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Reduction of E. coli (log CFU/mL)
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S Jlexias) die B.cereus dasizs Ao eliadll Lo asisaall CuyslSona 8,08 (1-2) JS&) sy
asdgeall C)ol<oia 10 8.5 5 13 PPM S5 Jlaaiaad i adf Giald) Uiy camageall cu sl (10 dilids
Laginll Chericall ge Jall Je 1.155 1.17 E-COilJb Lalal) duagial)l ciyanivad) Jibaas laie gl

dills Lalall sl asiat i Lellaniad (Ko Y asadseal) CanyslSsun e 3805 138 of Lle mm? S

—8— | .3 mg/l inactivation rate —&— 3.5 mg/L inactivation rate
—— 8.5 mg/L 1nactivation rate —&— 13 mg/L inactivation rate

1O (mg/L)

1
-

Concentration of NaC

14 1 1.4

1.2

S
-8

—
—
L=

b3

0 10 20 30 40 50 60
Time (min)

(Zeng et al, 2020) dihise CHSH aladiul B.CEreus e sladll 8 agageall cu)slSoun 5,08 (1-2) J<al)

------ A 3 5mg/L NaClO concentration
----- @ 13 mg/L NaClO concentration

[nactivation rate (lg)



25 QA ol fan cillana (B agaagall CuyglSomn s daghiial L) LASY) . g pdldd

(Casson et al, 2006):(2000) dwaldd) daaayal) duball .1.5
Eomdin daala (B Hoviea (an sald Geenng * Gl gl 3l 1 lalll g A8

On-Site Sodium Hypochlorite Generation

tisall (& asaigall CuyslSonn g (e

assc S o g3 e e o) sl sk 08 pssisall CuySsun uiaaty Gald)
CJA.I ?Geﬁw} ¢ latia uba‘éﬁ?)oo PPM D):\s):\ CJL« ;uwe&mdjj\ %gcl.g_m e):l):ua.d\j
‘_A.:; E)b‘“}" ?EJ s30 PPM c):\s_):\ A% JJLA ‘;.:: d},«aaﬂ L._?Ald\ JM\ & M\ A

ilaleall 335 NaCIO ) oSl aall (35l e Jsai ¢ua ELECTROLYIZER J)

NaCl + H20 + 2e—*> NaCIlO + H2 (1-2)

ok o L8 LS ) BAY e J & Gas gaendl 052 A NACIO Sl (allail il 8l s
(1-3) Ak riage o LS 4l any s ddiaa
Dagi LTy 3yl Jumdl (ye 325 2leSH BLAIL cans Lo 5f AleSH syl dala of ) caald) Ll
A8LaY L ablesl) Al Adgil jaien jreme ) dalas Ll V) adsal) (8 asaageall CunslSoun gty Lol
Bpal dalally (2350 #liag dughy) saasa L Jag i cElectrolyizer U (5)sall Sl yugll caplanll Aalall

Slead) g bl adle



26 Uil ol g il (B agaagall CuyglSoun s daghiial JLaY) LAY . g adldd

Hydrogen Vent Secondary Hydrogen Vent

Control X
Panel / PLC Sodium

Ultrasonic
Level

Power Supply
/ Rectifier

Sodium
Hypochlorite
Metering

Pump

480VAC

- Product
Flow
— Power

_ Control
/ Sensor

'y
,‘ e (A

“Water Softener cLan TE c

a e BT, B, B B |

MC Series

Salt
Dissolver

(Casson, I. Bess, J,W. 2006) (SLygSl 2ydill Gayha e adsall (& agiageall cuyslSona algs 5la (1-3) J<A)



27 QA ol fan cillana (B agaagall CuyglSomn s daghiial L) LASY) . g pdldd

sdanasall Gluhal) AadA 1.6

iVl tolobally ool Alla 8 alaal) e & daiial) dallall uledd) duale (JsY) Auall e s -1
praill sl (e Fausliall depall L) b el julead) apant) LYl cdsal)

) Al sl maa i pos atal) Alaadl JiY) pdgall apaas ) assh A0l Al 8 .2

35Sy ApalaiBY) (gpanll Ll (38T Loy Ailgdl) il A5laa) aopeS ZSEN Auball caenslial .3
Aale Jead Al il e 3ly i) dejad) saas e 206Y) dsall i

ae ) Ao il ) olit) il sluall 3 ahaaS ol il dabiaal calgal) Sleda) o5 Anbl) duball iy .4
ade slig %100 obial) pixs o ol e ail V) LyaSilly adhall e sliil) & aulsll 4ihs e
Al il Jalad) 138 Jand i

G sl agh 35S (<A Lgie duitiads 260 5eS)) Bl Ayl Gaalil) ol desalal] Auhll 8 Ll L5
Al sl dple el

Alal) bl B SlSaY) Ayl olsall e o503 gul] sy oS00 ) () (3 Tl o o) Mg

Al ANaS oliall afraS agageall oy oiSoud Z ) Gk oo Aullal) Uialyd B 4y o fian Lo 130



28 QA ol fan cillana (B agaagall CuyglSomn s daghiial L) LASY) . g pdldd

Cf'm\ Juadd)

agdgall Cu)olComn Aalugs audaill daghiia Sal  Ahasl) (uled)
Chemical basis for sterilizing system using sodium hypochlorite
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[(52) Lewiad shall oAV sl 536 : B
(Snowden-Swan et al, 1998): (ad) dduzaa dS pug el (daasaail) 5yl .3.3

Alsh 558l aiatl)l asgeall CuyelSoma Jolaa pailad o dbhilad) Jal e cdagiadl doghidl 8
0o Lgilia) ahyall dpasll pas aang casiseall 2uSo 08 2y Dislall dadl) Bale Ghaies (43385 Jag yd (e
145Y) Al (e agdgeall a0

Vnacio * NaOH Dosage (PPM needed)
C% * x » 1000

Q, = (3-2)

Cuysl€oun Joladl Lgidla) o DU asdguall 2wy 508 4deja :NaOH Dosage (PPM needed) ®
(PPM) 2225l

NaOH ;Sp:C% =



42 Q) oba i cillaas (B agigall CusiSon s dashiial ST LIRY) . gl
NaOH saldl dacgil) 48UST) :x =
(L) ol s (A psageall CupslSoun aas Vgeio
g i) asgeall CupslSoua Jolaal 14-13 Gn pH Gaiad Cuss Wity Al deju i
o Cangs cllyg Alslaall Gk (e Lede Jamat 3l 82 (e LSl bl 2SH Amdll 55 0055 o slel
Aalll sk aca dacad) Jaxd
asiseall 2S5 p0 (pe Lgiilin) Cugllaall dejall liiay Adcaal il cpllll Bl desudl of (e Sk
:(3-3) @) e
Qnaon = $ % * Str % x LPH max (3-3)

(L/h) M\ ﬁ}:‘{}d‘ J:\ms‘ﬁ).jfﬁ L«&A A aa 5)\)5 :QNaOH

(Pulse/s) asmsall 2uSs 08 (i ddian Aoy is @

(L/h) % <N casll daias 5)lie :Str

(L/h) gisll daiad doglha 532 il :LPH max
(Soaded et al, 2019): ymaadll (A& aaa 3.4
1A Al (e deas Cuunag o Cheal Jeal IS 2aeS aiid GHAY panad

QNaocl * 12 (3_4)

Ver = =000

(m3) sucaail) (B3 aan:Vp, =
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(L/h)aele Pla leals) o33 asaseall cuyslSsns 8¢ 2 Qugoct
(Soaded et al, 2019): alad) L"sli..d\ PN 3.5
iofighd Ao lajuaat ahall LSl el calad) (shaall sl S
tASY) A (e pgaallSH CuyslSona e Lgrilia) anll dlgall daeS Caand —1

_ C*VPT‘

= 3-5
1+100 (3-3)

(Kg) aseed &l cujgl€oun o1 lgiilia) Ccalsll algall LS :m - =

cpsdgeall Cuyoloua (g sppant dall Jsladl) 35 :C
(L) saanill (5 anas iV,

a5l CuyolSoin e Alladl) salel) €5 A ]

Db gilaa) Canlsl) LSl e 2l clgiilin] canlll agaageall Cilign € 30 Consnd daplall Gty =2
. saaall

-

Camy yuaadll Gl A alagl e 2Ly 0350 (Atiemo-Obeng et al , 2004) zodkasl g JAY) dclaind o
Bl il el a5 Glasal o sall ey Ualas 3y

1 gSan Ao Uainly g galddl JA cigaily gkt lag diaal) 3¢ .3.6
(Hablanian, 2003)

DA ) masll A e sdgeal) Cuyeloun Jslae S Lkl &) Glall (34T damdl lie 2asd
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A (g el (3 () pandll A e Aiaall o) el sl i Gl

m X D?

