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ABSTRACT

Dispersants are chemical agents that reduce the interfacial tension between oil
and water in order to enhance the natural process of oil dispersion in sea by gen-
erating larger number of tiny droplets that can be entrained permanently into the
water column by wave mixing energy.

This study aims to serve as a model to follow when establishing the geograph-
ical boundaries for the use of dispersants in order to allow the response authori-
ties to define which dispersion strategy should be take immediately after the inci-
dent. To this end, the conclusions of this paper will be based on the comparison
between the results of the simulation model AREAS (Bergueiro and Dominguez,
2001), the simulation model DISPERSANTES (Bergueiro and Dominguez,
2001) and the boundaries for the free use of dispersants established by the French
research centre CEDRE (Lewis and Merlin, 2006).

Key words: Oil spill, spreading, dispersant, pollutant, contingency planning, sim-
ulation model.

INTRODUCTION

When an accidental oil spill occurs, several response options are possible. These pos-
sibilities are usually studied though two different approaches; to recover the hydrocar-
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bon or to leave the oil in the environment. This second approach includes the spread-
ing of dispersants and the natural elimination of the pollutant. The appropriate use of
one or other option should minimize the impact of environmental pollution.

Before deciding on which response strategy to choose, it is often timely to see
whether the response will mitigate the pollution and improve the situation or
whether it is better to leave well alone and refrain from responding. This approach is
called NEBA (Net Environmental Benefit Analysis). The impact of the dispersed oil
has to be less than that of non dispersed oil. Dispersed oil is more dangerous for the
aquatic fauna and flora (corals, fish farm water intakes and industrial water intakes)
than oil floating on the water surface (Lewis and Merlin, 2006). Defining areas
where it is possible to disperse is tantamount to doing a «net environmental benefit
analysis» or an «ecological advantage analysis» of dispersant spraying for set scenar-
ios. However, contradictory opinions exist regarding dispersant use, their effect on
oil and their environmental impact.

Dispersants are chemical agents that reduce the interfacial tension between oil
and water in order to enhance the natural process of dispersion by generating larger
number of tiny droplets that, when small enough, can be entrained permanently into
the water column by wave mixing energy.

The use of dispersants should be applied rapidly. If the oil weathers, the treat-
ment is less effective. Based on the above considerations and from practical experi-
ence, it is evident that response actions using dispersants should be initiated as soon
as possible, and every effort should be made to apply the dispersants before signifi-
cant oil weathering has occurred to improve the probability of success. It should be
noted that increased viscosity and water content in an emulsion also affect the ability
to treat spilled oil by other response methods. Thus, it is necessary to establish a tests
procedure and an intervention plan which provides for:

— The regular testing of the effectiveness of the stored products
— The storage of dispersant in precise places according to available logistics
— The definition of geographical limits beyond which use is permitted

Only certain countries have a clearly defined policy regarding the use of disper-
sants (Lewis and Merlin, 2006). This study aims to serve as a model to follow when
establishing the boundaries for the use of dispersants in order to allow the response
authorities to define which dispersion should be take immediately after the incident.
To this end, the conclusions of this paper will be based on the comparison between
the results of the simulation model AREAS (Bergueiro and Dominguez, 2001) the
simulation model DISPERSANTES (Bergueiro and Dominguez, 2001) and the
boundaries for the free use of dispersants established by the French research centre
CEDRE (Lewis and Merlin, 2006).
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METHODS
State of the art

As a result of their different geographic locations, different maritime states of the
EU have reached various agreements with their regional neighbours with the aim of
dealing with the problem of oil pollution. The major agreements in Europe are:

— The Bonn Agreement (concerning the North Sea)
— The Helsinki Commission (HELCOM) (concerning the Baltic Sea)
— The Barcelona Convention (concerning the Mediterranean Sea)

The French Centre of Documentation, Research and Experimentation
on Accidental Water Pollution, CEDRE, established, with the help of French scien-
tific organizations, an old geographical boundary beyond which the use of disper-
sants was possible (Lewis and Merlin, 2006). Thus, the widespread use of disper-
sants was not accepted at sea in the following cases:

— In depths of less than 20 m in the North Sea, English Channel and Atlantic
— In depths of less than 50 m in the Mediterranean
— At a distance of less than one nautical mile from the coastline

However, the need has become apparent to modify these limits considering the
distance from the coast, depth, biological resources in areas considered, currents and
tides. Therefore, as an initial approach, new limits will be defined for oil spills of 10 t,
100 t and 1000 t.

