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ABSTRACT

There are two power generation and seawater desalination plants currently operated at Barka,
Oman: Barka I was commissioned in 2003, and Barka II in 2009. The cooling water from the power
generation plants are mixed with reject brine (and other effluents) from desalination plants and are
discharged through the same marine outfall systems. Therefore, during 2009, the brine discharge
plumes changed from the previously positively buoyant from Barka I plant to a newly negatively
buoyant from the combined Barka I and II plants. Consequently, instead of rising to the sea-surface,
the new brine plume will now tend to sink and stay at the seabed. CORMIX simulations were
carried out for two scenarios that represent the previous heated brine discharges and the new
concentrated brine discharges from the Barka plants. Due to uncertainty in the input data, further
simulations were carried out using salinity as a measure of the plume concentration for single port
and multiport, and by varying the ambient current velocity, the effluent discharge density and flow
rate. The results show that the water quality standards in the Omani coastal marine environment
within the regulatory mixing zone at a 150 m radius from the discharge point have been met for
both scenarios. However, the potential benthic impact due to the attachment of the new brine plume
at the seabed should be monitored and investigated further.
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1. Introduction

Oman is situated at the south-east of the Arabian Pen-
insula at the entrance to the Arabian Gulf, and its coastline
stretches 1700 km along the Gulf of Oman in the north to
the Arabian Sea in the south. Most of the population lives
in the north-eastern coastal areas and in the capital area of
Muscat. The climate of Oman is typically described as a
tropical hyper-arid, with two distinct seasons: winter and
summer. The winter period extends from late November
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to April, during which rains at irregular intervals occur.
However, based on 27 years of rainfall data from 1977,
the annual mean rainfall for the whole country is 117 mm
[1]. The mean air temperature in northern Oman varies
between 32-48°C from May to September, and between
26-36°C from October to April. The mean wind speeds
range between 2 and 3.5 m/s, with high winds encoun-
tered during the summer months.

Oman has been using desalinated water since 1976
when the Al-Ghubrah (co-location) power generation
and seawater desalination plant was first commis-
sioned in Muscat using thermal distillation technology
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of multi-stage flash (MSF). Due to population growth
and economic development and reducing the reliance
on groundwater resources, the desalinated water in the
capital Muscat is supplied by Al-Ghubrah and Barka
plants. Desalinated water usage in Oman is expected to
increase further in the future, due to new industrial and
tourism-related developments. The total demand for the
desalinated water in Oman is expected to increase from
102 million m? in 2008 to 234 million by 2015, an aver-
age annual increase of 13% per year [2]. The site for the
Barka plants has been designated as the location for the
construction of up to four (co-location) power genera-
tion and seawater desalination plants. Barka I was first
commissioned in 2003, the power plant with a capacity of
434 MW and the (MSF) seawater desalination plant with
a capacity of 91000 m*d, and adjacent to Barka I plant,
Barka II was recently commissioned in November 2009,
the power plant with a capacity of 683 MW and the sea-
water desalination plant using a membrane technology
of reverse osmosis (RO) with a capacity of 120000 m?/d.

Barka is situated on the coastal plain near to the Gulf
of Oman, an agricultural area that has been suffering
from seawater intrusion due to excessively pumped out
groundwater usage for irrigation [3]. The surface land
features can be described as flat with a sandy strip paral-
lel to the coastline approximately 300 m inland. Ground
surface elevations vary typically from 1.5 to 5 m above
mean sea level. From the regional bathymetry of the Barka
coastline [4], the gradient is about 1:140 up to the 10 m
depth contour and about 1:220 between the 10 m and 30
m depth contours. Near the plant site, the water depth
reaches 5 m at about 500 m offshore and 10 m at about
2000 m offshore. The general flow in the ocean currents
in the Gulf of Oman is in the anticlockwise direction
(Fig. 1), that is, along the northern coast of Oman, the
predominant coastal current moves southeastward from
the Gulf of Oman [5], with maxima at spring tides of up to
0.22 m/s. Tides in the Gulf of Oman have a strong diurnal
component with a spring-tide range of 2.6 m or more [4].

