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1- Hazen Unit (HU)

2- Volatile Organic Compound (VOC)
3- Nanofiltration (NF)

4- Reverse Osmosis (RO)
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1- Total Organic Carbon (TOC)
2- Electrical Conductivity
3- Total Dissolved Solids (TDS)
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1- Calcite

2- Langelier Saturation/Stability Index (LSI)

3- Stiff & Davis (Calcite) Saturation Index (S&DSI)
4- Ryznar Stability Index (RSI)
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1- Calcium Carbonate Precipitation Potential (CCPP)
2- Gypsum

3- Skillman Index

4- Aggressive Index (AI)
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1- Biochemical Oxygen Demand (BOD)
2- Chemical Oxygen Demand (COD)



oy ol ol ysliiods oyl jKai slodilolus 555y 5 g il slosal,  A5/N/TY ¥

(COD) oyt 4y o boondd 5L5 -V-Y-Y-)

6‘)_> )L..s Sy9— u)......S1 ] ‘fda.u 6L®g_j o).ajdg ‘uT )0 0990 QT g_JLHS)J )‘A.M ‘5)50)‘».\." (_g‘).’ u*’ﬁ) U"‘
Sy anles iolesl ams S olo Ol 3 Sligel ¢op S anSleo a0 ST olge o g a5 5,50 (2:STy alox]

4 g s Ol s an Shigal (40,5 0unST 0 08 (pumlis Slog,S63) COD il 1o ool 0590 oS 3]
DS o0 g 3 1y (S 1,05) Sl is 4 SLogel o sl 5hs 0590 ST codal sty yiunST ok ¢ o ot

3hasln, oo Byman dn |y pliy Slog S 60 a5 aitin odigdannST olge 31 g0l polie g9l> ol ;) =
SlaS g adlgw (08l g0 Y IRCUCIN A (g Olg 0 2SS o0 <50 COD Sinleyl jo a5 (solge alos
09> Sldl g aiile 00 S FM ol vlgo 51 Wb coniS ST fog38l 51 L8 (St pl Jo (gl 0,5 o Ll o K
gl oolaul

o 2y Lo 5,8 Saladl bS5 5 amo sad (LI BOD (iolejl 095 4 1, Sligel Jlaie COD (ilojl 4z 51
Ol L aislio 10 9 098 o0 plsl cel Y B Y Sow j0 COD ialej] (Jg taigd oo s & y05a o jo Jas
BOD islajl ay s COD (tgliojl (rpizpa sl 0555 2 6 3V Cajo 3l salmil oo Jbo 4 59, 0 45 BOD

el o5l g ool

(TOC) I 03,5 JS —-F-V-¥-)

O kS 9,5 e sl Jahe 5 one o 0258 o I 5 IS 1y T Slyn S5 3 052m 8 e
Al oz 0 S8 daiged SGTOC Jlaie o)ls 5ls casd 15 5 > Sl 4 LI TOC (6 08 o3lwil . cncs
3,5 oolitul dtwge ol B b Glojed Ohgo 0 ol 5 Glg oo cplplo g 9gd oo 5ol
el Jodomo 1o AT slgo oliae (anseis Gy 5580 g, BOD 5 COD slo jiolosl & s TOC jiolejl
aed ol Loyl Cews 41, COD 9 BOD )lg5 o TOC (o9 aseinn b cdsl )18 yiol)b s opl (o (slalasl, 5

D3 o ylis 1, COD 3 BOD slo jislosl 5l Jol> oleMbl sles TOC ol
st Leouis Olgo glgil —A-Y-)
DN 05 o 53515201, 5 I o(gomsed 5 soms) (Gre djl8 oo Joz 41 lsiisn |y (looss Slgo

L) —1-A-T-)

4 ;;‘ L) Jsbm Q'J".:.u.f‘ g_é),.a.o L 15.ca L) )‘lf QT e )L;';é 9 ) C‘«’U ;_j 5o (u).......f‘ o> )") Lm)‘lf )Y
sloalbl (manm Bras b jline slas iSL (Jy 09b o0 O3S 285 4 12nie 55190 slacs S Al

DS oo st oy5ilge (350000 b Sisel (ol S 0T 50 352ge



14 E/M/ry Lﬁgf}/‘jxfyﬂjlﬁj;);,o&yfévLLo‘f.u))g—Jgfﬂ

wlawd Ji> 50 JTolgo b ol oled B,k 5 .asS oo i 1y Ign )5 0uuSTleo 5 (6l0ka lga b wles 1 jo O
Sgb oo ol 4 op)S anSTes cdale olidl 4 i
oo Sos —Y-A-Y-)

cpamedS 5105 e ot sl ygilS e Sesl b S90S g0t Yeere O 40 Jolome Soxe slocSes
5 Olawd Wl IS (Olalgs oS g 00m (Wl S (Bl ,S o Vaors gl 5 mudw g 5K (50 caumly o2 juie
o § (o o Awd 90 A Sode laSad o aed 4 aiiS o Ll oy cdl o Sl GE can g sl

] os.\.nT Y o)Lo.:.a u.....:}..s B LQQT )L‘z.n )JQ[J.A 9 )...._a.n ‘SLQQJ‘AJLM‘ u,ul...u‘).i J)Lsu.a 9 (5‘)"“)'“'; (slm Qla.n
ST 0lgo —F—A-Y-)

Lo S en Lol o fonas 85 ainsfon ST olge w55 ()5 055 JyShge il 10 o8 dnased olyo
! oo lie J.'lﬁ Y o)Lo..f.: Cawgad yo Lbb)‘s.\.’l.w‘ &Jo » .)‘9.@ Q"‘ )L‘>Ln )‘..\m | L&ijjj.a.ﬁ 9 L.iuLQ.a.ﬂ
10530 gbrailol o Sloe -1-Y-)

e 59,08 ailbe leSas 51 (Sl jlaws e LS g 00l Ba> gleends dlgw plode 5> oo 3 Kes slaailolus jo
3l P adlog aalgs ) e T Lo Vo 0gus U iSTas b g5 4 aing Jlade (plogd oo Jo B ol jon 4
i COD ol i a4y 08 laass] b ol 13 g aiten laass] 8 ol 51,38 4,08 (VOC) 1,8 T slge

