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ABSTRACT

The rate of initial development and its characteristics play an important
role in the design of wastewater discharge into the sea. It is very
common to use mixing zone models to estimate the initial gradient.
Considering that salty sea water causes environmental damage due to
mixing with wastewater discharged from the desalination site into the
sea on the coasts, it was determined by modeling the angled channels
that distribute the wastewater on the sea floor that the wastewater from
the water site The sweetener enters the sea through the angled channels
of the spreader and is pulled towards the shore due to the velocity of the
current. The lowest density is in the areas between the spreaders, which
shows that the promotion system works well and prevents the
sedimentation of the effluent on the sea floor and has reduced the
density of the effluent. Also, the lowest velocity is in the areas between
the spreaders, which shows that the promotion system works well and
prevents the sewage from settling on the sea floor.
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1. Introduction

Multi-port diffusers are often used to dilute
industrial ~ effluents to receiving waters
characterized by shallow water depth. Examples
of these effluents include heated water from
power plants located near the ocean or the coast
of Great Lakes, sewage effluent from treatment
plants discharged into a river or lake, and
saltwater runoff from desalination plants. the
ocean Concentrated brine from desalination
plants is sometimes mixed with lighter heated
water from an on-site power plant or treated
wastewater from a sewage treatment plant for
energy recovery using pressurized delayed
osmosis (PRO) or reverse electrodialysis. (RED)
Akram et al. 2013; Weiner et al., 2015)

(Shrivastava and Adam, 2019 studied the mixing
of tee diffusers in shallow water with cross flow.
This paper analyzes the mixing of a tee diffuser
discharging into shallow water with the flow.
Experiments are performed for tee diffusers of
various designs discharging in a crossflow.
Dilution measurements are reported and
analyzed along with results obtained by previous
studies to investigate the effects of various outlet
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and environmental parameters on dilution. The
effect of ambient flow velocity, diffuser length,
port distance, port angle with respect to
horizontal, ambient depth, distance near the
shore and effluent buoyancy on dilution is
investigated. Previous investigations have shown
different effects of the ambient flow on the
dilution of the three-way diffuser, which is
characterized by the ratio of the ambient
momentum to the discharge momentum. This
apparent confusion is resolved by showing that
many of the differences can be attributed to the
different range of parameters used in the
different studies. While most studies have
focused on minimum dilution inside the column,
dilution measurements at the edge of a
regulatory mixing zone are considered in this
paper because they are important to meet
regulatory requirements. Measurements of
centerline and mean flux dilution at the edge of a
mixing zone are reported. Recommendations are
given for the design of tee diffusers in shallow
receiving waters with cross-flow.

X Chan (1985)

O Fitzpatrick Plant Study
(Hecker et al. 1970)

+ Leeetal. (1977)

@ Perry Plant Study (Acres
American 1974)

A Seoetal. (2001)
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(Stolzenbach et al. 1976)
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Figure 1- Progressive measurements in areas S1, S2, and S3 for a T-shaped spreader(Shrivastava and Adam, 2019).

Reference So fhy (degrees) m, L/H I/H o [
Perry plant study (Acres American 1974) 49 0 0.05-1.26 15-75 1-6 0.1-0.3 0
Fitzpatrick plant study (Hecker et al. 1970) 14.9 0 0.18-1.37 303 25 (.64 1/50
Lee et al. (1977) 7-10 0 0.04-0.14 1940 05-2.5 0-0.2 0
Seo et al. (2001) 10-30 25 0.03-104 415 0-1 0.1-12 0
Somerset plant study (Stolzenbach et al. 1976) 6-15 0 0-0.75 6-34 2 0.2-05 1/73.5
Chan (1985) 12 0 0.17-1.31 254339 0.85 0 0

Figure 2-The parameters used by the previous researchers in the advanced calculation(Shrivastava and Adam, 2019).
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St Rm Lm N Q (fs)  u, (mfs) 5 m, LIH I/H ] n §3 Siee L,

1 1 240 A 53 0.07 156 0.08 A 1 017 2 B2 - m
2 240 A4 53 0.2 156 092 % 1 017 6 106 173 2

3 240 4 53 052 156 494 . 1 07 2 R4 B8 M

4 240 4 253 L13 156 2329 % 1 07 2 157 26 M

2 5 240 48 53 0.06 156 007 4 05 017 1 12 - 25
6 240 4 53 021 156 081 % 05 017 1 90 - 25

