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Abstract

The bay of Luanda, located in the municipality of Luanda, province with the same name in Angola, is
used to discharge effluents through the urban area of several arteries that make up the city of Luanda.
The lack of a working drainage design has led to the problem of run-off and the problem of uncontrolled

discharges of domestic effluents. The latter had greater inputs for the accomplishment of this work.

The main objective of this work is to implement and study, through mathematical modeling, the
hydrodynamics of the Luanda bay. For this, a hydrodynamic modeling of the coastal system and the
bay was implemented, using the numerical model MOHID Water. For the implementation a methodology
of nested models was used, the model system implemented consists of four models, the first being a
barotropic two-dimensional model (tidal model) and the remaining three-dimensional baroclinic

hydrodynamic models.

The hydrodynamic models results allowed a better understanding of the circulation in the bay of Luanda
and in of the adjacent coastal area. Based on hydrodynamic results, simulations with lagrangean tracers
were performed to better understand the water changes between the bay and the surrounding area. The
lagrangean tracers results show that the innermost part of the bay has a high residence time, after a
month and a half of simulation more than 20% of the particles still remain inside it. These results suggest
that, in case of discharges of domestic effluents on this inner zone of the bay the effluent plume may be
trapped inside.
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1. Introduction

Angola is located to the south of the Equator between latitudes 4°22'S and 18° 02'S and latitudes 11°
41'E and 24° 05'E, bordering on the North with the Democratic Republic of the Congo, the East with
Zambia and the South With Namibia, and the West is bathed by the Atlantic Ocean. With a coastline of
1,650 km, which extends inland, in an area of 4,837 km, (Quintino, 2009).

The coast of Angola is home to approximately 50% of the country's population, where a combination of
rapid population growth and inadequate urban planning has resulted in diverse socio-economic and
environmental challenges. Angola has a total of 18 provinces, the city of Luanda being its capital.

Luanda has a bay and a restinga, the island of Luanda, which stretches for more than 14 km of beaches.

The bay of Luanda consists of a bay that is protected from the ocean by a sand bar or island barriers,
where processes of mixing rainwater with seawater occur. Being a mixing zone, the delimitation of the
areas of the island is a difficult task, because it is an area with an average precipitation of 300 mm during

nine months, that causes the destruction of some urbans settlements.

The present work intends to contribute to a better understanding of the dispersion of discharged effluents
in the bay. Numerical models are tools whose results can be used to support decision making, in
particular in the definition of adequate mitigation measures and / or corrective measures that can serve

as a key to solving this challenge.



1.1. Objectives of the dissertation

The present study intends to contribute to a better knowledge of the hydrodynamics of the bay of Luanda
and of its residence time. For this purpose a model was implemented and validated a three-dimensional

model system that includes the bay of Luanda and the adjacent coastal zone.

This model system simulates ocean circulation on a regional scale and at Bay scale. It is also part of
the objective of this work to acquire knowledge and data related to hydrodynamic processes and

transportation in Luanda Bay.

2. Methodology and Implementation of the model system of the bay of

Luanda

The first step in modeling a system is the choice of the numerical model to use. Currently there are
some open source models available, and the choice of model should be based on its ability to simulate
the intended processes. For the present study, the MOHID Water model was chosen not only for its
capacity to respond to the objectives of the work but also because it is the model used in MARETEC
(Marine and Environmental Technology Research Center), the research center where it was developed
this job. The next step is to implement the numerical model to the study area, allowing to simulate the
processes responsible for the dispersion and transport of effluents, which is derived from the direct

discharge in the bay of Luanda.

For the elaboration of this work, we began to delimit the study area and to construct the coast line, after
which we obtained the bathymetric points of the study area and the tide and meteorological data of the
bay. To implement the system model defined Luanda Bay, four levels of embedded models. In order to

create and carry out the simulations of this model system, Mohid Studio software.

In order to simulate the hydrodynamics of the Luanda bay, a model system was used, consisting of
three embedded models. The first model (level 1) is a 2D tidal model that covers more than half of the
Angolan coastline and provides the boundary conditions to the level 2 model (which is the first docked
model). The level 2 model is a 3D model with a horizontal resolution of 8 km and the same horizontal
dimension of level 1. The Level 3 and Level 4 model are 3D model with a horizontal resolution of 2 km
and 400 m, respectively. The Level 2, Level 3 and Level 4 models use 50 vertical layers, with 7 sigma

layers close to the surface and 43 Cartesian layers.

