
green, blue, red, copper and orange; this is caused by constructive and destructive
interference between different wavelengths (colours) that make up white light. When white
light illuminates a thin film of oil, it is reflected from both the surfaces of the oil and of the
water. Constructive interference occurs when the light that is reflected from the lower (oil /
water) surface combines with the light that is reflected from the upper (oil / air) surface. If
the light waves reinforce each other the colours will be present and brighter (Figure 2).



Figure 2. Constructive Interference

During destructive interference the light waves cancel each other out and the intensity of
the apparent colour is reduced in the reflected light and appears darker (Figure 3).

Figure 3. Destructive Interference

Oil films with thicknesses near the wavelength of different coloured light (blue, 400nm or
0.4 pm, through to red, 700nm or 0.7pum) will exhibit the most distinct rainbow effect, but
there can be harmonic effects that cause the effect to be observed, with reduced intensity,
with oil layers that are thicker and thinner than this range. All oils in films of this thickness
range will show a similar tendency to produce the ‘rainbow’ effect.

Thicker oil layers

With thicker oil layers, the reflection of light from the oil/water surface is reduced and the
reflection of light from the oil/air interface begins to be the dominant effect. The true colour
of the oil (black, brown or some other colour) will not necessarily be obvious because the
oil may have insufficient optical density and be partially transparent at these thicknesses.
The rainbow effect cause by interference is much reduced, but the appearance of the oil in
this region cannot be described as a general colour. Some of the light will pass through



the oil and be reflected off the water surface. The oil will therefore act as a filter to the light
(Figure 4).

Figure 4. Reflection from oil/air interface with reduced contribution
from oil/water interface

Thickest oil layers

For the thickest oil films the light is being reflected solely from the oil surface with no
contribution from reflection from the sea surface (Figure 5). No information about the oil
layer thickness will be available from visual observation and the colour will be the true
colour of the oll.

Figure 5. Reflection solely from the oil/air interface

2.2 Laboratory investigation

The next stage of the investigation was to carry out a series of carefully controlled
experiments in the laboratory to determine the actual oil layer thicknesses that caused the
different effects described above. Ten oils (several crude oils, a condensate, MGO (Marine
Gas Oil), two residual IFO (Intermediate Fuel Oil) grade fuel oils and simulated bilge and
slop mixtures) were used. Quantities of these oils were placed on seawater contained in
trays to produce oil films of seven average known oil thicknesses; 0.5, 1, 5, 10, 50, 100
and 200 um. These oil layers were then photographed with a variety of background
colours. Pad samples were taken to measure the precise thickness in different regions of
the trays and these were related to the colour, or appearance, of the oil in the photograph.
An example of the type of results obtained is shown in Figure 6.


















Figure 11 Aerial photograph of BAOAC Codes 1to 3

Figure 12 Aerial photograph of BAOAC Code 5

Although the BAOAC has been developed solely on the basis of visual appearance, the
BAOAC should not be used in isolation when other sensors are available.

The BA Aerial Surveillance Handbook stresses the need for post-flight analysis. As
described in Part 3; Guidelines for Oil Pollution Detection, Investigation and Post Flight
Analysis / Evaluation, of the Bonn Agreement Aerial Surveillance handbook (available on
www.bonnagreement.org) the information collected from the use of the BAOAC should be
integrated with information from SLAR that is used to detect oil on the sea surface and, if
available, accurate area measurement taken from a UV image. Thermal IR images are
useful in confirming whether thick oil layers are present in an oil slick. These can be used
to confirm observations of Code 5 — Continuous True Colour — areas, since these areas
will contain a very high proportion of the spilled oil volume.




Use of the BAOAC to estimate spilled oil volume on the sea surface involves:

1. Estimating the total area of oil on the sea surface (by visual estimates and photographs
or more accurately by using measurements of a SLAR image for larger oil slicks, or of
a UV camera image for smaller oil slicks). When determining the oiled area coverage it
is essential to remember that the main body of an oil slick may have 'areas’ of clear
water, especially near the trailing edge of the slick.

2. The ‘oiled’ area should be sub-divided into areas that relate to a specific oil
appearance according to the BAOAC. Great care should be taken in the allocation of
coverage to appearance, particularly the appearances that relate to higher thicknesses.