Present and possible role of models

Various chemical and physical processes constrain a number of operational decisions
and play a significant role in evaluating potential impacts of whole and dispersed oil
on sensitive species or habitats. Models are, therefore, powerful and necessary tools
to support decisionmakers during all phases of oil spill planning (Bergueiro and
Dominguez, 2001; Bergueiro ez al., 2004) response, and assessment. Currently tra-
jectory analysis is a key component of contingency planning (Castanedo ez al., 2004)
real-time prediction of slick trajectory, size, and thickness, and in natural resource
damage assessment. These models could used in real time to support decisionmak-
ing for dispersant use. Thus, their ability to predict the concentrations of dispersed
oil and dissolved aromatic hydrocarbons in the water column with sufficient accura-
cy to aid in spill decisionmaking has yet to be fully determined.

The sensitivity analysis identified that dispersant effectiveness and oil droplet
size change are the most important parameters for dispersant application modelling
(National Research Council of the National Accademy, 2005). Unfortunately, oil
spill models currently available do not simulate physical mechanisms and chemical
reactions in order to predict these parameters. Emulsification is also an important
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process that greatly influences dispersant effectiveness (Reed ez al, 1999), M. Pre-
dicting emulsification requires accurate oil properties, as well as conducting a
detailed mechanistic investigation on emulsification processes and their influence on
dispersant effectiveness. It is also important to evaluate turbulence in the open sea
and reflect it more accurately in the transport modeling (Reed ez al., 1999).

Models show significant progress for supporting real-time spill-response deci-
sions regarding dispersants use; however, models should improved, verified, and then
validated in an appropriately designed experimental setting or during an actual spill.
Specific steps that should be taken to improve the value of models for dispersant use
decisionmaking include:

— Improve the ability to model physical components of dispersed oil behavior
(e.g., distribution of horizontal velocities as a function of depth, variations in
the vertical diffusivity as a function of depth, sea-surface turbulence, etc.)

— Improve the ability for models to predict concentrations of dissolved and dis-
persed oil, expressed as specific components or pseudocomponents, that can
be used to support toxicity analysis

— Validate how advective transport of entrained oil droplets is modeled through
specifically designed flume/tank studies and open-ocean (spill of opportuni-
ty) tests.

— Develop an ability to predict the formation of water-in-oil emulsions under a
variety of conditions.

— Conduct a sensitivity analysis based on three-dimensional, oil-component,
transport and fate models, and develop necessary databases (evaporation, dis-
solution, toxicity, etc.) for the oil-component based assessment approach

There have been some attempts to incorporate surface flow measurements into
real-time oil transport models (Ojo and Bonner, 2002). However, these require pre-
installation of data acquisition (e.g., high frequency radar) and transmission systems
are currently applicable only to horizontal surface current and diffusion with rela-
tively coarse grid resolution-not for the three-dimensional distributions needed for
the three-dimensional modeling (Ojo and Bonner, 2002). The growing availability
of ocean observing systems in coastal waters will likely improve the availability of
real-time data useful for improved modeling of physical processes.

Method of defining geographical boundaries

Initially, the boundaries are defined based on the minimum depth and distance from
the coastline. To this end, the boundaries are drawn on maps of the National Geo-
graphic Institute considering only the bathymetry of the continental shelf and the
distance from the zero line of marine maps (low tide line). Emerging rocks, islets,
islands and ports are also considered. The boundaries are drawn freehand for the
whole national coast: Atlantic, Mediterranean and insular.
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It is recommended that a standard area with the following characteristics be
chosen:

— A high morphological diversity

— Presence of islands or islets around it

— Wealth of fisheries and aquaculture

— Location likely to encounter oil spills because of nearby oil routes (eg. Span-
ish Finisterre)

RESULTS
Determination of the approximate minimum depth

The thickness of the oil slick will not be uniform and it is difficult to determine it
with precision. Research conducted by the Bonn Agreement has led to the adoption
of an oil appearance code as shown in table 1 and image 1.

Description Layer Thickness Litres per km?

Appearance Interval (pm)

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

2. Rainbow 0.30to 5.0 300 -5 000

3. Metallic 5.0tos0 5 000 - 50,000

4, Discontinuous True Oil Colour | 50 to 200 50 000 - 200 000

5. Continuous True Oil Colour 200 to more than 200 | 200 000 - More than
200 000

Table 1. Appearance code.

A thickness of 0.1 mm is chosen.

For a layer of oil with a thickness of 0.1-10-3 m and surface S(m2), the volume of
0il V will be 0.1-10-3 x S(m3)

This volume corresponds to a level of 100 ppm of
hydrocarbon in the case of total dispersion in the first
few meters of the water column.

