European
Investment
BanK e €U bant

The ERI ITA is funded by the European
Investment Bank

Tetra Tech International Development

Economic Resilience Initiative -
Infrastructure Technical Assistance
TA2017141 RO ERI

oasde TAAWDC ol J&59 dd=id Olas-dudall §9 <o
@.LQJ‘ Joloeadl (s pal jlolsen @l

2022 3WI 0938 19 Ll oy

@ engicon Tt | TETRA TECH

International Development

TETRA TECH Tetra Tech International Development B.V.
. A project implemented by Jan Luijkenstraat 92 C, 1071 CT
International Development  the TTID ERI-ITA Consortium Amsterdam, The Netherlands




«—am

[ ]
E \-!l-tErL?'oﬁl -chvtfl:otlmcnt englcon

Economic Resilience Initiative
— Infrastructure Technical Assistance

JlaiiwY) clid doldl Economic Resilience Initiative 80bo Jlb/ cgo0 o0 W/Infrastructure Technical Assistance (Lo o
e 76l Law 1 9)93 SV loz Jol) dac BT 49193 pulzeall Sgel) loianl i3leal] ot GHLL lid] plé ddg s EIB 3919/
sl e de ] dzmg e Gb5] Logod ol 5655 §p3lkall 0k (yo Stgll Jas .(SDGs) dolbivus! deaitl] (b liinig (sLatsY] gail]
< Economic Resilience Initiative 8ol iSis .ol isé g el szl Ol § flazY] cluwladly D] diid] didly pldiual]
Slatind) ey polu Ay 1o £9 il )95 yo dilisall Uxlpall S5 EIB L9193 jlatind) cly dbidy) laco polslly pladl cpelad)]

o) diilio 3lgo o I35 900 Oaulo 90 dless Economic Resilience Initiative &0l deidl bute Lol igad 6450 S EIB (9193

ddgauall 5

WYG wis Ml gile e il 1o cbgimo ddggune pdi O JI jliag .4 3)9 las Aol duggual] s di] It Cilso Jori
Economic Resilience Initiative “ERI” Infrastructure Technical 9 uSaiY ddg cwd I/ é;ﬁ OE et U d=g bl (LU lgg
clo b Olgzmg Sls>HI o Jl> ST S5 Vg Assistance “ ITA” EIB (9,93l clis yLoi dgz9-8)9 pr)l

,ngjS//Jszjflj/‘ElB ngjS//leiZw)//

Mo e slawed) ye ot L5 Slpe D Jomi yo liddgsme Joi bodme oY)y oolucl 38 Ul Cplall dituwal 1o lbio] i
B st (85 Witwal] A pltsiinl 9f 3T S (5T S (yo ditewsl]  Uid (po dele Slaze Y] Gubs Y 3] . Jadd oMel y95Tiall £9 ialb dhadiyo

ez o 4 0y A5 Lo ddgue Jaxii Yo Ido .4l jliad] (I Lll3 MG (5,3 T 2yl (Y doltseicl 9 ST Sy b (5T
b po U] dotdall L] § Jae] 9T o e @zl 955 LS Jldé]
3 b

[ESIA Study — Brine Discharge Risk Assessment Report] Tetra Tech, [September 2021]



Economic Resilience Initiative

I TA

7

— Infrastructure Technical Assistance

TETRA TECH

International Development

engicon

ool Blae Jomww

(091) AAWDC oluall Ji39 duloxt) Olas-duiall £9 el (£laizlg gl pastilly Sblall oY1 auisl 189 all Olgis
MSK-JOR-ENV — AAWDC-21 :@_,&.»Jl (“5)
1.3 dogall yaselo - elall Jglomall sl Jbolies apedd 4,85 jaselo L pydil Olgie
el
da>|yall
4 3 2 7Ll
L
2022 G 08 19 2021 Jgki 30 &
Sbbre el )85 pasle Jblke eudi )85 paxlbe oo lasdl
SR SV R Y CON (R YV P NN [ Y PN [ T
1.3 dogall paske 1.3 dogall Jasle
Gl Y s Ay 38 gl S et s @b slas)
ESIA (sl ESIA (sboizYl
Timothy Young Timothy Young 8 0 (3ad| ©

Manuel BENARD DTL

SPM

Manuel BENARD DTL

Mathieu ARNDT

TL

Mathieu ARNDT

U5 o s Axblgall oo

[ESIA Study — Brine Discharge Risk Assessment Report]

Tetra Tech, [September 2021]



]
Economic Resilience Initiative ) -It L5r12ﬁ|ggitlmcm englcon

— Infrastructure Technical Assistance Sl
b 3.«.?:.0.' \ d 9>

...................................................................................................................................................................... sl Pl Joews
.......................................................................................................................................................................... Obgizall Jgdr
............................................................................................................................................................................... JEY a3l
.............................................................................................................................................................................. Jolaxl 451
....................................................................................................................................................... OhlbaisVly Ol 3 e
.................................................................................................................................... Sl Jgloall (i s yloleo oupd 1.

 JO OO ST RR ZARS Ciasally oudid] (e dole domad 1-1

D et es st R R oyl Jlarall s drded @i 2-1

L2 et R bbbttt Sead) Jlmall cisd dxrdiad g8 3-1

J&Y! dasls

B ettt e e s e e e te e te e te e reearteenteenteeteenres (745 3137)) &l pe d8line 9299 dgeadl Elas)l 11 S
ettt ettt aeas (1w 745) &l e A3le 3929 pe darmmall laudl §98 dglall did 12 JSad!
1 U SS (742 3137ul) AU o d8lue D929 ze dgeull L)l 13 U2
DLt (Slawl 742) &l ¢yo d3lus 39290 Jaromall pelaadl B9 d-glall dus 14 K21
L2 Ao 25 Bas e e 200 ghas L el Ol &6 §590 15 JSadl
51 JO (PSU 40.8 Alasoxall d-glall :&la>dle) 745 &y 37ud i dnd) Jlomall (§ (eball Jglomall sl 6 JKI
1 OO dslodl gzl J) 3Spell (axdadl Jgloxall 195 Bale] 17 Sl

Jolu=d! da3le

B 745 S5l Jolas die oyl Jomoll (3 pelall Jglomall 0230 Brihne (g zoses U5 pasle 11 Jgdll
10, %42 3135l Jalae die oyl Jlxadl (3 geledl Jglnall i) Brihne ¢ngoy gdged gls pasde 12 Jsuan)
VT (PSU 40.8 dlaxomall dghall :d2>3e) AU (30 ELun 33792 el Jmall 3 eboll Jghomoll 555 13 Jon

[ESIA Study — Brine Discharge Risk Assessment Report] Tetra Tech, [September 2021] | 1



Economic Resilience Initiative
— Infrastructure Technical Assistance

R 'l'b TETRA TECH

ITA International Development

engicon

ubL«,a.:o-}’\g Q\:J.b.«,a.d\ D ;unld

lude gof AA

oleadl Ji3 g dudoet) Olas-duiall £ buo AAWDC
obeall g dudei) Olas-dudall £9 ino AAWDCP
Gl yglad 45 ADC

Sl Jlxa Aol

dodl LoLaidY| dudall dalaie ddaluw ASEZA
daall ol A4S AW

dudiall oles ays O3> AWDR

Jadly Jusiadlg sldl BOT

uall dogis dass BPS

Jasall cusds ol BPT

dlowsl JI olaasl CAPEX

JS e Caudasd] (o] J

REYRURWIKY P co

el slggll @igas DAF

sl gl) z9350dl sl DMF

Qo9 el iy EIB

LobaidYl &gyl 80k ERI

Flexzdly gl S o3 ESIA

g_j)f)’\ B EU

b Gaiall el GRP

LS Jle ksl J ol HDPE

oleall by e dlae IPS

AaghS Km

aSe Ao Ogale MCM

Ll 8)lig MoEnv

gl yaxa MoM

15 oluall Byl MW

BBl s ) MF

ozl AT 36 NO2

[ESIA Study — Brine Discharge Risk Assessment Report]

Tetra Tech, [September 2021] | 1



. . i gr '
Economic Resilience Initiative Ff -lb TETRA TECH englcon

— Infrastructure Technical Assistance OTA International Development

093! 03

el dilio ladll oD

Blually Juaadl 0&M

dduaad) olaasl OPEX

E9mall (po 8,3liall A5l PAP

(09550 10 > ,la8) logeuuss| PM10

)l daxe PS

el Ol RGT

Sl il RO

sleadl Jad Coodl yodl- oY1yl £9 e RSDS

) gty 923940l Ligo SMBS

Sl aewST 36 S02

Sl 7ol oluoll dudns SWRO

R die ez gor WYG 8 COMSI o 23S §9 iadl 1o (3 Joladl 32,0l ) 8)Li] (3) &l ke Ll TA
(ERI-ITA 8;0Lel)

4311 adsall slgall Jlez] TDS

duazyall et ToR

Bl o yall Oyl UAE

Sl s ) UF

a9l duaial] 4S5 ,eY) Aol USAID

[ESIA Study — Brine Discharge Risk Assessment Report] Tetra Tech, [September 2021] | 2



L]
Economic Resilience Initiative R TETRA TECH
— Infrastructure Technical Assistance LA -Ilt International Development ﬁt englcon

bl Jglomall s s ol s .1

2 Ak Cadslly owddl] o dale dne  1-1

Ogeko 300 390 ¢ESIA (£loxxVlg sud! Y oS dunlys 3 alio 1,83 LS AAWDC olall Ja39 ddoxt) Olas - dudiall £9 e poual o3
lalsey elall Jgkoxall (RO) (oSl bl (e ity -dndall s oo dmptanll yoxdl slas ¢y 8Moxall obadl (3o A / asSo Sio
Ayl Bl (3 63 8y0 cdaball Slgall dadlas oy dlgiinal o O Jalaseall (e (I cdadlaal L3 (quSadl s

ol Bl (30 052 /30 pedle 7 o)l Lo g ¢ axYl ol § (el Uglomall Loty po5 (31 oluall Gl 38150 (10 ks Ol 3
daly SWRO (oSl ed il sleall dudoxi) illazms dzg3 ¥ (Wl . pasYl [yl e slad)l wud of Jadly sl ud (o coleadl dudeid)
25 3 opla G ol Bllai e Aicsiall (SWRO (Sl bty oleall duloxs (3310 (amy o (3 dirg o cldiall s (3 Bllatl
.92 ¢ 55,000 d8Uas doxs Ao D] § drgp9 g2 /e 200009 5000 (o o &Yl Blall ez 9l Cux cdudall

02935l (zlall Jgloall AAWDCP sbull Ja59 dudoxid Olos — duall 9 e SWRO (guSiall bl ool s dlame (ye gt
aandd] 09 ddiad] geals ) eball Jghonall 12 G s iy o) L Aaiomadl yondl olas dglo p0 el 850 1.89 1.7 o 9l dsho 1S5
Laal) slge @ yodl @ p2985ell (Sekodl glomall Cspal g ke s Y yal 1do (i patll Hlss Lodla) €405l Aal) Ao 151 (3
P9 gl Jglomall Canpal gB90 (1o (S 15 e J&5 A5 Ollus (o duiiadl il (3 6y 9o S 39> LS puad! (sluall

(65 14.5) Slrly (5 13) vasg (65 1.5) dusgaadl dpsyall ASLaall

asld Bgylall ) Jaidlg @l (§ daslamg &l ASYI blguanly Bl pany e Ssimg dgess (po Byd &y cdudiall s ud
Aigiady (zehall Jalomall Candain) cilugylondl Juadl 3aao dolgll doyoed] Lipdl 04 Ut 9 nal]

vaall die dodlandl 3gusd) ladog ¢dalsdl @bln plusiuwl (edoll Jodall Copai) OlUdl (o Lol & oleall ddons llama @udais ol
lall Jglomall iy of Wes dedssiwall lalsdl 3blio zlg) llass &bl dlgally doyaall dglall (po Sllgumlly SBLI dylose)
392l oY)yl bals dalate lidlate of de AW o o 150-100 Ograt (3 Jaromall Jaogl (3 3SR (539 75-2 J) o sy
oda Ol adeg ¢ AU o Ao 100 e Je Anomall jmll olia Agle 398 72 (S5l 51 0 JBb gounell (Sgsnall 3425 dglol)
ol 1dg) alaiel (o9 el § blox lalsdl dilaie 7lg) ST om o » Sldlazall

dl gl Jslorall sl Bas Of oSy e S gasandl Cipaill b allas of e Jub by (aedell Jolorall sl drdad Jaais @
Bla> DLl (3 2 e JBT a3 J353 Of gBgall (yo LI (o e 100 dmy e Aasomall yoxdl oloo d-gho 353 729 1.3 ¢ ol d>sko
Bshall Sdall e (WET) eSOl Al OINSWI dxass Hlisl shrl (909 clld aag . Jalsdl dilain gyl dudomall Ulgamdly LA
b Jaid e dmslll axdell Jgloeol) ALl MBI plasvinl dasall Seall Juiadlly dasall sl U g9 sl jolao Jd (o

e 100 Wsb e @ ksl dabaie s cibilgumnlly LN e 0)BT dasdlog ¢l Capasll 4ST dlaseoll

oo U aedall Jglomall (30 1S5 Ly Llylasil J8Ty Calist selall Jglonoll Cispas SWRO (guSirll ealidly olaall ot dae e i
e A2 Y3 «(Bgto a0 1 J] 0.5 1ad) audoll Jglomall By Aoy 3 88 5305 drsi Y o cplyonl ol ddons ollamma
S 3929 o Y ) (a5 lalas dz g3 Y LS By lobiae dzgl Vg cdyladl ¥oball Canll o puloxidl Jro dbatll Olaoll
slaall dulos illaze (3 kol Jghonall O (qudd Y9 .(SWRO (suSall gespliadls oluodl ddoxi dame (3 posand 81 OilunS 3929} U]
BUaidl Asaly Lasmall 33lye Juicd (3 Byl 8] ot udlall (il lgiad] (So e 80Uai ST gl SWRO (guiSial! e lially
slaall doss Wllazma Bale lgadsind (&) dpdsl A5 Giley Jawgio fwg ol Jodll (o de gl Lgunaall il F plasiwl
Oleyzdly sl yad gl ildelung el Oley OI pasuind b 53l A/ piade 1- U/ piade 0.5 dilaiall (§ SWRO (Sl bl
WU ¢ 2 530l Slgall ye dglacll ol @55 31 Olomapl! plasind 5 RO suSill bl dntie] (§ ulSall 3Laall
i o1 ot S pvia Y (dxaill) docall diyhay Ulatl Axdle (§ puscuell oS0l b eiy o Boles gl by de ol dpuss o
St il Gl 13 oyl obaall (§ pelall Uslonall go Gl lgall Cisnas wto Y oSl ol alis plotsiinls Loles doizns

