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ABSTRACT

Preservation of water quality in coastal areas has become an urgent challenge especially upon considering the
increasing anthropogenic impacts, the expansion of urban areas and the predicted climate change in the
upcoming decades. Dissolved oxygen (DO) may be considered the most important parameter to study the
quality of water, in which the preservation of a reasonable rate of DO is essential for a healthy aquatic life.
Herein, the water quality considering dissolved oxygen in coastal lagoons located in EI Gouna, Egypt, is
investigated using the TELEMAC-2D WAQTEL module. The simulation focused on the effects of the increasing
water temperature on the quantity of DO, as lower levels of DO are expected in case of high temperatures.
Studying the DO values and the sensitivity analysis of the affecting parameters helps to prevent and control
anoxic problems in shallow areas, which occur if the DO concentration is less than 0.5 mg/l.
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1 INTRODUCTION

Dissolved oxygen (DO) is considered a crucial indicator of water quality, being an essential element of aquatic
systems and is involved in all metabolic processes (Gattuso et al., 2006). It enters the water through the air or
is produced as a byproduct of photosynthetic processes from phytoplankton, algae, seaweed and other aquatic
plants (Watt, 2000). On the other hand, DO is consumed by respiration by aquatic animals or the decomposition
process of the organic and ammoniacal load from wastewater. In the touristic city EI Gouna located in the
southeast of Egypt, there are interconnected lagoons with contact to the Red Sea. These lagoons are getting
affected by pollution of wastewater disposal from hotels, boat leakage and the nearby desalination outflow (Al-
Jabari, 2018). Moreover, the predicted increase in global temperature may also hinder water quality preservation
in such coastal lagoons (Anthony et al., 2009). The domain under study consists of two connected lagoons with
a perimeter of approximately 4700 m and an area of 23000 m2 with shallow water having about 2-3 m water
depth. A two-dimensional TELEMAC-2D model coupled with the O2 WAQTEL module was set up to assess the
DO concentrations in the lagoons and analyze its sensitivity.

2 MODEL DATA

The lagoons under study exchange their water with the Red Sea through three water inlets as indicated in Figure
1. The bathymetric data come from a previous field survey carried out by Al-Jabari (Al-Jabari, 2018). The
lagoons are subjected to a tidal wave, which may be simulated as a sinusoidal wave, wherein every tide wave
lasts about 12 hours with 0.6 m amplitude). The mean elevation of 12m was used in the lagoons. Also, a
previous study on wind data during the period 2016 — 2018 indicated a mean wind of 5.84 m/s in the direction
of 322° (Al-Jabari, 2018). Field data about water quality in the studied lagoons is not available. Consequently,
the background value of dissolved oxygen is considered from a previous field study in a section of the Red Sea
beside the lagoons (Fahmy et al., 2016). Janet (Smile Consult GmbH; Lippert, 2001) mesh generation’s
software was used to transform the layout and bathymetric data into a suitable fine mesh. The final triangular
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unstructured grid counts in a total of 2693 nodes and 4820 triangular elements. The mentioned chosen mesh
resolution obtained the grid convergence and gave no changes when compared to a refined grid.

3 HYDRODYNAMIC AND WATER QUALITY MODEL

First, the hydrodynamics of the lagoons were investigated using the TELEMAC-2D module for
calculating the water depth, velocity and tracer variations in the lagoons. The module was then coupled with the
O:2 water quality module, which determines the source term in the tracer transport equation (Lang et al., 2014).
The lagoons were investigated under the effect of two different water temperatures: 20°C and 30°C. The
increase in temperature negatively affected the quantity of dissolved oxygen in the lagoons. Figure 1 shows the
DO values in the lagoons after eight days of simulation. As reported in the figure, the DO decreased in the
lagoons to reach a value less than 6 mgO2/I at an area in the north-eastern part due to an increase in water
temperature, while in case of lower temperatures, the minimum DO value was above 8 mgOz2/l. The average
DO value in the lagoons decreased from 9.87 to 8.43 mgO2/I in the scenario with higher temperatures. Later, a
sensitivity analysis of different oxygen producing and consuming parameters has been conducted; e.g., the
lagoons were investigated under different photosynthesis values to observe their effects on the DO
concentration. Photosynthesis values of 0.0, 0.3, 1, 9 mgO2/I were applied neglecting the effect of the organic
load and the ammoniacal load. It can be concluded that photosynthesis plays a relevant role in DO production:
e.g. considering a high photosynthesis production (P = 9.0 mgO2/l), the average DO reached a value that is
approximately three times the initial value.
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Figure 1. DO concentration in the lagoons after eight days of simulation at 20°C (left) and 30°C (right),
respectively.
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