For the definition of the new limits, it is consid-
ered that ecological systems can withstand a tempo-
rary toxic effect due to the toxic mixture of oil and dis-
persant.

First simulation

The hypothetical scenario consists of a spill of 10,000
t of Arabian Light oil, with a viscosity of 14 mPa.s and
showing 25% weathering. It is assumed that the oil is Image 1.
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dispersible, and that it is logistically feasible to apply dispersants. The simulation
model DISPERSANTES gives the following results:

Kilos utilizados: -
Area del derrame (m2): _

Concentracion (ppm): |448.265567

= * Pulverizacion del dispersante.

Derrsme de petroles. -

Superfieic del agua.
ppm. de hidrocarburos e
ppm. de hidrocarburos
2.0m
|| 12 ppm. de hidrocarburos
...... 4.0m
I56 ppm. de hidrocarburos
nom

Image 2. Dispersed oil distribution in the water column after treatment

As shown in Image 2, the oil concentration decreases from 400 ppm to 100 ppm
in the first four metres deep, just before dropping to 50 ppm at 8 metres.

Measurements taken during sea trials by CEDRE show that in the early stages,
the oil is concentrated in the immediate vicinity of the surface: a maximum concen-
tration of oil from 50 to 60 ppm was measured 1 m below the surface for 2-3 hours.
For depths of between 1 m and 2.5 m, it was estimated that low concentrations will
fall suddenly because of dilution. Therefore, the calculated values and tests at sea are
remarkably similar.

Determining the distance from the coast

In order to determine the distance from the coast, a thickness of 0.1 mm was chosen.
It is assumed that after spreading dispersant, the slick drops from 0.1 mm thick (ie.
100 pm) to 20 pm thick. Based on the average density of the products normally
transported, it is known that a thickness of 20 pm corresponds to 20g/m’ of oil, i.e.
2105 t / n?). Based on this data, the minimum distance from the coastline is calcu-
lated for oil spills of 10 t, 100 t and 1000 t.
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— Spill of 10 tonnes of crude oil:
The area affected by the dispersed slick (S):

= % = 5.10°m’
2107t/ m
If we consider the layer as circular,
S = n-R
Thus,
R = 400 m
Using a safety factor of 2.25.
R =2.25-400

R =900m = R =05MN

— Spill of 100 tonnes of crude oil:

Similarly:
LR
2-107t/m
R = 1300 m
Using a safety factor of 1.45.
R =1.45-1300

R =1850m = R =1MN

— Spill of 1000 tonnes of crude oil:

Similarly:
S L R
2-107t/m
R = 4000 m
Using a safety factor of 1.15.
R =1.15-4000

R =4600m = R =25MN
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Note that safety factors decrease as we move away from the coast and are set
arbitrarily on the basis of experience gained by CEDRE in such operations.

Second simulation

The hypothetical scenario consists of a spill of 10 t of gasoline, equivalent to 13.5 m’.
Although gasoline has a very high evaporation rate, which normally would discour-
age its dispersion treatment, this oil is chosen here because it has a very high spread-
ing rate and, consequently, it will reach a larger area and it will be the most
unfavourable dispersion scenario. It is assumed that the product is dispersible, and
that it is logistically feasible to apply dispersants. The simulation model AREAS
gives the following results:

AREAS DE EEPARCIMIENTO |ARABIA LIGERO) (V= 10808
AREAS DE ESPARCIMIENTO St
e e S o e e e o e i
dislinlas Areas de espaicimiento de un deriame de ciudo en el mar i
TPODECAUDD  [GasoLma el i
Volumen demame (m3) W Densidad del agua (kg/m3) W g .
Densidsd del crudo (kg/m3) [733,0 Viscasidad del agua (m2/s]  [p,000001
Caeficinte d esparcimento (Ul [T0z07
Inciemerto de empo para cliculo s)  [60 [:j‘@:
Primera etapa (gravitatorio - inercial)
A =130 -t Sraplagens R0 e e D, aAK/nd
=130 5 -p [—Ter o y : Densidad:
: ) e R
Espesor fom [5.8201 BRENT: Densidad: 847.2 K ind
e KIRKUK: Dervidac: B48.3 Kg imd3
Segunda etapa (gravitatorio - ) headidl fEm |RAN PESADO: Densidad: 8755 kg /m3
. = g 7 F PRODUCTOS DERMADDS:
U o S i R 0
A uln E: .
seesarlon) 1,263 JET A1: Densidad 804,3Kg./m3
JP & Dersidad: 7790Kg /m3
Tercera etapa (Tensiones viscosas) Area ) W
z -
A, = (.05 5 8 .U Tiempo Jea) [19133
PrU. Esesalonl i

Cuarta etapa (Area maxima)

Espesorminmofmml [agis2

Image 3. Spreading areas.