7 240 48 53 048 156 427 . 05 017 1 102 196 25

8 240 48 53 0.63 156 726 bl 05 017 1 1Ll - 25

9 240 48 53 105 156 2016 A 05 017 1 129 A8 25

3 10 240 12 53 0.07 156 0.08 .} 2 017 2 142 - 267
1 240 12 53 1) 156 092 bl 2 017 2 1Ll — 267

12 240 12 53 0.52 156 494 A 2 07 2 12 - 267

3 240 12 53 113 56 2329 pa) 2 017 2 155 - 267

4 14 240 6 53 0.07 156 008 A 4 017 4 130 - 242
15 240 6 53 02 156 092 X 4 017 3 95 — 242

16 240 6 53 0.52 156 494 A 4 017 3 8.7 - 242

7 240 6 %3 L13 156 2329 A 4 017 2 18 - 242

5 18 300 30 53 0.07 174 0.10 3 1 018 2 141 — 245
19 300 30 53 0.2 174 L6 30 1 018 2 99 - 245

20 300 30 53 0.52 174 615 3 1 01 4 01 177 2%

2 300 30 ak} L13 174 13 30 1 018 2 B8 A1 2%

6 2 160 16 53 0.07 131 0.06 16 1 s 2 133 — m
3 160 16 253 02 131 059 16 1 015 2 104 - m

A 160 16 53 052 131 329 16 1 015 2 105 - m

5 160 16 253 L13 131 1553 16 l 05 2 150 - m

Figure 3- Parameters used in advanced calculation (Shrivastava and Adam, 2019).
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Fig. 5. Computation of h(f).

Figure 4- Parameters used in advanced calculation (Shrivastava and Adam, 2019).
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Figure 5- The parameters used in the progress calculation for 6 plans for different (H) (Shrivastava and Adam, 2019).
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Figure 6- The parameters used in the progress calculation for 6 designs for different L(H) (Shrivastava and Adam, 2019).

e = 0.1 is the expansion rate of the half-width jet
(Lee and Chu, 2003). h(6_0) is less than water depth
for 0 > 11.3 degrees. Therefore, the dilution ratio
for a diffuser with horizontal ports relative to ports
inclined at an angle 8 _0 for 8_0 > 11.3) is as follows:

S0 _ |A(0) | HL 1
S(60) Ay  |Ih(6o) J2ecotd,

S1 = ratio of flow induced from behind the diffuser
to the

discharge flow rate for a tee diffuser in crossflow;
S2 = minimum dilution within the plume for a tee
diffuser in

crossflow;

S3 = minimum dilution at the edge of a mixing zone
for a tee

diffuser in crossflow;

A = cross-sectional area occupied by the diffuser
plume;

a0 = individual port area;

B = width of effluent plume as it crosses the mixing
Zone;

b0 = kinematic buoyancy flux per unit length of
discharge

effluent;

cd = empirical drag coefficient for tee diffuser in
crossflow;

DO = port diameter;

FO = densimetric Froude number;

g = acceleration due to gravity;

000 = reduced gravity of effluent discharging from
the outfall;

H = ambient water depth;

h<:00 = water depth occupied by the plume when it
hits the

water surface;

L = length of diffuser;

Lm = characteristic length scale for the diffuser;

Lr = ratio of length in the prototype to length in the
model;

Lt = length of trajectory till the plume hits the water
surface;
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| = spacing between ports;

ma = kinematic momentum flux per unit length of the
ambient crossflow;

mr = momentum ratio, a nondimensional parameter
characterizing the effect of ambient current;

mO0 = kinematic momentum flux per unit length of
discharge effluent;

N = number of ports;

n = number of replicates for each experimental run;
Q = flow induced by the discharge;

QO = flow rate of discharge effluent;

R = jet Reynolds number;

rt = horizontal distance of the point of surface impact
from the jet;

S = diffuser dilution;

S ave = flux-averaged dilution at the edge of a
mixing zone for atee diffuser in crossflow;

SO = theoretical dilution of a tee diffuser in quiescent
ambient;

ua = ambient current speed,;

ud = speed of the plume perpendicular to the mixing
zone boundary;

ue = average velocity of the flow being entrained into
the diffuser plume;

uf = average velocity of the induced flow in front of
the diffuser;

u0 = exit velocity through a port;

xs = distance of the diffuser from the nearshore;

I' = bottom slope in the offshore direction;

Ap = density difference between discharge effluent
and ambient water;

¢ = rate of increase of the jet half-width;