+ ebiall K2l Lgiallan b ple

Oltall ladg (pols i log) 4l coo uiblesS iske o Skell Joloeall o gy pal O ‘é‘J\ a5laSd) ol gall Liwlyy caais
. uu,&:.ll él.{a.nj «THMs UU-:-AJ‘}J& L_;w C)L,S).oj_)gﬁj\ M 2\39;&)‘

powad8Il ©Ugy,S wlie (3 (Soutll dasasio SWRO (oSl bl slaall & dlamo (3 ol ilalias o dads Ui .1

plasil (e ddl g9 Redl Hglae gl U8 . oSl bl Asiel 390 Loty (I Adaamdll Olosall g & damdh pusiiudy

SWRO DL:«AJ‘ M da>ao 9Ug L3 @3)23 RV 04.7:.9 ) '(é"“g"‘” G,,ah:«.” a:«lA.C LE blasy Cnég ua.n:u QLMJU\ Ololbae

[ESIA Study — Brine Discharge Risk Assessment Report] Tetra Tech, [September 2021] | 3



L]
Economic Resilience Initiative R TETRA TECH
— Infrastructure Technical Assistance LA -Ilt International Development ﬁt englcon

o) dbls (16S5 Olg cnamg il o A 0SS ol o (g Sl Ololae Ol ol © 13] .89 all Hglae JB e
Ol Bygidadl Gluhll Caiw Eus @bl duwlusy Obdiell Laisoe dy diy ] A8l roliadl oda ddls| miad (omg)gad)
Adindl gl oo 3 2591 o5 small Sl 58 (g e

bl ol Ao llasma) dymed) dsToll e Sgumdl Soglill e 8yladd ala [t 5ol o0 &l eyl pisvins.2
e dusdl bymdl GLSLUN oe dBlall Gllase Jale Hlasd (g2l / el HoiS0l Giley pasuind Lo Weg SWRO (ouSal!
Pl SWRO (gwSiall e izl sleall uloxs illama (3 (ool Jglonall ¢yo duds isioll 19881 gl S 4l (ya o)
P W OLES dib e gl Dlinn gy HeSl plaskivd O ¢(SBS) parogaal) ol Jin oIl ABY d8LesS Slge
Pl oyl @l 3 el ) 59l L (ki 55801 A3 o selall Jolomall cyo L] oo Y @15 (THMS Olsal]
o) Ol - il g ua) dnglill doyoed Asal) Moy Aol dnedall 35 RO (qSall bl 3o Wgiall xbedl Jglonoll
05 @ Lo dslall pllas (§ blal dxdllag (Sl o lial) dued! dadlaall (3 oSl plasiitu) i cazm AAWDC olaell Jiig

Sl Ol a8l 5175 cmelgsd! S (e S9! Cadaidll Jie dme (285 oy o

obeall &doxd (39,09 IPS oleall fuby oo dlaza ) dsladl Zlal g dsladl Gl bghasd 0580 OF (g cpols Sans 3
slall ddaxd dlase 3193 (el el ol (o DK Wlblie] Olasa) ASl Cadiodl dadlan) Aol isl SWRO (oSl sl
oo 519 Gad 18 1PS ool g Coomas Aae ) dlall (il ghas Jsb 055 Of ggiall (03 -SWRO (ool rbily
ol plasuisl 0da Badll Cwldl balas 3 Sdaygl caoead! 508 e blasdl (Seadl 0 0550 0 ey e 200

IS0l plasie] (193 A8l Ja iUl oty pluseiwly o ol gald (94l

HDPE 48USJ! Jle cphd) Jadl Bole (3o dninanll 0 2.3 SOl ol 13 ol boglas e Olegs ld 165 OF adgiall (o9 -4
Uiy 88anal] S s SWRO (Sl ety sleall ddhoes dlasma ] IPS olaall giaiog caomss dlasma (30 &:Syall bl oglas)
Oleyr plasind ] dorls Jba 9585 Of G Mo Lt Solmgy US58n ol 0 ks (Saoll 0 S 13] .S 3 Jlg>
Gl (Ml Gl Ggl5 3 (Soutl Aol O (5 USao el (S0 o) 13] a3 mog dslodl Gl (3 (Sl s
Sl Caudall LSS ki BM\ 8)s8J1 ol Aaslall 8,901 plusicel Lyg w0550 OF zeryall (1o o5 (309 A;y; REUN L
gl dasall 4814w eldglly CU

Tl Sz (&) SWRO (suSiall zrab Uil oleall dudns dlasma wlidas oye A3l blasd] g9 deanddly Gslin o gl Tuaell sial
dazlyall dongls Jogll Tunodl 1 (3251 U39 alaseoll L8155 (Ao Aladlally olaoll duloes (3850 il Blelye go yondl (8 Leispans
G caad! dxrdeiy JeSiwall cAAWDC obuall Jisg &ddoxi) Olas - dxkall £9 ed (elodl Jghonadl Cispad HBY (ndisaid! outidly
89l AW olllaiedl 4uds 89 40 ] ESIA (£loxxVlg sudl 5 ol dulys Cuals duadly Gyl clived!

0555 O G B dals dilaie § danall ol olas (3 84S Ao dxglodl Jle (25850l aekedl Jghomall ity Of G o0
aomall Jaogll d>gle (398 72 (§9lusd of o JBT (1 (g0 e 100 Lluao s &gl
ol @ Jaddl uzg3 Y (@l bgdl ol AslesSIl Slgall Cupal pde by WilaeuS Landad (zlall Jglonall 0550 OF oy 0
BB SWRO (Sl el oluall dudons Alasmo 3950) hos iy s o5 o b duaall s ) cdory sl dlaeall
/ s9iusgdll y3las o Dgadl Sildaall T Ligiandl AdluasSIl Slgall Candais sly> Caliy RO (e zupls slad (ST Canpal iis Y @
2 ol @Bgall & o] Lgiadlae iy <89 adl (3 adlansSIl Slgall 0 plasiusl Ao 35 . xbedl Jglonall o dsdiall (s et
Uslas day 2lall Jglomall po &t Carlais (§ ool Alasud] delgdlly (BlasYlg P Cispats zlowd! oSy 28541
.Lqﬁg..\.clégi l.@.z.,ojp
AY dame § deidl Calaisy s dodlaally el olae) dinoll dondlandl Alauslgs Will) @35 (&1 ddsall Slgall Ao oy o
day Sy Blax dSaSE a8 gall 7yl L alsall duiall Slgall (pe oluall 7339 Blasell doellaa) (3330 3929 (3o o Vg cdasall Slgall
Ay pig A palsal) gulall Jolonall ae Baasall Sl bog & (3 giud (1 Slgall lals- el
xSy Sailly ¢ THMsOUed! $)la (3 LSy (ae) Kol wlaksag cpdol) uasdl dic dodlaall sga> 095 OF gy
SO R RIEVER AW I PRTINEA]
A/ pade 3.5 < 1oldal pmnsY -
ile 7 NTU 10010 > ¢ Jausoll ymdl sles (S5 J) 48L5Y0 ile 7 NTU 905 > 1Sl -
a8 48 A/ 1o 0.5 2 cawgiall 3 A/ fdo 0.3 2 1ol game -
0 : el oSl -

[ESIA Study — Brine Discharge Risk Assessment Report] Tetra Tech, [September 2021] | 4



— Infrastructure Technical Assistance A International Development

. - egr _yr 1
Economic Resilience Initiative Ff -I't TETRA TECH englcon

Al 055 Cum 4y ganmedl Ul 1S5 B8 saual Bgluw S5 0585 O iy THMS: Olisedl o)l (335 ©lSye -
3 by rae THMs Oliuall ¢lla (3N lSye) (wlaadl Jauall 5SH1 38 THMs Oliall ¢l G lSpe 1S (9a8Y
“ ) S 3 i dasmall 1S53 Jale
92 9 72 iguzoond 03 -
Jo @y 531 @8 dh o oS o) b (oSall molal) Ll dnllaall Gl dx38a) HolI plasinl i o o
i) <51 Loz Ll 3 (aededl Jdonall (3 THMSs Olisodl 3o 3 lSie 571535 48150 cazmsd (9lS1 plasei
A Ayl Ol 1ol doyoed) dad) dolas 3505 e pal) dBlieg ds-ladl sy sUST (293 i3 e 59dleyg

(e $la) il Buusdl o 391 Al (ST) s padly d-ladl gl il Olana) Qgllaall dsdl ) yo=dl §6 yo Judis o

Tl S dilaie § Bz § JoIL Il bl s o @

il e gl Sl 580 i) plall Sl plascial e

JsS539 gLiby crmelgall Ll 3 0980 Lo Sispatl] J8ling ds-lall canlil bglas jlus (3 a3 () &bl Qlasdl Ji5 o
edas £))

£U5T W, Sasg dlasell & JgoSl dellang aS5linadl B9l Ciladang Slodl Jglonall (3305 e Py Jolis duoy Sllia 090 O PUEST
dud! BlaYl dlasd "Gyl sl do)I" 11-2-2 o)l § ol gl e SWRO @.S,J\ bl olw)l &> dlae JuiiiS
. ESMPaslizYlg

pslgall NS (CTD) 28USUy -Aabsogall- Byly> dzpd duslyd UM (po (zebadl Jglonall g0 (Sdog bzl coadl Hlue s e
ke Sldgiane (o 5528 sall Uglnoll sgac jlume 3 oyl diael) J2Y) Absb Alll &bl o 189 edl shae b (e didisell
B / caasadl Slely=] (2-9-5 J| 2-2-9 pundll) £9 iel) ESMPduelaizNlg diiud) 8)laYl dlas Joi3 .BOT Jadly Juaadlly sLadyl
obaall g dudoet) Olas - Andiadl £9 o) Juiiiilly slacYl dl-pag slad¥l Jd Lo Jolpe IS (aebadl Jglomall Caspaiy dihniiall dnbpscrds]
el J] 4085 039 ESIA ($lizdly sadl Y1 opds Ay 323 ohyzl S Gilgall @uittll oy sl 0dd araz il W39 .AAWDC

Mgl Jgkomall Gl Jolsee @t - 1.3 dagoll" Olginy Jiius 0,835 ¢9 all 79,0918 (395991 Hlakiusdl

oyl Jlall il drded @l 2-1

[ caSe Ao Ogade 300 AW Al d8la)) 13 dlae S Ol (2lall Jgloxall caas b o) Brihne (rgoy gdged plusciwl o3
il ooy i

Ol s (o9 OYolae de Olasaly cRoberts Abessi ‘é““““i o9 OYolae plusuiwl Brihne (ngoy gdgedd AUl 9SS sLiad) ©
Yslaall Ao Olasa) 20 S9lun o AST Froude 59, 08y 09So

Lo gyl b @39
745 3137 Jolasy oleoll ddxs dlaxo - 1 gojluwdl @
782 137 Jolass oleoll ddoxs dlasxo - 2 gojluwdl @

Z3gadl 0 Lgale Jguamdl @3 (&1 &)l loghandl 0bsT 3559
7485 S 313 4wl :SSWRO (oS! uudlidb oluad! ddoes dlazes 61 g9yliasd!

1 WS (2 Brihne cngp giged ©Dsde o

00 300 L4l daie yla3 e

Calsdl ] sl o2l e Lrg) 15 S e dy0 30 i allsde o
(259 sl Al Ay 60 AL gy o

&/ 05,65 alldc e o

£ 2.5 icupaill Qgl £ig0 shad e

p 1.0 189l 398 &l glasyl e

#3.5 e &L”e Ged AUl &L&.‘D\ °

PSU 40.8 :dlaoeall ydl obo d>ghe @

PSU 74.2 :sxkall Jglomall Uil dgle @

°C 28 :i,odlokedyly=dzys o

°C 29 i ko)l Jokomall )y dys @

[ESIA Study — Brine Discharge Risk Assessment Report] Tetra Tech, [September 2021] | 5



— Infrastructure Technical Assistance A International Development

Economic Resilience Initiative R -I-t TETRA TECH engicon

3 p/e51,026.55 >l ol A3LS o

30/ 0251,051.68 :akall Jgkoeoll 23S o
745 dAwdl s oyl Jlxall § i) Brihne (g2 zdges glo
.Error! Reference source not found..,3)|Error! Reference source not found. 1 Sadlg 1 Jgudl Lg 339
1 WS (2 oyl el Al L] ciogs (I bl eal
LA e A 100 @ sy e el zrlacd! 399 72 Ay Jalsell diaie Gaizxd e ST
Ko @l abl (o fio 100@&@@!@3)!@?&5M|wZZG;Jg}gNLaW@M!wJMQMW@
LS) &bl opo Fie 38 ddlune (e (385 Jaummall Jawgll 15,5 (B398 Dol & 2 AU dglall duud Ol nds il el 2850 (§ oo
Geholl Jglonall 3g0s dglo 7S5 O9Saw el AU oo o 56 vy e (ST ecmnyll dlonall dolg § &1 ] mdgaidl iy (2 Sl psio
d>glall po @Ulguaedly WBL) dylasd dawlin 9SS ZELI 0 o Ol SV ppuadl opeg - daoeedl Al oo ladd 71.4 deis el
Ldakiyell
745 3wl Jolas wis 3 gaall §lal)l ST
Error! 1 JS&J1) Brihne (g zdged plasuiwl Fe 20.15 =l ¢ (395 ad] Jauosll @3 Sl sganll $la3yY (9a8Yl uxl do
EPWEIN| FO IRV Ul.ci (O TIged 034> TRUREN g B98 dgeall &Lb.}))’ @aén)il sl of L>Mg .(Reference source not found.
Jbel 5 islgy lowdl 0] +(2.25 x Froude x Do +3.5) =17.7 m) ¢p 17.7 = (3.5 + 35 X Wg,8 x 2.25) (sunl/ oy sl plusiwly
Olosa) [3.950_953 ol [ Y] (=§-U‘_9 d7e 23 L}b’ & oo (Gos L?Ja_xg (é\Al:\J‘i [ o9 Wolan @aéiﬂ @LQJ‘ Jgl=all 5gac tWJ e
e Gla.m Sl ‘:?:J.AJ\ J}l:m“ Sgas d}z,oj pis
745 3134wl Jolao Lis - LY did glasyl
2l g8 ) agaall Juay A3lucall 2dgag . 2l (po Uyd5 17 56 d3lune (e 98t Lyl Jaall Lilg8 OF ] Brihine ooy zdged i
o2y Jhb e gl Jelmall sgae HLadil dids lows Lodas @5 L2 LWL bS;L“m duoleYl dadll) Sgall dddy o (ye9 daaS | e S3p09

8Ly (9a3Yl axdl (o Jaid 725 3L d>glo 1S5 (e Skl Jgkomall 3g0e HLadll dido (o Solall £32l (Sgi Ae 3.1 Jlg=w Brihne
oLaiy! M@ﬁfﬂ\

e Bl wlalll oo @bl QhhoYl ge Lzl ool Jglxall Sgae Caid (g oyl Jlrall ddlaie g J) Jgos)l Ly
g8 Blasl goxi oo yoxll $18 (o oS HLaS (elall Jglomall dgas 3auiiw dile 56 AaIl) o)l Jlmall Blus dulgs dry el
255 sl Ay dakseially Aaral) dddoall Ol Jads lowyds Buass AT (2dll Jolomall 3908 zruams disasnll oball ]yl

padl Jlmoll Aol pluscinl ALl xe 3LEYI HSAN 3 83L3)1 (blasily aekedl Jokomall Sgae Hluns dpdoss etian . Jghonall