There are four intake and marine outfall systems
constructed as part of Barka I plant facilities (Fig. 2). So
far, only two seawater intake and marine outfall systems
are used for both Barka I and Barka II plants. The intake
system consists of four parallel pipes of 1.2 km in length
and a diameter of 2.2 m. The pipes are spaced 2 m apart,
buried under the seabed (not visible on the surface) and
the intake structure opens at 1.5 m above the seabed.
Barka I plant withdraws seawater at a rate of 67500 m®/h,
and Barka II plant at a rate of 59000 m®/h for cooling pur-
poses, taken from a depth of 10 m. To avoid the circulation
of concentrated brine discharges to the intake system,
the outfall discharge point is constructed at a distance of
800 m from the intake point [6].

The marine outfall systems are designed to discharge
the combined brine reject from the desalination plants and
the once through condenser cooling water system from
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Fig. 1. Coastal currents along the coast of Oman.
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Fig. 2. Seawater intake and marine outfall systems of Barka
I plant.

the power plant. It also comprises of four parallel pipes
angled at 62° to the beach, each with a diameter of 2.5 m,
buried at 5 m below the seabed and spaced equally at 4.8
m apart. The 62.4 m long staged multiport diffuser, con-
sisting of nine ports, are installed at the end of each outfall
pipe. The diffusers are arranged in two nested V shapes,
and each pair diverges at an angle of 30° on either side
of the outfall pipelines. The two internal pipes of length
653 m have its end at a depth of 9 m, while the other two
shorter external pipes of length 582 m end at a depth of
8.4 m. Each port with a diameter 0.7 m opens up at 1 m
above the seabed, and the jet brine stream is discharged
up at an angle of 10° above the horizontal. Barka I plant
discharges at a rate of 61500 m*/h, and Barka II plant at
a rate of 60600 m*/h.

In order to assess the compliance with the regulations
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for discharging effluents in the Omani marine environ-
ment [7], CORMIX simulations are carried out for two
scenarios that represent brine discharges from the Barka
plants: scenario I uses temperature as a measure of the
positively buoyant plume concentration to simulate the
previous heated brine discharges from Barka I (MSF)
plant (up to November 2009), and scenario II uses sa-
linity as a measure of the negatively buoyant plume
concentration to simulate the new concentrated brine
discharges from the combined Barka I (MSF) and II (RO)
plants (after 2009). Due to uncertainty in the input data,
sensitivity analysis were carried out for scenario Il using
submerged single port and multiport discharges by vary-
ing the ambient current velocity, the effluent discharge
density and flow rate.

2. Cornell mixing zone model expert (CORMIX) system

CORMIX (www.cormix.info) is a US EPA approved
software system for the analysis, prediction, and design
of outfall mixing zones resulting from the discharge of
aqueous pollutants into diverse water bodies [8-12]. It
employs a rule-based expert system to screen input data
and check for consistency, and select the appropriate
hydrodynamic model to simulate the physical mixing
processes contained within a given discharge—envi-
ronment interaction, ranging from internally trapped
plumes, buoyant plumes in uniform density layers, and
sinking of negatively-buoyant plumes. Boundary interac-
tion, upstream intrusion, buoyant spreading, and passive
diffusion in the far field are also considered.

The hydrodynamic classification scheme in CORMIX
system uses the length scale concept as a measure of
the influence of each potential mixing process. Bound-
ary interaction analysis and empirical knowledge from
laboratory and field experiments provides a rigorous and
robust expert knowledge base that distinguishes among
the many hydrodynamic flow patterns that may occur.
For every flow class, CORMIX assembles and executes
a sequence of appropriate hydrodynamic simulation
modules which, when executed together, predict the
trajectory and dilution characteristics of a complex flow.
The governing equations and formulations used in COR-
MIX system have been reported elsewhere [9,11,13-16].

CORMIX is designed to analyze water quality criteria
within regulatory mixing zones and has been success-
fully applied to the design and monitoring of wastewater
disposal systems, and it is also recognized by regulatory
authorities for environmental impact assessment [17].
Extensive comparison with available field and laboratory
data (including the negatively buoyant discharges) has
shown that the CORMIX system predictions on plume
dilutions and concentrations are reliable for the majority
of cases [18-24]. CORMIX outputs include contemporary
three dimensional plume and diffuser visualizations,
design recommendations, flow class descriptions and re-

porting oriented on mixing zone analysis and regulatory
compliance [25,26]. CORMIX model has also been used to
simulate heated brine discharges [27,28], and the results
of CORMIX simulations of concentrated brine discharges
from the submerged single port and multiport diffusers
are reported here.