Qtot=V XA =VxXx 2

(3-6)
(M3/sec) maanill ha ) jucasil) (Ba (e asiseall CuyslSona 385 : Qtot =

(M/s) sl aca il deps: Vo o

(m?) s adaie daliss : A

(M) s} ki D

Gy Jal) el 8 st ) s lisgall Gus Gaany Y s ¢(152) m/s Jlaall (e depudl s

/4><Q
D=
VXt

:(152) mis Jlaal) o adl (o oSl @llg 481 Al (e Cagenall el (385 depuall Cilun 22 o

:(3-7) Al (e agaly) ks

(3-7)

(1981 ciakaall) : Jasl) Jaal dpsleaid¥) dasplalls il Glus —
(b A (e Guihall (o Jail) Jgladd (galeai@V) jhadll cade)
D = 1.456 (n - Pr)om * Q04 (3-9)

. (m¥sec)sylzll :Q =
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(S.P/kg) kil Al agal sale (pe aalgll ale LSl jaus :f

(N/24) @ 3k agall 2 Adiad) Junis el 230 0

C““S\ clele 22e :N

Lele 50 e Lo 8% du€ oDl Jaxa 58 1.456 :culil)

:JAL) ddcadl (..ALAAY\ QAJS\ bl —

Glebially (2014 odais Mla o) Sobd) ad)l) djea o ddaall Jleal) ad)ll il
:(3-10) aBhall b Lgindas & (g cgally ol gl DS 3 i<l ddshal)
Hior = Hge + Hz+Hioss (3-10)
:& alad) o
(M) Sobadl a3 :Hst =
(M) Fally caad) gl DS 3 Adshall clebull :H,
(M) GsaY) Jsla:L =
(M) @ssY) ,ké:D =
(M/sec) sV e sld) lyal Lidacgll deyud) 1V =
Apa)Y) sl gl ;g = 9.81 ()
(M) gl sl b dulallcle Luall :Hloss

(311) M) G Adshl) Cleloall oty

_ AL VZ

H .
z D 2g

(3-11)

2A0Y) A (e Al leluzll
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Hloss=0.1H, (3-12)
:Hst wlwa -1
enill (5 b slall L) oy sl 053 3 elall bl hacd) (s geotigh) Maa¥) il )
: Hgiso
Hg = Hg + Hgy (3-13)
10 alal) o
(M) CalAl o geiiall 34 Hg o
(M) 48 3gagal) clall mlansy GHAN mhacs (u Saliaall Cagesiall (3% Hyy
tHz Qlua— -2
A Cloa & Halsiy aae Gilus g Geally Cond) ol AS 3 &gl cilaghiall el
R, = — (3-14)

sy e :Re =

(M/sec) sa) aua sld) (lyal Lidaugll deyud) 2V

(M) ¥l i :D

(M?2/s) &Sall dag 3l 2y

t b LS USgsnm bl —llaias Gloall 5} 3 A dad ey Gussdls (8 Gy asis

0.3164
A=

1
Res

(3-15)
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AiaY) Jalaa: A @

sy 2 :Re @

(1981 ciaaall) 1 JA ASu JUadl Gl 3.7

Laldas depudl o o STy (3-9) B0 @b lae 53lel) oy ADle o salaBY) ladll (adeas
Ml 52511 (3-8) 4Dl (e Ay yiall gyl

(Soaded, 2019): G il) (a9 Aad 3.8

G S (g sl daglia oD Mge (se Alald Balay dilasall dabuall Ailal) (g BLiEe (aloal a9
coasall GBI e alas e daagaio (bS] o Blaall mand dlgis ccbialnd

tomaled Guiahl e Sae Yl Cuill (ags aecass

Ga Sorxed abad) Juaill -

Tpetention =Sall 3209 -

t b WS ool pda o Jausi Ake s

qu = Qsludge — Vs 3-16
4 Atank Atank * TDetention ( )
h
T (3-17)
Detention
3
(5) Sdanell abul) Juatl : g, ®
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() il asm i lesl 812 ¢ Quruage
(n) &<l 3 Tpetention ™

(M?) cuwsil) s dabis tApgnp ™

(M) sl Gagn beldl gli) :h =

(m/S)k,_g.a.a)ﬂ\ s Jaly sleall de yu VA

ad sasien sMel 53)50 Bl (pag ¢ cannsill ST 26 e 2l oadacdl Jaeailly Sl 5an 23ah
cail) G

(2009 <) :dxilall A8haal) il Ay 3.9

N Y sl lebae oo ashiiall dlea il pund dala 3smg (oo B Cand) 3 A5LY A8 kel Al pie
Caped Ll L 1305 cdardll e dashiall zg 4 dic aad Adlall d8jhall et B Cllasall ans b Las)
Bgems Lad JLall Galpd L Cus diliall (glaal) (b (grad A Ealal) alls Ll Ledyas (e Al 38kl
Gigan ) (535 Laa cdiimn glyen Aoy win ol Aile AT Gl ol Juandi ol placa b o) (DA dais ialia
S a5 Al o) dinge ks Clage esdi ) (g5 oy 13y dilllae e Sl ASs 8 pld ol shla
53 ) Bl LGN 53l b Joatl) g Bbarall cilagal) o3a Lt (bl 3o€ull Taaal) (g i
ghles ye eyl aiall ad Glea 0o Bale sy Asles ladie (5S55 toaleall 485 dai (Sle ok
dadll Jsh e 5 Sl slally il eVl g deshidl 3 sallall 1 JSal wlad) cuddls gl
Ngiacn BESY Adle (s Jant Slge e Jaleill 28LaYly

230V Algl) aadiiaind Lles Jily aladin dalall duhall i Jla g
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datall udtd alslaa .3.9.1

aia GlBa gl dglas @A aladinl e Lage Jall Jaicall Clase e Gleall cilalecall 238 i
panill SUBA ) Lgie Al el Jathes g dabatl) dlase Jae die Agles SUBA 3gagl @l

Algs Allugy of cpmls Glo 385y GaSe ddalugy dilie datd o ale (<0 daial) (il pleca (ssing
dld e dhaty ((ade plaall pulay) (pae s e i G olad) Bl Jara o) B a)la () Al
G Al g el Gl ey dgmy charaall Gllyy Caiug Wi Jild) 7 aus Al CadSid Llsd) o el
Al (g daiall il ggill 138 padiosie da sial) daghiall Alls By (JEN 5 (i) il LY lgaiag
(p ) 22)

bl digk .3.9.2

Dl 0 apl (3 (Ll Anga) Zilall 2Tl g LT Aoy cnen

a = [(p/K) + (p.D/(S, X E,)]7°° (3-18)

(Kg/m3) el LS :p  m

(Kg/m?) e\l ddalaail Lale : K,=2x10°

(M) syl Lkd :D

(M)aadacsl) sl las L35 :S,

(N/M?) ¢l sl 5 5e Jalaa :Ep
Lol o) Cliaslsa Jglan (e S Agdausgll a3 2ag

Lotk Sl Aig ye Jalaw Ep=2.3x10"(N/m?)
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V
AP =p.a.V = y.a.g (3-19)

(m/S) E\A‘BA“ JLA:A:U\ z\.cJ.u.: Q =

(Kg/m3) el a8iS :p

(M/S) a5 & Loaleai®¥) deyud) 2V

(kg/m2. $2) elall e sl 035l 1y =9810

(M/s?) duza ¥ dpilall o)l 19
thiall s (e gy sl e ol slea¥) 05
c=R.— (3-20)
:& alad) o
(M)geall gl ld Cani R=D/2 =
(M)adacsl s las 313325,
) o) ol Aaally (sslsy 53y [0] 4 gsecsall 2 Mgal ao 0 gl 2dl alga) ole
1Y) daalid) cagias 136 [0]=8 x10° (N/m?)
o < [0]=8 x10° [N/m’] (3-21)

Ole Y Ml e Aadad) k) (658 Jany sl o e 1368
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:dadal .3.10
shial lual 31S )9 peall i)l Laiag 3 daghiial) #3gal aracall (uad gy duadl) 28 Jads
all Gualal) Jeadll 3 aaging ciashiall anlul) clip€al diy (b i AU dag yall linagy ciashaial)

g el DAl Zalasll desacal
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bl Juadll
da, yidall aadatl) ddasal 4.4 jaglly draraailly dudadatl) dall
Applied, design and hydraulic study of the proposed disinfection
plant
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ragal 4.1
S5 ) dln) clgbee 2lly Zaslaial) shial 2y e slaall el Laghiial fubeenitl) dndl Jeadll 138 ey

alial) 4S5 dasliall 8 Aalall a8l A - g casbail) Cillana L) ag iy dasliiall AaSlall <l ol Ll
vy B Aite b obaall e (o lgle Jsaanll 5 3 cililanall e 2Ly Aanall pracat ) d8Lis) ¢lgie