F Eige dsb

1AV bl zl9 o eolladll Jaadll GVl asdl qud gy Aslas sas
Froude * Do =2x21.1 *0.3=12.7 m x 2 = Juadl 391 axl|

178 =127 * (1-15) = 4 ) Jloz¥! Jglall 015Saus

745 3137l Jalae die JoY gyboed JLudl ool Olrysias Jglandl (b Lasd

785 o137 Jolns die oyl Jlamadl § (axbod) Jolonall i) Brihine cray goses @l pasede 1 Jgaad)

m 12.57 (el A ga) deaill) Slasdl jluall Lawgll Jos 89)3 Zm
m 13.23 é}@‘hﬂﬁb}’&j)iihﬁ.ﬂ&i’l&éﬂl Xm
m 16.51 Jiall A2 98] duudlly Sganll $lakyl £1a3)Y (9aBY all Zt
Nozxle

m 17.51 1 ] denddl 390l $13)Y 92891 usdl zt
' S E¥ o= ground

11.70 (891) el el Pl padl dis Jaugll las die Jglomall cis3 Sm

[ESIA Study — Brine Discharge Risk Assessment Report] Tetra Tech, [September 2021] | 6



. - egr _yr 1
Economic Resilience Initiative Ff -I't TETRA TECH englcon

— Infrastructure Technical Assistance A International Development

PSU 43.70 (595301) el jluald £l adl die (3S5all (2eball Jgloall 583 Cm
19 05 Eo d] dawgll as oo Lydadll Casad d8luall) laidl jlasl) plas)l (gadl wis Jladll Caual bm

m ' (C =507 Cc clawgl Jas dic 750 3SUI
S | 0% e Ul gl s 0 diplad sl Blinall) i) sl U (g8l i o] i rm

m : (C= 257 CC ebamgll bas dis 725 3S7)
sg | 05 e Ul bagll b e diphad Ciatl Eliaall) i) al Ui (g8l i ail] i Rm

m ' (C =67 Cc clawg)l las wie 76 1S
m 20.87 (sl Syl (Sgims ) Sl ygomall oy ) 839a)) dait) Lasugll Jast) 5591 bl Xr
335 539l At s awwgll Jas Caxss Sr
PSU 41.8 8392l dati wie (5350l Seholl Jgloeall 2533 Cr
qg | ) 5 oo B8 il d5Lusal) 59l A i i) slanall i ks ol Bl br

m : (C= 507 Cc chaugll las wie 750 S 35S0
po | Jl sl Bt oo ykd Chadl) dluall) 5gall Aat e Sl Lol ks it Bl rr

m ' (C = 257 Ce clamgll Jas die 725 36701 0950 s
oo | I esl B pe b ol dSLual) Sagall sk i Sl sl Db il Bl Rr

m : (C =67 Cc clawsll as dic 76 3 0950 o
m 23.4 i) Waaidly g Loy o) 5591 aBgell Xi
29.7 plabassY) dladi dis Jawgll las Cauass Si
PSU 41.9 plalaodl dats i 535yl grhedl Joloeall 383 Ci
m 56.9 oyl lomall bt g (3 8, kne) didal) 3591 350 Xn
m 3.18 oyl Jlomal) dibaie Bolgs § B iiell Al el hn
56.9 oyl lonall bt Blgh (3 8 kned) didal) Jouwgll o Cianis Sn
Cn

PSU 41.4

oyl Jlomol! ikt Dl (§ Bakall Aol ekl Jawg)l Ias- 5855

m/s 0.10 oyl Jlomall ikt Blg (3 S dida) Jasugl Lo dc e Un

[ESIA Study — Brine Discharge Risk Assessment Report] Tetra Tech, [September 2021] | 7



Economic Resilience Initiative
— Infrastructure Technical Assistance

e—0m

'l'.b TETRA TECH

ITA International Development

engicon

Plume Height Above Seabed
30
25
3 Maximum Plume Height 20.15m
= 20
o
]
=)
m
1}
wn
g 15
<]
8
<
=
‘5 10
I
Plume Impact ground at 23.4m
5 Plume Spreading on Seabed
0
0 10 20 30 40 50 60
Horizontal Distance from Diffuser (m)
(/45 sbj‘dl) fi‘uUJ\ O eIy 39292 .)}MJ\ &Uﬁ)I i QK.&.”
Salinity Percentage Above Ambient with Distance from Diffuser
90%
-
S 80%
2
£
< 70%
[
>
°
2 60%
X
£ so%
T
Y 40%
=1
£
o 30%
2 % Salinity above
ambient is acheived
20% at 38m from 1.4 % atend of
Diffuser true near field 56m
10% \ %
0% .
0 10 20 30 40 50 60 70 80 90 100
Horizontal Distance from Diffuser (m)

(137l £45) Ll (30 8lune 3929 o Jaxomal! peladl 398 dmgholl i 2 Sl

[ESIA Study — Brine Discharge Risk Assessment Report]

Tetra Tech, [September 2021] | 8



— Infrastructure Technical Assistance A International Development

. - egr _yr 1
Economic Resilience Initiative Ff -I't TETRA TECH englcon

782 S 31y fuwdl Jolxe Lis :SWRO Sl 7 Uil ool dudoxs dlame €2 g Uuaad!
ey L‘ng Brihne (ngy z3ged OMsde

©0 300 bl daie ,lad e

15 :0lalllsse o

Q?&QSH R 4>y 60 Z_f&l.ﬁ\ &)_9‘) °

S/ p6.4 aldcw e

£ 2.5 icupaill Qgdl 890 shad o

p 1.0 189l 398 &l glasyl e

£3.5 Ll g6 G0 bl glas)l e

PSU 40.8 :M\N! olue ;L>_9J.o °

PSU 70.345 :sxell Jglonall clopal d>gle @

0C 28 iyl ol Byly>dzpd @

0C 29 ikl Jslomall B)ly> dmys @

3 p/e=S1,026.55 1yl ol A3LS o

3p/p2S 1,048.73 1axkell Jglmall A3US o
782 &y 33 s Jolao -yl Jlxadl § Brihine crgss 73943 g8l
.9)buwd! 14y Error! Reference source not found.Error! Reference source not found. 2 Jg-=! S
b WS gl 13g) o)l Jlomoldl drdal gd] cluo g (&1 glidl o
LA e e 100 @ day e el rlad! §99 72 Ay Jaksell dilaie Gudid (Js LSTUI
o 3 zope i AWl e Ao 100 e e Jaoadl 398 72 (e 35 Y d>glo Guiiod (3 Aliasall Jalsdl dilaie ldlate (gaioed S
Error! 4 i)l i) bl e (e 23.5 dluw Je (3805 dlauoall doglall (399 Bl (3 2 ded O (89 vyl Jlomall 3 sl
dgac d>gle 7S5 OgSuw «ulEUl (o e B9 s ey cuydll Jlrall Llg 3 &1 Jl sy Jlals .(Reference source not found.
GBL Ll Blias 09w Ll ol s ol SUL il ey el el sl d>gle (398 Jadd /1.3 @L@J\ Jglall
Al yoll d>gloll (po lilgazedlg
782 Ay M3 Fu Jolas wis 3geanll ¢85y 4ST
asdl of Ja>dg (3 USadl) Brihne gy T390d plaseil p 23.45 >l §6 (395 4] Jsuosll @3 Ul sgandl gla5Y a8Vl uxll dhe
93 X 29,8 x 2.25) Mi/wfjj Aslao plustiwl O gusall 3 (4o el Oy TI9e5 03d> (A1 ol £18 (395 dgaall ElAS)Y oadl
O o Lo 929 ia 25.5 Jlg> & ol 3o Jamy qusl / gy} (9231 3g0a)) £LaS)1 e 5ol 5 iuolgy plowadl 0] .0 20.7 = (3.5 +
._).>:¢J\ Gba—v Jl ‘;?ELQJ‘ d}l;m.” dgac d}.pj eu\; Olawz) L;..SSU}Sg
742 33wl Jolaa - HLAIDBYI dib glasyl
el 86 Ul ssanll iy dsluaall odgny AU (r0 Uy e 69 &luns e 05Sias oyl Jmall &ilgs 0 J) Brihine o gos S
g2y Jhb e gl Jelmall sgae HLadl dids Wloww Lodad @5 L2 LWL I3lie dxoledl dndlul 898l dady © 009 daudaS | adie Lipg

3 1A 8oLy a8l axl o Jadd 7258505 (e (aehall Jglall sgas HLakl A (yo Solall sl gz 1dn e 3.8 Jls= Brihne
olaisyl dads

e Bl OLA pe bl Ollasdl ge Gl ol Joloall sga Ciid e ooyl Jlredl dakaie g J Jsmogll Ll
Blos g5 3303y el 6 Usbo e aiiS HLS peboll Uslomall 2905 33uses o 69 A1 ()l Jlomall Bils Bl Aay Al
LS Aoy Doakially Unpomal Bdomall S S Loyt Ui ST gulall plomall 3906 gims Aisaall ol J) ol £18

) Jlomall A e plsiianly 2ol o GUBY HSAN Jakisg seoll Jgomall 908 o dydkoxs wiaen . Jolonoll 3553

oWl g390 Jgb

1 YE Al zloil e oglaadl hadll 3o dodl gl gy Dolas suss
Froude * Do = 2x 25.5 % 0.3 =15.3 m x 2 = Juaal 3291 ax|
2142127 * (1-15) =_4WI cud) JlozY) Jolall 35S

[ESIA Study — Brine Discharge Risk Assessment Report] Tetra Tech, [September 2021] | 9



— Infrastructure Technical Assistance A International Development

. - egr _yr 1
Economic Resilience Initiative Ff -I't TETRA TECH englcon

%82 3137w Jolas wis JoVI g3)laad Gl ol Oilmyseng Jgluaedl (b Lod

742 3137l Jolas die oydll Jlradl 3 ebo) Jghoeall i) Brihine ongos zages @S pasche 122 Jouadl

B>l ‘ oebdd! ‘ gl ‘ eyl
m 15.16 (diadl 42 9] dusnill) G2l jlual) Jasogll Jas- 893 Zm
m 15.96 sgaall Jawg s 89)3 dadid) (891 aBgall Xm
m 19.90 diiell 42 9a) Al 390l $La5)) £LA5Y (9aBYI ull Zt Nozxle
m 20.90 gl ] el Sg0all £33N (58Il dxll Zt ground

14.10 (89)01) Slasll jluald $l3) gadl wis Jawgll Jas is Jgkomall il Sm
PSU 42.90 (B9 01) Slasll sluald $Lis)) gadl dis (53S5all (2ebell Jglomall 5835 Cm
0550 G J Jawgll o (pe Lyhadll Casad ALl (il Hluall §las)l (gadl dis sl Casas bm

m 23 Cc)/C = 50 cdawgl Jas ie 750 ASHI
33 055 G ) bawwgll Jas e dylad Cisaidl dblual) (el Hlunel) gliy) gadl i adll Cagal rm

" ' Cc)/C = 25 cdawgll Jas e 725 2SI
47 055 G ) bawwgl) bz (e &ylad Cisaidl dblual) (Uil Hluwel) glihy) 5adl die Jad)l Cagal Rm

" ! CO)AC = 6 auws)l s dis. 76 3SA
2517 (i) L%yl (Sgiane ) ladl Haomall Jums ) B3gall dlaiid Jawgll as) 2891 adgall Xr

m . i

40.4 8agall dlrds wie Jauwgll Jas Canass Sr
PSU 41.5 B3gall dadl wie (535l pelodl Jodomall 3835 Cr
gy | Gl s e Goylab Caail sl (B9 Aaks is Sl el i Alad o] ALl br

" ' CO)/C = 50 caugll as wis 750 S50 3950
dl gl das e Boylad Casadd] dolnedl (Bogadl dlas wie Sl jluedd Lylad Cisaill d3Lund! re

m >9 Cc)/C = 25 clawgll las e 725 S 3950 Eum
dl gl das e Dylad Casadd] oLl (Bogadl dais wie Sl jluedd Lylad Cisaill d3Lund! Rr

m 8.3 CC)/C = 6 chamg)l las dis 76 S 09
m 28.2 dulid! Aagly 81 Jawg Jasd) (2891 a3 50l Xi
35.8 plabaoy! dlagi die Jawg)l as s Si
PSU 41.6 plalaedl dhads wie (3Shell (seladl Jghonall 1S3 Ci
m 68.6 Gadll Yl dalaie ilg (3 8 il Aaudall 4891 a8 gall Xn
m 3.83 oyl Jlall dilaie &g (§ 8 ae)) didlall ows hn
68.6 Coill )l dibaie dylgs (§ 8 aikiall Aidal) Jawsgll Jas b Sn
bsU 412 Copill o)l dabaie Gylg § 8 akiall didall zebodl Jasgll Las 5S35 Cn
&/ 0.10 ol Jlmall dilaie dlgs (§ HLadiddl dida) Jawg)l Jas- de Un

[ESIA Study — Brine Discharge Risk Assessment Report] Tetra Tech, [September 2021] | 10



Economic Resilience Initiative
— Infrastructure Technical Assistance

TETRA TECH

International Development

7

I TA

engicon

Plume Height Above Seabed 42% Recovery

30
Maximum Plume Height 23.58 m
25
E
— 20
°
o
o
m
]
¢ 15
<]
8
<
£
%" 10 Plume Impact ground at 35.6m
T
5 Plume Spreading on Seabed
0
0 10 20 30 40 50 60 70 80
Horizontal Distance from Diffuser (m)
(/42 .J\.)juu\) J&L'A.H O 48 uo 2979 g .)}MJ\ &Uﬁ)I :3 QK.&.”
Salinity Percentage Above Ambient with Distance from Diffuser 42 % Recovery
80%
-
c
2 70%
8
€
<
o 60%
>
o
E-1
<
X 50%
Z
£
® 40%
wv
o
3
£ 30%
a
2 % Salinity above
20% ambient is acheived
at 23.5m from 1.1% at end of true
Diffuser near field 68.7m
10% /
0% =
0 10 20 30 40 50 60 70 80 20 100
Horizontal Distance from Diffuser (m)

[ESIA Study — Brine Discharge Risk Assessment Report]

(37l £42) S5l 0 8lune 92793 auoeall zland] (B9d dgholl A 24 JSaJ)

Tetra Tech, [September 2021] | 11



. - egr _yr 1
Economic Resilience Initiative Ff -llb TETRA TECH englcon

— Infrastructure Technical Assistance A International Development

s sl S £ 90 (Sear gl JSEJI

& el Jglomall 3g0a) (Sgumdll SlelisVlg Jadll oyl Jlrell (§ Jalsdl dakais dolue Co,dll Jinall § Brihine cngy gdsed pud
oy 70 29 ] e 25 or b ol ols 3eas llas