After the implementation of the first level of the model system, a 2D model to simulate the spread of the

tide in the region.



Three-dimensional hydrodynamic models (level 2, level 3 and level 4) were implemented using the
downscaling methodology (Campuzano et al., 2013). Figure 2 shows the domains and bathymetry of

the various levels of embedded models used in the present study.
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3. Analysis and description of results

After understanding Bay's hydrodynamics, the second objective was to study the impact of
sewage discharges on Bay through the implementation of the Lagrangian module. The results of
tidal evolution and velocity circulation were presented for this purpose. Two scenarios were also
simulated, respectively using the lagrangean modulus, with atmospheric forcing, the frequency
being the direction of the wind in opposite directions. The model also allows comparing the two
dispersion scenarios, with the objective of analyzing the importance and the implementation of a

separative drainage system, as well as changing discharge policies.

3.1. Meteorological conditions

In order to be able to compare and analyze better the meteorological conditions a representation
of the winds was made using the files generated automatically by the program after a simulation,

where the files with meteorological information (GFS) were integrated, as shown in figure 2.

Baia de Luanda - Wind Fevereiro Baia de Luanda - Wind Margo
NORTH NORTH

20% 20%
15% . 15%

10% 10%

WEST & T EAST

velocity (km/h) velocity (km/)
I 25 - 30 [ 25 - 30

B 20-25 [ 20- 25

I 15-20 15-20

I 10-15 [ 10-15
5-10 : [s-10
[o-s SOUTH - [o-s

Figure 2 - Direction and wind intensity for the period between February and March

As in the global wind system, winds blow from high pressure regions to low pressure regions.
Figure 2 shows South and Southwest winds, through the software plot rose, which presents
atmospheric forcing of the last level of the model embedded with the wind module, based on the
direction of the main winds, indicating the direction of the wind speed, and At the same time the

magnitude of the speed along the bay that can also be confirmed through the color legend.

Figure 2 also shows the prevailing winds for February and March, which were used as reference
scenarios for the dispersion of effluents along the bay, and in general with regard to wind, It is
observed that this is a region, with frequent North, Northwest and North quadrant winds and
showing a small slope towards Southwest, as for the velocities associated with each wind regime
it is verified that the velocities vary little between the winds of the different quadrants. The intensity
of the winds for these three months has increased, however, this fact may be linked to

precipitation because it is the rainiest months of the year.



3.2. Velocity for Instantaneous currents

Figure 3 shows the instantaneous surface velocity results for March 11, 2016 for a tide level of
about 2 m (Figure 4) and low tide with tide level of about 0.5m (Figure 4). The arrows in the figures
represent the magnitude and direction of the flow velocity, and the colors the intensity or

magnitude of velocities.
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Figure 3 - Map of surface currents at high tide and low tide

The analysis of Figure 3 shows that the velocities of the surface currents vary with the tidal cycle,
and within the bay and near the end of the island of Luanda there are higher surface velocities at
the ebb, with a maximum intensity at Order of 0.5 m / s, than in the flood. The velocities present
a certain asymmetry in the circulation inside the bay of Luanda, providing an increase of the

turbulence, which entails a greater mixing of the waters.
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Figure 4 - Evolution of the tide level calculated by the model and obtained from the harmonic components
measured in the Port of Luanda

3.3. Effluent dispersion using lagrangean tracers

The effluent dispersion was done through the simulation of lagrangean tracers. The lagrangean
transport module allows the emission of tracers through the emission in boxes. Box emission is
used to characterize water bodies and to understand the mechanisms of exchange along
sections. This type of emission consists in defining an origin not as a point, but rather an area of
the domain, being emitted in each hydrodynamic cell belonging to each box with traces origin of

equal characteristics. There are two emission options:

1. Issue one tracer per hydrodynamic cell of the box,
2. Or associate each volume box to the tracers, the number of plotters to be emitted per cell

equal to the volume of the tracer to divide by the tracer.

The latter option is used to characterize trajectories of large bodies of water being the option

used in this work.