3. CORMIX base simulations

CORMIX v6.0 simulations are carried out for two
scenarios of brine discharges from the Barka plants.
The input data are summarized in Table 1. The outfall
discharge point for the single port and the midpoint of
diffuser line for the multiport are located at 576.5 m off-
shore, and 9 m below the sea surface. Since the height of
the ports is 1 m above the seabed, according to CORMIX,
this is a deeply submerged discharge.

3.1. Scenario I of heated brine discharges from Barka I (MSF)
plant (up to November 2009)

This scenario is used to simulate the brine discharges
of 9°C above ambient on an unbounded flat bed coastal
environment with a surface heat loss rate of 30 W/m?/°C.
The origin is located at the seabed, directly below the out-
fall, and 576.5 m offshore. The x-axis points downstream,
the y-axis points to left (in the flow direction), and the z-axis
points upward. As the effluent density 1022.91 kg/m? is
less than the surrounding ambient density 1024.4 kg/m?,
the effluent plume is positively buoyant and will rise to
the surface. The maximum permissible temperature limits
set by the Omani government is WQS = 1°C above ambi-
ent within the RMZ of 150 m radius from the outfall [7].

CORMIX system classified the motion of the brine
plume from the single port as the near bottom, posi-
tively buoyant flows in a uniform density layer (flow
class H2) [9,26]. The jet-like plume is weakly deflected
by the ambient current into the flow direction, and the
bent-over brine plume rises towards the surface (Fig. 3).
After reaching the surface within 34 m downstream, the
plume spreads laterally due to buoyant ambient spread-
ing, and its thickness (measured vertically) is observed
to be decreasing initially (Fig. 4). Further downstream, as
the ambient flow is the dominating mixing mechanism,
the passive brine plume grows back in thickness, and it
becomes vertically fully mixed at 974.41 m downstream
as the bottom plume attaches to the seabed; after that the
plume collapses and continues to spread due to passive
ambient mixing in uniform ambient until it has reached
the ROI, 1000 m downstream.

The specified WQS has been met within the RMZ,
and the plume characteristics are presented in Table 2.
The brine plume dilution, which is defined as the ratio
of initial concentration (above ambient) at the outfall dis-
charge point to that at a given location, is given in Fig. 5.
A dilution of 507 is obtained at the ROI for the single port.
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Table 1
Input data for the CORMIX base simulations

Parameter Scenario I Scenario II
Marine outfall type Single port Multiport Single port Multiport
Ambient (unbounded coastal environment)
Velocity of the currents, m/s 0.3
Depth at discharge, m 9
Bottom slope, © — — 0.8944
Wind speed, m/s 2.5
Temperature, °C 24
Salinity, ppt 36
(Uniform) density, kg/m? 1024.4
Effluent discharge
Distance to shoreline, m 576.5
Diffuser length, m — 91 — 91
Number of ports 1 36 1 36
Port height, m 1
Port diameter, m 0.7
Vertical angle, ° 10
Horizontal angle, ° 920
Flow rate, m®/s 0.474 0.942
Temperature, °C above ambient 9 6
Salinity, ppt above ambient 2 13
(Uniform) density, kg/m? 1022.91 1032.27
Mixing zone
WQS = water quality standard, °C 1 (above ambient) — —
WQS = water quality standard, ppt — — 2 (above ambient)
RMZ = regulatory mixing zone, m 150
ROI = region of interest, m 1000

=
U=0.3 m/s

o degC 0

Relative Centerline Concentration

Fig. 3. The positively buoyant plume from the single port.
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Fig. 5. The plume dilution of scenario I: single port (left) and multiport (right).

Table 2
The RMZ characteristics of scenario I

Marine outfall type Single port

Multiport

0.16 above ambient
56.6
x=150,y=8.08, z=9
Half-width = 14.30
Thickness = 3.13

Temperature, °C

Plume dilution

RMZ centerline, m

RMZ plume dimensions, m

0.016 above ambient
553.6
x=150,y=0,z=9
Half-width = 48.59
Thickness =9

The CORMIX simulation results show that the overall
temperature rise is less than 0.16°C (above ambient) at
the edge of the RMZ, which is well below the maximum
permissible limits by the Omani government. This ap-
pears to be in agreement with the field survey conducted
in the vicinity of Barka I plant [6], and also with the heavy
metals analysis of the bottom sediments sample collected
[29], which is consistent with the assumption that the
brine plume rises to the surface.