Lo Z9l oles Bas dis Ty o r2asl) Sio 200 dgb il Eu cadgioll &I g50 0boT 5 JSdIError! Reference source not found.
Lo,85 176 309 25 om

LR
S A
S s

A 25 Gas (e Ao 200 gk i patl] LG 890 15 S

PO

el Jlomodl s drded @G 3-1

oo Ao 100 o e Jamoll Jawgll dglo (B8 72 (o JOT | s aeodl Jgloadl 155 OF ] ooyl el dded gl coliad
o Ae 100 J9lxit 1 dpad) Jlomol diare (§ Lymmdl blgaadly UL dlosd! oo buslio had Jadll S92 O il e g &I
AUl

(v sy Ay Al 13 blualy 1,831 33309 deadl Jlxadl (3 (Mohid) dedge z3905 plasuinly dadl Jloxall drdied Judis o3
(1 @35))) ESIA (slizdls sud! Y

o) d>glall 398 72 2 555 (o T S aba)l Jgkall 3gac O JS&dl o5y -Error! Reference source not found. 3 39
Jady Jawl I @I auledl Jgloall cilidy cslodl i Ol couw OlFeghS B o e s AST shan muam Jasedll
o) £16 559 B3l s GlosYl g5 S HLS ekl Jolomall 5as iy Gy HSAN L9 dy3lanl

Aol (Sas . (PSU 40.8 dlanall dmglol] :dlsmdlo) bl o Bluca 35290 dimdll Slowal] § ool Jolonall 5557 23 gl oy
de ol Jolorall sgae daxMo amsall (o OgSaw I3 e 89Mles dadl Jlxall (3 e JIi Y ebedl Jokonadl 3855 OF Jgandl oy
o0 ol sl o3 Y (@1 Lol Jasogl) doglall (395 PSU 0.1 e JBT domglall 555 0¥ 515 41 e S 1.5 Jlg> lle
(Sl Jgloeall Bukas ddlya) dodsinwell (CTD) obed)! 8341

[ESIA Study — Brine Discharge Risk Assessment Report] Tetra Tech, [September 2021] | 12



Economic Resilience Initiative
— Infrastructure Technical Assistance

TETRA TECH

International Development

€ engicon

12.0
41.9
3251900
418
41.6
3251150 .
41.5
7]
B
E
14 3
ey
)
, Hzy >
3250400
41.2
|
= 41.0
3249650 B
40.9
| I 1 10.8
687900 688900 689900 690900
AQABA SRWO DESALINATION PLANT - Maximum bottom salinity CASE:
Water Modeling System Percentile 50% north wind scenario 45% recovery

(PSU 40.8 Alasxall d>sholl :4125e) 745 dpaady 313! i ! Jlomall (3 (bl Jglomall it 16 Sl

(PSU 40.8 Alaxonall d-glall :lasMo) ol il (o dLiua 39250 deadl Jlmall (3 ekl Uglonall 3555 13 Jgaanl

SIS e (PSU) dgloll oy yud gadi

s 1000 s 500
40.84 40.85 40.94 41.02 ddleidl ZLI
40.84 40.85 40.93 41.02 ddleidl 7Ll el (§ %90
40.84 40.85 40.93 41.02 dugizdl ZLy dgrell dewddl %90

[ESIA Study — Brine Discharge Risk Assessment Report]

dslall d>gho (e (elall Jghomall 3g0s 5T

cipandl oladl J) (oS 5L Jawdl ) QWb Jatiaws 46 cdumd) Jlmoll dabaie (§ yoedl olao (po A3US 58T (axkell Jglomall sgas Y Ikas
& 835750 0da bl zll 0555 O Ay oluall ddons dlasea) ds ol zhat dl b@, Of el Jolomall gae oo 1z 3g9umme 1SH S
Shel @5 d3lodl Zlnl e dghall 50 o9 I degad dumd! Jlorall Z3905 gl 7 JSCad! o9 cCupaill a6 oy lRas J3T oolelas)!
OSay A .PSU 0.012 oo J3T kel Jskomall G dglall dys glahyl gy Eum PSU 40.8 Ll e Jamall mlawdl § dgholl
Ao Jslall ) aedadl Jslomall 195 Bole] e dazr bl d-glall dr)s 83L) lais!

Tetra Tech, [September 2021] | 13



— Infrastructure Technical Assistance A International Development

Economic Resilience Initiative T -Ilb TETRA TECH engicon

Salinity evolution at the intake window laver - Mean Wind N

40.820
40.818
40.816

g o8t

B 40312

B 40810 -

g 40.808 -t RS —

@ 40.806
40.804
40,802 |
40.800

Imtake 1

Intake2

Intake 3

IMaked

0 3 & o 12 15 18 21 24 27 30 33 36 39 42 43 48
Hours

Jalall zlt 1 3Sedl (dedl glomall 903 Bole] 17 Sl

[ESIA Study — Brine Discharge Risk Assessment Report] Tetra Tech, [September 2021] | 14



FUNDACION

IHcantabria

modeling result report briHne_JET_SPREADING - 06/09/2021 13:55:27 - Pag. 1

Result Report briIHne_JET_SPREADING Version (1.0) - Project 'AQADI_Near dilution

study '

CASE 1

Input data

Ambient Conditions Average depth at discharge point [Ha (m)] 25
Salinity [Ca (psu)] 40.8
Density [rho_a (Kg/m3)] 1026.55
Brine effluent characteristics |Saline concentration [Co (psu)] 70.345
Density [rho_o (Kg/m3)] 1048.73
Jet discharge velocity [Uo (m/s)] 6.4
Brine discharge configuration |Port diameter [do (m)] 0.3
Discharge angle [thettag_o (sexaseg)] 60
Altura de la boquilla respecto al fondo [ho (m)] 1
Initial fluxes and length scales
Qo, brine flow rate (discharge volume flux) 0.45 m3/s
Mo, discharge momentum flux 2.90 m4/s2
Jo, discharge buoyancy flux 0.10 m4/s3
Qco, discharge flux of contaminant mass 13.37 psu*ma3/s
LQ, Flux - Momentum length scale 0.27m
LM, Momentum - Buoyancy length scale 7.18m
Densimetric Froude Number, Fo 25.4
Jet flow behavior
Zm, centerline peak of the jet trajectory (relative to the port nozzle) 15.16 m
Xm, horizontal location of the centerline peak point 15.96 m
Zt, maximum rise height relative to the port nozzle 19.90 m
Zt_bottom, maximum rise height relative to the bottom 20.90 m
Sm, centerline dilution at the jet maximum height (peak) 14.1
Cm, centerline saline concentration at the jet maximum height (peak) 42.9 psu
bm_50%, radius at the jet maximum height (radial distance from the centerline to where 2.3m
concentration is 50% of that at the centerline, C=50%Cc)
rm_25%, radius at the jet maximum height (radial distance from the centerline to where 33m
concentration is 25% of that at the centerline, C=25%Cc)
Rm_6%, radius at the jet maximum height (radial distance from the centerline to where 47 m
concentration is 6% of that at the centerline, C=6%Cc)
Xr, centerline horizontal location of the return point (where the jet axis reaches the port 25.17m
height level)
Sr, centerline dilution at the return point 40.4
Cr, centerline saline concentration at the return point 41.5 psu
br_50%, jet radius at the return point (radial distance from the centerline to where 42m
concentration is 50% of that at the centerlinee, C=50%Cc)
rr_25%, jet radius at the return point (radial distance from the centerline to where 59m
concentration is 25% of that at the centerline, C=25%Cc)
Rr_6%, jet radius at the return point (radial distance from the centerline to where 8.3m
concentration is 6% of that at the centerline, C=6%Cc)
Xi, centerline horizontal location of the impact with bottom point 28.22 m
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Si, centerline dilution at the impact point 35.8
Ci, centerline saline concentration at the impact point 41.6 psu

Spreading layer flow behavior (at the end of the near field region)

Xn, horizontal location of the spreading layer at the end of the near field region 68.63 m
hn, thickness of the spreading layer at the end of the near field region 3.83m
Sn, centerline dilution of the spreading layer at the end of the near field region 68.6
Cn, centerline saline concentration of the spreading layer at the end of the near field region 41.2 psu
Un, centerline velocity of the spreading layer at the end of the near field region 0.10 m/s

Variables evolution graphs
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Jet flow
X Zc Lc Sc Cc rho_c theta R Uc Fc
0.00 0.00 0.00 1.00 70.35 1048.66 60.00 0.15 6.40 25.42
0.41 0.71 0.82 1.02 69.85 1048.29 59.54 0.15 6.40 25.42
0.83 1.40 1.63 1.25 64.35 1044.17 58.89 0.35 6.40 24.86
1.24 2.08 2.43 1.57 59.66 1040.66 58.74 0.48 5.06 23.59
1.65 2.75 3.22 1.90 56.36 1038.19 58.26 0.61 4.18 22.61
2.06 3.41 3.99 2.22 54.09 1036.49 57.77 0.73 3.57 21.49
2.48 4.05 4.76 2.54 52.45 1035.27 57.25 0.86 3.11 20.26
2.89 4.69 5.52 2.88 51.06 1034.23 56.71 0.99 2.75 18.97
3.30 5.31 6.26 3.22 49.97 1033.41 56.15 1.12 2.47 17.91
3.71 5.91 7.00 3.56 49.09 1032.76 55.57 1.25 2.24 17.02
4.13 6.51 7.72 3.90 48.38 1032.22 54.93 1.43 2.05 16.27
4.54 7.08 8.43 4.24 47.77 1031.77 54.23 1.60 1.89 15.61
4.95 7.65 9.13 4.57 47.26 1031.38 53.43 1.77 1.75 15.03
5.36 8.19 9.81 4.91 46.81 1031.05 52.45 1.92 1.64 14.47
5.78 8.71 10.48 5.26 46.42 1030.75 51.30 2.06 1.53 13.94
6.19 9.21 11.13 5.61 46.07 1030.49 50.01 2.19 1.44 13.42
6.60 9.69 11.76 5.96 45.76 1030.26 48.64 2.32 1.33 12.90
7.01 10.14 12.37 6.31 45.48 1030.05 47.27 2.47 1.24 12.39
7.43 10.57 12.97 6.66 45.24 1029.87 45.96 2.64 1.15 11.88
7.84 10.99 13.55 7.01 45.02 1029.71 44.71 2.81 1.07 11.39
8.25 11.39 14.12 7.35 44.82 1029.56 43.52 2.98 1.01 10.92
8.67 11.77 14.69 7.68 44.65 1029.43 42.31 3.14 0.95 10.47
9.08 12.13 15.24 8.00 44.49 1029.31 40.99 3.28 0.90 10.05
9.49 12.48 15.78 8.32 44.35 1029.21 39.48 3.42 0.84 9.67
9.90 12.80 16.31 8.63 44.22 1029.11 37.74 3.55 0.79 9.32
10.32 13.11 16.82 8.94 4411 1029.02 35.76 3.65 0.75 8.98
10.73 13.39 17.32 9.26 43.99 1028.94 33.58 3.71 0.71 8.67
11.14 13.65 17.80 9.59 43.88 1028.86 31.28 3.75 0.68 8.38
11.55 13.88 18.28 9.93 43.78 1028.78 28.95 3.77 0.65 8.13
11.97 14.10 18.74 10.28 43.67 1028.70 26.65 3.81 0.62 7.91
12.38 14.29 19.20 10.64 43.58 1028.63 24.41 3.87 0.59 7.71
12.79 14.47 19.65 11.00 43.49 1028.56 22.22 3.95 0.57 7.52
13.20 14.62 20.09 11.37 43.40 1028.50 20.05 4.03 0.55 7.34
13.62 14.76 20.52 11.74 43.32 1028.43 17.82 4.10 0.53 7.17
14.03 14.88 20.95 12.12 43.24 1028.37 15.44 4.17 0.51 7.01
14.44 14.98 21.38 12.52 43.16 1028.32 12.82 4.25 0.49 6.85
14.85 15.06 21.80 12.93 43.09 1028.26 9.91 4.35 0.47 6.70
15.27 15.12 22.22 13.35 43.01 1028.21 6.73 4.48 0.45 6.56
15.68 15.15 22.63 13.79 42.94 1028.15 3.31 4.60 0.43 6.44
16.09 15.16 23.04 14.25 42.87 1028.10 -0.31 4.73 0.42 6.32
16.51 15.14 23.46 14.70 42.81 1028.05 -4.14 4.84 0.41 6.22
16.92 15.09 23.87 15.13 42.75 1028.01 -8.28 4.96 0.40 6.13
17.33 15.01 24.29 15.56 42.70 1027.97 -12.88 5.07 0.39 6.03
17.74 14.88 24.72 15.97 42.65 1027.93 -18.13 5.18 0.38 5.93
18.16 14.72 25.16 16.39 42.60 1027.90 -24.00 5.30 0.37 5.84
18.57 14.49 25.62 16.85 42.55 1027.86 -30.47 5.41 0.35 5.77
18.98 14.21 26.12 17.40 42.50 1027.82 -37.31 5.52 0.34 5.72
19.39 13.84 26.66 18.09 42.43 1027.77 -43.45 5.63 0.33 5.71
19.81 13.40 27.27 18.96 42.36 1027.72 -48.57 5.76 0.32 5.75
20.22 12.87 27.95 20.06 42.27 1027.65 -53.42 5.89 0.32 5.84
20.63 12.24 28.68 21.45 42.18 1027.58 -58.37 6.03 0.32 5.99
21.04 11.48 290.47 23.17 42.08 1027.50 -62.89 6.17 0.32 6.17
21.46 10.58 30.45 25.18 41.97 1027.43 -66.71 6.32 0.32 6.39
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X Zc Lc Sc Cc rho_c theta R Uc Ec
21.87 9.51 31.62 27.42 41.88 1027.36 -69.69 6.47 0.32 6.60
22.28 8.31 32.96 29.82 41.79 1027.29 -71.67 6.65 0.32 6.78
22.69 7.01 34.40 32.23 41.72 1027.24 -72.61 6.86 0.32 6.94
23.11 5.69 35.87 34.56 41.65 1027.19 -72.60 7.08 0.31 7.07
23.52 4.41 37.27 36.60 41.61 1027.15 -71.72 7.27 0.30 7.21
23.93 3.24 38.56 38.28 41.57 1027.13 -69.93 7.50 0.29 7.36
24.35 2.21 39.68 39.49 41.55 1027.11 -67.16 7.75 0.29 7.50
24.76 1.37 40.63 40.21 41.53 1027.10 -61.41 8.03 0.30 7.65
25.17 0.76 41.44 40.41 41.53 1027.10 -52.05 8.41 0.31 7.80

Spreading layer

X h Sc Cc rho_c Uc Fc
30.53 5.32 36.65 41.61 1027.15 0.28 6.74
31.91 4.47 37.81 41.58 1027.13 0.26 6.53
33.29 4.08 38.96 41.56 1027.12 0.24 6.41
34.66 3.87 40.11 41.54 1027.10 0.22 6.32
36.04 3.70 41.27 41.52 1027.09 0.24 6.29
37.41 3.51 42.42 41.50 1027.07 0.25 6.33
38.79 3.32 43.57 41.48 1027.06 0.26 6.40
40.16 3.20 44.72 41.46 1027.04 0.25 6.49
41.54 3.14 45.88 41.44 1027.03 0.25 6.48
42.91 3.12 47.03 41.43 1027.02 0.24 6.37
44.29 3.11 48.18 41.41 1027.01 0.23 6.18
45.66 3.07 49.33 41.40 1027.00 0.22 6.01
47.04 3.02 50.49 41.39 1026.99 0.20 5.80
48.42 2.99 51.64 41.37 1026.98 0.19 5.57
49.79 3.02 52.79 41.36 1026.97 0.18 5.34
51.17 3.13 53.95 41.35 1026.96 0.18 5.11
52.54 3.31 55.10 41.34 1026.95 0.17 4.88
53.92 3.53 56.25 41.33 1026.94 0.16 4.66
55.29 3.71 57.40 41.31 1026.94 0.15 4.45
56.67 3.80 58.56 41.30 1026.93 0.14 4.26
58.04 3.84 59.71 41.29 1026.92 0.13 4.09
59.42 3.84 60.86 41.29 1026.91 0.13 3.93
60.79 3.82 62.01 41.28 1026.91 0.12 3.78
62.17 3.82 63.17 41.27 1026.90 0.12 3.66
63.55 3.82 64.32 41.26 1026.89 0.11 3.56
64.92 3.82 65.47 41.25 1026.89 0.11 3.44
66.30 3.83 66.62 41.24 1026.88 0.10 3.33
67.67 3.83 67.78 41.24 1026.88 0.10 3.29

Model authors:
BrlHne-Jet-Spreading model has been developed by the Environmental Hydraulics Institute (IH Cantabria).