355l (ol Gllgs lagls Bdo 10 usSiae jel 5 gl 285 Sla by, (2lid aldiSes laby, o 5
QT oaijlw g Lic goi ay aty a5 Cenlaygy B> (0 o yug, opl Jol SUlg aisS o ygue Lmdl el bl
Y guml yikidgil ol 8 50 g 0uo ;0 QYA wgSas jowsl an] 3 0 (s5lulaz auoyo op YL a5l Salite sla o118

Sl (gogase oLl

oij Jolet 3 oyl 315 ~F-)
ooli_l 3 Latods S jsbdy il oloz o (2505 slod kil b oS L5 51wyl 556sT )l 4 ol
Dy 00 et (5l lasliw] a4 B oo plmil (639,9 a3 O b conlio aial 0] )3 b ol wolio oles
(_ngb)‘s.\JLa_m‘ Y o)Lo._a.':: u_..ug.u )Q Q)_S)‘)B e .))9.0 é.a)}[}u)b)‘ g_;" u.a.Q.S W P W u.«...?u Q"‘ )b

ol os.\.nT ‘Sas)im J.ab.c L .‘99;).0



oy ol ol ysliiods oyl jKai slodilolus 555y 5 g il slosal,  A5/N/TY 1

Laa >l o (ol slak s 1o 5o Sl a ataly sloossay 5 6 bows 5 ol a8 5 wlis O 5 Ss;
e el gl ol o sl e w1 G y9am (U5 Lol dainy oo £585 4 O allio 5 laaS s daailsss,
=oraels pab 5 ail B> LB SBew 4 a5 wiS ady SLaS 5 el (S olhlail g ) (cenb laie o el
Byt T 908 58l Eely g ool L2 STy Laals) ooz b o] e cymizeads ol il 50, AiiS ol O o
W30 g (sogas Ll sl dmags Soalg se s 5L nl 5l sk 097y Sales 5o (2] 5L
DY 6 W] G5l oyl 5

S ol B9 35 5o 5 B9 gl (i3 @ Glgise |y ol SlaptanssST 10 5750 (SlapilS g S IS 5k
S 955 (T Slge o yims 53 (Gans ools Slga Sl osliial b 5 (590355 551 Bpan b B5 35l (slapnilS s S
Lo sl ) (AT olge asly aisley JT lso wiilsi ol By 5,20 SlapunlS s Soo & Jo 55 ai3lua |, 255

g o e LS 5 Sllgeo MaSlr dpag g dais S il gloains 4 sl izeen

Sl Silsp o 5 Silee la iUl lasgerme Jolis B9 5 e slas 25 sl las S s 5o
i olié glaaliles 1o Suislan K35 ole Yaano bas 2l ol i

Uolse 51 5 Sl 5 o csil alS Wish o Bl dxiai iy o ye 5 Logar Syt g e, dlag, b5
s olide ol Sl slhaslols abas iy o b 2l K35 oues

e 3 0L s ooy b (35031 b lagT 4z ST aiiles 003 ole G 5l G b S 050y 0kl o0 Loonal
55y s L1y ol (SSaky ) g oo i s ySl el 5 lojais nl ps ollaile (ol cunslie Jg w35 o0
Sy By diete Oliee L IS 5 (giluolinl (g, b ol apaas Bk 5l (sl Jelse (ol B 05l o0
el g Sl (S (Blo b e sl il O JLs & 5 (pleard

o=l adg Ol jo 09,5 Jelge yaile 005y oKl aisS oo YL slos o Sl (ol slaaslalu (e
B rge willg o drhai iy Jlre )0 JolS drkal pae Ojgo p0 b IS (S og deles iiie laas) b
gty alid glaalols o (Sisls

3ol a8 5 Saisdsn 0y oLl 5 plid (o) Sas glaalolis o 23 052y (ISl & 4255 L (i
SLagis; 3l S 5o il (5,5 Jolse j5ee QISel pos 3525 L e il j Sl ailolis Cons @ (5355 DT (e S
g2 il (l a1 55 (9,500 0y dlpe sl GosSas sl 5 (gl LGl gl 231l

S (55, 9l il slasale 5 5,Y g5l LS ooz oSl ol (50l 0aij Dlagzse 252
5 k8 )l I3l bt glmild o (slaale (gl 2t Lo ST il 5l aphai iy slpailels

oo 18 S0 cod 1y (el yilidg e



124 E/M/ry Lﬁgf}/‘jxfyﬂjlﬁj;);,o&yfévLLo‘f.u))g—Jgfﬂ

5l glgil 8-

Gi et il e 0 5Sed )5l oo (il bl (S ol lie Sl b Ol sl B,

o3 oo polail 093 aly Cle g (5 10 po e 4 by e sladiyjo l (Slodes
e sbo bl (85 oogams (55, 2 Wlgioe o eolitl LS O] £58 vkl iy wnlE 0 pl5 sl sy
S L oSl s Lo e 0 lge plas 5 o yllas el oyl 0,385 8 eyl 4 g 8, Shoc 5 ]
Sl 5 e a0 cowlio S0l 70 b SO ail ol jSes slaoigp JS anjm auo,s Yo B e o3lail 4 el
alp oy Slos 5 (25l asly wwns oo 2ol 1) (ol psST (555 2 2P DIl 5 0T e bliz ooy
S wmlin SOl S Vool ws oo (2alS 523 1, (5SS 5 550 o e sloanz 5 002 Vo |y o (aloj s
S oo S5l Qliel s Y 5 US 0955 5l 5 00s clin Gos (Sl 5 S oo bl (s S0l b o 1, (Suas]
Sl S ol a5 090 oo rumndis loaxls ,0 g laailsog, dal o 5l oS0l v aw 4 ol ple w4z L o, ST

.,\{I‘Sn aalsl joazxljo g b0

Wl 3 51 5 Sl —1-0-1

13,00 0929 2105 sl Lo O 5l 650l £45 90 Loges
adgl bylas Ly 5 5 Jasl sl U Lawgi Loiiane ) 0T 45 sl 1501 g5 (5 Jgame sondione oS0l —
i st el B0 5 (ol £53 95 4 LSOl WS e spslanz Sud slaghs, 5 bl S
ool S Ly Job LS o a8 oald (LSa5 glacle L onds 8o sladly) Sl ipiiinn é oS0l —
S wilelas o8l T T glmely qgoger sloolr saiws F @y 055 1o, Sl g5 ol ilods olowy|