Two scenarios were simulated for the dispersion of effluents along the bay of Luanda, with both
simulations assuming the same boxes, but for different start dates, corresponding to prevailing
winds of the Northeast and Southwest quadrant. We defined 3 boxes and these simulations are
intended to estimate the time the particles take to leave the interior of the bay (in box 1 we have
335 particles in box 2 1443 and in box 3 1971 particles).
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Figure 5 - Transport of effluents originating in the Bay of Luanda and with winds in the North
direction of the Bay (Box 1 to green, box 2 to yellow and box 3 to red)

It is notorious to increase the dispersion when we have the currents downstream inside the bay,
this being one of the main parameters that significantly influence the dispersion. From the
beginning of the simulation it is possible to see that the particles are transported in the South with
a higher density of particles that progress along the island of Luanda, since they leave the bay of
Luanda. The mixture of the effluents is due to the fact that at the initial moment the arrows indicate
the inside of the bay.

3.3.1. Residence time

The lagrangean module allows monitoring the dispersion of particles inside monitoring boxes.
This peculiarity was very useful to compute residence time inside these boxes and the origin of
the water inside them.

Residence time is defined as the time required for a contaminant discharged into a system to flow
out. This time is therefore equivalent to the water renewal time of the system. Each plotter has a
volume, defined in such a way that the sum of plot volumes is equal to the total system volume.
The Figure 6 show the percentages of particles emitted through the tracers in each of the boxes

from the bay.
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Figure 6 - Results of the temporal evolution of tracers emitted in each of the boxes.

In general, this simulation shows that in the three boxes more than 50% of the particles leave the
bay during the first 15 days of simulation. And as shown in Figure 33, the carton 1 which is located
downstream of the bay, the carton 2 is located upstream between the Port of Luanda and the
base of the sonils, and the carton 3 which is upstream of the bay bay. Consequently the tracers
of box 3 exit more quickly and those of box 1 are those that have longer residence time.



4. Conclusao

The Bay of Luanda under study is located in the west of Angola, whose region is characterized
by the existence of several disordered urban settlements, which generate pollution in all aspects,
and of the biggest problems that devastate the bay have a common denominator "water ". A
practical case is presented here, that is, in some places of the bay there are people who fish, but
on the other hand, there are others in the same area who discharge effluents without previous
treatment.

In order to better understand the hydrodynamics of the Bay of Luanda, and in particular to study
the dispersion of effluents in the interior of the Bay, a system of hydrodynamic models was
implemented and validated. The model system consists of four embedded domains (levels), the
first level being a 2D model of tidal propagation and the remaining levels 3D hydrodynamic
models.

Validation of the models was done using existing data such as tide data from a tide gauge located
in Luanda Bay, temperature and salinity data from the Argo floats and remote sea surface
temperature data. The comparison of the model results and the tide gauge data show that the
model can reproduce well the tide signal inside the bay, both in terms of amplitude and phase.
The temperature and salinity profiles of the model were compared with the data of two Argo floats,
with temperatures of about 0.98 in both cases analyzed and for salinity correlations of 0.89 and
0.66. These results show that the model can reproduce the vertical structure of the zone under

study.

After validation, a simulation was performed for the period between February and April 2016 in
order to study the circulation in the bay and adjacent coastal zone. The analysis of the
instantaneous and residual circulation allowed a better understanding of the hydrodynamics of
the bay better, with residual velocities at the surface showing a predominant circulation of ebb
and in depth a circulation of flood. The lowest speeds occur at the top of the bay, the zone with
the lowest depth. The highest speeds occur in ebb near the northern end of the island of Luanda.
In the coastal zone adjacent to the island of Luanda, it is possible to verify the presence of the
cold current of Benguela.

Three boxes were defined in the interior of the bay, estimating in the simulations the time that the
particles take to leave the interior of the bay. The lagrangean tracers results show that the
innermost part of the bay has a high residence time, after a month and a half of simulation more
than 20% of the particles still remain inside it. These results suggest that, in case of discharges

of domestic effluents on this inner zone of the bay the effluent plume may be trapped inside.
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4.1. Considerations for future research

One of the next steps to be taken in the development of the Luanda Bay model systems is the
extension of the model, which would increase the application potential of the model to perform
simulations of temperature, salinity and cohesive sediments. These properties differ in processes

and boundary conditions, but share hydrodynamics and therefore must be done simultaneously.

Itis also a future work to implement the water quality module, which will allow the use of the bay
model to simulate water quality processes. After the implementation, it will be necessary to

validate the model systems.

On the other hand, it is possible to test the application of the transport of the boom from a point
discharge, taking into account a source of microbiological contamination using a lagrangean

formulation, with a source flow, concentration and also a decay.