For questions or more information, please contact to briIHnesupport@ihcantabria.com

Modeling approach and calibration:

The model simulates the near field region (including the jet path and the spreading layer) of a submerged and inclined brine jet discharges.
Dimensional analysis formulas proposed by Pincince et al. (1973) and Roberts et al. (1987) are applied to predict the variables value along
the jet path. For variables of the spreading layer, dimensional analysis formulae proposed by Roberts et al. (1997) are applied.

These formulas have been calibrated in briIHne-Jet-Spreading with experimental database obtained by non-intrusive optical techniques

tests carried out in the Environmental Hydraulics Institute. PIV (Particle Image Velocimetry) and PLIF (Planar Laser Induced Fluorescence)
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techniques have been applied to characterize the velocity and concentration flow-fields with a high quality and resolution. The
characterization includes the jet path (Palomar et al, 2015b) and the spreading layer (Palomar et al, 2015c). Thanks to the experimental
data obtained, the near field region flow behavior has been studied in depth (Palomar, 2014) and the model briIHne-Jet-Spreading has been
calibrated.

A more detail description of the model can be found in the technical specifications file and in (Palomar et al, 2015a).

Cross-section assumption:
The model considers the asymmetry and non-gaussian cross-section found for this type of inclined negatively buoyant jets, according to the
experimental studies carries out by Kikkert et al. (2007), Shao et al. (2010) and Palomar et al. (2015b). This asymmetry is due to the inner

edge extra-spreading of the jet lower edge caused by buoyancy instabilities.

Variables glossary:

Cartesian coordinates are considered.

The origin of the coordinate system is set up at the jet nozzle.
Jet flow variables:

X: Horizontal coordinate location from the nozzle.

Zc: Vertical coordinate of the concentration centerline.

Lc: Centerline length from the nozzle.

Sc: Centerline dilution.

Cc: Centerline saline concentration.

Rhoc: Centerline density.

Theta: Vertical angle of the centerline relative to the bottom.
R: Jet radius (considered here as the radial distance from the centerline to where concentration is 6% of that at the centerline).
Uc: Centerline velocity.

Fc: Centerline densimetric Froude Number.

Spreading layer flow variables:

X: Horizontal coordinate location from the nozzle.

h: Spreading layer thickness (corresponding to the vertical distance from the bottom to where concentration is 25% of that at the centerline)
Sc: Centerline dilution.

Cc: Centerline saline concentration.

rhoc: Centerline density.

Uc: Centerline velocity.

Feje: Densimetric Froude Number.

Maximum rise height of the jet trajectory (Zt)
The maximum rise height or upper edge of the jet (Zt) is calculated by the model by adding to the maximum centerline height (Zm), the jet
radius, “R”, which stands for the radial distance radial distance from the centerline to where concentration is 6% of that at the centerline

(considering a Gaussian profile at the jet upper edge).
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Impact of the jet with the sea surface:

To predict if the jet impacts the sea surface, brIHne-Jet-Spreading compares the maximum height reached by the jet with the sea water
depth at the discharge point (HA). However, the maximum rise height (Zt) is given by the model relative to the jet nozzle (coordinate system
origin). Therefore, to calculate if the jet reaches the sea surface, the port height (ho) has to be added to the maximum rise height (Zt).

The model considers that the jet impacts the sea surface if: Zt + ho > HA. In that case, an error message is given by the model, because a

confined environment cannot be simulated by briIHne-Jet-Spreading.

Return and impact point:

The return point is the location where the jet centerline reached the port (nozzle) height, whereas the impact point is the location where the
jet centerline impacts the bottom
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Result Report briIHne_JET_SPREADING Version (1.0) - Project 'AQADI_Near dilution

study '

Case 2

Input data

Ambient Conditions Average depth at discharge point [Ha (m)] 25
Salinity [Ca (psu)] 40.8
Density [rho_a (Kg/m3)] 1026.55
Brine effluent characteristics |Saline concentration [Co (psu)] 74.18
Density [rho_o (Kg/m3)] 1051.68
Jet discharge velocity [Uo (m/s)] 5.65
Brine discharge configuration |Port diameter [do (m)] 0.3
Discharge angle [thettag_o (sexaseg)] 60
Altura de la boquilla respecto al fondo [ho (m)] 1
Initial fluxes and length scales
Qo, brine flow rate (discharge volume flux) 0.40 m3/s
Mo, discharge momentum flux 2.26 m4/s2
Jo, discharge buoyancy flux 0.10 m4/s3
Qco, discharge flux of contaminant mass 13.33 psu*ma3/s
LQ, Flux - Momentum length scale 0.27m
LM, Momentum - Buoyancy length scale 5.95m
Densimetric Froude Number, Fo 21.1
Jet flow behavior
Zm, centerline peak of the jet trajectory (relative to the port nozzle) 12.57m
Xm, horizontal location of the centerline peak point 13.23 m
Zt, maximum rise height relative to the port nozzle 16.51 m
Zt_bottom, maximum rise height relative to the bottom 1751 m
Sm, centerline dilution at the jet maximum height (peak) 11.7
Cm, centerline saline concentration at the jet maximum height (peak) 43.7 psu
bm_50%, radius at the jet maximum height (radial distance from the centerline to where 19m
concentration is 50% of that at the centerline, C=50%Cc)
rm_25%, radius at the jet maximum height (radial distance from the centerline to where 27m
concentration is 25% of that at the centerline, C=25%Cc)
Rm_6%, radius at the jet maximum height (radial distance from the centerline to where 39m
concentration is 6% of that at the centerline, C=6%Cc)
Xr, centerline horizontal location of the return point (where the jet axis reaches the port 20.87 m
height level)
Sr, centerline dilution at the return point 33.5
Cr, centerline saline concentration at the return point 41.8 psu
br_50%, jet radius at the return point (radial distance from the centerline to where 34m
concentration is 50% of that at the centerlinee, C=50%Cc)
rr_25%, jet radius at the return point (radial distance from the centerline to where 49m
concentration is 25% of that at the centerline, C=25%Cc)
Rr_6%, jet radius at the return point (radial distance from the centerline to where 6.9m
concentration is 6% of that at the centerline, C=6%Cc)
Xi, centerline horizontal location of the impact with bottom point 23.40 m
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Si, centerline dilution at the impact point 29.7
Ci, centerline saline concentration at the impact point 41.9 psu

Spreading layer flow behavior (at the end of the near field region)

Xn, horizontal location of the spreading layer at the end of the near field region 56.93 m
hn, thickness of the spreading layer at the end of the near field region 3.18m
Sn, centerline dilution of the spreading layer at the end of the near field region 56.9
Cn, centerline saline concentration of the spreading layer at the end of the near field region 41.4 psu
Un, centerline velocity of the spreading layer at the end of the near field region 0.10 m/s

Variables evolution graphs
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Jet flow
X Zc Lc Sc Cc rho_c theta R Uc Fc
0.00 0.00 0.00 1.00 74.18 1051.60 60.00 0.15 5.65 21.08
0.34 0.59 0.68 1.00 74.18 1051.60 59.54 0.15 5.65 21.08
0.68 1.16 1.35 1.15 69.75 1048.27 58.89 0.31 5.65 20.87
1.03 1.72 2.02 1.39 64.83 1044.58 58.74 0.42 4.95 20.04
1.37 2.28 2.67 1.65 61.05 1041.75 58.26 0.52 4.18 19.38
1.71 2.83 3.31 1.90 58.35 1039.72 57.77 0.63 3.61 18.62
2.05 3.36 3.95 2.14 56.37 1038.23 57.25 0.73 3.18 17.75
2.40 3.89 4.58 241 54.63 1036.93 56.71 0.83 2.84 16.81
2.74 4.40 5.20 2.69 53.20 1035.85 56.15 0.94 2.57 15.94
3.08 4.90 5.80 2.97 52.05 1034.99 55.57 1.04 2.34 15.21
3.42 5.40 6.40 3.24 51.09 1034.27 54.93 1.18 2.15 14.60
3.76 5.87 6.99 3.52 50.29 1033.67 54.23 1.32 1.99 14.06
4.11 6.34 7.57 3.80 49.59 1033.15 53.43 1.46 1.85 13.57
4.45 6.79 8.14 4.08 48.99 1032.70 52.45 1.60 1.73 13.10
4.79 7.22 8.69 4.36 48.45 1032.29 51.30 1.71 1.63 12.65
5.13 7.64 9.23 4.65 47.98 1031.94 50.01 1.82 1.53 12.19
5.48 8.03 9.75 4.94 47.55 1031.62 48.64 1.93 1.42 11.74
5.82 8.41 10.26 5.23 47.18 1031.34 47.27 2.05 1.32 11.28
6.16 8.77 10.76 5.53 46.84 1031.08 45.96 2.19 1.23 10.82
6.50 9.11 11.24 5.81 46.54 1030.86 44.71 2.33 1.14 10.37
6.84 9.44 11.71 6.09 46.28 1030.66 43.52 2.47 1.07 9.94
7.19 9.76 12.18 6.37 46.04 1030.48 42.31 2.60 1.01 9.53
7.53 10.06 12.64 6.64 45.83 1030.33 40.99 2.72 0.95 9.16
7.87 10.35 13.09 6.90 45.64 1030.18 39.48 2.84 0.90 8.81
8.21 10.62 13.52 7.16 45.46 1030.05 37.74 2.94 0.84 8.48
8.56 10.87 13.95 7.41 45.30 1029.93 35.76 3.03 0.80 8.18
8.90 11.11 14.36 7.68 45.15 1029.81 33.58 3.08 0.76 7.90
9.24 11.32 14.77 7.95 45.00 1029.70 31.28 3.11 0.72 7.64
9.58 11.52 15.16 8.23 44.85 1029.59 28.95 3.13 0.69 7.41
9.92 11.69 15.55 8.52 44.72 1029.49 26.65 3.16 0.66 7.20
10.27 11.85 15.92 8.82 44.58 1029.39 24.41 3.21 0.63 7.02
10.61 12.00 16.29 9.12 44.46 1029.30 22.22 3.28 0.60 6.85
10.95 12.13 16.66 9.43 44.34 1029.21 20.05 3.34 0.58 6.68
11.29 12.24 17.02 9.73 44.23 1029.12 17.82 3.40 0.56 6.53
11.64 12.34 17.38 10.05 44.12 1029.04 15.44 3.46 0.54 6.38
11.98 12.43 17.73 10.38 44.02 1028.96 12.82 3.52 0.52 6.24
12.32 12.49 18.08 10.72 43.91 1028.89 9.91 3.61 0.50 6.11
12.66 12.54 18.43 11.07 43.81 1028.81 6.73 3.71 0.48 5.98
13.00 12.57 18.77 11.44 43.72 1028.74 3.31 3.82 0.46 5.86
13.35 12.57 19.11 11.82 43.62 1028.67 -0.31 3.92 0.45 5.76
13.69 12.55 19.45 12.19 43.54 1028.61 -4.14 4.02 0.43 5.67
14.03 12.51 19.80 12.55 43.46 1028.55 -8.28 4.11 0.42 5.59
14.37 12.45 20.15 12.90 43.39 1028.49 -12.88 4.20 0.41 5.49
14.72 12.34 20.50 13.25 43.32 1028.44 -18.13 4.30 0.40 5.40
15.06 12.21 20.87 13.59 43.26 1028.39 -24.00 4.39 0.39 5.32
15.40 12.02 21.25 13.97 43.19 1028.34 -30.47 4.49 0.37 5.25
15.74 11.78 21.66 14.43 43.11 1028.29 -37.31 4.58 0.36 5.21
16.09 11.48 22.12 15.00 43.02 1028.22 -43.45 4.67 0.35 5.20
16.43 11.11 22.62 15.73 42.92 1028.14 -48.57 4.77 0.35 5.23
16.77 10.68 23.18 16.64 42.81 1028.06 -53.42 4.88 0.34 5.32
17.11 10.15 23.78 17.79 42.68 1027.96 -58.37 5.00 0.34 5.45
17.45 9.52 24.45 19.21 42.54 1027.85 -62.89 5.12 0.34 5.62
17.80 8.77 25.25 20.88 42.40 1027.75 -66.71 5.24 0.34 5.82
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X Zc Lc Sc Cc rho_c theta R Uc Ec
18.14 7.89 26.23 22.74 42.27 1027.65 -69.69 5.37 0.34 6.01
18.48 6.89 27.34 24.73 42.15 1027.56 -71.67 5.52 0.34 6.18
18.82 5.81 28.53 26.73 42.05 1027.49 -72.61 5.69 0.34 6.32
19.17 4.72 29.75 28.66 41.96 1027.42 -72.60 5.87 0.33 6.44
19.51 3.66 30.91 30.36 41.90 1027.38 -71.72 6.03 0.32 6.57
19.85 2.69 31.98 31.75 41.85 1027.34 -69.93 6.22 0.31 6.70
20.19 1.83 32.91 32.76 41.82 1027.31 -67.16 6.43 0.31 6.83
20.53 1.11 33.70 33.35 41.80 1027.30 -63.35 6.66 0.32 6.97
20.88 0.55 34.37 33.51 41.80 1027.30 -55.08 6.97 0.33 7.10