IVF] wgs o s b yo S (gl 2ld b 50T Aol

i (5L ST —1-1-0-)
S Y g oro o, 50T g9 cpl S oo ool sl T itls (gl pubiinns sla LSOT 51 Lo 5 Sas slaoly (ST
ol A8lie o3lal oS e ool da ale 3 55wl olge 995 51 6 S sl Sl WSOl (65,9 4o S sl S
Lo S Juil g55 ol sl pslid 58 aw pol> Jlo 5o 0 )ls Ol o (3las slge g5 5 jlaie 4 (S 25 ]
] D92 g0
o 5 Lo S ) 45 goger sals) (g5, 1 domio Sy jl LocSaS cpl 1ie o 00ialS glacSadlS
b S0l 5 e o 81 Gl an S OT algd SLEIGT (60508 0l 2 oo L o ol onds LS8

LYol oS o 6 Ssl> obye sl 39,5 5l ol 390> b g ams o LialS



oyt T pwoli jplitods ol jKai slodilol 6,5yt 5 loiiil glainl,  A5/1)/FY 1A

05555 95 Js 45 cl ond JS25 5308 o Slomio 51 o S JisT g5 ol 8 e slo S Jlis] —
LYol ssi 0 wSOT @ lao 0yl Slge 39,9 51 il § 95 12 o s3la § S e

)“ 6‘3[—.’.) > (_g)..fu“— 4 )QB LAY I ‘5>‘)Jo 6)5J" Lm)..fJth" u.a‘ 26‘43‘9;.....:‘ S ‘_ng)..fJthT —

39 ‘Sf)“_’ g_s"l—"ﬁ"ﬁ Sl )_..n‘fLm Vo o/l Sgi> LQ;JLLM;‘ Q"‘ A8lo O)‘».\J‘ RE G- WS Ly LI ui

LYol aijls so5,s ST o Gleo il Slge 2alS

b — pitane SOl —1-1-1-0-)
LIS oS izas Ly saSal)] glaam o> 5 Jolow L Ly 5l i Jlis! glaJULS ol La 50T oyl
sl el o Slas Gloj Lot bS] £o5 ol a5 s Jla o |, &S ol il o o SeilSe (slo S Jlas]

Lol wals ol T jo e Sligw, 5 Wl ole jlaie a8 cosls

d.m.:—p.a.n.mm ‘SUD);QT -Y\--0-)
Lyys S 4o oddioa adg) by has S5 a4y 5 ol 3Ses gbaailel gl 50T g5 a5 Jsone ST ol

i\¢d sl a8, o Loy Jele sl e e aia U e vo i 5l sl S dlg) bglas ol aiis

odimne pf g1 WSOl —Y-1-0-)
5 Lo of JUt s LS awle g o 5 S o T JES! gYh bl g ol s Lo 45 60 ,lge 4o
u_..u‘.)).a 6)_5uT w.._Q.._m.o)...c <5LQQ‘*"5) )JL...: 9 619[....: (_ngoL‘> )JL'> d;)Jo )‘ ‘)“.s WQ.S l; Ll)é uT | QL...:" o)
LS A 0 5 syl el oo b gt 5l o JLinl cilce 2lS cely (g ,mS 0T (glosbg, ol o5 co

L¥V] ssi oo pls OT cotls py sloass 32

o9 5ol grols —)-Y-)-0-)
Laols ol 4 isds o ooliiul 218 3es gbaailols (sl pls T yog0i walyd jslate &) s3g0e ST slaol>
a5 Lo ol Ly (e O j5odn 45 08 o e o glaolz 4 o,La1 a5 050 o 425 i oL slaolz Ygons
w28 o5 SDI 5 (ST olys oyl clale Ly Ol daole cnl a5 Ll 5l g o wiS (o0 3985 ()] @ (G881 & 500
Laols oal ;o SDI Jlacie [¥2 g YAl wigis o Cgmmms pls ST ceitls y cuiS b g canlio sl i, 5l oS o
S S5 5 S Slmio daalgd o 6306 28 Slge | ooliiul baol> nl 15 il co ¥ B o/0 s3gams ;5 Ysans
e YL Seaglie Jbls an S5 as oo¥ed Slagey jl oslainl il (5596 s polie (59,55 pln )

Lf-] Sgu g0 0318 oz i (SO ,65



19 E/M/ry Lﬁgf}/‘jxfyﬂjlﬁj;);,o&yfévLLo‘f.u))g—Jgfﬂ

L] )..fu]- sbeols -Y-Y-1-0-)

Ol el e oolaiul olo 3 Ses slaaslelss (gl y )..fuT Olgeds aS conl )8 SO a4 Soop 28 )..fuT slool>
‘f.i’fo)‘ 6‘ﬁm 6&‘..\.:35 .)5,..4‘54 Pﬁfgj 019> ymw O Jw‘)...n() (A )Jaﬁ aQ 6}5)-‘ 44‘5.....4‘ S5 J.aL....a LQoL?
lf-] Ngy 0 L ol A jo g oo caiiie ] ) Bl O g0 4

‘5?_....:LZ.A py v ‘_gd_..a; ‘..\.._..ul.s‘sn P slawle )‘..\:Ls Jo‘}...; ‘51)10 as ¢5{L°°35)-.3. sl 64:3‘ o.A.;_;SéA_? slool>
L ogd a8 3 1 1ai o lcily O 4 wbola solaws ccanl 5lo 0,00 YU e b L Slaol> a5 K aiin

L6V 00,5 oolitul Loyl 5l Wigs co puons ;503 (slool> a5 alSin

obw iS50y g SOl —F-Y-1-0-)

Sl S0l ol cal ol Gon g 452 dxbo p) 10 (Lguan ihd b g cole Jols d>le sl ST
4o SOl gy cpl o Slas aiiad  olgo b a 35 g oo jued Aiwge O yg0d lzge (SlSe (65,50 b a5 L]
5 05|t yd dwle Culs e ¥ Jlas L pla ol ol g pw (8 yikd alice  ogdgs L akais 5l 5>
LYol wgs Gamos S0l g5 opl el sl owbio 5435 il oo J5ud BB (s ,lsb