) Jail) 8 salsl) B e slae YL,
rdaghiiall cilig€a Cilialgay pailad du)y 4.2

Laghiall lavia 738 griags 3 ((4-1) JSAN G WS cddandll clisSa 8 Ljiss aalsl) pabiall aalh fag
Faalu¥) Leihals LSSl

L) dagh 1

Galal) g .2
\'\
214 T oSailldagl 1.1
T o) cilagg L1.2
22

/ ;
6 31 3221 HETMe. ____._ j 6‘5 3
=i

Syiually (.S;:d\ webia 3.1

9 8 Z
I".| ow\ afwﬁ\.ia; 4
51— 4 ycanill (A L5

5.2 -

53 & B sl e (hs pile e 5.3

sl .6
Rasiall Zuwilly (s3al) st (4-1) U<
Jall dacan L7
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il a8
eyl Lo .9

(Soaded et al, 2019):(Dry feeders unit) <ilall sxall  .4.2.1

Gliga il 1)) algall sda (el Koy cAugllaall Akl dgall 38y (uld gl Ailall cldaall aadis
Byl Calll o 33, o s US54 gl Ll (i dads sald)

Aashid) & assiud (gl (4-2) JSAIL mmse o LS amall gl e (s Glad) (ghaall Ll
oLl aag daily AliSia praaid ddlall Sgall N JE5 sad) dighay &) 3 Clilas 3l 33) S5 cdusg jaal
Bang b calayll sl elsgll oo i ol ST A€ Jgin g e il Cilagh Jaxtd Sliaiess 48l 80)

Jalal) sl

slall Jsanda 4

. g g 2. o Aaseechdlzy Adad
511 3 | R o L) o) gally

Rashaiall b Cilall (saall (4-2) US4
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(Hauptmann, 2002): UBAY Jala sbual) £ l5)) aaadl digulill (wbida  .4.2.2
— Joye Taar ol Jw € iadad alasinls Jass Ultrasonic Contact duwedlal) dseall (358 Cilagal) 5502
(5 e 3 A1 oo L) 205l ddle 4w yeS Leany Transmit Crystal Jly) At € 295 3 ¢ Jiicas
oebuaall 138 3508 ¢ JLin) Al S ) Sensing Gap ssadll i e dfiga G Slase ) J5ad g
ol Sy Byl Gaally Gabill dugria s gyl JA e GHAN e L) (S5ise (b8 aag

(4-3) oliaf JSaN 8 LS Cgusiall dijna Jal o oSaal) dagd U Ay Jeofhy c AN an

|_‘\._| SW|tch

TRANSMITTING
CRYSTAL

T

RECEIVING
u—‘* S —— CRYSTAL

(Hauptmann, LW, 2002) b sul s (uliaa (4-3) J<i
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taailly (Gaaadl) blAl) (s clialse  .4.2.3
dal e g ae €3 e Jaull (e aie IS Slshand bl ol sale (ga gyimn 03 0 Bl s
e el 8 (grinag ( DILY) Saa ellad aa Ll a3 3909 drag ode eyl o Laldl) Dl Jigas
S i Jal e Gy 2am Qi) e 2l 3 aagg e i daiaey leSl) IDA Gif sacls
J<all 5 (4-4) <AL maase g8 WS jumanll Cllee o dpd JKGS Cage Al Galg Nl e alinl)
3sny maanat e ol Tlss dxsiial 2 My adlsll )l e M) psenaill (DIKEN gy Gus (4-5)
(1) Q) el ) Ll 4S54

é\j\sy\ es;.« BINS tné\.ua_\”. Al dand

Jal) ddiany AlpeSll BOIAl cudn sac @

Ll Gl el Jabsa (4-5) J<s Llal el il hdee (4-4) USa
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((2) o aaled i) 2 JlgS WA .4.2.4

:(4-6) JSAL maase g8 LS AV el e I Callig

LOhsall sl -2
Aopdy 9
assemt
Rawoy il pe BUAN joae cufi dlay 3
pirg

Sate £
St | Sl o IR g el dpailogl Ble (e Ao siuma il —4
Screw |
"""""""" fo > the
Assem

2o | e Julilly ST a5, elacly S1RaY) aedty aiiy Bangll sadl)

Ay §

R,

m
I
1L

n

w

—\ 1 e, G000 O tb'd\ cd,q d;i %) ‘ujhﬂ\ sala (e 2\.9_9.\.444\ Z\.’DA daila -5

W - s | sl e staall 5l aiad @iy cupnll asliy AN Hsas
5

6 —7 +Obsl) slaas i) pun
1 | sle iy Taall aglad) Ji QB (e pgias gsae <6
¢ . . . .
A Jgally JSEU dasadl PVDF  (Polyvinylidene fluoride)

A oo A S aiday el dhaall jpndl ga Jesiia 28kl

7
® —— Sowwt 'LM\ z\éﬁf (;1 ‘ﬂ,);‘d\

ST 2 glaall PVDF 8ale (3 4o gioan by duilyen oyl Juis
Lalu) SLeSl WA ohal (4-6) J<a
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oo Sl ) Cpadl cha Lgilyon olat) 05 b Wil mgy Jaad) olail Ladla dlsad) Jala sl (e o) g
o Alaie a0 Jally jeaall Jeoad Ay Wals as Uy 51 iy Bl Jas

((3)ad, galall ki) 1 J&5 ddiaa  .4.2.5

sall aglie gill 138 &) 3 (4=7) JSA 8 L Jabpall 5220 dushale 530 ddias aS5ig LA i
Dmaadl (A e B (el aadl) degane 0585 Sl Jeas 4l il 138 Sading cAlexiosall dsslas])

Alanall Waal) e 13

:\Manuﬂ)u <

Auble dana (4-7) USs
08 Ay .4.2.6
A8LasSI) olgall dpealad (Sly Dl cusdll — Guiell daall gl ddide dse (ge Bale i) piad

Cilipuiy CISE g i o O33 G laslesSl) slad) Lgasls Whaal Gl sl canldl copsal Jad 3
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BLEYL Al e Slglasll aslig JSE Y degliiall (b pall U< LibasS dals ol ol &) 3 il
sV (o eaial alalll () Cun cAuilaio dashie 3las alalll cDlay a3 Coedll i lgalSsY
Dbl ol Gia Ll als (A LSS Jeagl) cilashia s (gAY Aalall el g g CDlay @il

Alagll slpal ez EU Cupell e
((4) pbs Gala) ki) 1dqglassll Mgall (s Cliuaa  .4.2.7

ba o lgiag agiiy Clglasll (8 G daglesSl) dlsall s g8 duay Llde (i Cliias (o

Blas zeailie ddalusgy Lgy aSaill (K Al cileja (i ddiad) asi cpals ila ddalugy Al g jucaal)

Mgal) o (al) by Slslesl s Sldiae Jayy Sa WS clgiin ahall cilglasl) 2 g ellyg

gl Balal (s Lty daS Jasal @llyg (A1 CileSatiag (3855 anlias dglesSl

Aligh 55l aiadll asigeall Cuysl€ons Jolaa pailad o Aliladll dal e cdajiall dashisdl

A ) panill GBA (e agaseall CuyslSona S ol 8 Guglill dadl) Bale (iaies (4bjAS dag yd Cpany

:(4-8) JSEL daiasall AN dawdiyll ehal) e dacadd) 238 (Al (B yaiuag 41l Cile ya auaadl)
D3l e Syaduaag e

) alea 1

(lebaall Jala) ganll dacas Gy .2
ol plea .3

ceoadill oy (ggise d3p) dalay W4
cSuS dyma 5

sl Cuy dht A L6

o) dsiad Ll ehal) (4-8) J<s
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(Anza) Bl oSaall ~aa) dejall aas Lt paf LT
el nall Cuy e paldall ol (e Cipas .8
(Soaded et al, 2019): il (asa  .4.2.8
Ngall Cuesill (s Saas ccuaill Tue o alaie) dalall alpall e Sl Jeali ducliva B2ay 58
e 1.5 Cmis sas ) cglond) Aoy sl o pasall campall g L) g o(slaal) s il AL dabedl)
sl Galis (5205 sluall il da ]
A oy bl slgal) ANY A0 <N o Aaias 335 13 B9 5 ass sl 550 cum il ass (o
SV o2 JE 5 ey cciuint S lgie Gamiad 3 JadS T pladna Gl 13 8 dalal) i