Spreading layer

X h Sc Cc rho_c Uc Fc
25.33 4.41 30.40 41.90 1027.37 0.30 6.13
26.47 3.71 31.36 41.86 1027.35 0.28 5.94
27.61 3.38 32.31 41.83 1027.33 0.26 5.83
28.75 3.21 33.27 41.80 1027.30 0.24 5.75
29.89 3.07 34.23 41.78 1027.28 0.25 5.73
31.03 291 35.18 41.75 1027.26 0.27 5.77
32.17 2.76 36.14 41.72 1027.24 0.28 5.82
33.31 2.65 37.09 41.70 1027.23 0.26 5.91
34.45 2.60 38.05 41.68 1027.21 0.26 5.90
35.59 2.59 39.01 41.66 1027.19 0.25 5.80
36.73 2.58 39.96 41.64 1027.18 0.24 5.63
37.87 2.55 40.92 41.62 1027.16 0.23 5.47
39.01 2.51 41.87 41.60 1027.15 0.22 5.28
40.16 2.48 42.83 41.58 1027.13 0.21 5.07
41.30 2.51 43.79 41.56 1027.12 0.20 4.87
42.44 2.60 44.74 41.55 1027.11 0.19 4.66
43.58 2.75 45.70 41.53 1027.10 0.18 4.44
44.72 2.93 46.65 41.52 1027.09 0.17 4.24
45.86 3.08 47.61 41.50 1027.08 0.16 4.06
47.00 3.15 48.57 41.49 1027.07 0.14 3.88
48.14 3.19 49.52 41.47 1027.06 0.14 3.72
49.28 3.18 50.48 41.46 1027.05 0.13 3.58
50.42 3.17 51.43 41.45 1027.04 0.13 3.44
51.56 3.17 52.39 41.44 1027.03 0.12 3.33
52.70 3.17 53.35 41.43 1027.02 0.12 3.24
53.84 3.17 54.30 41.41 1027.01 0.11 3.13
54.99 3.17 55.26 41.40 1027.00 0.11 3.04
56.13 3.18 56.22 41.39 1027.00 0.11 2.99

Model authors:
BrlHne-Jet-Spreading model has been developed by the Environmental Hydraulics Institute (IH Cantabria).

For questions or more information, please contact to briIHnesupport@ihcantabria.com

Modeling approach and calibration:

The model simulates the near field region (including the jet path and the spreading layer) of a submerged and inclined brine jet discharges.
Dimensional analysis formulas proposed by Pincince et al. (1973) and Roberts et al. (1987) are applied to predict the variables value along
the jet path. For variables of the spreading layer, dimensional analysis formulae proposed by Roberts et al. (1997) are applied.

These formulas have been calibrated in briIHne-Jet-Spreading with experimental database obtained by non-intrusive optical techniques

tests carried out in the Environmental Hydraulics Institute. PIV (Particle Image Velocimetry) and PLIF (Planar Laser Induced Fluorescence)
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techniques have been applied to characterize the velocity and concentration flow-fields with a high quality and resolution. The
characterization includes the jet path (Palomar et al, 2015b) and the spreading layer (Palomar et al, 2015c). Thanks to the experimental
data obtained, the near field region flow behavior has been studied in depth (Palomar, 2014) and the model briIHne-Jet-Spreading has been
calibrated.

A more detail description of the model can be found in the technical specifications file and in (Palomar et al, 2015a).

Cross-section assumption:
The model considers the asymmetry and non-gaussian cross-section found for this type of inclined negatively buoyant jets, according to the
experimental studies carries out by Kikkert et al. (2007), Shao et al. (2010) and Palomar et al. (2015b). This asymmetry is due to the inner

edge extra-spreading of the jet lower edge caused by buoyancy instabilities.

Variables glossary:

Cartesian coordinates are considered.

The origin of the coordinate system is set up at the jet nozzle.
Jet flow variables:

X: Horizontal coordinate location from the nozzle.

Zc: Vertical coordinate of the concentration centerline.

Lc: Centerline length from the nozzle.

Sc: Centerline dilution.

Cc: Centerline saline concentration.

Rhoc: Centerline density.

Theta: Vertical angle of the centerline relative to the bottom.
R: Jet radius (considered here as the radial distance from the centerline to where concentration is 6% of that at the centerline).
Uc: Centerline velocity.

Fc: Centerline densimetric Froude Number.

Spreading layer flow variables:

X: Horizontal coordinate location from the nozzle.

h: Spreading layer thickness (corresponding to the vertical distance from the bottom to where concentration is 25% of that at the centerline)
Sc: Centerline dilution.

Cc: Centerline saline concentration.

rhoc: Centerline density.

Uc: Centerline velocity.

Feje: Densimetric Froude Number.

Maximum rise height of the jet trajectory (Zt)
The maximum rise height or upper edge of the jet (Zt) is calculated by the model by adding to the maximum centerline height (Zm), the jet
radius, “R”, which stands for the radial distance radial distance from the centerline to where concentration is 6% of that at the centerline

(considering a Gaussian profile at the jet upper edge).
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Impact of the jet with the sea surface:

To predict if the jet impacts the sea surface, brIHne-Jet-Spreading compares the maximum height reached by the jet with the sea water
depth at the discharge point (HA). However, the maximum rise height (Zt) is given by the model relative to the jet nozzle (coordinate system
origin). Therefore, to calculate if the jet reaches the sea surface, the port height (ho) has to be added to the maximum rise height (Zt).

The model considers that the jet impacts the sea surface if: Zt + ho > HA. In that case, an error message is given by the model, because a

confined environment cannot be simulated by briIHne-Jet-Spreading.

Return and impact point:

The return point is the location where the jet centerline reached the port (nozzle) height, whereas the impact point is the location where the
jet centerline impacts the bottom
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1. INTRODUCTION

This document was written to study the dispersion in near field of brine
discharged by the Agaba SWRO Desalination Plant, with a 300 M m?3/year

capacity for two conversion rates: 42% & 45%.

In the near field (initial mixing area) where the highest hypersaline
discharge dilution is achieved mainly due to the turbulent phenomena associated
with the quantity of movement transferred with the discharge. In this region, the
initial dilution process mainly depends on the discharge parameters (diffuser
type, number of outlet ports, diameter of the outlet ports, etc.) meaning this is

the process where the designer can work to improve the discharge dilution.

Once the possible scenarios have been analysed and the design criteria
established, the brine discharge for different alternatives will be modelled by

BriHne-Jet-Spreading model.
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2. SCOPE OF WORK

The aim of this study is to design the diffuser to fulfil with environmental

regulations.

Two scenarios are modelled considering:

- Case 1 - Desalination plant overall recovery 42%

— Case 2 - Desalination plant overall recovery 45%
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3. MODEL DESCRIPTION

A widely contrasted model for near field study shall be used: briHne.

“Brl[Hne” tools are a set of numerical models developed by the
Environmental Hydraulics Institute of Cantabria (IH Cantabria) to simulate the
behaviour of brine discharges from the desalination plants. These tools have
arisen as an extension of the research carried out in the MEDVSA project
(www.medvsa.es), in which a methodology to design brine discharges was
developed for the Ministry of the Environment and Rural and Marine Affairs of
Spain. Within the scope of the project, a critical assessment and validation of the
most used commercial models to simulate brine discharges (Cormix, Visual
Plumes and Visjet) was carried out, Palomar et al. (2012, a, b). Conclusions
revealed significant shortcomings and a poor agreement with experimental data

when simulating this type of disposals.

To overcome the commercial model’s shortcomings and with the aim of
having more feasible models that can be constantly improved and updated, the

Environmental Hydraulics Institute has developed the “brlIHne” tools.

These tools are based on dimensional analysis and integration of
differential equations with mathematical approaches scientifically supported.
They have been designed with an optimized interface, very intuitive and easy to
use. BrlHne models have an instantaneous execution and once run, a “pdf”
report is provided, including the flow main variables evolution to characterize the
discharge behaviour. Plots are also an output of the models to better understand

the results.

An important advantage of “brlHne” discharges is the re-calibration with

experimental data obtained by tests carried out in IH Cantabria by the use of non-
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intrusive optical laser techniques PIV (Particle Image Velocimetry) and PLIF
(Planar Laser Induced Fluorescence). These techniques allow obtaining
synchronized velocity and concentration values within the flow with a high
quality and a large spatial and time resolution. For this reason, the re-calibrated
“brlHne” tools present a good agreement with experimental data and therefore

they are feasible models to simulate actual desalination plant discharges.

In the end, the brlIHne-Jet-Spreading model will be used since it simulates
the behaviour of the flow in the complete near field region including not only the
jet path but also the spreading layer, which makes it possible to establish the
initial conditions (speed and concentration profiles) for coupling with the far field

model.

The BrlHne-Jet-Spreading model applies the dimensional analysis
formulas presented by Pincince et al. (1973), and later by Roberts et al. (1987) for
jets. For the spreading layer, formulas are used as presented by Roberts et al.
(1997). These formulas have been generally used to characterize the behaviour
of flow at unique points along the path such as the maximum height or impact

point on the bed or the end of the near field.

Moreover, the results of the model were validated with experimental data
published by other authors (Roberts et al. (1997), Cipollina et al. (2005), Kikkert et
al. (2007), Shao et al. (2010), Papakonstantis et al. (2011a), Papakonstantis et al.
(2011b), for all discharge angles simulated by the model. The validation shows
very good correlation between the numerical results of brlHne-Jet-Spreading,
especially as refers to the characteristics of the jet at the maximum height, point
of return, and end of the near field (spreading layer), and the experimental data

published by various authors.
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What follows is a sample diagram of the outfall in the model where the

flow axis is represented with a dotted line. The concentration axis (X, Zc) is

defined as a line that joins the maximum concentration points of each flow

section. Moreover, the variables are shown at the characteristic points in the flow

path.

REGION DE CHORRO

Ha

CAPA ESPARCIMIENTO LATERAL

(“spreadinglayer”)

14
Xn, Sn

Figure 1. Diagram of the outfall simulated by the Brihne -Jet- Spreading model

In this case, a single discharge outlet will be simulated with the

corresponding flow for that outlet. Once the discharge outlet is modelled based

on the plume width, a separation between outlets will be defined to guarantee

there is no mix between contiguous plumes.
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4, INPUT DATA

4.1. AMBIENT CONDITIONS

According to the baseline data, the following values were taken into

account:

Ambient conditions

Salinity Temperature

40,80 g/I 28 °C

From the previous data, the density obtained for seawater is 1,026.67

kg/m3

4.2. BRINE EFFLUENT CHARACTERISTICS

Following the desalination process study by the plant engineering team,

the design data for the brine effluent is as follows:

Brine effluent characteristics
Brine flow Salinity Temperature

Casel-overall | 48756 m3/d | 70.345 psu _
recovery 42% 29° C (ambient +

Case 2 — overall 1 deg C)
recovery 45% 43,152 m3/d 74.18 psu

The resulting brine densities are 1,048.73 kg/m3 and 1,051.68 kg/m3

respectively.
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4.3. DIFFUSER SET-UP

The following diffuser configurations have been considered as an input to

check the brine model dispersion in the near-field region.

4.4. CASE -1 OVERALL RECOVERY 42%

Diffuser system features -Case 1

Parameters

Number of Diffusers

30

Diameter of the Diffuser Port (ID):

300 mm

Velocity of each diffuser:

6.40 m/s

Separation between diffusers:

156.6m

Diffuser angle to the horizontal:

60 °

Depth of seabed at the diffusers

-25m

As can be seen, 30 outlet ports with an ID 300 mm comprises the diffuser

system. Each port is separated 15.50 m (total length of 217 m). Outlet ports are

arranged by pairs, back to back.

45. CASE -2 OVERALL RECOVERY 45%

Diffuser system features -Case 2

Parameters

Number of Diffusers

30

Diameter of the Diffuser Port (ID):

300 mm

Velocity of each diffuser:

5.65 m/s

Separation between diffusers:

12.70 m

Diffuser angle to the horizontal:

60 °

Depth of seabed at the diffusers

-25m
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Same concept is used for case - 2 diffuser set-up in terms of total number

of diffusers and outlet port inner diameter.

4.6. ENVIRONMENTAL REGULATIONS

According to the environmental regulation at the zone, the maximum
admissible increase of salinity concerning ambient salinity (seawater) is 2% at

100 m from the discharge point.

Considering the most restrictive recovery case, the initial dilution required

can be calculated by the following expression:

(Sefl — Sinic)
Di

Sfinal = Sinic +
Where:

— Sinic = Initial salinity (40.80 psu)
— Sefl = Brine salinity (74.20 psu)
— Sfinal = Final salinity (40.80 psu + A2% = 41.62 psu)

Therefore, the minimum initial dilution to be achieved is 1:40.90
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5. CALCULATION AND RESULTS

The previous diffuser set-up for both cases has been studied to check
whether complying with the environmental regulation previously indicated,

taking into consideration the minim initial dilution to be achieved.

Results for both cases are summarized below:

5.1. CASE -1 OVERAL RECOVERY 45%

Near-field modelling was carried out considering all input data given. The
diffuser design stated above was considered to check whether comply with

excess salinity requirement at the end of the near field region.

For this case, the dilution achieved is 1: 68.60 at the end of the near filed

region (spreading layer) which is higher than required.

The resulting horizontal location of the spreading layer at the end of the
near field region is 68.60 m from the discharge point. Further from this boundary
the far-field region begins, where the hydrodynamic forces (currents, wind, etc)

take their place and govern plume behavior.

Moreover, the salinity obtained at the same point is 41.20 psu which
represents an increment of 1.06% concerning seawater salinity, resulting lower

than the admissible salinity (2% more than ambient salinity, i.e 41.616 psu).

Therefore, compliance with Environmental regulations is justified.

A brief summary of modeling results is shown in the following table:
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briHne Results

Jet flow behavior

Spreading layer flow

behavior
Hmax
Flow per (m)
0 .
orts | 8 ISDI()nR";‘(:’ diffuser (m\;s) dilution | Xi(m) | relative | R=2B | dilution ()::) S?I,::Sx
P port(m3/s) to port P
nozzle
30 60 300 0.45 6.40 35.80 28.22 19.90 8.30 68.60 68.63 41.23
where:

— NP° ports, the number of outlet ports,

— 0O, the angle with the horizontal line,

— ID, the inside diameter of the outlet port,

— 'V, the jet output speed,

— Dilution (jet flow behaviour), centerline dilution at the impact point.

— Xi, centerline horizontal location of the impact with bottom point.

— Hmax, the maximum jet height, relative to port nozzle.

— R, the radius of the plume,

— Dilution (spreading layer flow behaviour), centerline dilution of the

spreading layer at the end of the near field region.

— Xn, the horizontal reach of the spreading layer.

