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ABSTRACT   

 

MARAQA, M. A., ALI, A. and KHAN, N., 2007. Modelling Selected Water Quality Parameters at Jebel Ali 
Harbour, Dubai-UAE. Journal of Coastal Research, SI 50 (Proceedings of the 9th International Coastal 
Symposium), 794 – 799. Gold Coast, Australia, ISSN 0749.0208  
 
Jebel Ali Free Zone in Dubai has the largest man-made harbour in the world. Several factors may affect water 
quality in the harbour, including discharge of treated wastewater, navigational activities, and nearby projects in 
the Arabian Gulf.  The main objective of this study was to simulate the level of BOD and some nutrients in the 
harbour water under existing and potential future conditions. Modeling of water quality was carried out using the 
ECO Lab coupled with the advection-dispersion modules in the MIKE21 modeling system. The results showed 
that the input rates of BOD, ammonia, nitrate and phosphate associated with the discharged treated wastewater 
are not sufficient to simulate the observed levels of these parameters in the harbour water. Additional input rates 
of 600 times for BOD and 144 times for nitrate are needed to adequately describe the observed levels of these 
parameters. An assimilation capacity analysis of BOD in the harbour water revealed that the BOD starts to build 
up when the BOD loading rate reaches 2.88 g/m2/d, which is about 20% higher than the estimated loading rate 
under the current conditions. Simulations further showed that increasing the organic loading into the harbour will 
reduce DO and increase ammonia, but will not significantly affect nitrate and phosphate levels in the harbour 
water. 
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INTRODUCTION 

Jebel Ali Free Zone (JAFZ) in Dubai is a growing industrial 
park with over 4500 trading, manufacturing, service, and 
distribution companies. Currently, Jebel Ali Harbour receives 
discharge consisting of several treated industrial and sewage 
effluents. Water discharged into the harbour must adhere to the 
effluent quality criteria set out in the Environmental Requirements 
established by JAFZ Authority. However, a further expansion of 
industrial activities may increase discharge flow rates into the 
harbour. This, in addition to port activities and ongoing and 
planned projects in the vicinity of the harbour, may increase 
pollutant loading beyond the capacity of the harbour. Furthermore, 
future harbour water quality may be negatively affected by the 
bottle-like nature of the harbour, in which limited mixing takes 
place.  

Assessment of harbour water quality is necessary to protect  
marine life and to minimize the impact of industrial activities on 
the surrounding ecosystem. In 2004, Maraqa and co-workers 
started a project to assess the water and sediment quality of Jebel 
Ali Harbour. MARAQA et al. (2006) developed a hydrodynamic 
model using MIKE21 (DHI, 2003a) to describe the circulation 
pattern in the harbour. The authors concluded that the main flow 
regime in the harbour follows alternate paths during flooding and 
ebbing, creating eddy-like circulations in net flow distribution. 
MARAQA et al. (2006) further developed an advection-dispersion 
model using MIKE21 (DHI, 2003b) to describe the transport of 
solutes in the harbour. The authors found that the flushing time of 
a conservative tracer discharged into the harbour varies from a few 
months to several years depending on the discharge location.  

This study expands on the work of MARAQA et al. (2006) and 
uses the ECO Lab module of the MIKE21 modeling system (DHI, 
2003c) to assess harbour water quality. One of the objectives was 
to investigate the ability to simulate selected water quality 
parameters with respect to input rates from the known discharge 
locations. Another objective was to use the developed water 
quality model of Jebel Ali Harbour to determine changes in water 
quality parameters when the loading rate of discharged organic 
matter increases or decreases.  
 