3. The areas of the oil slick for each of the different BAOAC Codes are calculated and the
estimated volumes, both minimum (using the lower thickness limit for each BAOAC
Code) and maximum (using the upper thickness limit for each BAOAC Code) are
calculated for each BAOAC Code. These are then totalised to produce two estimates of
spilled oil volume:

e« A maximum volume.
e« A minimum volume.

These two estimates are an inevitable result of the fact that the different appearance of an
oil layer does not occur at an individual discrete thickness, but the different appearances
change from one to another as the thickness increases. The previously used BA Colour
Code would have had the same feature, but it had been simplified by taking the average
oil layer thickness to be representative of the BA Colour Code. Although the use of a
minimum and maximum spilled volume estimate adds some complexity to the calculations
it also adds certainty to the estimates produced. The minimum spilled oil volume estimate
is the minimum volume of oil that could be present, while the maximum oil volume
estimate is the maximum volume of oil that could be present. The ‘truth’, the actual volume
of oil present, lies somewhere in between but cannot be more precisely determined.

As stated in the Bonn Agreement Aerial Surveillance Handbook Part 3, Oil Pollution
Detection, Investigation and Analysis, Section 9: Oil Volume Estimate Usage:

« ‘“ltis suggested that in general terms the maximum quantity should be used together
with other essential information such as location to determine any required response
action.

« Itis suggested that the minimum volume estimate should be used for legal purposes.

The logic for this is the need for a ‘burden of proof’ in legal cases. The minimum spilled oil
volume used for legal purposes, such as in support of a prosecution for illegal discharge of
oil at sea, is the minimum amount of oil that could possibly be present. In all probability,
the oil volume would be substantially greater, but it is certain that at least the volume of oil
reported would have been present. The requirement is not the same for oil spill response
purposes. A ‘best estimate’ is required and this should err on the ‘worst case’ side of the
argument. The maximum spilled oil volume therefore represents the maximum amount that
could be present and that would possibly require active oil spill response measures.



3.1  The need for training in the use of the BAOAC

As with any tool, the operator (or observer) requires training and practice to use the
BAOAC most effectively. The routine surveillance flights carried out by aircraft of the Bonn
Agreement regularly detect illegal oil discharges. Some countries have recently introduced
a ‘sliding-scale’ of fines based on discharged oil volume. BAOAC Codes 1 to 3, the most
validated of the Codes with the least uncertainty, are the Codes most likely to be involved
in the observation of illegally discharged oil. It is therefore important that the observers in
the aircraft are adept in the use of the BAOAC to ensure a justified and successful
prosecution using their evidence. The BA aircraft observers and crews have much less
experience of larger oil spills where BAOAC Codes 4 and 5 would be used, for the very
good reason that such incidents are rare and, according to the statistics, are becoming
even less frequent. The opportunity to observe a larger oil spill by an individual crew or
observer is therefore becoming less likely. It is therefore important that crews get the
opportunity to practice the use of the BAOAC at exercises involving oil on the sea and that
they receive regular training on the use of the BAOAC.

4. CONCLUSIONS

The work that has been conducted over the past 12 years shows that the BAOAC, as
shown below, is a valid way of relating the appearance of the oil on the sea surface to the
thickness of the oil layer and thus calculating the spilled oil volume.

Code Description Layer Thickness Litres per km”
Appearance Interval (um)
1 Sheen (silvery/grey) 0.04 t0 0.30 40 - 300
2 Rainbow 0.30to 5.0 300 — 5000
3 Metallic 5.0 to 50 5000 - 50,000
4 | Discontiuous True Ol 50 to 200 50,000 — 200,000
5 Continuous True Qil 200 to 200,000 -
Colour More than 200 More than 200,000

It has been found that the BAOAC is most accurate in providing volume estimates where
only Codes 1, 2 and 3 are observed, and this is most often the case for suspected illegal
discharges. The use of the minimum estimated spill volumes for such cases provides a
source of scientifically, and practically, justified evidence.

The general validity of Codes 4 and 5 has been demonstrated at sea, although inclement
weather at several exercises has frustrated attempts to provide full validation of Codes 4
and 5. Nevertheless, on the basis of all the experimentation conducted, the thickness
minima and maxima for these Codes are valid, although the observation of Code 4 from
aircraft is inevitably limited by the limitations of human eyesight.

The BAOAC has now been accepted for use by the Contracting Parties of the Bonn
Agreement and by HELCOM (Helsinki Commission).
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