As can be seen in the previous table the plume’s radius (radial distance

from the certerline to where concentration is 6% of that at the centerline) is 8.30

m. The following graph illustrates it:
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Concentration centerlineg and azimuthal boundaries (plan view)

v
- —
E - “
. =" = = Yt(C=6%C )
_— " -
E m ‘ hl
-
b - J
e
5r " - 1
T
LY
10 '
0 10 20 a0 40 50 &0 70
X (m)

Figure 2. Plume’s radius case 1. Plan view.

Thus, as the separation between outlet ports is more than 9.60 m, no
merging between discharge plumes are expected, otherwise, if plumes are

merged the resulting dilution will be affected.

Further details concerning the plume behaviour are included in addendum

5.2. CASE -2 OVERAL RECOVERY 42%

For this case, the dilution achieved is 1: 56.90 at the end of the near filed

region (spreading layer) which is higher than required.

The resulting horizontal location of the spreading layer at the end of the
near field region is 56.93 m from the discharge point. Further from this boundary
the far-field region begins, where the hydrodynamic forces (currents, wind, etc)

take their place and govern plume behavior.
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Moreover, the salinity obtained at the same point is 41.38 psu which
represents an increment of 1.44% concerning seawater salinity, resulting lower

than the admissible salinity (2% more than ambient salinity, i.e 41.616 psu).
Therefore, compliance with Environmental regulations is also justified.

A brief summary of modeling results is shown in the following table:

briHne Results
Jet flow behavior spreading Ia.yer flow
behavior
Hmax
e ID(mm); Flow per Vv Xi (m) Xn Sal,max
or_ts 0(2) SDR 26' diffuser (m/s) dilution (m) relative | R=2B | dilution (m) ( ’su)
P port(m3/s) to port P
nozzle
30 60 300 0.40 5.65 29.70 23.40 16.51 6.90 56.90 56.93 41.38

Likewise, the adopted separation between diffusers is higher than the
resulting plume’s radius (6.90 m according to model results). Consequently, no

merging between continuous discharging ports is expected.

_Concentration centerline and azimuthal boundaries (plan view)

’ —

- - = Yt{C=B%C )

Y (m)
[ 3

10

Figure 3. Plume’s radius case 2. Plan view.

Further details concerning the plume behaviour are included in addendum
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ADDENDUM 1:
BRIHNE MODEL RESULTS. CASE -1
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ADDENDUM 2:
BRIHNE MODEL RESULTS. CASE -2
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1. INTRODUCTION

This document was written to describe modelling studies carried out to
assess the intake and outfall pipelines offshore position in the desalination plant
in Agaba, Jordan, with a 300 M m3/year capacity for two conversion rates: 42% &

45%.

The objective is to determine the hydrodynamics and saline dispersion
(brine path) from the outfall and estimate the possible brine recirculation
potential through the intake’s pipelines. The concentration above the ambient

will be assessed at different distances too.

In Report 3 a Near Field study and diffuser design was developed with
brIHne model for the defined production and the two conversion rates. The far
field modelling results will show what will be the brine path after the near field
(it is expected that brine plume will flow along the bathymetry down slope), and

what will be concentration above the ambient at different distances:

i) End of near field (assumed the same as near field model)
i) 500m from the diffusers

iii) 1000m from the diffusers

iv) 2000m from the diffusers

V) 3000m from the diffusers

The MOHID digital model, which will be described further below, will be

used for this purpose.
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2. DESCRIPTION OF THE MODEL

The desalination reject water has a salinity of around double that of
seawater which means it is much denser. When this water is discharged into the
sea, it sinks (negative buoyancy) due to the higher density and forms a dense
and hypersaline layer that moves along the bottom of the sea following the local

bathymetry.

When the discharge collides against the seabed, a hydraulic jump forms
and, after this, the dense layer moves as a density current. This dense and
hypersaline layer can be harmful to benthic organisms in the affected area which
requires a discharge system that is capable of adequately diluting the brine to

ensure there is no damage to the marine environment.

The highest dilution levels are achieved during the initial dilution process
when the turbulent discharge water is mixed with the receiving body. The initial
dilution process mainly depends on the discharge parameters (diffuser type,
number of outlet ports, diameter of the outlet ports, etc.) meaning this is the

process where the designer can work to improve the discharge dilution.

Later, the dilution in the far field is more conditioned by the local

hydrodynamics with much lower dilutions.

After making the diffuser design and the Near Field study in the Report 1,
a widely contrasted model shall be used to study the dispersion along the far
field: MOHID.

MOHID is the short name for Modelo Hidrodinamico which means
Hydrodynamic Model in Portuguese that was the original purpose of the model

when it was created back in 1985. MOHID Water Modelling System is a modular
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finite volumes water modelling system written in ANSI FORTRAN 95 using an
object-oriented programming philosophy, integrating diverse numerical models,
and supporting graphical user interfaces that manage all the pre- and post-
processing. It is an integrated modelling tool able to simulate physical and
biogeochemical processes in the water column as well as in the sediments and
is also able to simulate the coupling between these two domains and the latter

with the atmosphere.

The MOHID system includes a baroclinic hydrodynamic module for the
water column and a 3D for the sediments and the correspondent eulerian
transport and lagrangian transport modules. Parameters and processes
involving non-conservative properties are object of specific modules (e.g.
turbulence module, water quality, ecology and oil transformation). The

turbulence module uses the well-known GOTM turbulence model.

The model is being developed by a large team from Instituto Superior
Técnico in close cooperation with Hidromod Lda and includes contributions from
the permanent research team and from a large number of Ph.D students on
Environmental and Mechanical Engineering and from IST master course on
Modelling of the Marine Environment. Contributions from other research groups

have also been especially important for the development of the model.

With the growing model complexity, it was necessary to introduce an
object-oriented programming in FORTRAN like described in Decyk (Decyk, et al.,
1997). The philosophy of the new Mohid model (Miranda, et al., 2000), further on
simple designated Mohid, permits to use the model in any dimension (one-
dimensional, two-dimensional or three-dimensional). The whole model is

programmed in ANSI FORTRAN 95, using the objected orientated philosophy.
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The subdivision of the program into modules, like the information flux between

these modules was object of a study by the Mohid authors.

Mohid model is composed by over 40 modules which complete over 150
mil code lines. Each module is responsible to manage a certain kind of
information. The main modules are the modules listed below. Another important
feature of Mohid is the possibility to run nested models. This feature enables the
user to study local areas, obtaining the boundary conditions from the “father”
model. The number of nested models is just limited by the available computer

power.

-

MOHID Water ,

Atmospiiere

SWAN, STWAVE, ...

o

CEQUALW2>

OIL, JET, WQ

Figure 1. MOHID functioning scheme
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The main MOHID modules are defined below:

Model This module manages the information flux between the
hydrodynamic module and the two transport modules and the communication

between nested models.

Hydrodynamic Full 3D dimensional baroclinic hydrodynamic free

surface model. Computes the water level, velocities and water fluxes.

Water Properties Eulerian transport model. Manages the evolution of the

water properties (temperature, salinity, oxygen, etc.) using a eulerian approach.

Lagrangian Lagrangian transport model. Manages the evolution of the
same properties as the water properties module using a lagrangian approach.

Can also be used to simulate oil dispersion.

Water Quality Zero-dimensional water quality model. Simulates the
oxygen, nitrogen, and phosphorus cycle. Used by the eulerian and the lagrangian
transport modules. Based on a model initially developed by EPA (Bowie, et. al.,

1985).

Oil Dispersion Oil dispersion module. Simulates the oil spreading due
thickness gradients and internal oil processes like evaporation, emulsification,

dispersion, dissolution and sedimentation.

Turbulence One-dimensional turbulence model. Uses the formulation

from the GOTM model.
Geometry Stores and updates the information about the finite volumes.

Discharges River or Anthropogenic Water Discharges
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The Lagrangian and oil dispersion modules were not used in this study

given that the discharge was water.

The MOHID model has been applied to several coastal and estuarine areas
and it has showed its ability to simulate complex features of the flows. Several
different coastal areas have been modelled with MOHID in the framework of

research and consulting projects.

Along the Portuguese coast, different environments have been studied,
including the main estuaries (Minho, Lima, Douro, Mondego, Tejo, Sado, Mira,
Arade and Guadiana) and coastal lagoons (Ria de Aveiro and Ria Formosa), INAG
[2001]; Martins et al. (2000). The model has been also implemented in most
Galician Rias: Ria de Vigo by Taboada et al., (1998), Montero, (1999) and Montero
et al. [1999], Ria de Pontevedra by Taboada et al. [2000] and Villarreal et al. [2000]
and in other Rias by Pérez Villar et al [1999].

Far from the Atlantic coast of the Iberian Peninsula, some European
estuaries have been modelled - Western Scheldt , The Netherlands, Gironde,
France by Cancino and Neves, [1999] and Carlingford, Ireland, by Leitao, [1997] -

as well as some estuaries in Brazil (Santos SP and Fortaleza).

Regarding to open sea, MOHID has been applied to the North-East Atlantic
region where some processes including the Portuguese coastal current, Coelho
et al. (1994), the slope current along the European Atlantic shelf break, Neves et
al. (1998) and the generation of internal tides, Neves et al. (1998) have been
studied and also to the Mediterranean Sea to simulate the seasonal cycle,

Taboada, (1999) or the circulation in the Alboran Sea, Santos, (1995).
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More recently MOHID has been applied to the several Portuguese
freshwater reservoirs Monte Novo, Roxo and Alqueva, (Braunschweig, 2001), to

study the flow and water quality.

The hydrodynamic model solves the primitive continuity and momentum
equations for the surface elevation and 3D velocity field for incompressible flows,
in orthogonal horizontal coordinates and generic vertical coordinates, assuming

hydrostatic equilibrium and Boussinesq approximations.

Module WaterProperties is the 3D eulerian transport module included in
MOHID. Module WaterProperties is responsible for computing the properties
evolution in the water column. To do so, this module uses other modules,
responsible for specific processes like Module AdvectionDiffusion, which
computes properties transport, or Module WaterQuality which is one of the three
available modules to compute biogeochemical processes, and so on. MOHID is
prepared to simulate properties such temperature, salinity, cohesive sediments,

phytoplankton, nutrients, contaminants, etc.

Density is computed depending on salt, temperature, and pressure, by the
UNESCO equation of state (UNESCO, 1981). The model uses an ADI (Alternate
Direction Implicit) time discretization scheme which minimizes stability
restrictions and is defined in an Arakawa-C type grid. In the bottom, shear stress

can be computed with the assumption of a logarithmic velocity gradient.
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3. INPUT DATA

3.1. FLOW DESIGN PARAMETERS

Following the desalination process study by the plant engineering team,
the volume of water for the two possible recovery varies as follows considering

a recovery during the process:

— Case 1: Recovery = 42%; Brine discharge = 48,756 m%/h
— Case 2: Recovery = 45%; Brine discharge = 43,152 m3/h

3.2. GRID REFERENCE

The horizontal coordinates used are Easting and Nothings relative to UTM
WGS84 Zone 36 N.

The vertical datum is relative to Lowest Atmospheric Tide (LAT), which is

assumed to be equal to the Datum of Soundings at the site.

3.3. BATHYMETRY

The bathymetry was obtained from different sources.

The detailed bathymetry is obtained from local surveys (see Figure 2).

This bathymetry is complemented with a major-scale bathymetry obtained
from GEBCO. The General Bathymetric Chart of the Oceans (GEBCO) consists of
an international group of experts who work on the development of a range of
bathymetric data sets and data products, with the aim of providing the most

authoritative, publicly available bathymetric data sets for the world’s oceans.
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GEBCO operates under the joint auspices of the International

Hydrographic Organization (IHO) and the Intergovernmental Oceanographic

Commission (I0OC) of UNESCO.

The GEBCO_2014 Grid is a continuous terrain model for ocean and land

with a spatial resolution of 30 arc seconds.
The GEBCO information used in the study is shown in Figure 3.

The vertical datum and chart datum are at the same level as the Lowest

Astronomical Tide (LAT), which is the lowest levels which can be predicted to

occur under average meteorological conditions.

Figure 2. Bathymetry in the Project Area.
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Figure 3. GEBCO bathymetry in the Gulf of Aqaba.

3.4. DIFFUSER AND INTAKE DEFINITION

Regarding the diffuser design, two cases were analyzed based on the

recovery rates.

Diffuser system features for each case are shown below:

Diffuser system features -Case 1

Parameters

Number of Diffusers

30

Diameter of the Diffuser Port (ID):

300 mm

Velocity of each diffuser:

6.40 m/s

Separation between diffusers:

156.5m

Diffuser angle to the horizontal:

60 °
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Diffuser system features -Case 1
Parameters
Depth of seabed at the diffusers ‘ -25m

As can be seen, 30 outlet ports with an ID 300 mm comprises the diffuser
system. Each port is separated 15.50 m (total length of 217 m). Outlet ports are

arranged by pairs, back to back.

For this case, the dilution achieved is 1: 68.60 at the end of the near filed
region (spreading layer) which is higher than required. The salinity obtained at
the same point is 41.20 psu which represents an increment of 1.06% concerning
seawater salinity, resulting lower than the admissible salinity (2% more than

ambient salinity, i.e 41.616 psu).

Diffuser system features -Case 2
Parameters
Number of Diffusers 30
Diameter of the Diffuser Port (ID): 300 mm
Velocity of each diffuser: 5.65 m/s
Separation between diffusers: 12.70 m
Diffuser angle to the horizontal: 60 °
Depth of seabed at the diffusers -25m

Same concept is used for case — 2 diffuser set-up in terms of total number

of diffusers and outlet port inner diameter.

For this case, the dilution achieved is 1: 56.90 at the end of the near filed
region (spreading layer) which is higher than required. The salinity obtained at
the same point is 41.38 psu which represents an increment of 1.44% concerning
seawater salinity, resulting lower than the admissible salinity (2% more than

ambient salinity, i.e 41.616 psu).
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More details are given in Report n° 3.

In Figure 4 are shown the locations of the four intake towers and diffusers

line-up.

 §

¥ ra\

Figure 4. Intake and outfall location.

3.5. SEA WATER SALINITY AND TEMPERATURE

Ambient seawater temperatures were set to 28°C and a seawater salinity
of 40.8 psu was used for this study, according to the Near Field study. The excess
salinity of the discharge as compared to the seawater would be 33.4 psu. The
discharge value for salinity will be 70.34 psu for 42% recovery and 74.18 psu for

45% recovery.

There will be a discharged excess temperature as compared to the

seawater of 1°C, i.e., a temperature of 29°C.
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3.6. TIDES

The definition of the tide around the domain must be provided, indicating
the tidal harmonic constants. Thus, MOHID simulates the tidal curve at each

instant throughout the domain.