) ailias b L)leind o sandlS Cligs K g Lalginag
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tdaaraall) cilbluadly dulual) 5530 .4.3

tlganad a)pall sliall 3¢ .4.3.1
(B g~ Al g = iy @ily) oo Glhae (G L dhall slall Bl &

LB:’)L oe 6-95'3}‘4“ C'_tfﬂﬁsj.\:\h (e 2\.1}”:;63\ s JAA;i GITEN] E\A)L.\.d\ cbai Jtti.'w.: «800,000 m3/day -

:(4-9) ad) JSA) g WS cuwt DA Al 9gSaw juiaad PR UKy juiasd JBA

= o 4 R
o <4 B RPN &3 o vy
e o [ i © S
ol
ol o)
X -
AeS 30 Hho- Adnina s =) | oo

3239l | |

Aol iy

feans O3+ S Ol 3 s O3 e O3+
30001 30001 30001 3000 L

v

da i) dashiall (ghe) Jalada (4-9) ISl
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:z\fjlh.d\ doaall) deall  .4.3.2
OsSal dejall ool agde 2lug Auhall b Lulid lesye lbadely Lygall il Gilecalgall lae
tiashaiall aracal Lasldl el sbal (4-1) Jsaad) (g 1 PPM

Lo shiall anenail Lasla) cliahyld) (4-1) Jsaal)

-

Baslgl Laadt) bl el
(m3/day) 800,000 Lgabat 2 yall sluall 35038 1
(PPM) 1 Asladl duaracal) de yall 2
ol clacadl 60-50% il abal) ol 5l 3
(m?/s) 1.25%107 asdgeall cuygl<ngl L) dng 4
(kg/m3) 1.101 * 10° asgeal) cuyglSsun 23ES 5

pan’ bl sball dali dalie Ao Jgaall agiaguall o) glSoumn (o dgllaall 40asl) .4.3.3
(Snowden-Swan et al, 1998): a4

rCB) Jaadl) 8 53000 (3=1) ABDall (g slaal) ashanl e o g3 geall Cuyol€oun el Cusad

_a*B 1 %16666.667
Onacio = 1000 1000

Kg
QNaClO = 16667 ( h

>‘of 100% CI2

16.667 (KTQ) of 100% CI2

Cnacto = 50g (8% NaClO Sodium Hypochlorite)

K
Qnacio = 208.33( hg) < of Sodium Hypochlorite
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Qnacio = 189.2 [1/h]

rdaly judaad Jadl chal) diiias dejug Chipal (daasaall) B .4.3.4
(Snowden-Swan et al, 1998)

psiseall Cu)slSoned 14-13 G ol PH Gaal asaiseall 2S5 )08 (e 8a3an 40aS (o Adaall 5
ARy ALl ol 8 4SKE axe Glacal @llig pial

psdgeall 2uSy)ue dad CilS Jaill Gaia) agagall CuyslSongd Luallall dusbidll Glicalgall 335215
uaaill il 8 gy Ll Aaall e 310,05 5K ,aads 0.05— 0.01mg/l sl iilial caalsl
1(3-2) D) (g dicaall ) ol 00 ahle olug

Vnacio * NaOH Dosage (PPM needed)
C% * x * 1000

Q=

:) plall 2a
3000 L 2 5% cowsll (5 (B asagmall CujglSons o :Vygerp
Gyl Joladd lgidlia) oM agigeall 2wy y08 den :NaOH Dosage (PPM needed) =
il o] 8 gy L Y datl) e 31 0.05 & 3 (ppm) assseal)
alaal Baudl gl €5l s %50 5 ok NaOH 585 :C%
2.130*10° kg/m’; caasg NaOH sald duegill 286<) :x

3000 = 0.05
Q1 0.5 % 2130 * 1000

tNAOH J el oDLgiu) aas 4iay

Q; = 1.4x107%[L/h]
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coial) liiad Adad) Gouly Bisie Bl Jial a5 2 L/hsha deadl ddad) sl dllyg

ST pulse/s 50 oe el depull 0585 o cama 4l (e a2 )l e 20 pulse/sosSal dsadll de e ik

daall gl @llyg 50 (L/R)= BBAN ws3 235 ¢l adiins aly ddaall (gudls B3alsie daiina jaual 038
 (3-3) @alls Gmgaillyy el il S Casenill 381 il

Qnaon = S % * Str % * LPH max

Qnaon = 0.2%0.5%2 = 0.2 [L/h]

(Soaded et al, 2019): juaail) oA Maid.4.3.5
Al Jeadll 3 535l (3-4) el (e dens Cansg pgr et Joal 28IS 1S i (Al pada

Vo = Qnacio * 12
pr 1000
v _189.2*12_227 5

2.27 m3 (hall aas 55K diag
e bl elly, Lglhaall L) 0 ST Ao Al ):\3;}\ e

Jaid slea die i TM3JS & 3 elgr B ) coail) dojad e 2l obiall b slead) i —1

ub;j\ s (e 10 %
LAailly LAl dolee Aggad QAN Gada Jlsa F18 Gl dalsll -2

(Y Mgall) daliaall Sgall ana =3
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pete JS dan Cuall Gl 45 juasall alha Seaie LS 3 M3GT OBAN s Ljal ade 2l

3md
t YIS bl sladf Laas 25 (g

1.9m : kil e
Im I:L\b.Lu.a‘}” t\.ﬁ)\ [}

.0.5 m :Lj‘)iad‘ &Lﬁ)\ [ J

(Soaded et al, 2019):<dlal) (sirall aaa .4.3.6
: S Lo pacan ) Zpel) e 5y Calad) (s2iall sl
1(5-3) ABDhal) (o psanallll sl (e Lgilia) canlgll Mgall S Gl asti .1
10 alad) o
(Kg) aosadlsll cuyl€oin (10 lgidlia) canlsll Ssall 40uS:m @
%8 05 o (e mansill 235 agageall CuyglSoun (e piand el Jslaall 555 :C o
(3000 L) yeasl (3 pan iV, @

Llaal) Ggedly Bagial) Balall laalge 8yl Uiy agauallSl) cuyslSonn o Alladll salall 35 Ao :T @

%65 :osSal canA

_ C*VPr
T 1%100
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_ 8%3000
M= 0.65 * 100
m = 369.2[Kg]

1(2-3)ady 2ie S deadll 3 S35 G YIS i 2 DU Ll dledl o L

Na2CO3 +Ca (OCL)2 e,  CaCo3 + 2 NaClO
369.2 Kgsl thsunall asuuadlSl) ol gin 20aS) Aglise agadgual) cilisn € (e Lo DU Al il
Lrinall lSHEN Jamdl laglli€l 5agallig Aalall dgall (0 738.5 Kghla e 10l sdaall (36 o cono 4
IS ghrall jan culs
3000 kg/h:aalal) sfsall zivi il @

2500 lh:shall Gas 3l o

(Soaded et al, 2019) :salalg IMAY delaid  .4.3.7
s Olaal algall liday Uald LAY (gaa Gumy ¢ ppantll (s sladd o 3Ly IR delain) caand
Gliad ade a3 Gumy sdisall el Jle 3l ol e 0.95 m gl vie Ty by sl il
s LS Luila 1l e el 38 Ty 8 DAY iy (AN e Sliall Gulia Cui sleal

:(4-10) J<a
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Dl A e WAL i) el (4-10) <A

: adll Cilialge

80 Yore Sl Algl adl 3950

0.75 KW LSl de Ui .

50 HZ jshll 48 duhas .

(C° 120 8ha dayd (s Jeay (6)) F &djlad) day @

o halall e jus (b3 Aoy Laley 3930 JIAN of alell 2e 1800 ~1500 r.p.m : sl de yu .
Gyl (go g5 130 b Talall Alcazd) deyd) of Lle 150100 r.p.m ) 1800 r.p.m

- 150-100 rp.m o 7ol Akl
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gSaa Aclainly W galdll Jail qiguly lghélag dublll diaall 50 .4.3.8
(Hablanian, 2003)
ol OBR (e assageall CuyelSoua Jolae Ji Wiy of QLedll (38T daadl Bl cud

i 15 D et 3
Qui= 14100 (L/h)
Quotr= 3-9*107 (m¥sec)

H(3-6) ADkal) (o genill (3 ) prmanill (A (e Aamall AU eall sl B Cadg

1 X D?
4

S8 ¢ Janl) ol 8 Casat) Jals el G Gons ¥ s o(152) MYs sl e ) sy

:(3-7) ADlally Lmgailly Cagaly) ks
,4><Q
D=
VXt
b [X00030 64
= [Tioxn - 0064 [m] =64 (mm)