L¥e] 0 18 sl o) 2 sloojom 5 owlit weilsl Sldllas Wb da p ST 4568 ol ok 5l i

b )0 S (gl yiled b Sl —F-¥-1-0-)

o o el Sglite sgdings g, Bl 5l Ll el dolo ST alive s by GBS gl 2lid i, 40 60501
ol slaabag s o wiS ghule gl 2hd alive a5 ol o 51 5560 o s 5 gl 2 ailels G b 50T
4O o Sl el Sl e bl an zlisl La S0l go ol LFY 5 YOI 058 o aiS Lo caisS o Joe
s e plish Az b (o ol (sl ogildl 5 s i)y o 0l b iSOl 059 (sl S
S Lo S0l 55 ol il gl (i (e oy 5 bpo ST ygiler (o) 2 c(Gh0gy 52 039050 4 gy o Dl
I¥Al el

foebimnd gl b o ‘_Ql.b)..fui obadl aus o -¥-)-0-)
Soslaiwl o pulid g arha iy 9ol (ol al b 4 09,9 51 3 ol O (oo S slaail B (ales 5o
slaa il b Lo S0l g9 onl 5 aiS Bio 1) (ygaal il i slaai] b ples Soe Sl o pditne ot sl S O]
2 NS ale s a i i lise glaojs 5l oads (5)5laez slaosls Gulul p 058 o 3 ) 5 |y Ggmnl il
aS mojgp pan 550l san e atdl.asl pitas Gl SOT 51 5t pln ¥ B Wl oo puiitane i slo SO
S ST Ly s o 6 RSyl Vsl ilce alaz ) (LYo 4 s o ool peiie (gl Sl

s s 395 o il s ST 1 (5 (b 3l 03n s alimdle Bl 3oty et



i ?,fw[;)9£;o4{‘5!bj&oj‘5&4i[ou S b g ol sloial, E/N/TY

fo

ROV IS S0l L abls S doyo Ve U Ve wilgy oo aslole (S (6,10 100 40 a0 30 (bl yion i )b

MJ@LWM)..L (_gLQ)..fu" u.‘>l_...:5‘_¢'>‘j|o (_g‘).: ‘leo..}‘ ooy aslsl (_g)‘».\fdaLn).w 6L®4.u).a ‘u.a‘);Lu Ml—’

L] 858 o0 oo (6510 0 0 Sldas 5 avaas i sloan] s 5l oo axwls

friinnco yul 9 rosiiowns (U 1S OT oo 9 Ll 3o —F-1-0-)

[PF] i

0 31 g ol

o 6L SOl colro g blze—F-) Jaux

by

woley

Yo eod,b b ol >

oy g locne; ST (6lp cunlie

Ol e g Jomb CoiS
Caod 1S ahal i Ol 4 glasl

bl s 3L

YU (65l 9 sl o a3

Ly Jolo 2 55 50l

Sl oy Job 0 e aedan s 36

Qo g iz Ay o (6 pdy ]

Folnl g e o cuas
ahal iy Dl 4 5eS 5L (IS jsba

SrSol cud b blod 5l cosgame
(B8] 00isS oz slaol> L sBaz sbeol looliwl o )lge j2a0)

PS5 STl poo 4 oy Dl Llod
PS5 Solrope slaan e plerd dlge g 5551 Ll

SEL bz byl sl YL S

SNop0 e (o> 50 FpS (armedin ) o e SIS
Sy buzee 5ol S5l I e @)

Sl poste o> 50 St syl (35 ol

ol o ;w

(O € U Gl ) JSiie (5l

bazl ;s 3l Sl -Y-0-1

adol S5 0,5 )13 Ol yin 0 Wl se el b )N Ggmy Gliee 45 590,80 azl e o SOl Sliges
)l 5T e 2o S e i il bzl T s 5 53 o5 i o503 ol
Sl olsen Lol 5 Lo JUsl 09,0 5l (6565 kx jshiie a4 ;eS0T Slasls Sloil 090 wgmimo ol i 59

23565 513 Shaie | 15 9 lse al T aslis £55 1l 50 LSl 6,65, o >ob 4o il ansls 5 Jlusl

Sl ohslr 5 bl g 2SOl (Sjelsm siale,d s —

[fe] clale o dad Ol g Of fgiw ,0 Sglaie slages o Glae Slgw, cdale —

&5 o lalame sy axbj0 a5 Gl (69,0 4G pl 4 a5 ol byo 5l g pS Ol aline 4 pubitins il ST

.w!o.i“ﬁ.éQTquﬁgagﬁsf&To&lﬁlﬁojﬁﬁs&ijhﬂ;m




r E/M/ry Lﬁgf}/‘jxfyﬂjlﬁj;);,o&yfévLLo‘f.u))g—Jgfﬂ

5T 95 i 50 e Jolgs —¥-0-1
Lol sl (6,18 100 00 0598 5o iz Jguad 10 o] Olyens g Ol ctls p liae SOl 865 s 5o owlsl Jolge
Er S e 555 ey Jole i 0l o 5o o] 1 Sy o el SUISH 5 Ly gy ol
5o e Jalge cpl o Bete il )5l T L g ois el Olass opl 5l a8 il ggmsa Wb WSl lasle
sl s ol ks —
Lo Jolo g s (oolidiine) 9 (Sl Sny Lulyo —
Lo s s Jolo o (Ol S s Sz oo 0T (b St ol 5Tl e (Suilspnen lulps —
Lo ol (Saiyes
S92 g4 g_;.’.l'.’.)‘b ‘_ngoli..w." 9 .)L} “_g)...a‘sm.a ‘LA)Q u.i..al.uéj)..\...b -
oy SKes anl g gg —
iy ol oo b aileog, s (g bume Lulgs —
Gl 280 4t b alold —
by elsle Sldlas Surfzone >lg o e g 432 zge g, (zge (g3lw e —
S, gloaisS o 1l o b 5l Lan
5 Oledbl 5l SOl 7 b any 5l bl conl Loz, b aan 10 (5,18 po e 4o 9 6l ko

I¥] asb ool 55 T 51 (650 o e 5 fosle 5ol

Sage —7-)