Based on the Areas model of Fay (1971) concerning the three phases of oil
spreading, it the maximum area will be used. The choice of one area or the other
depends on the time after which the dispersant application begins. Considering the
most unfavourable case, after 5.3 hours the maximum area corresponds to 705,000 m’
and the thickness of the layer is 19.2 pm. Therefore, considering the slick as circular
and applying a safety factor of 2.25 we obtain R=1066 m = R=0.58 MN
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Third simulation

The hypothetical scenario consists of a spill of 100 t of gasoline, equivalent to 135.3
m’. Similarly to second simulation, gasoline is chosen because it entails the most
unfavourable dispersion scenario. Under these conditions the maximum area corre-
sponds to 3,967,100 m* and the thickness of the layer is 34.1 um. Therefore, con-
sidering the slick as circular and applying a safety factor of 1.45 we obtain
R=1630m = R=0.9 MN

Fourth simulation

The hypothetical scenario consists of a spill of 1000 t of gasoline, equivalent to 1353
m’. Similarly to third simulation, gasoline is chosen because it entails the most
unfavourable dispersion scenario. Under these conditions the maximum area corre-
sponds to 22,308,652 m* and the thickness of the layer is 60.6 pm. Therefore, con-
sidering the slick as circular and applying a safety factor of 1.15 we obtain
R=3.065m = R=18 MN

Setting limits based on an analysis of the environmental impact

As a second stage, it is necessary to seek the support of Maritime Affairs to take
stock of the sensitive areas of the coastline in the following domains:

— Aquaculture areas

— Deposits of benthic species
— Spawn areas

— Limitations and reserves

The available data will be reported to the National Geographic Institute maps
and the limits defined will be adjusted in terms of the protection of sensitive sites.
The limits of such places will be considered as the “zero line.” From here, the limits
were defined considering the minimum distance and depth calculated in the first
stage.

CONCLUSIONS

1) If 10 tonnes of crude oil are spilt in a 5 m deep water column, it is estimated that
the expected oil concentration will be 20 ppm after treatment. As the slick of 10 t

oil is relatively small, the area affected is not very large and 20 ppm is rapidly dilut-
ed.

2) If 100 tonnes of crude oil are spilt in a 10 m deep water column, it is estimated
that the expected oil concentration will be 10 ppm in the water column after
treatment. This weak concentration will not significantly affect the environment
during the time necessary for effective dilution by currents.
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3)

4)

5)

6)

7)

8)

I£ 1000 tonnes of crude oil are spilt in a 15 m deep water column, it is estimated
that the expected oil concentration will be 6.5 ppm in the water column after
treatment. If there is no bathymetric data for a depth of 15 m, limits will be out-
lined considering the bathymetry of 10 m and 20 m.

By means of the model AREAS, it has been estimated that in order to disperse a
10 t oil spill without affecting the coast, the slick must be located further than 0.6
NM from the low tide line of marine maps.

By means of the model AREAS, it has been estimated that in order to disperse a
100 t oil spill without affecting the coast, the slick must be located further than 1
NM from the low tide line of marine maps.

By means of the model AREAS, it has been estimated that in order to disperse a
1000 t oil spill without affecting the coast, the slick must be located further than
2 NM from the low tide line of marine maps.

If the currents may cause the oil spill to contaminate a sensitive area, it will be
necessary to extend the limits against the current.

If the place has stationary sensitivity, it will be necessary to identify and deter-
mine the boundaries depending on the season.
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ESTUDIO DE LOS LIMITES GEOGRAFICOS PARA
LA LIBRE UTILIZACION DE DISPERSANTES

RESUMEN

Los dispersantes son agentes quimicos que reducen la tensién superficial entre el
hidrocarburo y el agua con el fin de favorecer el proceso natural de dispersién del
crudo en el mar a través de una generaciéon de pequefias gotas que pueden ser
incorporadas permanentemente en la columna de agua con la ayuda de la energia
de mezcla de las olas.

Este estudio pretende servir como un modelo a seguir para establecer los
limites geograficos para la libre utilizacién de dispersantes y asi ayudar a que las
autoridades competentes de la lucha contra la contaminacién por hidrocarburos
definan qué estrategia de dispersion debe tomarse inmediatamente después del
incidente. Siguiendo este fin, las conclusiones de este articulo se basaran en la
comparacién de los resultados del modelo de simulacién AREAS (Bergueiro y
Dominguez, 2001), el modelo de simulacion DISPERSANTES (Bergueiro y
Dominguez, 2001) y los limites geograficos para la libre utilizacién de disper-
santes establecidos por el centro de investigacion francés CEDRE (Lewis y Mer-
lin, 2006).