(5) a3y ekl Jlil) 75 (mm) skl jial daiaal 3S58] ilagll) sagally

Q=VXA=Vx

(3-8) ABlalls asail) (o sall) (b dnlanssl) deyull il

V_Q_ 4xQ
A mxD?
_ 4x0.0039

\Y = 0.88 (=
T mx0.0752 (s)
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tdaaall 8 Sl ey Aiaal) ) Gl (4-11) JS80 ay

Jall dacadl sl gl (4-11) J<al

(1981 cialaall) suiall Jaghil dubat®y) ddy bl Jhil) clus .4.3.9

:(3-9) wmd dABDe o Al Jaill Jaghal galaidy) jladll cud

0.154
D = 1.456 % (Tl ;PT) * Q0.46
D= 1456( =950 ) X 0.0039 %46

D = 0.062 [m] = 62 (mm)

((5)ady aaldll Jkil) ojlial £ 63 MM dxiadll Syl Jslan & Q) il of Lasg
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1(3-10) A8%al) (e Jai) diiaal Jlea¥) a8 1) Gileas -

Hiot = Hge + Hy+Hjoss
: Hst @les =3
(2014 opdhays 2als o) (3-13) Al o Kiliad) ad)l s 5
Hge = Hg + Hyy

H,=1+1=2m

tHz Glua -4
(2014 copdhajs 2ala sl) A s 5 Salgny 230 Ol Cang H, el

:(3-14) Al e Loy jalsny el

(1) ) k_—g.)&i}’\

_0.88+0.063

Re = W = 44352 > 2300

rvhdae gloal) g Sl

(3-15) dulss 0518 3iba cdminaall AHa0 Caniagl LS TSl yam Galal —Cophas Gljall & Lag

A dadd ol
0.3164
A= 0
Re4
0.3164
A= = 0.0015

1=

44352%
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(3-11) 3Dall b Limge 5

ALV

27 D 2.g

. _00015-35 12
2= 70063 2x981  °004(m)

:(3-12) 4Dall (1o cileLucall L

Hloss = 0.1Hz & Hj, = 0.1 % 0.004 = 0.0004(m)

(3-10) ADhally (el

= Hyor = 2 + 0.004 + 0.0004 = 2.0044(m)
DAY 8 ulla) Al sy gd)l say

2.4'm oS Lelaall jaal 3 ) aial) 3 A3 aal) Uadie) dateadl) Sl Q] il 53sallsg

1(4-12) <A mag WS 14.1 M¥/h salls cgud) 8 Banlsiall cilicaal) 8 jigia ad) ol 58

14

H [mwc]

12 T30
10 =

] 15 \
8

\\\
\
\

Emal Jac 46

/4

) N 3
36 "
2 p———— | N 7 5\‘ 1 ™
\ \ }
[+] 5 10 15 20 25
Q [m¥/h]

dand Joall kit Aaimall jaasl) ginially Al Gaasl) sl (4-12) US4
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Al gSnag Aiiaal) deliaiud Gluas .4.3.10
1.4 KW daad) el culS (4-12) JSa o
Al 3oudl agiall Casa 2.2 kwysSal éhaall de Ui cupaal ellig
(1981 ciasall) : a8 ASud ;Undl ilua .4.3.11
1(6 ) CUBAY s goydil) cagal Jhd aniiaf) Al Galdd) adill cigal .4.3.11.1

1(3-9) AL Lasgaills iy Ae (o (galaBY] ladll Linas

x 0.004 046

1 % 120 0.154
5950 )

D, = 1.456(
D, = 0.062 [m] = 62 (mm)

.63 mm kil adiel daiad) ASHaN ol il Bagallss

:(3-8) ADlall (e Ay yiaall Jag yill Aaildas deyudll o) (e LT

Q 4xQ  4%0.004 m
v A mxD? mwx0.0622 3(5) S

gyl e Ll Jasdlg
(Clegane DN Audi fal) jhd Lasdinl) amad U3 IS paldl) ddl aass 4.3.11.2
:(3-9) ADhally Lmigailly iy Ae (ga (galaBY) lal) )
D, = 0.075 [m] = 75 (mm)
75 mm hill adicl dxiadll 3580 culyial sagalli

:(3-8) ADlall (pe duagyaall Jag yill daildas deyudll o) (10 B
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V_Q_ 4%x0Q _4*0.0058_13 m
A mwxD? mwx0.0752 (s)

el 58l o (3 o ll) Cangaill (B3 ) Canll) Ulias laasy cAlsite dejud) (ff 2ag

(Soaded et al, 2019) :cuwsill (aga Mad .4.3.12
tomled Guiiahl e Aae YL Cuasill (s aeda
qa Sl abddl bl -

Tpetention =Sl 3209 -

(3717 ADally (3-16) ABalls zrase 58 LS (s L ot G lass ) ALl

Q4 = Qsludge _ Vs
4= =
Atank Atank * TDetention
h
Qa = ——
TDetention

0.8 h ¢Sl E€all 520 iyl ¢ Sla€ s s pagal) G lag caill LY a0 e 2l

m3 R
2 @Lw.d\ Jraaiillg

m2.h
sl s b sleadl 552 of el e (3-16) DAl i gt gl Aleas e Jsemal i

23.8

Atank

1098 pagad) dalise diag
A = 11.9 m?

1.6 Mens 4%3 Mol (asall alad lids @l
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(2009 o)) :dxilal) d8aall 50 Al .4.3.13

il A () sadanill (A (e Adiaall a3 fdal) cugas (B Auilall A aal) L8 .4.3.13.1
Y] k) (BAll Galdd) i) qusdl (B Jlalliy (63 MM gl k)
:(63 mm

to) aag calil o) il Jglas e

S¢=7.55 (mm)
H(3-18) Al i Gl
1 m
o= = 1367.592 (—)
J 997 N 997 x 0.063 S
2x10° " 0.00755 x 2.3 x 1011

1Al 48 hal) s Jaral) s OIS (3-19) 4la) & oaiglls o5 (e

AP %4 v
=p.aV=ya—
g

N
= AP =997 x 1367.592 x 1.3 = 1772535.991 (F)

:(3-20) 4Dl unge 52 LS Jarall i e lilly casall) e aladl) algal! oS

O =R.—/
e

0.063
2 % 0.00755

oAl bl ol il gl 53l [0] 40 rsmnal) 20 Slgn) a0 ) 20 Slga) A laes

N
=0 = ( ) x (1772535.991) = 7395348.837 (—)

6 < [6]=8 x108 [N/m?] «[5]=8 x10°

Ole ¥ Jalls adde dadad) haaal) (g8 Jeaty sl Nl
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el 8GR M) Ga ) s palad) fyil) sl (4-13) JSa sy

Lol Goablin dlane b i paldl) gl gl (4-13) J<al)

175 MM Qi) Jld casaat LA JS Galdl) duiil) gana (b Lailal) 48 yhal a6 .4.3.13.2

tol aag o) (ol il Jglas e

S5.=8.9 (mm)
P (3-18) Al 8 sl
1 m
o= = 1367.134 (—)
J 997 N 997 x 0.075 S
2% 10° " 0.0089 x 2.3 x 1011

13lal) A8ykaall dnis Jarall s IS (3-19) ABall A Lansanlly &5 (1ag

AP %4 v
=p.aV=y.a—
g
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N
= AP =997 x 1367.134 x 1.3 = 1771942.377 (F)

:(3720) ADlall mumge g8 LS Taaall s e gililly asalY) e adaall dlgal) oIS

0 = S_

( 0.075 ) x (1771942.377) = 7466049.343 N
=0=——— : = : —
7 =\2x0.0089 -

Coal) bl Jsall Fanills (g5l (35 [0] 43 zpanaal) 20) Sga) aa 0 ) 2} Sga] 45 )liay
[0]=8 x10°
6 < [0]=8 x10°® (N/m?)
Oletr ¥ Ml ade Aadad) hakall (g8 Jany sl Mallg

—

=

:ddaall ‘f C_{Sj sl Cuw Al Gliha fana (4—14) J<El (an
= ! :

L dalin e 6 ol A gana (4-14) IS
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:3LalS Lo ghaial el Cilacalge slial (4-2) Jsand) g

AalS daglaiall ehiaf Cilealse (4-2) Jsanl)