D5 o0 el (rlan Dl g () 5 T A 53 4 lojSd laanld s eslinl 5,90 pls T
il 5 20 A ey ) ool (Shy —

] o5 s o] 5 Gl 3o @

Al pi 1S Glhls canl (Sae @

5,18 (oS Jlwo JT 0lge Yoono @
il pjorb 4 s ool (Shy —

S5995 9 PH (3lae slge (I olso cgadsls gloosny¥T ol a5 i Lylys @



i ?,fw[;)9£;o4:y‘5!bj&oj‘5&4i[ou S b g ol sloial, E/N/TY

ry

9,50 (591 Jlozm!
el Dlogzse 5 5)¥ i sboyy Slogzse 9,5 (Sl S5

LQoA;,gYTﬁ) g Ol (lawsd (65,9liS paows 4 ‘;aﬁﬂ °

Lo @l )5 ohod y5 jam oSGl
O3l 36 b 5 (Sl (Sogll 5ol gl 595 Jloz!

6‘)_> 03y g g 4;5_3) ‘d_LI.A ..\_AL'> Q‘}A “:;”45 (_ngua}L.u ‘Lg)..fo)‘s.\.ﬁ‘ (SLQQ)L.\JLHA‘ 9 w)Lm u,ul.....ol »

Jolge cnl g oo 00 youd p 0] (Sojud Lol oo LS )0 a8 ol oads Ch yai (S b udnS olulis
e oo plis |y of (galb Sluogas  dase Luls 156 cos

5 Sesed sla Sosdl soaiSudss slse b 5 Glae olgo plod ) (2lojSad sloailabs o
O aly o i ool s ol 51 a8 4 0B (VOC) |13 JTslge 5l (S0 b 5 ol aalss i
ey (Sd JSie 465 05l 5)le Glgie | (Sl @l iSes sladilels oy

l tlrord Gla Shg S o i o] y3 00d ool g5 5 i 1,0 45 ST 5l ala Shy 4 Ysane
23,5 o,lol (B 5 (oSl Colas g sl Dlosla S eSS PH 4 (i oo abox 51098 oo axaS
O 1,8 50 500,90 QA Loy Sae el 0] 0 (glalas aio)o YL b Solie sla LTS
S ICWSRSL LA O T

e il oo (05l (558 Loty icaenl bl (S ol b 5l el ST csls s,
B o plail og> aly e 5 (6 10 000 4 bgr e slaas jo 5l Slodes iso

Dy oo s axl y0 g laailBog, dab s 5l oSOl (idu aw a4 of b 4 a5 L o, 50T
it b 505 Ol peins ;o5 Ol d575 (20 Sad 6l byo ST 5 6550 g5 50 Loges
lag—s | ploail cils y LS ol g oslid 1Sl 5l asbe bazlyo glp g pSol o (o)
2 ezl ;o a8 il (6900 A0 cpl w dzg el Lol 6T O i oS it 8 LT Ol calise
el (St ol by @80 b g oSl QI a1 2 0585 (G5 Gy Lapme 5 1oz (slo L
Slasle xS0l g5 Gaati )0 fge Jalse

lop g ol lulys o

Lo Sl gy owlidime) 9 Sl Sng bull @

1- Volatile Organic Compound (VOC)
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1- Multi-Stage Flash (MSF)
2- Multi Effect Distillation (MED)
3- Vapor Compression (VC)
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1- Occupational Safety & Health Administration (OSHA)
2- Immediately Dangerous to Life or Health (IDLH)

3- Poly-Tetra-Fluoro-Ethylene (PTFE)

4- Chlorosulfonated Polyethylene (CSPE)
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1- Demineralized (DM) Water
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2- Mechanical Vapor Compression (MVC)
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1- Electro Dialysis (ED)

2- Electro Dialysis Reversal (EDR)

3- Forward Osmosis (FO)

4- Seawater Reverse Osmosis (SWRO)
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1- Gain Output Ratio (GOR)
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3- Pelton Wheel
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1- Methyl Tertiary Butyl Ether (MTBE)
2- Membrane Distillation (MD)
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1- High Efficiency Reverse Osmosis (HERO)
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1- Zero-Liquid Discharge (ZLD)
2- Brine Concentrator and Recovery System
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1- Brine Concentrator and Recovery System (BCRS)
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1- Zero Discharge Desalination (ZDD)
2- Vibratory Shear Enhanced Processing (VSEP)
3- Concentration Polarization
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1- Fluidized Bed Heat Exchanger (FBHX)
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1- Membrane Distillation (MD)
2- Aerogel
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1- Oxidation Reduction Potential (ORP)
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1- Degrees of General Hardness (dGH)
2- Clarke Degrees (°Clark)

3- French Degrees (°F)

4- German Degrees (°dH)

5- American Degrees
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1- World Health Organization (WHO)
2- United States Environmental Protection Agency (USEPA)

3- Institute of Standards and Industrial Research of Iran (ISIRI)

4- Australian National Health and Medical Research Council (NHMRC)
5- Canadian Federal-Provincial-Territorial Committee (FPTC)

6- European Communities (EC)
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1- Chlorinated Alkanes
2- Chlorinated Ethenes

3- Aromatic hydrocarbons

4- Chlorinated Benzenes
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1- Thermophiles
2- Enterococci
3- Aeruginosa
4-Present/Absent
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1,000

Desalting Plant Proper
Inplant piping

Pumps, Motors and Controls
Pretreatment

Post Treatment

Construction Costs Include:

/i

=)
(=]
o
N
o
& 100 1Building ==
S Cleaning System
::_’- Electrical Distribution —
i Indirect Cost A >
-~ r L~
=
c /// =
2 0 1 | ——SWRO —0—BWRO —4—NF |||
g q’ ?’ . | I Y I O | | Il Il | | I
= -t I . | | [ | | .|
E = Construction Costs do not Include:
8 =~ Land Costs H—
Product Water Delivery N
Concentrate Disposal H
1 :
1,000 10,000 i 5 100,000 1,000,000
Plant Capacity (m“/day)
155 pol yguinS” Yooo Jluw « xbaw SO (6l (waSxo jomw] (glouiaT 8 il ai 3o - Y-V .0 S
100
—{Costs do not Include: 2
= —Land Costs //-
=4 —Product Water Delivery /. V
N | Concentrate Disposal // 2
' 7
g P pZd il
S / Construction Costs Include:
e P4 Desalting Plant Proper
5 -~ ] Inplant Piping
§ — /// Pumps, Motors and Controls T
S -t L Post Treatment [T 17
g / Building T
5 P a Cleaning System T
3 7 Electrical Distribution IBN
'é ‘/ Indirect Costs It
o
(&} !
—a—-SWRO ——BWRO —&—NF
1 I [ T T T TTT] I I
1,000 10,000 100,000 1,000,000
Plant Capacity (mslday)
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1,000
— Constmclion Costs Includei | Plant Type: Horizontal Tube
— || Desalting Plant Proper H-__Operating Temperature: 71.1 C (160 F)
=) Interstage Piping g
8 —{Pumps, Motors and Controls
o~ Seawater Supply
. [——1Building
8 Pretreatment
O Post Treatment //0.
S [ |Electrical Distribution /
=] Cleaning System /
- Indirect Cost /j
e LN
@ 100 AL
(o]
(&]
c Construction Costs do not Include:
O af” Land Costs
© o'd Product Water Delivery
S Boiler
<
7]
1
o /
o P 2 # zd
A
!ﬁyl—-— PR=5.17 kg/MJ (12 Ibs/kBtu)—e— PR=4.30 kg/MJ (10 Ibs/kBtu)—— PR=3.44 kg/MJ (8 Ibs/kBtu)f
10
1,000 10,000 100,000 1,000,000
Plant Capacity (m*/day)
(5 yol 598 Yoo Jlu MEDwiuT 3 el aig jo —F- V.o S
1,000
| |Costs Include:
|~ |Desalting Plant Proper
=} I— Interstage Piping
S Pumps, Motors and Controls
~N | Cleaning System
é Electrical Distribution
o
S 100 =
=]
o
o
2;" =
= = Construction Costs do not Include:
g il Pretreatment
Post Treatment
g / Intake System
) ,4/ iy Emnik
A and Costs
g 10 /¢// Building
- Boiler
e Storage & Delivery Systems
8 Indirect Cost
-
[—m—PR=5.17 kg/MJ (12 Ibs/kBtu) —e—PR=4.30 kg/MJ (10 Ibs/kBtu) —— PR=3.44 kg/MJ (8 Ibs’/kBtu) |
1
1,000 10,000 5 100,000 1,000,000
Plant Capacity (m*/day)
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Plant Capacity (m*/day)

e i . S———"
1 1 Include:!  — s - X I : = '
—Construction Costs HFiant Type: Recycle
- —Desalting Plant Proper HOperating Temperature: 110 C (235F)
8 [—|Interstage Piping [ Configuration: Cross-Tube
o ——Pumps, Motors and Controls
““ Seawater Supply L
Pretreatment -
(= 1 =
8 Post Treatment 5; i
S 100 Building |
o [——1Cleaning System
?_. [—Electrical Distribution =
|——]Indirect Cost
g T AT
og- l A
S =
< Construction Costs do not Include:
o T
= Land Costs
g 10 Product Water Delivery
- Boiler
7]
c
(=]
(&)
| —8—PR=5.17 kg/MJ (12 Ibs/kBtu) —e— PR=4.30 kg/MJ (10 Ibs/kBtu) —a—PR=3.44 kg/MJ (8 Ibs/kBtu) |
1
1,000 10,000 100,000 1,000,000
Plant Capacity (m*/day)
(5 ol 5gS Yooo Jluo MSFuiu b sl dig 3o —F-Y.0 Ui
1,000
8 Costs Include: Plant Type: Recycle
8 Desalting Plant Proper |4 Operating Temperature: 110 C (235 F)
‘-: Interstage Piping & Valves Configuration: Cross-Tube /.ll
Pumps, Motors and Controls /
1=
S 100 Cleaning System - /
8 Electrical Distribution -
o Pretreatment -
o
@ Intake System H
= - Post Treatment H
] o Building |11
() //: / Auxiliary Equiprnente
e > Storage & Delivery Systen
i) Zosd Land Costs
° L1 Boiler
g 10 Indirect Cost ———
7]
s
]
!—.— PR=5.17 kg/MJ (12 Ibs/kBtu) —e— PR=4.30 kg/MJ (10 Ibs/kBtu) —a&— PR=3.44 kg/MJ (8 Ibs/kBtu) }
1
1,000 10,000 100,000 1,000,000
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1,000
[|Costs Include:
[|Desalting Plant Proper Interstage
|_|Piping
| _|Pumps, Motors and Controis
— Seawater Supply
8 [ |Pretreatment
(=3 | _|Post Treatment
o" Cleaning System
o Electrical Distribution
o Building
100 4+
a4 ] Indirect Cost
o -
o | P
e | /
&
:,' '/ Construction Costs do not Include:
7] // Land Costs
8 Product Water Delivery
c ] Concentrate Disposal
=]
- 10
o 1
E Plant Type: Mechanical
k7] Vapor Compressor
= Operating Temperature:
o 107.2C (225F)
o
—8—PR=5.17 kg/MJ (12 Ibs/kBtu) ——@—PR=4.30 kg/MJ (10 Ibs/kBtu) ——t—PR=3.44 kg/MJ (8 Ipe/k3tu)
1 I I [ T TTTT] I I T T TTTT] I L T T 1711
1,000 10,000 100,000 1,000,000
. 3
Plant Capacity (m”/day)
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100
s i
8 Costs Include: /
o~ Desalting Plant Proper
' Interstage Piping /
8 Pumps, Motors and Controls /
o | |Electrical Distribution Construction Costs do not Include: ||
o Pretreatment
o Post Treatment
o
- A Auxiliary Equipment
; | Product Water Storage and Delivery
= 0 P Land Costs =
[’ " ]Buxlamg u
8 Boiler |
Intake System |
s " Indirect Cost
= -
o
=
=
el
7] -
c
(=]
o
| —8— PR=5.17 kg/MJ (12 Ibs/kBtu) =—@=—PR=4.30 kg/MJ (10 Ibs/kBtu) =——a=—PR=3 44 kg/MJ (8 Ibs/kBtu) |
1 [ P TTT | [ T[]
1,000 10,000 100,000

