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Abstract

Introduction: In today's world, fresh water is known as a limited resource that all economic
and social activities of human beings and more importantly human life and other organisms
depend on this limited resource and this limited resource is decreasing day by day. At present,
in most countries, desalination of the seas and oceans is the most important source of water
supply near the coast. One of the products of desalination plants is saline effluent that is
discharged into the sea environment. Improper discharge of this effluent causes damage to the
environment and can cause irreparable damage to human life and other organisms. In this
research, in a case study, the most optimal method of discharging the effluent of one of the
Assaluyeh desalination plants is studied in order to achieve the maximum amount of effluent
dilution in the near and far fields. Also, the effect of increasing the number of dischargers on
the dilution rate of effluent discharged from multi-port dischargers in the far field is analyzed.

Methodology: The most important environmental problem of desalination plants is the
production of brine (containing high concentration of salt) that is discharged directly into the
sea. In this research, using the VISJET integral model, the dilution of effluent from an
Assaluyeh desalination plant is studied. The VISJET is an integral model that uses the
Lagrangian method to solve equations and predict the amount of effluent dilution in the Water
environment. The VISJET has the ability to simulate a multilayer environment and simulates
effluent with positive, neutral and negative buoyancy. The VISJET does not consider effluent
dilution in the remote field. Therefore, in this research, the CORMIX model is used to dilute
the effluent in the far field. The CORMIX model has been developed to analyze and predict
the discharge of effluents with positive, neutral and negative buoyancy into the water
environment. Discharge of various types of industrial and toxic effluents in the form of single-
port and multi- port submerged and surface discharge, as well as considering environmental
conditions such as wind speed, speed and direction of ambient flow and land slope are among
the features of this model. In addition to near-field effluent mixing, this model also predicts
effluent mixing in the far field. The CORMIX consists of three sub-models: CORMIX1
(discharge using single-channel discharge), CORMIX2 (discharge using multi-duct discharge)
and CORMIX3 (surface discharge).

Results and Discussion: In this section, using the CORMIX model, the dilution of the effluent
of Assaluyeh desalination plant is studied. Then, using CORMIX and VISJET models, the
submerged discharge scenario of this plant at different depths is analyzed, with the aim of

Journal of Hydraulics
16 (3),2021
1


https://doi.org/10.30482/jhyd.2021.265927.1501

Studying the Best Method for Saline ... Babaiynejad & Khorsandi , 2021

achieving the maximum amount of effluent dilution in near and far fields. At a distance of 200
meters from the discharge site of Assaluyeh desalination plant, the salinity of the ambient fluid
increases by 16%. Therefore, Iranian environmental standards are not observed. This type of
discharge (surface discharge) has the least dilution in the nearby field due to minimizing the
contact of the effluent with the sea environment. In a submerged discharge, the height of the
effluent in the plume condition increases with increasing discharge height from the ground.
In this case, due to more contact of the effluent with the water environment and having more
time for mixing, the dilution of the effluent increases. Using a mile discharge with a Froude
number of 27.4 at a depth of 9 meters is the best method for discharging the effluent of
Assaluyeh desalination plant as a single port. In this case, the concentration of ambient fluid
at a distance of 200 meters from the discharge site will increase by 1.5 percent, which is fully
in accordance with Iranian environmental laws. Effluent dilution in a dynamic environment,
in addition to the Froude number, discharge angle and ambient flow, also depends on the
mass flux of the effluent. According to the results, increasing the number of outlets in multi-
port dischargers (by keeping the Froude number constant, ambient flow velocity and
discharge angle for all dischargers) increases the dilution rate of effluent in near and far fields.

Conclusion: Surface discharge of Assaluyeh desalination plant effluent increases the
concentration of the receiving fluid by 16% at a distance of 200 m from the discharge site. The
use of a 60-degree multi-port discharger with 10 outlets and a Froude number of 27.4 at a depth
of 3.8 meters to discharge the effluent of the Assaluyeh desalination plant increases the
concentration of ambient fluid by 0.8% at a distance of 200 meters from the discharge site. This
scenario is recommended for optimal discharge of effluent according to environmental
standards.

Keywords: CORMIX, VISJET, Effluent, Salt, Desalination.