5aslsl sl gall i)
- 187.689 pEE T of
h daly yucasd Laal sluall 44l dalie ‘_AL
(% 2 aaly jucant il c@all daiadl Licraatll 53l
kg :2alal) Slgall Byjall dad il
Gy 3000 ilal ghaall 5yl
(l) :Talal) olue 5yl Ao ol TR eme
h 2500
[kW] 0.75 LAY de Usicd
(m3/h) Qtot: 15
(m) H=3 Lehlal) A3 cad) Clicalse
(kw) P=22
30
(m) 4 :dsh Gl Gags lad

bl .1.6
ool yealial) oyl 3 s el Aoglatall araaill z3gaill oo AT Chrag e daaill 130 Jad
Ly pally cauiaill Jaba clgaivain ) algal) dasd GLedll (33T (Jia¥) JSAIL gl daiadd) dikas)) as
) dee ol pranail) ¢l b Zodaliial el M)y ¢ il dlee lgiaca s Al Zalally dsgall
Gl i g dsmnigl) Ciliaalpall wiaat ga Lase daglaiall lws WS clgilial aal Jlant Jla (& iy

e 2Ly agliial) iy gl ppaccil ) Jpemsl) Atk doshiiall
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Caaldl] el

:\.Ajz:\-ﬁ” d.ns 3*3\933 :\.ubd
Study for the system's reliability work
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tagad L5.1
CuslSsme ubeal Aad sl 3 Al o3 3 Sail 53 el Calal) Jeadl) 138 3 (mpeies

Ol Bpnd @l & Gy cpallally gl Al liaalsall illas 4 (o UsSlig (il sl asgeal
e ¢ sl Lo oy pall Clane S e pa clall e D8 Lo juasill dbedll el )
ALl olaall el e aill 6 L agd ) A Aoyl Tass Al g ol ye 62y csa (g5 G
) Jagall DAY Colatl Cadiy kel e
) Galiall alasiuly
0.5+ Couada gl :pyal) da s Lubia
0.01 pH:ads &1la pH Cpag gl B (ulie =
0.02 el Jilul 5K da (5% Laie 5ol (o %2+ 14y ol 5Sall Loliia @
1000 NTU aaal) Jlal) 5)Se dad (558 Ladie 5elll e %5+ NTU
Iy Aol Al b (5-1)Jsaadls dacasall LY Cilialsally pgpageall a5 pasiud
il s 3 paxiad] pigenll CusiSyn Clicalya (51) Jyoad
(NTU) pls= (C°) Bl da pH ddal) oB)
37.6 20.31 12.63 1
radgall B agaguall CujglSoun julad dyad 5.2
AY) ekl a8t & cofiie st & Cus ol Al b 3l gdgall 8 Aol oda il
gy pald umad (A b ke JS jumadl
clgla 8 Liaasiad (f (45kg Lsla S da) o s Cuyolsni 1e 360 kg Liariin) —

algla 15 Leasiud gf (25 kgleie dugls S dan) aspigeall clin € e 375 kg Lieaiind -
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Balall (o peis Vg ALIS Lgllawiad (e & Y Lslad) Jlasiad s iy cdagide bglall of Lag

Lud bl oda G Lde copialall o bl oda aladinly (edle US ¢ puall L dlginall 25l
agasal) dabyall Ty \gilin) ang ) el

Baal oLy aantl) () ol &3 (12 5aa) Ll i) Ly @lld 2y 7h saal ol Llsd) o5

KA e (5-2) paadl miase s LS il iy 24h

Ll dially IV Al Lagliiad @3 (piisnd yumal) dujad il (5-2) Jsaal)

(NTU) slse  (c°) Bhall dayn pH Lal) Als L) ol

0.22 20.6 8.2 el AN Al
£l) Lalal) (e el 2 an .

<4000 26.3 10.4 A Aial)

( )..2.\4.4;33\
iy aaeadll Ghal Jall ae

10.52 21 12.6 LS Ll
Aol 24 sl diwll
0.22 19.9 8.3 ead) Jd L) Al
£ll) Lalal) e del 2 aa L
<4000 28.5 10.9 L Al
L P Ay a1l - -
12.6 21.2 12.6 Ay gpenill OBt il oy e 2
Aol 24 5adl Al

(bl Jsaall 8wl e el I Tt yraatl) dlee ol 8 Jslaall @slis Jids cilinte Cians)
PH dad &l Langl i ¢ jantl) Llae ol 3 oluall Jumg jugh) i)l @lslis (5-1) JSal gy 3)
Oy Al s guagaall s S ae asanadlSll CuyslSoma Jolis da @lldg ¢ juoanil) ol 6 als J<a

Clsall Je i il A @llyg a8 5l ddee ¢l 3 s PH g ) IS ety Ul Uy e slally
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T
Q.
4
2
0
-5 0 5 10 15 20 25 30
(Aelu) el
——PH (1) PH (2) PH (bl

il sl 3 agaseall Cuysl€oma Joladd Gadll ae Sngsuell Al s (5-1) J<al
daty 63 asueallSl ansl€ann Jolin A Alldg g all dayy 8 dasews g U)) lisal) Al die Jangl Lt
il 8 sl Jasgl) b dain elldg gyhall dajal dad mleas) o (dalal) dlee L8 8 5yl)all 1,80

(5—2) J<al) c__.s-°‘ O 98 WS el dlac

26

20.6 29
s ——
2

4 | 21
= —8
} 21.2
N

o 19.9
s 10 :
L

5

0

0 5 10 15 20 25 30

(Aelu) e

—@—c (1)° 5 alldx —0—c (2)° 5Nl ds —0— (~Lile (° 3l all da o

Jmanill el agageall CuslSonn Jstaal (el ae Hhall dajs 3 (5-2) J<al)
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dilia dlge diliafy Jolal) dags clldy s gl aagl juaaill dlee ol 8 5K 48 dud) 2icy
JSall g WS aalg had LilS jedanl ¢ daghaad) (3ladail Jaadl WS cAualidl) dal) (o dujf asdl 5)\<al)

:(5-3)

4500
4000
3500
3000
2500
2000
1500
1000

500

0 5 10 15 20 25 30
(Aels) e

NTU(1) 5,8e === NTU(2) 58 —@— (LuldNTU( 5,8

Jmanill el o gageall CuslSona Jslaal il e ISR i (5-3) J<all
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MJ&‘}E@MJUUﬁéébG‘&MQA°w‘WLﬂ 5.3
o slmdll 8ol sty Al pheall 2 and DA (e deaaldll LCAS doshaiall dleld 30ah
L@J\wJSLJ\ M\MW\DM\@&J\AUAJJ}‘ *"Jﬂ\aw\@m‘y‘)ﬂ\u}uﬂd\

Aaadlag coamg asianll J slaal) ilialge 43 )laal A8LaY L ¢y aal) Lausbidll lialgall ae & jlae opiill dalln

il &5 e dastaiall Aoslai®Y) 5ol Alia (ol S colial) 8 priall asagaall s yslSoun 4 2 )

N
2 didie 3 JGAMP@AEJA‘U)\JUAuMQ‘)uh‘M);J\MAGAF
clase (§3y frda ddana .
LB ad fuia dass .
(Aadll) aaill daglaia fria dlasa .

wﬂﬁj.\&u&;qe.ld\‘uhﬂ\e‘ﬁ Jm@#\ﬁwéubd\o&ésmﬂ\¢ﬁ\(uj

rlinall et b allaxin gdsall 3 sl agiageall
5\;‘)3 Qe ‘).Lid\ A (e 300 ml & %7.5 ):\s‘):a ‘).44;’4\3‘ ?ﬁf’}"““ ij,lfj.\g& %) 2 ml @.'Aj Qg;
due JS 50 300 MIJS! Caiaad)l Jolaall (pe 2ml ddlals SA Adlls culisal) asdal &5 oS (a9 cddpal) Byl

.1 PPM Gladl) aguygeal) cupelona 385 (1< el
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1(5-3) Jsaalb maga g0 LS JBIS & jail) il peagiig

asnageall CuyslSongl aibaill basy U DN cilisal) il (5-3) Jsaal

o @l S danl) ai Allal)

(NTU) lsal) b

0.46 0.24 0.29 asiail) Jb

4.29 3.85 3.03 padail) day

pH pd

8.69 8.86 8.76 o)

8.96 8.9 8.98 o) 3o
(C°) sl dan

15.2 10.5 12.7 paiiail) )

15.6 12 12.9 aial) aag

LA 3)axs
150 :ale sl 200 :ale alaas 300 :ple dlaas psadl) J8
tapsh A Dluac 50 rapsh S Gluac raysh S Giluac
125 200
0 0 0 asiacl) aag

SUa )wzé‘g (5_4) ds.&]\ ‘)@.Lg [IXS ej:m}m]\ gl,ﬁs}\:m 2\31.@1 dic M‘)\ A8 BJIS:J\ 2\4.}5 ui Lavu
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The economic feasibility of the studied System
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Mpyer = 14 * 11.41 = 159.74 (Liter)
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Results, discussion, and recommendations
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designation

PAGERIS-Motor 0.75/4 IE2 BG80

rated output

0.75 kW

power supply

3~phase, 50Hz |} 60Hz

Copyright reserved!

rated voltage

A 230V, Y380-400V !! Y460-480V

degree of protection

IP 55 (PTC-sensor) / Isol.-class F

current at rated voltage

A~3.70 A, Y~2.20 A !l Y~2.20 A

rated speed

1500 rpm }} 1800 rpm

Gear ratio

i=20

Transmission speed

70 rpm

torque

~80 Nm

POS 60
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FLUX Centrifugal Immersion Pump . ) L
F 620 S in stainless steel Jaill A5 Slinal se 13

Size 15 and 30

Typical Applications

Transferring low flammability liquids up to a viscosity of 2500 mPas (cP)
from containers or tanks, either open topped or closed.