0 = local value of plume inclination relative to
horizontal;

00 = angle of port inclination with horizontal;

v = kinematic viscosity of water;

pa = density of ambient water;

p0 = density of discharge effluent;

o = contraction in the width of the plume discharged
froma

tee diffuser; and

¢ = nondimensional shallowness parameter.
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In 2017, Absi investigated how to discharge
wastewater through angular ducts with the help of
laboratory models. There have been extensive reports
of dense gradient jets typical of brackish water
discharge into shallow water. Experiments were
performed with nozzles at 30, 45, and 60 degrees to
the horizontal direction, and the spatial changes of
restoration concentrations were measured by three-
dimensional laser fluorescence (3DLIF). Three flow
regimes are known: deep water, surface contact and
shallow water. The regimes depend on the value of
dF/H, where d is the nozzle diameter, F is the dense
mass number of the jet, and H is the water depth;
Criteria for transitioning between them are provided.
Flow images showed three-dimensional interactions
with the free surface, especially for steep nozzle
angles in shallow water. The drop in critical points
and their locations were measured. For deep water,
all results followed those previously reported for
fully submerged jets. As the depth (or increase in
dF/H) decreases to surface contact, dilutions begin to
decrease. Tracer concentration profiles are reduced at
the water surface and resemble semi-Gaussian
profiles similar to wall jets in shallow water. The jets
can stick to the water surface, although the impact
point locations and near-field length are not
significantly affected by the water surface. In deep
water-surface contact regimes, the impact point and
near-field dilutions are higher for 60° nozzles.
However, the depth decreases, but the dilution is
almost equal for the three nozzle angles, until for
shallow water, the 30° nozzle leads to a slightly
higher dilution. A 30° discontinuity may be preferred
for this case because the interaction surface is lower
and therefore has less visual effect than the water
surface. The previous recommendations that dense
jets are located underwater, so that the height of the
upper boundary to the jet is less than 75% of the
water depth to avoid surface effects seems to be too
conservative and the current results show which
increase can be up to 90% of water depth for all
angles without detrimental effect on dilution.
In 2017, Alden designed the wastewater discharge
facility for the Huntington Beach desalination site.
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Suggested publisher goals (Alden 2017) are to
maintain a underground sewers that do not tolerate
water table and reduce low amounts of ocean salinity
water, requiring discharge shall not exceed a daily
maximum of 2.0 ppt above natural sodium not more
than 100 meters horizontally from any point of
discharge.

The ports are spaced to ensure proper flow between
the jets and deliver a horizontal vertical motion of the
bay to the dump.

Segregation analysis of this design published by
Poseidon was performed using CORMIX (Jenkins,
2017a). This analysis is discussed below. Four flow
scenarios are considered: worst case #1 and worst
case #2 with temperature difference between effluent
and seawater at 0°C and +2°C. To illustrate the
methods calculated in R2018, we consider here only
the worst case number 1 with a temperature
difference of 2 °C (here WC1). The conclusion
should be similar for other cases.

Donker and Jirka published a manual for using
CORMIX software.

In 2017, Jenkins conducted a hydrodynamic study of
a 3D designed model of channel spreaders at
Huntington Beach.

(Adams, 1982) derived the progressive equation and
angular diffuser using Bernoulli's equations and
momentum equation for pressure continuity along the
axis of the diffuser. In the case of the angled diffuser,
the momentum drop that existed due to the stagnation
of the surrounding flow in the momentum equation
between the back and front section of the diffuser
was taken into consideration. Then, by combining the
energy equations and the momentum equations, he
calculated the rate of promotion in the area near the
discharge for angled diffusers.

The present invention relates to a multiport
submerged cooling water discharge diffuser and, in
particular, to a diffuser in which the direction of the
cooling water discharge is variable as a function of
the position of the water discharge relative to the
longitudinal center of the diffuser as well as half the
length of the diffuser.

When the wastewater is discharged into the sea, the
initial mixing of an area with a radius of about 100
meters is done after the wastewater is discharged into
the environment through the spreader, which is called
the near field. It moves and is spread by the
turbulence of this environment, which is called the
far field. becomes

For brines, because it has a higher density than sea
water and there is a possibility of settling on the bed.
Therefore, the discharge of brine should be in such a
way that it creates a jet state in the water at the
beginning of the discharge so that it can move in the
surrounding water and by creating more disturbance
in the environment, it causes the mixing of the brine
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with the surrounding water to accelerate the progress
of the brine and before it drops. The speed and
settling of that concentration should be reduced to
such an extent that it cannot be separated from the
surrounding environment. It should be noted that
based on the standards provided by the US

: A Near field

Environmental Agency, this process should be
carried out within a maximum radius of 200 meters
from the sewage discharge location (Moshirpanahei
etal., 2019).