Harmonic constituents are the harmonic elements in a mathematical
expression for the tide producing force and in the corresponding formula for the
tidal curve. Each constituent represents a periodic change or variation in the
relative positions of the earth, moon, and sun. The descriptions of the main

harmonics are:

— 2N2: Lunar elliptic semidiurnal second order
— K1: Lunar diurnal

— K2: Lunisolar semidiurnal

— Ma2: Principal lunar semidiurnal

— M4: Shallow water overtides of principal lunar
— MNA4: Shallow water quarter diurnal

— N2: Larger lunar elliptic semidiurnal

— O1: Lunar diurnal

— P1: Solar diurnal

— Q1: Larger lunar elliptic diurnal

— S2: Principal solar semidiurnal

— MM: Lunar monthly

— MF: Lunisolar fortnightly

— S1: Solar diurnal

REPORTS
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For informational purposes, the main harmonic constituents are provided
along the external domain, and the model reproduces the propagation of the tidal

wave (see Table 1).

TIDAL HARMONICS
Constituent Amplitude (m) Phase ()
M2 0.267647 114.246
S2 0.0612594 150.149
K1 0.0516119 -159.563
K2 0.0116964 143.981
N2 0.0886161 8§5.482
2N2 0.00848642 74.5408
01 0.0135232 137.004
Q1 0.0196409 -165.013
P1 0.00629927 31.4985
Mt 0.00549262 56.1286
Mm 0.00212409 30.0003
Mitm 0.00182196 69.5992
MSqm 0.000274458 73.154

Table 1. Tidal harmonics at the entrance of the Gulf of Agaba.

The FES2014 database has been used, which facilitates with a resolution

of 1/8°x1/8° the main tidal harmonics throughout the world.

FES2014 was developed by Legos and CLS Space Oceanography Division
and distributed by Notice, with the support of Cnes.

To correctly simulate the tidal wave, it is necessary to force the model from
the limits of the outer mesh, using multiple points from where the model
interpolates at each input node. In this case, the external domain includes the
Egyptian and Saudi coasts and the full Gulf of Agaba. As the Gulf is quite narrow,
the location of these points is set on the entrance of the Gulf, where it is

connected to the Red Sea.
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The variation in the tidal surge along the Red Sea and the Gulf of Agaba,
produces several oscillations over the MSL among the year that are difficult to
reproduce in a numerical model, therefore, only the astronomical tides obtained

from FES2014 has been reproduced (see Figure 5).

Tidal wave

[
=

Water level (m)

[
=

=)
=

4 6 % 10 12 14 16 1§ 20 12 24 1% 28
Hours

75}
[

Figure 5. Tidal wave obtained from MOHID at the diffuser point.

3.7. WIND

Wind information and other transferred met-ocean dataset are provided
by a CFSR node as hourly information at a Southwest location offshore Agaba,

on the Gulf of Aqaba (Lon=34.8°E, Lat=29.2°N).

CFRS is a third-generation reanalysis global product, which offers high
accuracy wind dataset for the period from 1979 until at a spatial resolution of

0.2°. The metadata information contains hourly time series of offshore wind:

— W: wind at 10 metres height (m/s)
— Owina: Mean wind direction (degr., meteorological convention)

Wind speed roses are shown in Figure 6, in Figure 7 and in Figure 8 for the

representative periods of summer and winter, and for the totality of data in an
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annual wind speed rose. There are no substantial differences between the winter

and the summer rose, so no seasonality is considered for the study.

Finally, the scatter plot of wind speed and wind direction of the total annual

data is shown in Figure 9.

Global, Met. Parameters (incl. 10m wind) at 0.2 deg., Climate Forecast System Reanalysis =
(CFSR), NCEP NOAA

Location: 34.8, 29.2

Om/s to 1.39m/s
315 450 ® 1.39m/st02.78m/s
’ 2.78m/s to 4.17m/s

4.17m/s to 5.56m/s

/ ® 5.56m/s to 6.95m/s
® 6.95m/s to 8.34m/s

67.5° 834m/s 10 9.73m/s

180°

Figure 6. CFSR wind speed rose, representative summer simulation period.
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Figure 7. CFSR wind speed rose, representative winter simulation period.
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Figure 8. CFSR wind speed rose, annual.
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Figure 9. CFSR wind speed and direction scatter plot, annual.

It will be considered the hour-averaged daily wind for the simulations.
Figure 10 to Figure 12 show the daily wind for the three different scenarios
considered in the studio: mean wind from north, 90™ percentile wind from north,

and 90™ percentile wind from south, respectively.
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Figure 10. CFSR wind speed hourly series, representative mean wind from north scenario.
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Daily 90tk Percentile North Wind Evolution
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Figure 11. CFSR wind speed hourly series, representative 90" percentile wind from north scenario.
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Figure 12. CFSR wind speed hourly series, representative 90" percentile wind from south scenario.
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3.8. ENVIRONMENTAL REGULATIONS

Near Filed Study and diffuser design justify the compliment of the
Environmental Regulations: the maximum admissible increase of salinity

concerning ambient salinity (seawater) is 2% at 100 m from the discharge point.
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4, FAR-FIELD DISPERTION AND RECIRCULATION

4.1. MODEL SET-UP

This section describes the calculation methodology used with the MOHID

model in this study.

Four nested grids will be used.

A first grid will be used (the "external” domain), which covers the Gulf of
Agaba of some 68,400 m x 171,000 m with a resolution of 900x900m. This first
model mesh is resolved in 2D given that it will be used to resolve the tide wave

in an area that is extensive enough to consider the spatial variability thereof.

Later, a nested model ("intermediate" model) is defined with a 36 Km x 36
Km mesh, expanding the grid resolution by a ratio of 1:5, all the way to

180x180m. The domain is resolved in 2D. See Figure 13.

An additional nested model ("approximation” model) is defined with a 7.8
Km x 7.8 Km mesh, expanding the grid resolution by a ratio of 1:3, all the way to

60x60m. The domain is resolved in 3D using 5 vertical layers.

Finally, a "local" domain is added measuring approximately 2 Km x 2 Km
which covers the outfall and intake area, with a certain margin to study the outfall
in detail. The grid resolution is about 20x20 m, in 3D using 12 vertical layers. See

Figure 13.
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Figure 13. External, intermediate, approximation and local domains.

The vertical discretization of the MOHID Model is resolved with the
Geometry Module which makes it possible to divide the water column into
different types of vertical coordinates including the most common Cartesian and

Sigma ones. In this case, the "sigma" discretization was chosen (see Figure 14).

Figure 14. Scheme of sigma coordinates.
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The size of each one of the 12 layers is taken from the following total

percentage of the water depth:

— Local model: 4.5% 5.5% 5.5% 6.5% 6.5% 7.5% 8.5% 9.5% 10.5% 12.5%
13.5%.

The reason for nesting four domains is that a fine discretization makes no

sense in major areas where the bathymetric resolution is weak (nautical chart)

and where it is also not necessary to refine the hydrodynamic resolution.

For this reason, a thicker grid is used outside of the area of interest where
only GEBCO data are available as opposed to where the outfall and intake are
located and where more accurate bathymetric data are available. Moreover, it

significantly reduces the calculation time.

Once the grids are defined and the bathymetry for the area is available, the
depth of each mesh node is calculated via interpolation. Thus, the bathymetry

value is obtained for each point of the grid and this is known as "grid data".

As an example, what follows is an image with this terrain model for the

“local” domain used.
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Figure 15. Local domain used in the study.

After the bathymetry is available for the area, the model must be
configured by defining the hydrodynamic conditions for the study. Once they are

defined, the brine discharge is added to the domain in the plan detail.

The study philosophy is to simulate the most significant hydrodynamic

conditions for the tide and wind.

The simulations will be done over 2 days in each scenario, which is
considered adequate time to stabilize the simulation. Mean conditions for a North
wind will be simulated since it has the highest frequency, along with two more
combinations of intense winds from the North and from the South belonging to

the 90" percentile. This will be done for the two cases of recovery proposed.
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4.2. HYDRODYNAMICS IN THE AREA

The hydrodynamics in the area is conditioned by the existing wind and tide

as there is no other important agent that affects the current.

The velocity and direction of currents are variable throughout the day due
to the flood tide and ebb tide times vary over the course of the simulation and
do not always coincide with the same wind. The wind-induced current can be
rather important in the layers closest to the surface, especially in periods of
strong wind intensity. An example of the MOHID results considering strong
winds is shown in Figure 16, where the hydrodynamics on the surface layer are

clearly governed by the south wind induced forcing.
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Figure 16. Hydrodynamics at the surface, induced by strong south winds.
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Due to the Coriolis effect, this current deviates with respect to the wind
speed on the surface. According to Ekman's Theory, the current turns toward the

bottom, forming a spiral.

Dept fmy

Figure 17. Typical structure of the wind speed profile (Ekman’s Theory)

The wind-induced current speeds in the lower layer (desalination plan
outfall area) are very low and almost unnoticeable due to the fact that the values
get lower, the deeper down. The wave-induced current at these depths is null
since there is no break process. Again, the tide-induced current at these depths

is quite weak or almost null.

Since the currents on the bottom are so low, the typical behavior occurs
once the brine discharge outcomes the diffuser. This behavior is described in the
laboratory studies carried out by several organizations, including the Spanish
CEDEX. A baroclinic current arises due to the greater density of the water
discharged, forming a bottom current that runs along the maximum slope on the
bottom. As will be seen bellow, in the next figure, the discharge “ends up
forming a layer that is generally hyperdense which flows and spreads along the
bottom, tending to go downwards in the direction of the maximum slopes”. In
this case, the currents are baroclinic, caused by the hypersaline discharge with a
direction towards the deepest area (see Figure 18). Other hydrodynamic results

are summarized at the Addendum 1.
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Figure 18. Hydrodynamics at the bottom, considering strong south winds but dominated by baroclinic processes.

0.000

4.3. DISPERSION & RECIRCULATION: DISCUSSION OF THE RESULTS

This section studies the dispersion of the brine discharged by the

desalination plant for the two cases.

4.3.1. Recovery 42%

Considering the three hydrodynamic scenarios simulated with the
recovery of 42%, in Figure 19 the maximum salinity “footprint” can be
appreciated, with the brine dispersion on the bottom layer, for the hydrodynamic
simulation of a mean North wind. In the same way, the maximum salinity

footprint for the 90™ percentile for a North wind is shown in Figure 20, and the
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maximum salinity footprint for the 90" percentile for a South wind is shown in

Figure 21.

Salinity at different distances has been obtained too.
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Figure 19. Maximum salinity at the bottom layer in the mean North scenario with 42% of recovery.
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Figure 20. Maximum salinity at the bottom layer in the 90" percentile North scenario with 42% of recovery.
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Figure 21. Maximum salinity at the bottom layer in the 90" percentile South scenario with 42% of recovery.
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The figures for the three simulations are remarkably similar as the greatest
conditioning factor is the baroclinic current generated by the discharge itself and
not winds or tides. Thus, changing wind direction or intensity will not
substantially affect the discharge dispersion and the three simulations represent
all possible combinations of winds and tides. Brine plume will flow, then,
following the bathymetry down slope, which, in this case, is really pronounced,

letting the plume get dissolved with these high depths.

In Table 2, the value of the salinity for the end of near field, at 500 m away
from the diffusers, at 1000 m, at 2000 m, and at 3000 m from the diffusers, can

be found for the three scenarios simulated.

Maximum salinty (psu) from the diffusers

Scenario
500m 1000m 2000m 3000m
Mean Wind North 41.04 40.95 40.86 40.85
90™ Percentil Wind North 41.04 40.95 40.85 40.85
90™ Percentil Wind South 41.05 40.94 40.85 40.84

Table 2. Salinity at different distances from the diffusers with 42% of recovery.

Attending to the results at different distances from the diffusers, it can be
observed that the wind conditions no affected to those results, and the maximum
excess salinities above the ambient are generally small, getting less than 0.25
psu at 500 m, 0.15 psu at 1000 m, and 0.06 psu (or less) at major distances (2000
m and 3000 m)

Figure 22 shows the salinity evolution during the 2 days simulations for
mean north wind scenario for the Intakes 1, 2, and 3. This is the scenario that
causes the lowest mixing processes, but anyway, the excess salinity values at
the intake positions are small (around 0.01 psu), so there will not be any

recirculation. Other figures at the Addendum.
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Figure 22. Salinity evolution at intake window with 42% of recovery.

4.3.2. Recovery 45%

In the other side, for the three scenarios simulated with the recovery of
45%, in Figure 23 the maximum salinity footprint for the mean North wind can
be appreciated. In the same way, the maximum salinity footprint for the 90
percentile for a North wind is shown in Figure 24, and the maximum salinity

footprint for the 90" percentile for a South wind is shown in Figure 25.
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Figure 23. Maximum salinity at the bottom layer in the mean North scenario with 45% of recovery.
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Figure 24. Maximum salinity at the bottom layer in the 90" percentile North scenario with 45% of recovery.
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Figure 25. Maximum salinity at the bottom layer in the 90™ percentile South scenario with 45% of recovery.

In Table 3, the value of the salinity for the end of near field, at 500 m away
from the diffusers, at 1000 m, at 2000 m, and at 3000 m from the diffusers, can

be found for the three scenarios simulated.

Maximum salinty (psu) from the diffusers

Scenario
S500m 1000m 2000m 3000m
Mean Wind North 41.02 40.94 40.85 40.84
90™ Percentil Wind North 41.02 40.93 40.85 40.84
90™ Percentil Wind South 41.02 40.93 40.85 40.84

Table 3. Salinity at different distances from the diffusers with 45% of recovery.

Attending to the results at different distances from the diffusers, it can be
observed that the wind conditions no affected to those results, and the maximum

excess salinities above the ambient are generally small, getting around 0.22 psu
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at 500 m, 0.14 psu at 1000 m, and 0.05 psu (or less) at major distances (2000 m
and 3000 m)

Figure 26 shows the salinity evolution during the 2 days simulations for
mean north wind scenario for the Intakes 1, 2, and 3. This is the scenario that
causes the lowest mixing processes, but anyway, the excess salinity values at
the intake positions are around 0.01 psu, so there will not be any recirculation.

Other figures at the Addendum.
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Figure 26. Salinity evolution at intake window with 45% of recovery.
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5. CONCLUSIONS

This study offers a complete dispersion and recirculation study to design

the new desalination plant in Agaba, Jordan.

Two cases are proposed with different recovery rates: 42% y 45%.

The diffuser was previously designed using the BrlHne model and
guarantees that the increase in salinity with respect to the seawater at the point
of impact of the jet on the seabed complies with the Environmental

Requirements.

Having designed the diffuser and the discharge plume in the near field, the
MOHID model was used to calculate the dispersion and recirculation of the
discharges for 3 hydrodynamic conditions: mean winds from the north, strong

winds (90" percentile) from the north and from the south.

As a main conclusion, diffusers pour brine in a depth far enough from the
intake towers to avoid brine recirculation. The excess salinity values obtained at
the Intake positions are very low, so it can be assured that it will not be
recirculation in any case. In addition, attending to the results at different
distances from the diffusers, it can be observed that the mixture of brine with

seawater occurs in a short distance with a very reduced impact.
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ADDENDUM 1:
HYDRODYNAMICS AND DISPERSION FIGURES
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