Suitable for stationary or portable applications.

Construction features
Centrifugal pump in stainless steel consisting of an inner tube and
outer tube.

The centrifugal impeller in the pump housing is driven by the motor via
the drive shaft. The drive shaft is supported by intermediate bearings
within the inner tube, a mechanical seal separates the liquid from the
bearings and upper shaft. This construction provides the ultimate in
stability, and ensures the maximum integrity of the mechanical seal.
With an open conical impeller.

Three-phase motors in differing kW-ratings are available as a matched
power unit. Connection to the pump is made via a flexible coupling.

F 620 S-30

with suction

strainer
Construction features in detail

1
flexible coupling gj-.::ﬁ ¢ 'ﬂ a 24
U a
4 7]
1
N
drive shaft —% %

inner tube

outer tube

mechanical seal

open conical impeller




Technical data

Performance chart FLUX F 620 S-15 and F 620 S-30

14

12

H [mwc]

10

~.

\\
\
\

~.

30

10 15

\5‘5\
20

Measured values + 10% determined with water (20 °C). Nominal speed n = 2850 rpm

Q [m3/h]

In determining the absorbed kW of the motor, multiply the absorbed kW shown in the above diagram with the

specific gravity of the liquid to be pumped.

41

P2 [kW]
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Solenoid-Diaphragm Dosing Pump MAGDOS LT

Reliable dosing of chemicals

Solenoid-diaphragm dosing pumps play an important role in the reliable
and accurate dosing of liquids in the process cycles. They are appro-
priate for low-pressure applications and small dosing quantities.

Dosing pumps are used in many branches of industry that work with
liquid chemicals - not excluding toxic and aggressive media.

The classic

Here is what you can count on in future: The solenoid-diaphragm dosing
pumps MAGDOS LT work economically, reliably and flexibly.

A microprocessor-controlled electronic unit guarantees optimum energy
consumption and flexible pressure adjustment. Double ball valves en-
sure highest accuracy even at smallest flow rates. MAGDOS LT pumps
are fitted with a powerful stroke solenoid, the flow rate per stroke can be
adjusted without steps. MAGDOS LT pumps have a distinct design and
are absolutely easy to maintain.

MAGDOS LT solenoid-diaphragm dosing pumps are especially suitable
for water treatment and the process industry. The hermetically sealed
pumps can be used universally due to the reliable PVC material and a
PTFE diaphragm.

Changing requirements is not a challenge, the MAGDOS LT pumps allow
an adjusting ratio of 1 : 20, thus enabling you to carry out your process
corrections with a turn of the wrist.

Modular construction

Due to their functional principle, solenoid-diaphragm dosing pumps are
particularly suited for proportional control subject to impulses. They work
without delay time and/or leakages and react to each control impulse
with a precisely defined dosing quantity.

[ts modular subdivision in the control unit, drive and dosing head makes
it possible with the combination of different options to have a custom-
made solution depending on the type of application.

In short

e (Capacity range 0.2 to 17 I/hr, at up to 16 bar

[0.05 to 4.49 gph @ 232 to 87 psig]

Suitable for toxic and aggressive media

Usable at ambient temperatures of up to 45 °C

Stroke length adjustable 0...100%

Internal operation with 25, 50 and 100% or control by pulse
Connection for level control

Double-ball valves for highest accuracy

Energy adjustment

Convenient single-button operation

All types are available for german standard DVGW-DIN 19635
115V AC and 230 V AC 50/60 Hz models CSA proofed available
24V DC model available

A

Model variants

MAGDOS Material Connections

LT 02

LT 06

LT1

LT3

T4

LT6

LT10

LT17

PVC
PP
PVC
PP
PVC
PP
PVC
PP
PVC
PP
PVC
PP
PVC
PP
PVC
PP

Terminal connection 4/6 - 4/6
Terminal connection 4/6 - 4/6
Terminal connection 4/6 - 4/6
Terminal connection 4/6 - 4/6
Terminal connection 4/6 - 6/12
Terminal connection 4/6 - 6/9
Terminal connection 4/6 - 6/12
Terminal connection 4/6 - 6/9
Terminal connection 4/6 - 6/12
Terminal connection 4/6 - 6/9
Terminal connection 4/6 - 6/12
Terminal connection 4/6 - 6/9
Terminal connection 4/6 - 6/12
Terminal connection 4/6 - 6/9
Terminal connection 4/6 - 6/12
Terminal connection 4/6 - 6/9

Order no.
10208001
10208007
10208002
10208008
10208003
10208009
10208004
10208010
10208005
10208011
10208006
10208012
10208081
10208083
10208082
10208084

Dosing | Liguids
Conveying | Gases
Control | Systems
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Technical data
MAGDOS LT 02 06 1 3 4 6 10 17
Max. pressure 12 bar 16 bar 16 bar 16 bar 12 bar 10 bar 8 bar 3 bar
Flow rate at max. pressure 0.141/hr  0.481/Mhr 0.9 /hr 1.6 I/hr 3.3 I/hr 5.2 I/hr 7.9 /hr 13.5 I/hr
Medium pressure 6 bar 8 bar 8 bar 8 bar 6 bar 6 bar 6 bar 2 bar
Flow rate at medium pressure 0.28 I/hr 0.7 I/hr 1.4 /hr 2.8 I/hr 3.7 I/hr 5.5 I/hr 101 I/hr - 17 I/hr
Max. stroke frequency 80 min” 120 min”!
Suction lift [m H,0] for non-effervescent media 3 mWs 2 mWs 1.2 mWs
Power supply 115V AC or 230V AC, + 10 %, 50/60 Hz
24V DC, + 10 %
Power consumption 30W
Max. power consumption 230V AC: 2.9A
during dosing stroke 115VAC: 4.3A
24\ DC: 17 A slow
Protection class IP 65
Input pulse duration 10 ms
Voltage at level connection / pulse input 5V DC, for potential-free switching outputs
Max. ambient temperature 45 °C (with PVC parts 40 °C)
Max. process fluid temperature 50 °C (with PVC parts 35 °C)
Weight ca. 2.7 kg
Dimensional figure
90 - ~211
l
[T Y |
[ _1d “
% < E
T S= ¥ . - ;

~140

Nominal width Tubing connection Dim.L

100

DN 4 4/6 13 mm 120
DN 6 6/12 23 mm
6/9 34 mm

% at LT 10 and LT 17 on suction side only MAGDOS LT 02...10 - all measurements are given in mm

M atlT 10 and LT 17: 118 mm



Stroke length

Performance curves

Jescd

The performance curves refer to water at 20 °C (68 °F). The performance of the dosing pump depends on the viscosity of the process fluid and hydraulic
installation conditions. Dosing pumps must therefore be gauged in litres during application.
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polye’rhylene pipes wall thickness

SDR 9 SDR 11 SDR 13.6 [SDR 17 SDR 26 SDR33

PN
PE100 20 16 12.5 10 6 5
WALL THICKNESS (mm) .41 dstow
Nom.
€ min € max € min € max € min € max € min € max € min € max € min € max

16 [20 [23 |- - - - - - - - - -
20 (23 (27 |20 [23 |- - - - - - - -
25 |30 (34 [23 |27 [20 |23 |- - - -
32 (36 (41 |30 [34 |24 |28 |20 |23 |20 |23 |- -
40 |45 |51 [37 |42 |30 |35 (24 |28 |23 |27 |20 |23
50 (56 (63 |46 [52 |37 |42 |30 |34 |29 (33 |24 |28
63 |71 |80 |58 |65 |47 |53 |38 |43 |36 |41 [30 [3.4
75 |84 |94 |68 |7.6 |56 |63 |45 |51 |43 |49 (3.6 |4