Plant Capacity (m*/day)
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Construction Cost ($1,000,000 - 2000)

100

1 1

Construction Costs Include:

Desalting Plant Proper
Inplant Piping

Pumps, Motors and Controls
Brackish Water Supply
Building

Post Treatment

Electrical Distribution
Cleaning System

Indirect Cost

=

i\

=

-
o

Construction Costs do not Include:

Land Costs

— Product Water Delivery

(/ Concentrate disposal

’ —— 3 stage SW —o—4 stage SW —a—3 stage GW —x—4 stage GW ‘

l

[ |

[ T[] | | [ [ T ITT11]

1,000

10,000 100,000
Plant Capacity (mslday)
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Construction Cost ($1,000,000 - 2000)

100.0
Ji
10.0 =
/ 2 iCosts do not Include
Indirect Costs
- A
A I I 1
|A Costs Include:
o L Chlorine Treatment
1.0 !/ Sodium Bisulfite Treatmen
Two-stage Filtration
x Sludge treatment
0.1
1,000 10,000 100,000 1,000,000

Plant Capacity (mslday)
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10 | | | |
| 1 1
| | | |
Costs Include:
Chiorine Treatment
=) Sodium Bisulfite Treatment
=4 [——|Acid Treatment A
~N Anti-Foam Treatment
. Decarbonator
(=] 1
o Deaerator A1
=1 1
o
= A1
= /-/
-
@
: 1 Costs do not Include
Q Costs do not Include:
8 /l, Indirect Costs
=
o
° 1
2 LA
@
c Ll
=]
(&)
0.1
1,000 10,000 100,000 1,000,000
Plant Capacity (mgd)
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10
= l e > |
|__|Note: Use BWRO costs //
for EDR and NF )2 °
—_ A
9) i
=]
Q& B //
& 1
=]
<
=
S
<
&
g - /]
g A
(&] < ~ Construction Costs Include:
5 P Intake Channel
o A Intake Structure
E J/ Traveling Screens & Trash Racks
[72]
§ B— SWRO —e—BWRO [Pumps, Motors and Controls
Costs do not Include: H—
Indirect Costs
o L LI
1,000 10,000 100,000 1,000,000

Plant Capacity (mslday)
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10.00 /.l
/’
P Construction Costs Include:
= Intake Channel - e A
o
o Intake.Structure //
u Traveling Screens & Trash Rack:
(=] Pumps, Motors and Controls L
o A
o 1
= »
o /
Q. L1
.-
@ l/‘
- /
g 1.00
z
[&] — Indirect Costs
c .
S
-
o P
2 >
®
5
Q i—l— MSF Open Intake —&— Open Intake MED —a&— Open Intake MVC i
0.10
1,000 10,000 100,000 1,000,000
&')&T )9»»5 “’000 JLMJ ‘&5")')”’ 6[.5\).3.1-")3 )afu-[ wLw 4.34“)-5 —\f—“h‘) JS.w
100.00
E. Surface Water Power Cost includes:
= Power for intake pumps
o
=1 Power for pre-treated water pumps
8 Process power
S Distribution (high service) pump power
b:a 10.00 Building services
-
[72]
38
3 A
= /’
© / Groundwater Cost includes:
<@ Power for well pumps
E 1.00 / Process power
g Distribution pump power
c Building services
c
< !]/ A
* —8—Surface Intake ——Beach Wells |
0.10
1,000 10,000 100,000 1,000,000
Plant Capacity (m®/day)
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10.00
Surface Water Cost includes: AJ
Power for intake pumps
E. Power for pre-treated water pumps
(=] Process power
8 Distribution pump power /¢¢
8 Building services Z/ //E
S 1.00
& p i
4
Rl
1]
S %
2 g]/ Groundwater Cost includes:
8 » Power for well pumps
= A / Process power
8 /% Distribution pump power
K | A L
o Z/ / Building services
w® 010
S
c
c
<
—a— BWRO-Surface —m— EDR-Surface —e— BWRO-Ground —o—NF-Ground  —g—NF-Surface ~ —e—EDR-Ground
0.01
1,000 10,000 100,000 1,000,000
Plant Capacity (m®/day)
(3 50T ygiaS Yooo Jlw (EDR g BWROWST 3 — S Sl (655 4y 3 19— Y0 JSio
100,000

10,000 y

1,000 o

Electrical Consumption (kW)

—a—PR=3.44 kgyMJ —0—PR=4.30 kg/MJ —a— PR=5.17 kg/MJ
- [T1T] [T T TTTI1] [T T T1117]
1,000 10,000 100,000 1,000,000
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100.0
=)
(=]
&
o 100 /,’q,
=] 7~ &
(=]
S B9° el
= 7
- A
7]
o
(&)
wn 10
S
c
<
<
IPowsr@S0.0G/'kWh |
i 1T 1
Z | —m—PR=3.44 kg/MJ —&— PR=4.30 kg/MJ —&— PR=5.17 kg/MJ
|
o . EREER IR
1,000 10,000 100,000 1,000,000
Plant Capacity (mslday)
(S pol g Yooo Jlo MED T 16— K Sl (55 i 3 —VA- V. JSCi
1,000
8
&
« 100
o
: =
§ A
o Py
@
- /'/, o'
4 1
(&)
§ 10
[ — - /
£ 7
< o
e
A7 [Power @ $0.06/kwWh
%24 [ [ [ 1
//; S | —8—PR=3.44 kg/MJ —@—PR=4.30 kg/MJ —A—PR=5.17 kg/MJ |
1 HER L LT
1,000 10,000 100,000 1,000,000
Plant Capacity (m°/day)
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100.0
1
8 P
//
8 1 /
~N
= T
e 100 é/ - P
pr
o A
o
e —A —¥
& e Basis:
~— — - T
- A Performance Ratio=5.17 kg/MJ
@ 4] P (12 Ibs/kBtu)
o T Boiler Efficiency=85%
- L~ // /
2 =
= =
1 =
< = >
o —e—Fuel Cost at 5947 00/MJ (51.00/MMBtu)  —a&— Fuel Cost at $1,894.00/MJ (52.00/MMBtu
—e—Fuel Cost at $2841.00/MJ (33.00/MMBtu)  —m— Fuel Cost at $3788.00/MJ (S4.00/MMBtu)
- L] [ [ [ [T [ [ [ [T111
1,000 10,000 100,000 1,000,000
Plant Capacity (m*/day)
(S5 ol 39S Yooo Jlu co yqbisvo Sy aoly — yly ay 3 — Yoo .o JSCi
100.0
=)
S 100 ,//'.I
. e -
8 - o
S /?'// = R
=4 T
S e ]
& 10 - (e 1
,";;' — 1}
S
L1
s -
3 =
c el 1
& o1 1]
: —
—e—Fuel Cost at $947.00/MJ (S1.00/MMBtu)  —a— Fuel Cost at 51,894 00/MJ (52.00MMBtu) |
—e—Fuel Cost at $2841.00/MJ (S3.00/MMBtu)  —B— Fuel Cost at $3788.00/MJ ($4.00MMBtu) [ ]
0.0
1,000 10,000 100,000 1,000,000
Plant Capacity (m*/day)
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10.00
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& A
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o 100