METHODOLOGY 
 

Site Description and Sample Analysis 
The harbour (Fig. 1) at JAFZ is the largest man-made port in 

the world, with an approach channel that starts 15 km offshore. 
The approach channel has a depth of 14-15 m and an initial width 
of 280 m, narrowing to 235 m. It bends after 10 km and becomes 
the entrance channel. It widens to 300 m at the bend and to 340 m 
at the start of the entrance channel. There are two basins within 
the port. The outer 14-m deep basin is 2.3 km long and 600 m 
wide. The inner basin is 3.7 km long and 425 m wide, with a depth 
of 11.5 m (DPA, 2005).  

Water samples from the harbour were collected from 5 different 
locations (denoted A-E in Fig. 1) using a grab sampler. At each 
location, 6 samples were collected from March 04 to March 05 at 
two water depths: 2 m below the surface and about 1 m above the 
bottom. The samples were analyzed for several parameters, 
including temperature, pH, salinity, DO, 5-day biochemical 
oxygen demnad (BOD5), NH3, NO2

-, NO3
- and PO4

3-.  
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Analysis of temperature, pH and DO was conducted at the site 
immediately after sample collection. Preserved samples were 
analyzed for the other parameters within the permissible holding 
time. BOD, NH3, NO2

- and NO3
- were analyzed following 

methods recommended by APHA (1995), while PO4
3--P was 

determined following the US EPA method 200.7. The water pH 
averaged 7.7 all over the harbour and the salinity was 39.3 ppt 
with no particular trend of increase or decrease during the 
monitoring period. As to the other tested parameters, the depth-
average values at each location are listed in Table 1.  In the table, 
the abbreviation NA stands for not available and DL for detection 
limit. 

Currently, there are five locations from which treated 
wastewater is discharged into the harbour (denoted DP1 to DP5 in 
Figure 1). All these sources represent treated industrial 
wastewater, except for that discharged at DP3, which is an effluent 
from a domestic wastewater treatment plant located within the 
Free Zone area. The flow rate and some chemical characteristics 
of water discharged from these sources are presented in Table 2. 
The values in Table 2 represent the average of the observed values 
of each parameter during the monitoring period.   
 
Model Setup 

The calibrated hydrodynamic and advection-dispersion models 
developed by MARAQA et al. (2006) were used in the water quality 
model presented in this study. The hydrodynamic model of Jebel 
Ali Harbour was constructed with a rectangular grid system of 
60×60 m2.  The entrance to the harbour was selected as the open 
boundary, while the closed side boundaries as well as the bottom 
were considered as no flow boundaries. A constant water level and 
zero velocities were used as initial conditions at all grid points. At 
the open boundary, the flow direction was considered to be 
perpendicular to the boundary and the tidal level was used as the 
boundary condition. An up-to-date topographical description of 
the model area (JAN DE NUL DREDGING CO., 2004) along with the 
meteorological conditions and the Coriolis effect were 
incorporated in the model. The tidal level at Jebel Ali Harbour was 
predicted using the Admiralty method in MIKE21 (ATT, 2003). 
Simulated tidal levels compared quite well with measured levels at 

three locations within the harbour. Also, simulated flow through 
the 
main channel matched the measured flow reasonably well. 

Table 1: Characteristics of Jebel Ali Harbour water 
Point Temp. 