© 2021 Iranian Hydraulic Association, Tehran, Iran.

l@ @ | This is an open access article distributed under the terms and conditions of the

Creative Commons Attribution 4.0 International (CC BY 4.0 license)
(http://creativecommons.org/licenses/by/4.0/)

Journal of Hydraulics
16 (3),2021
2


http://www.iha.ir/

Oln! Sgyuad (pozxl b3y allio
ot
Sl yiud 4y i <5 https://doi.org/10.30482/jhyd.2021.265927.1501

S,
o
Iranian Hydraulic Association

SO (6590 dxfllan gl Dluy 4 (Sl 9 (W9 oy @ (oW y
4 glus 5o Jd’”’bu." EH g

T SN 393 b ¢ 15 2 bb w9

Lol eSS ) S el (mio olils sy daismo g )l jos (i 0aSLSls ¢ 3aore jlws -

* b.khorsandi@aut.ac.ir

www jhydihair «SJs s i 80y $8E VEe e[SV 1k AYAAN N F sl

Gieosy (nl ) bl 5 nl 5l (S cesladibie (ol Gt O el e slagie 5 (S ishes (S et slaails S eanSsy
Clale 60,5 V8 Ll il Gl g 09 oo aldis o )b mds Jole o o & jgo & a5 IS cnl e b olay Canl 00 oy
s 4 VISIET § CORMIX (slaJoe 5l oslicial b o gy ol ,o 058 oo anlss Joee 5l (syme Yoo alols )5 lavme Jlow Seas
SLogl 5 3led; Ol Bl 5l adss (g, paiste 4 @liws jolaie 4 LI cpl Ol s i slags A
350 S3lodady Oliee S Ll Ol gl &) Gyt (hle GloosiiS sy jl 295 S 3,55 5 09 0 430 apmeien
eSS priine ouisSa sl oolainl & jao 50 s wlio b y0 o5 (s Gos j0 roaisSals go5 ol 5l eslaiul o yan 4y g
e P a3 e 5l e Ve v alold )o b Jlw Stes cale (0 1 50 ) Slages 0 S ) ax 3 P o Ve gl b
Al Sgro )| alS cely glimedis cauSalss l eolannl 5 o 29,5 Gali8l .8l wales 1ol58l s s VB 4 VIV A/
oaS Al sl oolitinl ©)90 13 358 o0 Sl (295 S g 0aIS OIS Sl (re) 4 Ol 9,95 p alaki (Bl Aol (o (e SLo)
ashos (S0l A8 (al Dlay ail3s Gl (652 YA Gos 30 (29,5 V0 Jled bg az o 7o allsw ayglil ble ol menir
hemret; B jlan3S ol g wbse Gl oo ys +TA (e 4 LS aadss e 5l g Vo v alold o oo Jlow Seos e

ol gio axly cpl Ol a5 gl 438 o e

OS ool g ol VISIET CCORMIX : 55l wls

sy ymes (nl g 99800 byd ol slos 5 (5,50) cdale doddo —)

S e sy oy 2l s ), Syl Sl 5 by Gl o8 Gt 1ay9iS Sl (gl 0 i

bgis b)d Goe @ a5 5l Gy by of 4 e VL ol ol slogin Gy W olpe 4 b ugldl
45 09h o0 (21897 ge & eS| Gemsy 03305k 5 WS oo 6 e S oe Bl Jolu a4 ooy (slaailaie
.(Missimer and Maliva, 2018) aS o Sy byo Sy Ll b Sy 05 005 ] gloails IS Lamaen )

ol Sl Lalpd 38 e 5l el Oy (VL clile a1 ST 30,8 s 5 ol sl s (4 j9) S (oYL

S opl adss Joo (o030 el &5 (5y0b @ 95 o dolay (il Cu e (6l b by, csosko 3 o e 5|
S35z 90 g charme Siod cale (58, VL s 4 ooy Jsams Cpl ool anss el b & T o )ligo poils 5
Ol alss dacg] 4555 opl zals gl oS i (So;

adss Ol 5o g oy o yieS 40 a5 ol (glaisS @ b

losgrge 505 5 agladl (S5 55 G rdibiole> sk o
ol adss g_JL.«.u S C,Ja‘léj 0A b}bm L;.).b ol b odds o, Y el S e 4o LauLM.u Q—.‘.‘ 55 .S ol

Journal of Hydraulics
16 (3),2021
3


https://doi.org/10.30482/jhyd.2021.265927.1501

AR R AL

e AlS (6l gy Oy T AR oy 3

Grne (B 4l g Gl el alss 0l Sl
b ble oassSadss G lp 1) (jlwanss o8] aisls
WS o 4B ooty Bk I Slay &5 4z e P4l
JHB ol s 0ariisey s ol Cawdds s by aisls plol
0ud 4l ol 5 923 o0 (I (63Lu33) e (k9
oy boglsrs oi pdy Jasro b adss Jowe 5l 2lgS alsld jo
YU S a1y 5l 3ad, oylime oanicn 3l eslaul pl ol o
R N S ean S G ol S ope
Sl S8 S (S Dy a5 gy e
Sy 53oB8) Gliae (n b 4 (it jlate 4 gl
70 (izme D9l g0 il 90 Gldne g S0 e 5
adss Olay s3lw@ad, e p bossSadss lods il3dl
x990 Oldee o ale diz oS s ) euds
sl 4y goue slo o loolainl b uaod (pl 0 090 0
5 2l ye S ( haw gosSadss )l el Clay adss
G Ll Clay & 0ls 052y Gl 5o ilize (S o]
» 03 QL{ L;U"J“"""u—‘ 4.35-)‘5 l.: Sslos 9 ‘fda.m S yg0
ol 5 AN & 425 L 5 o 455 3185
outs bl Glnl 8 (o) (Rl b (atlod (o) 93T 00