S ris

o

I=3 A

3 _u
& ]

‘g‘ P A

(&)

©

S 010 Pl

c

c

<

|
|
[—+—SWRO —a—BWRO/NF —m—EDR |
0.01
1,000 10,000 100,000 1,000,000
Plant Capacity (mslday)
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wliojlyg—F cavgn

Demineralized Water (DM) A 39 ol
Seabed Filtration System Lyo S gul s b oS0
Beach Galleries el SOl

Bottom Intake

8 b 6 5]

United States Environmental Protection Agency (USEPA)

Travelling Screen

Cylindrical Wedge Wire Screen

iyl Sen o5 s

Chlorinated Alkanes

sosaz 15 cla, ST

Anion

09!

European Communities (EUC)

Chlorinated Ethenes

oadbans IS sl sl

Autotrophic

B9y

Occupational Safety & Health Administration (OSHA)

oo YL ads coal g clilage ol

Forward Osmosis (FO)

w.._a...m.a ).o....:‘ L) °“\JB)LJ‘““" ).o..u.:‘

Reverse Osmosis (RO)

Seawater Reverse Osmosis (SWRO)

Ly ol sSas soml

Brackish Water Reverse Osmosis (BWRO)

293 Sl (osSas sad

High Efficiency Reverse Osmosis (HERO)

Y 205k b osSrs ol

Acidity EVERVOW
Escherichia coli (E.coli) S Lt ol
Oceanography bl yogil 8l
Electro Dialysis (ED) 3l g xSl
Electro Dialysis Reversal (EDR) oXigus woSze judliog Sl
Hollow Fiber SB g md LUl
Oxidation Reduction Potential (ORP) OgemlianS als e b sl
Enterococci S 9 95!
Endotoxin YR PPRY

Anhydrous Calcium Disulfate
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Ilmenite ooy
Dark Repair Reaction A R S e
Energy Recovery S5l ebsb
Packed Tower Aeration 03 ,i8 2olga 7

Immediately Dangerous to Life or Health (IDLH)

Chlorinated Benzenes

odlai IS slagy

Monitoring ol
Brine Recirculation Sz ol
Standby s osbel
Chlorosulfonated Polyethylene (CSPE) aLgal guog IS L3l s
Poly-Tetra-Fluoro-Ethylene (PTFE) Orkly k8l 5 L

Multi-Stage Flash (MSF)

slal> o siz SWSL oo

Dewvaporation s alad S
Vapor Compression (VC) PRSI
Mechanical Vapor Compression (MVC) S8 w0515
Trihalomethane (THM) Olwgllags

Corrective Maintenance

ol 650K g e

Preventive Maintenance

WS oty SN 5 e

Protective Maintenance a8l (6,l045S g o
Brine Concentrator and Recovery System Sl coS Ladss
Multi Effect Distillation (MED) slal> yo 2oz yolads
Membrane Distillation (MD) slie i

Hydraulic Turbocharger

Sy pep )5l ,e

Reverse Turning Turbine (Francis Turbine)

oS iz b eye

Gypsum P g
Horizontal Directionally Drilled Well L] S *:’" ol>
Beach Well >l o>

Pelton Wheel

o5k 2
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Present/Absent oleé/ yga>
Spiral Wounded b ol
Hydrogeology S 2] sl e
Solar Still s 95 Aondg>
Sea Urchin byo Sy >
Self Cleaning SFdg>
English Degrees (°e) P L] PES
German Degrees (°dH) Sl ax o
American Degrees 25 el a0
Degrees of General Hardness (dGH) T YNCPE SWIFE S
French Degrees (°F) Sl 8 a0
Clarke Degrees (°Clark) SN a0
Variable Frequency Drive (VFD) g 590 i oSl
Salt Rejection Sl a3
Two Pass 435 ,Lgo
Humidification- Dehumidification lojcasb, - olsleggb
Threshold Odor Number (TON) 5 sasliw] o8,
Zero-Liquid Discharge (ZLD) el e sla g,
Giardia lamblia e Lo,b5
World Health Organization (WHO) S cadlag ol
Brine Concentrator and Recovery System (BCRS) clag calb g Lads aslele
Natural Treatment Systems (NTSs) abal b glaaills
Total Hardness (TH) I &5
Aeruginosa 90,1 wbigegd gu
Stiff & Davis (Calcite) Saturation Index (S&DSI) oS 9 Al el
Skillman Index oobSul azll
Oddo-Tomason Index (OTI) Oglogi — 934l Ll
Calcium Carbonate Precipitation Potential (CCPP) pendS Sl S gy Jeily aSLs
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Puckorius Scaling Index (PSI)

P 9 >l

Silt Density Index (SDI)

Ryznar Stability Index (RSI)

Lr, pals

Aggressive Index (Al)

Larson-Skold Index

VSl = ygm,Y a3
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Abstract

Lately, the use of desalination technologies as a reliable method to supply drinking water, has been
growing and can be considered a solution to water shortage in different regions. The emergence of
different problems in operation, repair and maintenance of these technologies, the limited background of
many of these technologies in the country and consequently, lack of proper knowledge and knowhow to
identify and eliminate faults as well as absence of suitable standards in this field, necessitates the
preparation of a guide to select and utilize a proper desalination system to resolve these issues.
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