For the submerged multiport, the brine discharge
volume is distributed over 36 ports, which are placed in
the alternating arrangement perpendicular to the diffuser
line, and the average spacing between the individual
ports is 2.6 m. Due to the lateral merging and interac-
tions of adjacent brine plumes, CORMIX system uses
the equivalent two-dimensional slot diffuser concept to
classify the motion of the brine plume from the multiport
as the near bottom, positively buoyant flows in a uniform
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density layer (flow class MUS) [11,26]. As CORMIX as-
sumes the merging process of the individual jets from
each port as a plume rises from a long slot discharge, the
merging jet-like plume is rapidly deflected by the strong
ambient current inducing higher dilution, and raised
towards the surface. The plume becomes vertically fully
mixed as it reaches the surface within 45 m downstream,
and continues to spread due to passive ambient mixing in
uniform ambient until it has reached the ROI. As shown
in Fig. 5, in comparison with the single port, a ten-fold
dilution is achieved for the multiport discharges at the
edge of the RMZ.

3.2. Scenario II of concentrated brine discharges from Barka
plants (after 2009)

This scenario is used to simulate the brine discharges
of salinity 13 ppt above ambient (set to a concentration
of 100% above ambient) on the uniformly sloping beach
coastal environment with slope 0.9°. In contrast to
scenario I, the effluent density 1032.27 kg/m?® is greater
than the surrounding ambient density 1024.4 kg/m?, the
effluent plume is negatively buoyant and it will tend to
sink at the seabed. The origin is located at the sea sur-
face directly above the submerged outfall, and 576.5 m
offshore. The maximum permissible salinity limits set by
the Omani government is WQS = 2 ppt above ambient

Table 3
The RMZ characteristics of scenario II

(or a concentration of 15.38% above ambient) within the
RMZ of 150 m radius from the outfall [7].

CORMIX system classified the brine plume motion
from the single port as the near bottom, negatively buoy-
ant flows in a uniform density layer (flow class NH4)
[13,26]. The jet-like plume becomes strongly deflected
by the ambient current. After the top part of the plume
reaches its maximum height within 1.3 m downstream,
the negative buoyancy becomes the dominating factor,
and the deflected plume descends toward the sloping
seabed. The bent-over plume is impinged on the seabed
within 26 m downstream, and the concentration distribu-
tion becomes relatively uniform across the plume width
and thickness (Fig. 6). Thereafter, it continues to spread
laterally due to the bottom density current while it is be-
ing advected by the ambient current. In the absence of
ambient stratification, the brine plume will proceed down
the slope until it has reached the ROI (Fig. 7).

Again, the specified WQS has been met within the
RMZ, and the plume characteristics are presented in
Table 3. The brine plume dilution is plotted in Fig. 8, and
a dilution of 30.9 is obtained at the ROI for the single port.
The CORMIX simulation results show that the overall
salinity increase is less than 0.6 ppt (above ambient) at
the edge of the RMZ, which is well below the maximum
permissible limits by the Oman government.

Due to the lateral interaction of adjacent jets, forming

Marine outfall type Single port Multiport
Plume concentration (0.6 ppt) 4.63% above ambient (0.056 ppt) 0.43% above ambient
Plume dilution 21.6 234

RMZ centerline, m

Half-width = 14.24
Thickness = 2.99

RMZ plume dimensions, m

x =150, y =45.50, z=-9.69

x=150,y=1.62,z=-9.03
Half-width = 47.03
Thickness =9.01

Fig. 6. The negatively buoyant plume from the single port.
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Relative Centerline Concentration
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Fig. 8. The plume dilution of scenario II: single port (left) and multiport (right).

an essentially two-dimensional plume as if the discharges
are made from a two-dimensional slot diffuser, CORMIX
system classifies the motion of the brine plume from the
multiport as the near bottom, negatively buoyant flows
in a uniform density layer (flow class MNU13) [14,26].
The merging jet-like plume is rapidly deflected by the
strong ambient current, and due to instability, it imme-
diately becomes vertically fully mixed as it leaves the
multiport, descending toward the sloping bottom. After
itis attached to the seabed, it continues to spread laterally
due to the bottom density current and in the absence of
ambient stratification will proceed down the slope until
ithas reached the ROL As shown in Fig. 8, in comparison

with the single port, a ten-fold dilution is achieved for the
multiport discharges at the edge of the RMZ.