(oC) 
BOD5 
mg/l 

DO 
mg/l

NH3-N 
mg/l 

NO2-N 
mg/l 

NO3-N 
mg/l 

PO4-P 
mg/l 

March 3, 04 
A 24.0 5.0 5.4 0.39 0.06 6.6 NA 
B 24.1 5.0 5.4 0.43 0.06 6.8 NA 
C 24.5 4.5 5.3 0.52 0.01 7.1 NA 
D 24.3 6.5 4.9 2.41 0.09 7.4 NA 
E 24.1 7.0 5.2 0.94 0.01 6.4 NA 
September 23, 04 
A 33.4 2.0 6.3 0.49 0.01 1.9 0.03 
B 32.8 2.0 5.4 0.49 0.01 2.4 0.03 
C 33.1 2.5 5.6 0.71 0.01 2.9 <DL 
D 33.0 2.5 5.4 0.51 0.01 2.4 <DL 
E 33.0 3.5 5.3 0.45 0.01 2.9 0.03 
November 30, 04 
A 27.0 0.9 6.0 0.05 NA 1.0 0.01 
B 26.8 0.9 6.7 0.07 NA 0.9 0.02 
C 27.0 1.3 7.4 0.04 NA 1.0 0.01 
D 27.0 1.3 7.1 0.15 NA 1.0 0.06 
E 26.8 1.4 7.1 0.10 NA 0.9 0.04 
December 8, 04 
A 27.0 0.8 7.0 0.06 NA 0.6 0.01 
B 26.9 0.9 6.8 0.09 NA 0.7 0.01 
C 27.1 1.1 6.7 0.10 NA 0.6 0.02 
D 27.0 1.1 6.7 0.17 NA 0.6 0.03 
E 26.9 1.3 6.8 0.19 NA 0.8 0.04 
December 18, 04 
A 25.1 0.8 4.4 0.06 NA 0.6 0.01 
B 25.2 0.9 5.1 0.08 NA 0.7 0.01 
C 25.2 1.0 5.5 0.08 NA 0.6 0.01 
D 25.1 1.3 5.0 0.15 NA 0.7 0.05 
E 25.0 1.4 6.7 0.20 NA 0.7 0.05 
February 27, 05 
A 23.1 2.0 6.5 0.84 0.00 5.2 0.01 
B 22.7 2.0 6.7 1.37 <DL 6.4 <DL 
C 22.7 2.5 6.7 1.45 <DL 6.8 0.01 
D 22.7 2.5 6.2 0.34 <DL 6.2 0.02 
E 22.4 3.5 6.2 0.19 0.05 6.8 0.02 
 

In the development of the advection-dispersion model of Jebel 
Ali Harbour, MARAQA et al. (2006) used a spatially varied 
dispersion coefficient that was determined by a formula suggested 
by FISCHER et al. (1979). Estimated dispersion coefficients at the 
dead-end locations (specifically the inner and the outer basins) 
were found to be very low, as compared with values in the main 
channel. 
The modeling of water quality was carried out using the ECO Lab 
coupled with the advection-dispersion modules in the MIKE21 
modeling system. Simulated parameters included BOD, NH3, 
NO2

-, NO3
- and PO4

3-. In an aquatic system, these parameters are 
subject to transformation reactions.  For example, degradation of 

 

Figure 1.  Jebel Ali Harbour with discharge locations and 
sampling points 
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BOD gives rise to an equivalent consumption of oxygen. BOD 
degradation is also a source of ammonia and phosphorous that can 
be taken by plants. Ammonia may also be converted to nitrite and  

 
nitrate through the nitrification process. The nitrate is eventually 
transformed into free nitrogen by denitrification. In modeling 
these parameters, the assumption is made that the transformation 
reactions are first–order and the transformation rate coefficient (k) 
is temperature dependent according to the Arrhenius equation. 

The water quality model requires knowledge of the initial and 
boundary conditions of the simulated parameters. The lack of 
observed data at the initial time of simulation (i.e. January 2004) 
necessitates the assumption of initial concentrations of the 
simulated parameters at all grid points. Reasonable initial values 
of the water quality parameters were obtained by trial and error, 
which resulted in a trend similar to that observed in January 2005. 
The initial values used were: 2 mg/l for BOD5, 5 mg/l for DO, 0.2 
mg/l for NH3-N, 0.01 mg/l for NO2

--N, 2 mg/l for NO3
--N, and 

0.02 mg/l for PO4
3--P. Values of the water quality parameters at 

the boundary were taken as the average values measured at the 
entrance of the harbour (sampling point A) during the monitoring 
period. Also in the model, constant concentrations of the 
examined water quality parameters at the discharge locations were 
used as listed in Table 2. The Euler integration method was 
utilized for solving the ordinary differential equations (PRESS et 
al., 1992) and a 30-minute time step was used in the simulation. 