Intermediate field

a) Side view

N

g’ Backentrainment
N
X ld

gide entrainment

i

b) Plan view

Figure 8- The output flow from the diffuser in the side views and plan modeled in Cormix software (Robert, 2018).
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Figure 9- Areas investigated for the anageent of water quality protection of the effluent discharge environment (Jirka, 2003 and

-
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regulatory
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Shoreline

2004).

multiport
diffuser

Figure 10- Proposed plan to improve the condition of the investigated'areas for the management of water quality protection of the
effluent discharge environment (Jirka, 2003 and 2004).
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Figure 11- The effect of the output density of wastewater discharge from the RO desalination system (Jirka, 2003 and 2004).
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brine
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impact

Figure 12- The effect of the temperature of the effluent from the thermal desalination system (Jirka, 2003 and 2004).

Figure 13- Effluent from the discharge of effluents from the surface desalination system in Ashkelon (Jirka, 2003 and 2004).

Surface Buoyant Jets (Near-field)

a) Buoyant Surlace Jet i Stognant Ambent ©) Shoreine -Attoched Surface Jet in Stron
e Ambient Crosstiow

—  Plon View —  Plan View

()~
1t

b) Bucyont Surfoce Jef in Ambient Crossfiow d) Upsiream Intruding Plume in Weok Am
Crossfiow

Figure 14- Effluent from the discharge of wastewater from the desalination system in the form of jet flow (Jirka, 2003 and 2004).
26
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s Us ‘ G,

N negatively buoyant jet

Figure 16- Effluent from surface water desalination syste in Kuwait (Jirka, 2003 and 2004).

wial Olles

Figure 17- A type of sewage on a tunnel to discharge sewage into sea water (Takdestan et al., 2015).
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(Adams, 2014) obtained the progressive equation and
angular diffuser using Bernoulli's equations and
momentum equation for pressure continuity along the
axis of the diffuser.
StlSo=1-Cq M, (")
where S, is the minimum surface elevation for angled
diffusers, C, is the coefficient related to the influence
of the stillness of the surrounding flow and M. is the
ratio of the momentum of the surrounding flow to the
discharge momentum, which is calculated as follows:
(Ug)?H
r= (UO)ZD (2)
In this formula, H is the discharge depth, D is the
diameter of the discharge channel, Ua is the
surrounding flow velocity, and Uo is the discharge
velocity. So is the rate of advancement in the
surrounding flow at rest, which is presented as
follows by (Adams, 2014):

Hcos6
5= Rt (")

0, is the angle between the channel and the sea floor,
which is usually chosen less than 45 degrees.
(Subramania and Puri, 1984) proposed an
exponential function based on three-dimensional
experiments of a jet in a transverse flow.
(Van Su et al, 2012) obtained the constant
coefficients related to the equation by fitting the
experimental data as follows:

1

By replacing equation (3) in equation (4), we will

have:

S¢ = [1 - [60 exp(—5M,°2)|M,] [F=% (o)
First, it is necessary to define a parameter for the
players. This parameter, which we denote by the
letter B, is the ratio of the cross-sectional area of each
of the holes of the diffuser to the distance between
the holes along the length of the diffuser:

)
B =" ")

2. Methods

One of the most important parts of the desalination
site is the wastewater disposal system. The
importance of this issue is due to both the
environmental effects and the economic costs of the
project. If the length of the sewage transmission line
into the sea is calculated even if it is a few tens of
meters extra, considering that the implementation of
this transmission line is in the depths of the sea, it
will increase the financial burden to the project
owner. The rate of initial development and its
characteristics play an important role in the design of
wastewater disposal into the sea. It is very common
to use mixing zone models for initial progressive
estimation. In this study, the performance of the