4. CORMIX sensitivity study

CorSens is the CORMIX sensitivity analysis tool to
address model performance due to inherent uncertainty
in the input data [26,28]. Sensitivity studies are motivated
by the fact that there are no user-adjustable parameters
for model calibration within CORMIX system. The basis
for this restriction is that variations in ambient condi-
tions are likely to have greater influence on mixing zone
behavior than a model parameter to obtain a desired
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result. Only the scenario II simulations are carried out
to represent concentrated brine discharges from Barka
plants after 2009.

Firstly, to evaluate the effect of uncertainty in sea
conditions, simulations were conducted by varying the
ambient current velocity (an environment parameter)
while keeping the other input parameters the same as the
base simulation specified in Table 1. The results summary
of reducing ambient velocity from 0.5 m/s to 0.05 m/s are
presented in Table 4, and for the single port discharges,
it is observed that flow class changes from NH4 to a new
class NH5: momentum dominated bottom-attached jet
motion [13,26]. For the ambient velocity smaller than
0.25m/s, the discharge induced momentum flux domi-
nates the flow, and due to instability, the brine plume
becomes attached to the sloping seabed and vertically
fully mixed as it leaves the port. The ambient stratifica-
tion also occurs when the ambient velocity is less than
0.1 m/s, and for the smallest value of 0.05 m/s, the strati-
fication occurs within 29 m downstream. CORMIX also
predicts the occurrence of localized recirculation into the
jet-plume like regions, thus blocking the ambient current
and reducing the plume dilution.

At the edge of the RMZ, plume dilution values are
much greater than the base dilution for the single port
discharges, and for the ambient velocity 0.01 m/s, dilution
is more than three times the base value. Therefore, the
uncertainty in sea conditions may result in the overall
salinity increase to be less than the base value of 0.6 ppt
(above ambient).

For the multiport discharges, it is observed that by re-
ducing the ambient velocity, the plume dilution decreases.
The bottom density current develops along the diffuser
line due to the continuous inflow of mixed buoyant water
becoming stronger, reducing the mixing rate and thus the
plume dilution. The flow class changes from MNU13 to

Table 4

MNU2 [14,26] occur when the velocity value equals to 0.05
m/s, where the momentum flux is now weak relative to
the buoyancy flux. The ambient stratification also occurs
when the ambient velocity is less than 0.1 m/s, and for
the smallest value of 0.05 m/s, the bottom stratification
occurs within 23.44 m downstream. It is found that the
uncertainty in sea conditions may result in the overall
salinity increase of 0.4 ppt (above ambient) at the edge
of the RMZ.

Next, the simulations were conducted by varying the
discharge density (an effluent parameter), which reflect
the uncertainty on the brine characteristic. Salinity and
temperature directly influence the density of the efflu-
ent. The results summary of reducing discharge density
from 1034.27 kg/m? to 1025.27 kg/m? are given in Table 5,
showing that there are no flow class changes for the single
and multiport discharges. At the edge of the RMZ, plume
dilution increases to more than double for the single port
discharges since the stronger momentum with relatively
weak buoyancy controls the flow class NH4, but the same
effect is minor for the multiport discharges. Thus, the
uncertainty on the brine characteristic may result in the
overall salinity increase being less than 0.65 ppt (above
ambient).

Lastly, the simulations were carried out by varying the
brine flow rate (a discharge parameter), which reflect the
uncertainty on the plant’s operation. During the winter
months, Barka I plant operates with 60% load by shutting
down one of the three desalination units for maintenance.
The results summary of increasing discharge rate from
0.442 m3/s to 1.242 m?3/s are presented in Table 6. For the
single port discharges, the brine flow rates lower than
the base rate lead to smaller plume dilution due to less
momentum flux controlling the flow class NH4. The flow
class changes to NH5 occur at higher flow rates than the
base rate, and thus, larger momentum flux produces high-

The CorSens results summary on the ambient velocity at the edge of the RMZ

Marine outfall type  Single port Multiport

Ambient velocity Flow class Dilution  Salinity Flow class Dilution  Salinity

(mf) % ppt % ppt
0.5 NH4 324 3.09 0.402 MNU13 387 0.26 0.034
0.45 NH4 29.7 3.37 0.438 MNU13 349 0.29 0.038
0.4 NH4 26.8 3.74 0.486 MNU13 311 0.32 0.042
0.35 NH4 23.8 4.19 0.545 MNU13 272 0.37 0.048
0.3 NH4 21.6 4.63 0.602 MNU13 234 0.43 0.056
0.25 NH5 80.9 1.24 0.161 MNU13 196 0.51 0.066
0.2 NH5 84.1 1.19 0.155 MNU13 158 0.63 0.082
0.15 NH5 82.9 1.21 0.157 MNU13 101 0.99 0.129
0.1 NH5 69.2 1.45 0.189 MNU13 722 1.39 0.181
0.05 NH5 62.7 1.59 0.207 MNU2 36.0 277 0.360
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The CorSens results summary on the discharge density at the edge of the RMZ

