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Abstract

High concentrations of algae cause the sea surface to turn red and there Received: 15 May 2021
is a possibility of discoloration to yellow, green and brown, which has Accepted: 19 July 2021
eventually led to the death of many marine aquatic animals. The extent of Page Number: 64-75

the red tide has polluted the sea surface, making it impossible to
accurately predict this phenomenon. These algae are phytoplankton with
a concentration of about 2000 per liter. With the growth and
multiplication of these phytoplankton in the Persian Gulf, the turbidity of
seawater has increased sharply and desalination units in the region have
problems such as rapid clogging of filters and reduced freshwater

production. In this research, using GPS-X 8.0 simulator software, the Keywords:
effect of red tide phenomenon on the conventional reverse osmosis unit Pretreatment,
pre-treatment process and also the optimization of the reverse osmosis Red Tide,

unit pre-treatment process with two methods DAF+DMF and UF+DMF GPS-X,

are investigated. it placed. The results showed that the removal rate of Reverse Osmosis

TOC variable in the conventional method was 44% and in the two
optimized methods mentioned was 95% and 76%, respectively, and the
turbidity removal rate was 18% in the conventional method and in the
two optimized methods mentioned was 94% and 78%, respectively. Also,
with the economic evaluation, the cost of implementing the DAF+DMF
method was estimated to be approximately 27% lower than the cost of
implementing the UF+DMF method. The results show that the
DAF+DMF method in the pretreatment process, technically and
economically has the best performance when the red tide occurs, which is
suggested to be considered in the design of seawater desalination units.
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6. Silt Density Index (SDI)
7. Chlorella Vulgaris

8. Heterocapsa Triqutra

9. Ultrafiltration

1. Red Tide

2. Dissolved Organic Matter

3. Dissolved Air Flotation (DAF)
4. Dual Media Filter (DMF)

5. Membrane Filtration (UF)
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5. Poisson Regression
6. Bacillariophyta

7. Dinophyta

8. Cyanophyta

9. Trichodesmium
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1. Dissolved Organic Carbon (DOC)

2. Harmful Algae Blooms (HABS)

3. Conventional Granular Media Filtration Pretreatment
4. Low-Pressure Membrane Filtration Pretreatment
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Figure 1. A sample of red tides in the waters
of the Persian Gulf [15].
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Table 1. Seawater input data under both natural conditions and red tidal conditions [17].

Descrtiption

Natural Condition Data | Red Tide Condition Data

1 Flow S.W. Flow Rate m*/day 157725 157725
2 Temp. Water Temp. °C 155 38
3 TDS Total Dissolved Solid mg/L 25000 29000
4 TSS Total Suspended Solids mg/L 10 37
5 Turbidity Turbidity NTU 1 7
6 TOC Total Organic Carbon mg/L 1 7.6
7 DO Dissolved oxygen mg/L 9 7
Typical Method
Se.a- Water - ‘ Seco_nd Method: Sand Filter / \4.—7
_ ‘ UF+DMF (DMF) | / ;/_
Ultra Filtration Reverse [Osmosis
(Y
Third Method: \ ( ©0
DAF+DMF | Sand Filter
. (DMF)
Dissolved air flotation

(DAF)

305 GAS £ 989 asl pedi 5u L ja 0T GPSX l jila i L oucdi(s Hhesdasch A yiuns (9 5 daus 351 9 ybo Y JScl

Figure 2. Schematic of three pre-treatment methods simulated with GPS-X seawater under red tidal conditions.

2. Clarifier
5. Flocculation Tank

1. Hydromantis
4. Dual Media Filter (DMF)

3. Ultrafiltration
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Figure 3. Overview of simulation with GPS-X software RO pre-treatment in three different methods.
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Table 2. Seawater input data in natural conditions and simulation output with GPS-X software.

Descrtiption Inlet Sea Water Data | Simulation Output

1 Flow S.W. Flow Rate

2 Temp. Water Temp.

3 TDS Total Dissolved Solid
4 TSS Total Suspended Solids
5 Turbidity Turbidity

6 TOC Total Organic Carbon

m®/day 157725 153600
°C 15.5 15.5
mg/L 25000 22320
mg/L 10 0.7946
NTU 1 0.3973
mg/L 1 0.3341
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Table 3 Simulated input and output data in three different methods.
Inlet Sea Water
Data

(Red Tide Cond.)

1 Flow  m®day 157725
2 Temp. °C 38

3 TDS mg/L 29000
4 TSS mg/L 37

5  Turbidity NTU 7

6 TOC mg/L 7.6

Simulation Simulation Simulation
Output Output Output
(Typical) (UF+DMF) (DAF+DMF)
131700 154600 154500
38 38 38
28780 22800 25360
16.49 0.413 2.318
5.737 1.535 0.417
4.28 1.836 0.3827

1. Total Organic Carbon

2. Total Suspended Solids
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Table 4. Comparison of the reduction of water variables in three pretreatment methods.

. . Simulation Simulation
Simulation Output
Spec. (Typical) Output Output
yp (UF+DMF) (DAF+DMF)
1 TDS mg/L 1% 21 % 13 %
2 TSS mg/L 55 % 99 % 94 %
3 Turbidity NTU 18 % 78 % 94 %
4 TOC mg/L 44 % 76 % 95 %
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Figure 4. Column comparison of turbidity parameter in pretreatment output with three different methods under red tidal conditions.

1. Turbidity

3. Total Organic Carbon
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Figure S. Column comparison of TOC parameter in pretreatment output with three different methods under red tidal conditions.
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Table 5. Approximate economic evaluation in three different pre-treatment methods.

Typical Method

UF + DMF Method

DAF + DMF Method

Description
P ©)

Equipment

1 . 5,939,450
Fixed Cost

) Maintenance 1171.192

Cost
3 Total Cost 7,110,642

) )
12,150,000 9,350,000
2,322,136 1,772,196
14,472,236 11,122,196
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