11



Bibliography

Axelsen, B. E.. Ostrowski m.. Zaera d.. Krakstad j. O.. Vaz-velh o . F.. E | 908)y e ndkoss
Survey of the pelagic resources 20 Julyi 19 August 2003. Cruise reports i
NORAD-FAO/UNDP project GLO 92/013.

Bianchi, G. (1986). Fichas FAO de identificacdo de espécies para propdsitos comerciais. Guia
de campo para as espécies comerciais marinhas e de aguas salobras de Angola. Preparado com
apoio da NORAD e da FAO (FIRM) Programa Regular. Roma, FAO 184 pp.

Campuzano, Francisco Javier, Mateus, Marcos D., Leitdo, Paulo C., Leitdo, Pedro C., Marin,
Victor H., Delgado, Luisa E., . . . Neves, Ramiro J. (2013). Integrated coastal zone management
in South America: A look at three contrasting systems. Ocean & Coastal Management, 72(0), 22-
35. doi: http://dx.doi.org/10.1016/j.ocecoaman.2011.08.002

Esteves, F. A. (1988). Fundamentos de Limnologia. "Interciéncias/ FINEP". Rio de Janeiro. 575
pp.

Info, Angola. (2011). Lei n.° 29/11, de 1 de Setembro i Lei de Alteragdo da Divisdo Politico-
administrativa das provincias de Luanda e Bengo. A BIBLIOTECA VIRTUAL DE ANGOLA. from
www.info-angola.com

Loughurst, A. (1995). Seasonal cycles of pelagic production and consumption. Biological
Oceanography Division, Bedford Institute of Oceanography. Nova Scotia B2Y 4A2 Canada, 36:
77-167., 77-167.

Mazeika, PA. . (1967). Clpulas térmicas no leste Oceano Atlantico. Limnologia e Oceanografia .
12 . 537-539.

Neves, R. J. J. (1985). Etude Experimentale et Modélisation des Circulations Transitoire et
résiduelle dans I'Estuaire du Sado. Thesis (Ph.D) - Univ. Liege, 1985.

Pereira, F.A. (1991). Comunica¢&o sobre a zona costeira e oceénica de Amgola. IIP - Relatério
Interno. Luanda.

Quintino, M. (2009). Gestéo Integrada de Bacias Hidrograficas: O caso concreto de Angola.
Organizacdo das Naccbes Unidas para a Agricultura e Alimentacdo. FAO - (NRLW), Angola.
Revista Internacional em Lingua portuguesa. |l Série N.°22 2009.

Salinas S., Lundberg L., Lourencgo C., Vunge A., De Almeida F., De Aradjo |I. e Gombo F.J. (1987)
Report on an oceanographic study in the coastal area off Lobito / R. P. Angola. The Lobito
experiment July. Fisherises development, series 27, ISSN 0282-5375.

Sangolay, B B. (2004) Caracterizagdo dos eventos quentes e de baixa salinidade ao longo da
plataforma continental angolana (1982-1999). . (2004). Dissertacdo de mestrado em recursos
marinhos e costeiros. Ramo de gestdo dos ecossistemas marinhos e costeiros. Faculdade de
Ciéncias do Mar e Ambiente. Universidade do Algarve. Faro. 198 pp.

Santos e Neves, 1991. (1991). Radiative Artificial Boundaries in Ocean Barotropic Models. In: A.
S. Arcilla, Ed., Proceedings of the 2nd Int. Conf. on Computer Modelling in Ocean Engineering,
Barcelona, p. 373-383.

Signorini SR - RG Murtuguddo - CR McClain - JR Christian - J. Picaut i AJ Busalacchi. (1999).
Assinaturas bioldgicas e fisicas no tropical e subtropical do Atlantico. Journal of Geophysical
Research 104 . 18.367-18.382.

Silva C.A., Train S. e Rodrigues C. L. (2001) Estrutura e dinAmica da comunidade fitoplanctdnica

a jusante e montante do reservatério de Corumba, Caldas Novas, Estado de Goias, Brasil v 23,
n. 2881 290 pp., 288 - 290 pp.

12


http://dx.doi.org/10.1016/j.ocecoaman.2011.08.002
http://www.info-angola.com/

Stromme T e Saetersdal G. (1991) Surveys of the Marine Fishs Resources of Angola, (1985 i
1989). Final Report. Inst. Mar. Res., Bergen.

13