Marine outfall type  Single port Multiport
Discharge density Flow class Dilution  Salinity Flow class Dilution  Salinity

3
(kg/m?) % ppt % ppt
1034.27 NH4 20.1 4.96 0.645 MNU13 234 0.427 0.0555
1033.27 NH4 20.7 4.84 0.629 MNU13 234 0.427 0.0555
1032.27 NH4 21.6 4.63 0.602 MNU13 234 0.427 0.0555
1031.27 NH4 23.1 4.33 0.563 MNU13 234 0.428 0.0556
1030.27 NH4 25.4 3.94 0.512 MNU13 234 0.428 0.0556
1029.27 NH4 28.4 3.52 0.458 MNU13 233 0.429 0.0558
1028.27 NH4 32.6 3.07 0.399 MNU13 233 0.429 0.0558
1027.27 NH4 38.4 2.60 0.338 MNU13 233 0.430 0.0559
1026.27 NH4 46.3 2.16 0.281 MNU13 232 0.430 0.0559
1025.27 NH4 55.9 1.79 0.233 MNU13 232 0.431 0.0560
Table 6
The CorSens results summary on the discharge flow rate at the edge of the RMZ
Marine outfall type ~ Single port Multiport
Discharge flow rate  Flow class Dilution  Salinity Flow class Dilution  Salinity
(m?/s) 9 0

% ppt %o ppt

0.442 NH4 14.6 6.84 0.889 MNU13 497 0.201 0.0261
0.542 NH4 16.2 6.17 0.802 MNU13 405 0.247 0.0321
0.642 NH4 17.6 5.67 0.737 MNU13 343 0.292 0.0380
0.742 NH4 19.0 5.27 0.685 MNU13 297 0.337 0.0438
0.842 NH4 20.4 491 0.638 MNU13 262 0.382 0.0497
0.942 NH4 21.6 4.63 0.602 MNU13 234 0.427 0.0555
1.042 NH5 23.0 4.35 0.566 MNU13 212 0.472 0.0614
1.142 NH5 49.8 2.01 0.261 MNU13 193 0.517 0.0672
1.242 NH5 51.5 1.94 0.252 MNU13 178 0.562 0.0731

er plume dilution. However in contrast, for the multiport
discharges there are no flow class changes, and plume
dilution decreases. It is found that the uncertainty in the
brine discharge rate may result in the overall salinity in-
crease of 0.9 ppt (above ambient) at the edge of the RMZ.

5. Conclusion

CORMIX simulations were carried out for two sce-
narios to assess the compliance of brine discharge from
Barka plants within the regulations for discharging ef-
fluents in the Omani marine environment [7]. The results
show that, up to November 2009, the overall temperature
rise due to heated brine discharges from Barka I plant is
found to be less than 0.2°C (above ambient) within the
regulatory mixing zone of 150 m radius from the outfall.
Similarly, from 2009, the overall salinity increase due to

concentrated brine discharges from the combined Barka
I and II plants is found to be less than 1 ppt (above am-
bient). These are well below the maximum permissible
limits set by the Omani government, which are respec-
tively 1°C and 2 ppt above ambient.

It is also observed that there is a change in the brine
plume characteristic, from a positively buoyant plume to
anegatively buoyant plume. In contrast to the positively
buoyant plume that will rise towards the surface, the new
negatively buoyant plume will sink to and stay at the
sloping seabed, and therefore the potential exposure of
benthic organisms can no longer be ruled out.

Like other numerical models, CORMIX system has
several inherent limitations. One major limitation results
from the representation of the coastal environment as
the unbounded rectangular channel, and as a uniformly
sloping cross-section channel for concentrated brine
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discharges, where the current velocity is assumed to be
uniform. Another limitation is the flow classification sys-
tem without even starting a numerical computation based
on hydrodynamic criteria using significant length scale
analysis and its subsequent dilution in the receiving water
environment. Thus, as shown in Table 4, a small change
in an input parameter may result in a different flow class
leading to marked discontinuities in the plume dilutions.
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