s, distance between diffusers in shallow waters is
So = 1060 exp(=3M, 97N, (4) discussed using hydrodynamic relationships.
Table 1- Environmental parameters of desalinated water
3z flow rate
S
PR wind speed
S
40°C ambient temperature
0.04 Weissbach Darcy coefficient near the coast
0.13 Weisshach's Darcy coefficient at the point of
discharge
4% Slope near the beach
1.2% Slope at the discharge site
45000 % Concentration in the environment
it
Table 2-The characteristics of the multi-channel desalination device
20cm Pipe diameter
4 The number of evacuees
Navier-Stokes equations:
aU;
—1 = N
ax, 0 ")
i,y Wi _ 10P . 0%V o ppr A
at J 6X]' pr 0Xj anan + 9i Pr ( )
od od %o
—_—  — = q
ot +U; ax%; A_axiaxi + 5o B *)
U=Uity; « P=P+p ¢« o= +9¢ )
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B - _ t, )
U= = ft Uidt \P=— f Pt , &= — [*ddt 1)
% " (\Y)
U; ouU; ' 1 0P 7] oU;
v, v, 1op, o l 'Y
o " Uiox 0X; proXi = 0X; V"X ) + 9" o
o0 00 _ 0 509
E‘*_Ulax:_@__q)ul)*_s‘i’ oY
6<P‘<) + div(pkU)= div( = - grad k) - 2u By Ey- pe %
d . ; :
re dw(an)= div( Lt grad ) 20y By Cac p o

3. Numerical simulation

»¢ GAMBIT  Solver: FLUENT 5/6 ID: kohestani3 M=

Edit. Solver He Operation

5| == il

FLUENT 576
Action:
W Add 4 Modify
+ Delete « Delete all

Type
VELOCITY_IMLI
WELOCITY_INLI
PRESSURE_OU
SYMMETRY

ve\ocny inlet.z
pressure_outlet.3
symmetry 4

| R P
I Show labels _| Show colors

Name: [‘velocity_inlet.1

Type:
WELOCITY_INLET =1

Entity:

Edges — | |[dge.a3 ﬂ

Label Type
= edge.d Edge
Description edye.28 Edge
kohestani3. Lok GRAPHICS WINDOW- UBPER LEFT edge.26 Edge

kohestanild msh QUADRANT ¥ P ) " P
kohestanil. trn

Transcript

=3

~L

Remove | Edit |
Cnmmand:r |

Anply
Figure 18- Meshing in Gambit software

= AEE

Reset | aose |

Help |
66 3.0624e-03 2.3033e-04 2.796%9e-04 2_.4647e-05 9.014%9e-067 0:00:00 34 o]
iter continuity x- Ueloc1ty y- uelonty k epsilon time/iter
67 2.8299e-63 P R 8:00:068 33 ‘
68 2.6131e-63 0:00:008 32
69 2.4288e-03 1. 0:00:0608 31 ‘
78 2.2454e-03 1.75] Reration 87 ©0:00:060 30
71 2.67087e-63 1.63 — 87 ©0:080:608 29
72 1.9221e-03 1.53 Number of Iterations |100 2l le7 9:00:88 28
73 1.7852e-03 1.44 5 j 87 ©0:080:060 27
74 1.6585e-03 1.35 eporting Interval |1 — 87 0:00:00 26
75 1.5450e-03 1.27 ~ le7 0:00:00 25
76 1.4399e-03 1.194  UDF Profile Update Interval |1 :.l 87 ©0:00:008 24
77 1.3461e-03 1.13 >l 187 ©0:00:00 23 |
iter continuity x-ve on time/iter |
78 1.25908e-63 1.67 87 ©0:00:60 22
79 1.1831e-83 1.01 "e’a'el APP'V‘ C"’Sel Help ] 67 0:00:64 21 ‘
80 1.1860e-03 9.0688re—vr—r T o TC =TT PUTYC U UTUUTUT 87 ©0:80:03 20 ‘
81 1.0344e-03 9.2573e-05 9.1749e-05 1.8236e-05 3 5582e-087 0:080:02 19
?* 82 solution is converged
82 9.6833e-04 8.8634e-05 8.6761e-05 9.6886e-06 2.8879e-07 0:00:82 18 ‘
N

Figure 19- Solving the equations governing the flow in the Fluent environment, which reached convergence after 82 cycles.
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Velcone to Fluent 6.2.16

Copyright 2685 Fluent Inc.
A1l Rights Reserved

Loading “C:\Fluent.Inc\fluent6.2.16\1ib\F1_s1119.dnp"
Done.