S

e g, 9 Slgo Y

ol Juloxi g 4 35 Y-

abais 50 Oy (53luady (lee Si ol 0 a5) ) IS5
Sl alold Xi i aiiinn Sgro gl | Z 0y 4 055
aels 4yl 0 5 oniSarlss 3l (eej @ lay 095 aba
5 S Ol adlaie 93 ;5 (25 ey (B @ Cud
S35 e Jobo 098 o0 Lglis 0dipdy Lz b 593 (e
zor> abod 5l 05 lase Caasl oS 550 (e 4
Dgdisn Jol |y ey d Sl 995 2 B oaiSadss o Clay
b g 05 o ST Loy Dy )55 0 alaod 5l 525 590 (e
S5 e 10 b oo Aelol G sl Crons 4 b yioglS
2° S5 es bglds iy Laroee Jlow b al> 5o 95 50 Sy
Joa yge 4 s Yo ey b Ol Cuss dl> s

Gilbwd, lime Ao onl 0 0ed 0 ) caiSalss

O 4y sy Iazma LIS ) o (S e (5108
Slos S O Galisee iz 4308 il Jsb 45 jslate
Gals )5 5l ol jel Clay adss s, (n e b
Zeitoun and Mcllhenny oS jascive |, oS op i
# I8 Sl 4l agly cppanee (8L Gl (1971)
b ool alss Clay (53lw@:d) Glime (gm0 Ol Jame
al; ‘LQ,',T =l SNy a3 e g Fe FO N glaaygly
Glodsgly 0 4 Cund walizee 09,8 dloel o ax 0 F adss
94 0 b ey 403l G ) SR e 4SS
Ot 4 odipdy Jasee b Ol (oled lime 4l 5o
Sy 9 LS (i colpl sy o0 (See (e
0 el i basely Ko a4 Cad agly cpl o ol
@ ltes sl ane agly e Gl 8 o Gl
slaals )55l Jol> S Sl (53lad) e (nyiien
3 hbie iime bawgi gaiz lagialel oSyl
Roberts and Toms (1987) Pincince and List (1971) ale>
agly Sep g 28,5 & ,y9.0 Abessi and Roberts (2015)
Doy 455 gl gl on peine Olyie 4]y a0 Fe Al
Sa» |y Malcangio and Petrillo (2010) .wis S 8 2 JIK>
Slay a4d55 51 36 Jasrecans sl 5 boaw] Shals
opg 4 9 Wl iz Jolo adhaie gladgzge 59 2 595
20,5 5T 1) 03 Sladss (Ligasse) by dile ol
VeV 9540 laalols 5 s MIKE3 Juo Lawsss b g slotens
Sl il @l ply ad all ol s ) s
s e i ey 455 g Jsb 55 a0 b ot 4
oolainl & y90 j0 dgge K08 Jg il g BB 50
s wiales ) e Ll S Jsbo b aglss gl )
)l oolaiwl Moso ULA.AA-’ e U”‘ 5 ol &‘)l GL.: uJ‘)JL»J
Slas 33, Glime (Rl s 4 a8 Jobo b adss o)
loalaxde Lo 4 rizmen 5 e Lulpl a0
3l oo a5 350 ddlaie s a5 Sl g golad
oarisy | eolaiwl w4 Loya-Fernandez et al. (2018)
299 Sy 5338 Gliwe o O 236 5 49 Dl 4w o
ol Slay 4 Loy o (32855 (nl 13 (63,90 (guy il
, Nuevo Canal de Cartagena S p wicsl als )5 5

S3losdy Ol g3l 0 5T 5 T 09 Ll i

Journal of Hydraulics
16 (3),2021

4



1Feo Hl{' Y c)l.o.{;') NP 099

Sl yaad

A 4

Near field region

Far field region

Fig. 1 Schematic of a submerged discharge of
effluents showing jet and plume mode.
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Fig. 8 The effect of discharge angle on the dilution rate of effluents discharged from an Assaluyeh desalination plant in
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Scenario N Fr 0 H Si _ S A (%)
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1 1 274 0 1 55 15 9.4
2 1 27.4 30 35.78 61 2.4
3 1 27.4 60 432 101 15
4 3 27.4 60 5.8 43.2 148 11
5 5 27.4 60 5.1 432 162 0.9
6 10 27.4 60 3.8 43.2 188 8
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