METODOLOGIA
Estado del arte

A raiz de sus diferentes localizaciones geogrificas, los diferentes estados maritimos
de la UE se han volcado a acordar diversos acuerdos regionales con sus vecinos con la
finalidad de abordar los problemas de la contaminacién marina por hidrocarburos.
Los mayores acuerdos en Europa son:

— El acuerdo de Bonn (concerniente al Mar del Norte)

— La comisién de Helsinki (Helcom) (concerniente al Mar Baltico)

— La convencién de Barcelona (concerniente al Mar Maditerraneo)

El centro francés de documentacién, investigacién y experimentacién sobre la
contaminacién accidental de las aguas, CEDRE habia establecido con la ayuda de
organismos cientificos franceses un limite geografico mds alld del cual era posible la
utilizacién de dispersantes sin riesgos para el medio marino. Asi, la utilizacién masi-
va de dispersantes no estaba aceptada en mar para los siguientes casos:

— En fondos inferiores a 20 m en Mar del Norte, Mancha y Atlantico

— En fondos inferiores a 50 m en el Mediterrineo

— A menos de una milla niutica de las costas
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Sin embargo, surge la necesidad de modificar estor limites considerando la dis-
tancia a la costa, la profundidad, los recursos biolégicos de las zonas consideradas, las
corrientes y las mareas. De esta manera se definirdn nuevos limites para vertidos de

10t,100 ty 1000 t.

Método de definicion de los limites geograficos

Inicialmente, se definen los limites a partir de la profundidad minima y de la distan-
cia a la costa. Para ello, se trazan los limites sobre los mapas del Intituto Geogréfico
Nacional considerando exclusivamente la batimetria de la plataforma continental y
la distancia a la linea cero de los mapas marinos (linea de bajamar). Se consideran
también las rocas emergentes, los islotes, las islas y los puertos. Los limites se trazan a
mano alzada sobre toda la costa nacional; atldntica, mediterrdnea e insular.

Es recomendable escoger una zona como estindar que presente las siguientes
caracteristicas:

— Una elevada diversidad mofoldgica

— Presencias de islas u islotes a su alrededor

— Riqueza en actividades de pesca y acuicultura

— Situacién geografica susceptible a vertidos debido a la proximidad de rutas
petroleras (ie, el finisterre espafiol)

CONCLUSIONES

1) Si se vierten 10 toneladas de petréleo en una columna de agua de 5 m de profun-
didad, se estima que la concentracién de hidrocarburo esperada después del
tratamiento serd de 20 ppm. Como el vertido de 10 t de petréleo es relativamente
pequeflo, el drea afectada no es muy extensa y los 20 ppm se diluyen rdpidamente.

2) Si se vierten 100 toneladas de petréleo en una columna de agua de 10 m de pro-
fundidad, se estima que la concentracién de hidrocarburo esperada después del
tratamiento serd de 10 ppm. Esta débil concentracién no afectard al medio ambi-
ente durante el tiempo necesario para una dilucién efectiva llevada a término por
las corrientes.

3) Si se vierten 1000 toneladas de petréleo en una columna de agua de 15 m de pro-
fundidad, se estima que la concentracién de hidrocarburo esperada después del
tratamiento serd de 6,5 ppm. Si no existen datos de batimetria para una profundi-
dad de 15 m, los limites se establecerin considerando la batimetria de 10 m y 20 m.

4) Mediante el modelo AREAS, se ha estimado que para dispersar 10 t de petréleo
sin que se afecte a la costa, el vertido debe estar situado a méds de 0.6 MN de la
linea de bajamar de la carta ndutica
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5)

6)

8)

54

Mediante el modelo AREAS, se ha estimado que para dispersar 100 t de petréleo
sin que se afecte a la costa, el vertido debe estar situado a mas de 1 MN de la linea
de bajamar de la carta ndutica.

Mediante el modelo AREAS, se ha estimado que para dispersar 1000 t de petréleo
sin que se afecte a la costa, el vertido debe estar situado a méds de 2 MIN de la linea
de bajamar de la carta nautica.

Si las corrientes pueden ocasionar que el vertido de hidrocarburo contamine una
zona sensible, serd necesario extender los limites contra el sentido del que pro-
cede contra la corriente

Si el lugar tiene una sensibilidad estacionaria, serd necesario identidicar y deter-
minar los limites en funcién de la estacion del afio.
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