Kill script file is C:\\Documents and Settings\\soheila.SOHEIL.686\\kill-fluent-soheil-3536.bat
> Reading “C:\Documents and Sett3 T h" Velocity Inlet 'ﬂ
1351 nodes. —

8% mixed wall faces, zone Zone Name
54 nixed wall faces, zone |[default-interior ||inlet-vent A ‘velm:ity inlet.2
36 mixed symmetry faces, z¢ |fiyid intake-fan =
& mixed velocity-inlet Fat|precyre outiet]interface Velocity Specification Mclhnd|mgnim& Normal to Boundary j
18 mixed pressure-outlet f. metry.3 mass-flow-inlet
2418 mixed interior faces, z z ol Reference Frame [gpcglute
1256 quadrilateral cells, o o 4
wall outiet-vent B B
Building. .. wall.4 pressure-far-fielé Velocity Magnitude (ms] ‘l-‘m ‘wnslam j
grid, pressure-inlet . -
naterials, pressure-outlet Turbulence Specification Method |Kand Epsilon j
interface, e
priiatiog Turb. Kinetic Energy [m2/s2) }1 ‘mm j
Zones, PR ]
default-interior Turb. Dissipation Rate (m2/s3) {1 ‘mnsum ﬂ

pressure_outlet.1
velocity_inlet.2

synmetry.3 :
wall.y
wall Set... Cnpy...‘ Close | Help \
fluid
shell conduction zones,
Done..
iter continuity x-velocity y-velocity k  epsilon tine/iter
1 1.0006e+06 1.88420+62 6.4213e-84 3.511%-01 3.2977e-01 6:06:08 199
2 1.8000e+00 5.3784e-61 1.24908e-81 5.2255¢-61 4.479%e-61 198

9:80:
3 8.3192e-61 1.9995e-61 9.2778e-82 6.7348e-61 5.9555e-61 9:06:60 197

reversed flow in 1 faces on pressure-outlet 7.
4 1.0000e+08 8.1805e-62 5.1835e-82 7.0846e-01 6.5167e-01 6:00:00 196

Figure 20- Applying the boundary conditions of the flow velocity in the Fluent environment

79 1.5378e-63 1.8382e-64 1.4511e-04 2.6388e-65 6.2749e-67

121 &
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Figure 21-- Reporting the results of solving flow equations in the Fluent environment

According to the information received about the type of water softener system and the introduction of the waste
disposal system resulting from it by the multi-duct drainer, considering that the diameter of the ducts is considered
to be 20 cm and the distance between the drain holes is 12 meters, the value of B according to the formula ( 6) is
equal to 0.010467. Then, according to the values of H (depth in Table 2-3) and the water velocity in the second
column of Table 2-3 and the effluent discharge velocity which is obtained by dividing the effluent flow rate by the
outlet cross-sectional area and the outlet diameter, the ratio of the momentum of the surrounding flow to the
discharge momentum (M _r) is obtained, also the value of 6 0 is considered equal to 45 degrees. Therefore, the
known values are available to find S_t. For the stated scenarios, we obtain S_t.
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Figure 22- Networking the wastewater flow of the desalination site through the multi-channel system to the sea in Gambit

environment
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Figure 23- The shape of the iso-velocity curves as a result of the numerical simulation of the effluent flow of the desalination site
through the multi-channel system to the sea. The wastewater from the desalination site enters the sea through vertical channels and
is dragged to the shore due to the speed of the current. The lowest speed is in the areas between the spreaders, which shows that the

promotion system works well and prevents the sewage from settling on the sea floor.
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Figure 24- The shape of the density curves as a result of the numerical simulation of the effluent flow of the desalination site through
the multi-channel system to the sea. The wastewater from the desalination site enters the sea through vertical channels and is
dragged to the shore due to the speed of the current. The lowest density is in the areas between the spreaders, which shows that the
promotion system works well and prevents the sewage from settling on the sea floor and has reduced the density of the sewage.

Results

The rate of initial development and its characteristics
play an important role in the design of wastewater
disposal into the sea. The initial progress depending
on the water depth, opening diameter, flow velocity,
distance between openings, number of dischargers
and ambient water velocity were calculated in this
article.

Due to the fact that salty sea water mixed with the
wastewater discharged from the desalination site into
the sea on the coast causes environmental damage.
Using the modeling of the vertical channels for the
distribution of wastewater on the sea floor, it was
determined that the effluents of the desalination site
enter the sea through the angled distribution channels
and are drawn towards the shore due to the speed of
the current. The lowest density is in the areas
between the spreaders, which shows that the
promotion system works well and prevents the
sewage from settling on the sea floor and has reduced
the density of the sewage. Also, the lowest speed is in
the areas between the diffusers, which shows that the
promotion system works well and prevents the
sewage from settling on the sea floor.
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