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The main objective of the present study is to model the discharge of saline
wastewater from a petrochemical desalination plant on the Chabahar
coast to achieve an optimal design of the wastewater outlet location. In
this regard, various scenarios based on single- and multi-valve
wastewater discharge, the direction and angle of the valves, and the
effects of different flow velocities and tides on the behavior of the
pollution plume and changes in salinity concentration were investigated
using the CORMIX numerical model. The input data for investigating the
distribution and dispersion of saline wastewater include environmental
parameters (coordinate system, regional wind information, Manning
coefficient, discharge depth, rate and density of saline wastewater, flow
information, etc.) and discharge system parameters. The discharge rate of
saline wastewater from the desalination plant was considered to be 55 kg
sand its density was 1053 kg m. Based on the modeling results, the use
of alternate ports increases the salinity concentration in the area and the
co-directional ports provide better results. At average flow speed, the
pollution halo will move towards the coast, but the salinity concentration
on the coast will be within the standard range. At maximum ambient flow,
the increase in salinity concentration on the coast will be higher than the
environmental standard. According to the results of different scenarios,
the location of the water intake site from the shoreline at a depth of 12 m
was estimated to be about 425 m and the distance of wastewater discharge
from the shoreline at a depth of 5 m was estimated to be about 250 m.
The depth mentioned for water intake is based on the effect of the
wastewater output rate, and the depth of planktonic bloom and the red
tide phenomenon are not considered in this study.

saline wastewater in Chabahar coastal.
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EXTENDED ABSTRACT

Introduction: one of the environmental issues related to desalination plants, especially reverse osmosis
desalination plants in coastal areas, is the discharge of their highly saline effluent into the marine environment.
Increased salinity alone increases the density of water. This increase in density causes the effluent to sink and
concentrate near the seabed, which can cause destruction of the ecosystem of that area. In general, the volume of
effluent discharged, the location of discharge, the density and concentration of effluents, the environmental
conditions of the sea such as the intensity of currents in the area, and the degree of mixing of effluent with seawater
affect the amount and manner of dispersion or accumulation of these effluents. Therefore, in this study, modeling
of the discharge of saline effluent from a desalination plant on the Chabahar coast was carried out to achieve the
optimal design of the effluent outlet location using CORMIX software. In this regard, various scenarios were
investigated using the trial-and-error method to determine the location of the inlet of the water intake and the
outlet of saline effluent for better dilution and approaching the standards of the US Environmental Protection

Agency (EPA).

Methodology: In this study, among the multi-valve diffusers, unidirectional and periodic diffusers were
investigated. The discharge rate of saline wastewater for the desalination plant was considered to be 55 m® s and
its density was 1053 kg m™. The simulations were carried out at a depth of 5 m. The wind speed in the area was
considered to be 3 m s and the Darcy-Weisbach Coefficient was considered to be 0.1. Based on information
obtained from the Ports and Shipping Organization, the average flow speed is 0.1 m s*. The effluent salinity was
considered to be 43% higher than the seawater salinity in proportion to the final capacity. The final desalination
capacity: 50,000 m? d* and the final seawater intake capacity assuming an efficiency of 30% for the desalination
plant: 150,000 m® d*. In the simulation evaluation of salinity distribution to determine the location of the inlet of
the water intake and the outlet of the saline wastewater, the EPA criterion was considered, which, based on the
first criterion, water salinity within a 200-m radius of the discharge location can increase by a maximum of 10 %
(given that the salinity of the ambient water is approximately 36 g L, the salinity concentration within a 200-m
radius of the wastewater outlet is allowed to reach a maximum of 39.6 g L!). Variables studied in the simulated

scenarios:

-Investigating the effect of single- and multi-valve wastewater discharge on the behavior of the concentration
rate
-Investigating the direction and angle of the valves on the behavior of the concentration rate

—Investigating the effect of different flow speeds on the behavior of the concentration rate

Results and Discussion:

Modeling of brine discharge with single-port outfall (average current speed) indicate that at a 200-m radius from
the discharge point (250 m from the shore at a depth of 5 m), the percentage increase in salinity reaches
approximately 0.7%. The initial brine discharge has a salinity increase of 15.48 mg L. Modeling of brine
discharge with multi-port diffuser outfall at average ambient current speed show that at a 200-m radius from the
discharge point (250 m from shore, 5 m depth), the percentage increase in salinity reaches approximately 0.7%.
The initial brine discharge has a salinity increase of 15.48 mg L. Therefore, the salinity concentration changes
were less than the environmental limit of 39.5 g/L. Furthermore, based on the modeling results, salinity
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concentration changes at the intake location, 425 m from shore (12 m depth), are not affected. In this scenario, the
pollution halo moves towards the shore, but as the results indicate, salinity concentration at the shoreline remains
within the standard range. Modeling of brine discharge with co-directional multi-port diffuser at maximum
ambient current speed indicate that at a 200-m radius from the discharge point (250 m from shore) with a 15-m
diffuser, salinity increases by 18% along the X-axis. The initial brine discharge has a salinity increase of 15.48
mg L. At a 200-m radius from the discharge point along the X-axis, salinity reaches 6.7 mg L. Therefore, the
salinity changes exceeded the environmental limit threshold of 39.5 g L* for this project. In addition, modeling
of brine discharge with multi-port diffuser (x-axis alignment) at average ambient current speed show that at a 200-
m radius from the discharge point (250 m from shore), salinity increases by 2% along the X-axis. The initial brine
discharge has a salinity increase of 15.48 mg/L. At a 200-meter radius along the X-axis, salinity reaches 0.7 mg
L. Therefore, the salinity changes were less than the environmental limit of 39.5 g/L. Moreover, based on the
modeling results, salinity concentration changes at a distance of 425 m from the shore (12 m depth) reach zero,
indicating no impact on the intake location.

Conclusion: Managing wastewater from seawater desalination plants is costly, but negative environmental
impacts can be minimized through proper configuration and placement of brine outfall systems, guided by
integrated modeling. This study explored various trial-and-error scenarios to determine optimal locations and
specifications for brine outfalls, aiming for enhanced dilution and alignment with environmental protection
standards, particularly concerning the intake and discharge points. According to the results, the location of the
water intake site was estimated to be 425 m from the shoreline and the distance of wastewater discharge from the
shoreline was estimated to be 250 m. For more precise investigations, it is recommended to develop an integrated
model by coupling the CORMIX-CorJet model with the FLOW-3D hydrodynamic model to more accurately
assess the environmental impacts of brine discharge.
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Table S1- Summary of information used in the model

Description - Scenario —
Environmental Criteria
Density (kg/m°) 1027.5
Average depth (m) 5
Current Velocity (m/s) 0.1
Bottom slope (°) 1.3
Wind speed (m/s) 3
Darcy-Weisbach Coefficient 0.1
Density (kg/m3) 1050.2
Effluent flow rate for each pipeline (m3/s) 1.15
Salinity (PSU) 51.4
Concentration (Excess) (%) 43
Diffuser Length (m) 15
Port Height (m) 0.5
Port Diameter (m) 0.4
Vertical angle (°) 0
Horizontal angle (°) Perpendicular to current = 90
Contraction Ratio 1
Total Number Of Openings 4
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Table S2- Summary of information used in the model

Description - Scenario —
Environmental Criteria
Density (kg/m®) 1027.5
Average depth (m) 5
Current Velocity (m/s) 0.1
Bottom slope (°) 1.3
Wind speed (m/s) 3
Darcy-Weisbach Coefficient 0.1
Density (kg/m3) 1050.2
Effluent flow rate for each pipeline (m3/s) 1.15
Salinity (PSU) 514
Concentration (Excess) (%) 43
Diffuser Length (m) 15
Port Height (m) 0.5
Port Diameter (m) 0.4
Vertical angle (°) 15
Horizontal angle (°) Perpendicular to current = 90
Contraction Ratio 1
Total Number Of Openings 4
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Table S3- Summary of information used in the model

Description - Scenario —
Environmental Criteria
Density (kg/m?®) 1027.5
Average depth (m) 5
Current Velocity (m/s) 0.1
Bottom slope (°) 1.3
Wind speed (m/s) 3
Darcy-Weishach Coefficient 0.1
Density (kg/m3) 1050.2
Effluent flow rate for each pipeline (m3/s) 1.15
Salinity (PSU) 51.4
Concentration (Excess) (%) 43
Diffuser Length (m) 15
Port Height (m) 0.5
Port Diameter (m) 0.4
Vertical angle (°) 15

Horizontal angle (°)

Perpendicular to current =0

Contraction Ratio

1

Total Number Of Openings

4

bl )9 b ()90 N y90 4 Sl (8,90 (55w (S99 )L

Jawe 4 03li! 390 OleMb] aoMs —F Cawgn Jos>
Table S4- Summary of information used in the model

Description - Scenario —
Environmental Criteria
Density (kg m™3) 1027.5
Average depth (m) 5
Current Velocity (m s?) 0.1
Bottom slope (°) 1.3
Wind speed (m s1) 3
Darcy-Weisbach Coefficient 0.1
Density (kg m™3) 1050.2
Effluent flow rate for each pipeline (m®s?) 1.15
Salinity (PSU) 514
Concentration (Excess) (%) 43
Diffuser Length (m) 15
Port Height (m) 0.5
Port Diameter (m) 0.4
theta angle (°) 15
Contraction Ratio 1
Total Number Of Openings 4
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