 
RESULTS AND DISCUSSION 

 
Simulation Under Current Conditions  

Four locations (B through E of Figure 1) within the harbour 
were selected for a comparison of the simulated results with the 
observed levels of the examined water quality parameters. 
Simulation was first conducted using the loading rates from the 
known sources. In case the simulated results did not adequately 
describe the observed levels, the loading rate was adjusted, such 
that a reasonable match between the observed and simulated 
values is obtained. It should be mentioned that, due to space 
limitations, only a few representative examples of the simulation 
results are shown here.    

BOD was first simulated based on the known sources of treated 
wastewater that are discharged into the harbour. The degradation 
of BOD is assumed to be Michaelis-Menten-dependent on DO. In 
the simulation, a transformation rate constant (k) of 0.1/d at 20 oC, 
a half-saturation (Ks) oxygen concentration of 5.0 mg/l, and a 
temperature coefficient (θ) of 1.07 were utilized. These values are 
comparable to those that have been reported in the literature 
(JØRGENSEN et al., 1991). As shown in Figure 2, the simulated 
concentration was lower than the observed levels. The simulated 
concentration of BOD in the harbour eventually becomes almost 
zero, with the exception of low levels at location B due to 
discharges from two sources. In conclusion, consideration of only 
the treated wastewater discharged into the harbour with the 

characteristics discussed earlier fails to simulate the actual levels 
of BOD in the harbour. 

To maintain BOD concentration levels close to the observed 
levels, a continuous source distributed over the whole model area 
with a constant loading rate of 2.4 g/m2/d, in addition to the 
contribution from the discharge points, is needed (Figure 3). This 
rate is about 600 times higher than the discharge rate from the 
known sources. As is also shown in Figure 3, the BOD is higher 
during the winter and lower during the summer, reflecting the 
effects of changes in temperature on the BOD decay constant. The 
deviation of the observed data from the simulated data in Figure 3 
is probably due to variable loadings from sources that were not 
considered in the simulation. 

Table 2: Some characteristics of the discharge locations
Source Flow 

m3/hr 
BOD5 
mg/l 

DO 
mg/l 

NH3-N
mg/l 

NO2-N 
mg/l 

NO3-N 
mg/l 

PO4-P
mg/l 

DP1 9.5 6.5 5.03 1.039 0.478 50.0 0.481 
DP2 9.3 3.5 5.73 0.561 0.012 24.4 0.129 
DP3 112.5 5.5 4.13 1.683 1.000 26.5 0.500 
DP4 2.1 5.2 4.80 0.397 0.023 4.1 0.500 
DP5 4.9 3.0 4.13 1.427 1.000 4.6 1.794 
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Figure 3.  Simulated BOD at locations B (top) and D (bottom) 
after accounting for discharges from unknown sources 
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Figure 2.  Simulated BOD at locations B (top) and D (bottom) 
with consideration of discharges from known sources only 
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DO was simulated under the conditions of BOD loading from 
known and additional sources. Calibration of DO was performed 
using 10 mg/m2/d as a maximum oxygen production rate at noon 
from photosynthesis and a respiration rate of 0.01 mg/m2/d. As 
shown in Figure 4, simulated DO levels adequately describe the 
observed levels. Also, simulated DO shows a seasonal trend as 
that of the BOD. The DO level drops during summer due to the 
effect of temperature and the higher rate of BOD degradation. It 
should be noted, however, that there will be a higher rate of 
photosynthesis during summer resulting in higher production of 
DO, and thus compensating for a severe drop in the DO level. 

An approach similar to that used for the BOD was taken to 
simulate ammonia, nitrite, nitrate and phosphate in the harbour 
water. Additional loading rates needed to adequately simulate 
these parameters are listed in Table 3. It was necessary for many 
of the simulated water quality parameters to have an additional 
input rate besides the rate determined from the known discharge 
locations. For NO3

-, the discharge rate from unknown sources is 
about 144 times higher than the rate from the known sources. 