20




Designation of Polyethylene Pipe Materials Ol g gl Balo )lislg eiauas

DESIGNATION  asllf Lz DESIGN STRESS ~ (MPQ)  reamaili stgs!
- Water Systems foilo cloglas

PE100 8

The relationship of equations 2 and 3 becomes of paramount importance if one
needs to calculate the thickness of a particular diameter of pipe while knowing the
designation of the raw material and the nominal pressure of the system.

sic cllig wgi¥ eeo yhadl ASLasll cous of Lisyl 13 adae dugal @l 3 dslelly 2 dblelf o d8Mell poons
LAaglaill Iheung dtg¥) all) Ls) Lisé,e o
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SVOQUA

WATER TECHNOLOGIES

PACIFIC OZONE™ MG SERIES
OZONE GENERATORS

POWERFUL, SCALABLE, AND AIR-COOLED

The advanced air-cooled, Multi-chassis design of MG Series ozone
generators delivers powerful, and precision-controllable Ozone production
in large industrial ozone systems. The MG Series offers product from
140g/h (5lbs/day) to 11kg/hr (75lbs/day). The MG Ozone Generators
package the Pacific Ozone™ Air-Cooled Floating Plate Technology ozone
reactor cells with advanced Powertron electronics in rugged industrial
enclosures.

EASY TO INSTALL AND OPERATE

The MG series ozone generator is designed for seamless and easy
installations in industrial applications. Factory tested and ready to use, the
MG Series requires only a single point power connection and feed gas to
produce high concentration ozone from the air-cooled enclosure. Power

is supplied by standard 240V 50/60Hz line voltage. Standard MG Series
control features offer everything a process scheme requires for automatic
operation and integration with ozone ambient detectors and other process
system protection and safety configurations. The seamless operation and
integration will provide you assurance in your process, even in demanding
environments.

MODULAR DESIGN

Modular redundancy is the key to the MG Series revolutionary chassis-based
design, providing unsurpassed reliability. The innovative design produces a

solid foundation for a flexible and robust air-cooled ozone production system.

The MG Series is engineered to meet the most demanding industrial
ozone process requirements with an easy-to-use system control interface.
The automated start, stop and purge sequencing joined with the Pacific
Ozone™ system’s precision ozone turn-down control provide the ultimate
simple and safe operation for seamless integration in virtually all industrial
applications.

UNIVERSAL CONTROL

The MG Ozone Generator’s HMI touch screen, backed by the pre-
programmed PLC, gives the user control over power, flow, and output of
the self-contained Floating Plate Technology ozone reactor cells powered
by the advanced Powertron power supplies. All of this is fully integrated
and housed in a stainless-steel enclosure, which provides critical ozone
production security. MG Series Ozone Generators deliver production rates
to 11kg/hr with programmable operating modes in 70g/h increments while
maintaining full resolution control and automatically adjusting feed gas

flow rates for full efficiency and ozone production optimization. This is done

by the unique operational features of being able to bring on each chassis,
based on demand, automatically adjusting the chassis at full flow.

FEATURES
*  Corrosion Resistant Stainless
Steel Enclosures

« Air-Cooled FPT Titanium
Reactor Cells

. No Cooling Water is Required

. Precision Linear Ozone Control
by Powertron

*  Remote Production Control

*  Full Safety Features, Over-temp,
Flow Loss, Fault Protection

*  Set and Forget Back Pressure
Control

* Redundant Chassis Design
10" HMI Touch Screen

«  Ambient Ozone Detector with
Electrical Safety Interlock

«  Ethernet/IP Network Capable

BENEFITS
*  Energy Efficient - Low
Operating Costs

* Industrial Design with
Simplified and Robust User
Interface

*  Simple Installation and
Integration

* Ability to Save on Duty-Stand-

By Costs

* Reduce Risk of Shutdown
Periods

MARKETS

Aguaculture
* Food & Beverage

*  Pharmaceuticals



The robust multi-chassis design is seamlessly integrated into a clean
engineered design and controlled by an innovative and fully integrated
HMI/PLC.

The advanced HMI design provides fully integrated
safety features that give peace of mind while providing
optimal performance. The MG series generators will
provide optimal disinfection with minimal effort,
providing a solution for today and tomorrow.

TECHNICAL SPECIFICATIONS*

THE POWERTRON DIFFERENCE

Powertron is our latest innovative technology aimed at
helping you maximize your operational efficiency. Now
integrated into our complete product lineup, this novel
power supply design provides a new method to control
power for precision Oz output that uses less energy.
With 100% linear turndown capability, this advanced
technology provides a stabler and quieter performance
with its enhanced, robust design. The design offers
revolutionary and precise control of the power in the
cell to produce the corona, so energy does not become
wasted heat. The design allows for unique monitoring
of electrical parameters to deliver the most efficient
energy usage with unsurpassed reliability, improving
performance and reducing maintenance needs.

SIMPLE. PROVEN. OZONE TECHNOLOGY.

. Reactor Cell Power . .
Ozone Production . Normal Flow . . e Dimensions
(a/h) Chassis (SCFH) Operating Power Requirements Consumption (WxDxH)
Pressure (psi) (kW)

140 2X 80 6-9 19, 240V, 50/60Hz 2.5 36 x 35 x 81

280 4X 160 6-9 19, 240V, 50/60Hz 3.75 36 x 35 x 81

560 8X 320 6-9 19, 240V, 50/60Hz 7.5 36 x 35 x 81

120 16X 600 6-9 19, 240V, 50/60Hz 75x%x2 (36 x 35x81) x2

*Nominal, under standard conditions
**Power consumption includes air-cooling.

SVOQUA

WATER TECHNOLOGIES

+1(707) 747-9600

558 Clark Road, Tewksbury, MA 01876 USA

evoqua.com

Pacific Ozone is a trademark of Evoqua Water Technologies LLC, its subsidiaries or affiliates in some countries. All
other trademarks are those of their respective owners.

All information presented herein is believed reliable and in accordance with accepted engineering practices. Evoqua
makes no warranties as to the completeness of this information. Users are responsible for evaluating individual
product suitability for specific applications. Evoqua assumes no liability whatsoever for any special, indirect or
consequential damages arising from the sale, resale or misuse of its products.

© 2021 Evoqua Water Technologies LLC

Subject to change without notice DS-0Z-MG-EN-US-PS-0521
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Abstract

Sterilized water has a key role in maintaining the health and safety of the population,
and as a result of the unjust ban and preventing the import of chlorine, this research was
conducted with the aim of finding a productive sterilization system for the water sterilizer
as an alternative to sterilization with chlorine gas so that it achieves sterilization of water
according to the Syrian standard specifications, taking into account the economic
feasibility of the system The alternative and the possibility of the availability of operating
materials, and the complete elimination of all types of bacteria present in the water while
using manufactured sodium hypochlorite; The results showed that an economic savings
was achieved in the quantities of chlorine used in sterilization. The savings amounted to
1.7 tons of sodium hypochlorite per 800,000 m?® of treated water per day, in addition to
eliminating the need to import water sterilizers from other countries and achieving self-
sufficiency, these results were accompanied by the retention of drinking water, With the

physical and chemical properties corresponding to the Syrian standard specifications.

Key Words:
Water disinfection, Sodium Hypochlorite, Pumping Stations, On-Site Chlorine

Manufacturing.



Syrian Arab Repuplic
Damascus university

Faculty of Mechanical and Electrical Engineering

Department of Fluid mechanics

Title:

The Optimal Selection for Sodium Hypochlorite
Injection System in Drinking Water Pumping
Stations

A thesis submitted in partial fulfillment of the
requirements for the degree of Master in Fluid mechanics
Engineering
By:

Eng. Hiba Mohamed Zyad Shakhashiro

Supervisor:
Prof. Dr. Ali Kalouf , Faculty of Mechanical and Electrical

Engineering Department of Fluid mechanics

2022-2021 A.C.



	الغلاف
	م.هبة محمد زياد شخاشيرو- النسخة الكاملة
	Pages from 1222222222
	الغلاف
	م.هبة محمد زياد شخاشيرو- النسخة الكاملة
	الاقرار - Copy
	مشروع م.هبة شخاشيرو  بعد التدقيق اللغوي - 22-8-2022-بعد النقاش
	Binder2
	الملحق 1
	الملحق 2
	الملحق 3
	الملحق 4
	الملحق 5
	ملحق رقم 8 -2
	ملحق رقم 8

	الملحق 7


	الغلاف - henglish