Examples of the simulation of nitrate and phosphate at location 
D, including additional rates listed in Table 3, are shown in Figure 

5. Phosphate simulation shows a seasonal variation; lower during 
winter and higher during summer, in contrast with nitrate. This 
opposite trend could be due to the high degradation of organic 
matter and the release of phosphate as a consequence. Nitrogen 
could also be produced in high levels, but its consumption by 
bacteria in reproduction might be much higher compared with the 
consumption of phosphorus. 

From the above discussion, it is clear that efforts directed 
towards better management of harbour water quality require 
identification and quantification of pollutant loadings from the 
unknown sources. These sources may include unauthorized 
disposal from ships, discharge of wastewater during shutdown of 
treatment plants, stormwater, and air deposition.  
 
Changes in BOD Input Rate in the Harbour 

Under the current conditions, BOD was simulated with an 
additional input rate of 2.4 g/m2/d over the whole area of the 
harbour. The impact of changes in BOD loading, compared with 
loading under current conditions, on the level of BOD in the 
harbour water is shown in Figure 6. As the figure shows, BOD in 
the harbour starts to build up when the loading rate is increased by 
20% (i.e., a loading rate of 2.88 g/m2/d). This rate could be 
considered as the BOD assimilation capacity of the harbour.  

The impact of increasing or decreasing the BOD input rate by 
50% on the concentration of other water quality parameters in the 
harbour is presented in Figure 7. Although the figure shows only 
simulations at location C, simulations at other locations are 
similar. As shown in Figure 7, changes in the BOD loading will 
inversely affect the dissolved oxygen and almost proportionally 
affect ammonia. However, nitrate and phosphate will not be 
significantly affected. It should be noted that under the conditions 
of increased BOD loading, the DO concentration will reach low 
levels during summer, which may seriously affect the aquatic life 
in the harbour and result in the prevalence of anoxic conditions. 
 

CONCLUSION 
1. The input rates of BOD, NH3, NO3

- and PO4
3- from the 

discharged treated wastewater at Jebel Ali Harbour are not  
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Figure 4.   Observed and simulated DO at locations B (top) and 
D (bottom) 
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Figure 5. Observed and simulated nitrate and phosphate at 
location D 

Table 3: Input rates and values of the different constants used  
Parameter Known 

sources 
(g/m2/s) 

Other 
sources 
(g/m2/s) 

Constants used in the simulation 

NH3 0.001 0.024 From BOD = 0.3 g NH3-N/g BOD 
Taken by plants = 66 mg N/g DO 
Ks for N2 uptake = 0.05 mg/l 

NO2
- 0.002 0 k (NH3 to NO2

-
 at 20°C) = 0.1/d 

θ = 1.088 
NO3

- 0.020 2.88 k (NO2
- to NO3

- at 20°C) = 2.0/d 
k (NO3

- to N2 at 20°C) = 0.08/d 
θ for nitrification = 1.088 
θ for denitrification = 1.16 

PO4
3- 0.001 0.036 From BOD = 0.01 g P/g BOD 

Taken by plants = 9.1 mg P/ g DO 
Ks for P-uptake = 0.01 mg/l 
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2. adequate to simulate the observed levels of these parameters in 
the harbour water.  

3. Simulation of BOD and NO3
- in the harbour water require input 

rates which exceed those associated with discharged treated 
wastewater by more than two orders of magnitude.  

4. The BOD in the harbour water is anticipated to start building up 
when the BOD loading rate reaches 2.88 g/m2/d, which is about 
20% higher than the estimated current loading rate.  
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Figure 6.  Simulated BOD at location D subject to different loading rates relative to current conditions 
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Figure 7. Simulated DO, NH3, NO3
-, and PO4

3- at location C 
subject to changes in BOD loading 
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