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“Note: Because the endpoints for methyl orange and total alkalinity indicator are nearly identical
(pH 4.6 and pH 4.5, respectively) the industry uses both indicators interchangeably for reading total
alkalinity. Therefore, the values for M and T can be interchanged in the table above.
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Oxidation Reduction Potential (ORP) Testing
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AL R Roneeved

Silt Density Index (SDI)

Empirical indication of potential fouling
Based on rate of plugging a 0.45 filter
Hollow Fiber SDI < 3.0

Spiral Wound SDI < 5.0

Typical Well Water SDI < 3

Typical Surface Water SDI > 6
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3. Connect the device to the sample point, attach the filter
fixture, and open the external valve.
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SDI - Silt Density Index measuring quick guide

4. Open the inlet valve and rinse for 60 seconds.

B> Pl = 0:56/4:15

4,45 pagl lag connectord) ¢ Filter fixture J) déy s AT 50 il 5 4
S AN O-ring pladdal g alsaly 4l Jay ) JLiey) & 1Y) aa) e Bl i
(ot ) phal gl A1) 48, 9 (398 £1d o ABls Ay o 3 ) gually

SDI - Silt Density Index measuring quick guide

6. Remove the basgi@®the filter fixture.
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SDI - Silt Density Index measurina auick auide
Fress to exiz fulscreen

6. Remove the ba e filter fixture.
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SDI - Silt Density Index measuring quick guide

ElIROWATER

SDI calculation

Using the reference sheet,
the following SDI is

determined:

li = 54 seconds
if = 7.2 seconds

SDl = 1.90

1ALl Addlaal) (pe Adalawy SDIJ) il LiiSa) reference sheetd! () s salll s -9

Z;

1 —
%Yo Plugging ( L,
Time(min) 15

]xlOO

SDI,. =

Where:
SDI 5 = Silt density index (after 15 minutes).
t; = initial filtration time (in seconds).
t; = final filtration time (in seconds).
Time (T) = Elapsed time (Interval between two readings) = 15
minutes in most cases.
2 abaad! JEial) e KA

Gl ¢ Ayl 7.2 AT (A6 15 ) A a3l ¢ A0 5.4 381 ¥ Gal O Gl
1.7 L& s glsi SDI I

s pa dana (udigal) @ plaa e AT Jle @

A Gl L. Al 19 Ja¥) el O aad (g Saall Sl 7 954 (e SDIJ) (ki aie
Bl dBUS Jalaa sl ,, 4336 26
:Aay)

&

SDI = J(L-19/26) x 100]/15 = 1.79

£ .

&, "‘%\\
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(+ 1 °C) JLaay) 3 43 J) gl A5 caalala JLEAY) Ao S5 Y 3 )l da -1

) 3 guall g «Fouling J! dBaadlag yildl) 48,4 S ALK LEAY) day andaiud L)
addia SD| @ ddad Alaxioia jilh 48,99 (Ul o) Uariia & jilh 43 )9 gl
15 Ga o1 SDI @ Alal Alaaticwn jith 4399 (w2

SDI - Silt Density Index measuring quick guide

" l'l |l| l“ ‘1

i)

An unused filter, the used filter and an examp €01 extreme

gling with SDI > 5

uan gl Lra gy L ) S5 Juadl g ., gilill) il (pe 8L s i e 3 bl Bale) g -3
L e g ddllad) o) gall OQASM_UL

abia € 4381 1.0 NTUCG B 8lse 4l 3 slall o SLGAY) 10 Gkl (Sa) -4
RO Baa g (e A ol Ultrafilterate 1 Al slall

aggaall Bgidaagl A bdl to Mgl SDIJ Jalad 8 gl Y 4 gy 48] AL paadl

B5AY) (s aaf 4 g9 (D418 al s ASTMJ Adysh (udl aiiiy Jarall B (plalall
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SDI sl 488 iiiga sl G e it atal) Q€
(Ul ae il Guaigal) AS i@
:SDI S Jsa il (A 55 pa 130

T

T

el gl dpudl) i gm0 acdatiaad sl ) B8R DA (e Ad) g8 g Aa i () i sl lia g
Ay Jalaa gh dacady) Lo Uslaa s 33k oo ROJ) sLéé 4 aady O (e 62
2 X
Plugging factor (PF) = [SDI1/6.7] x 100

ROJ s sl ¢f w2 RO J diwd Jead W ol o Joad li) 2aa% Y 4l oda g
1S Cupaia 1)l dasy PE J) 0819 £ gua gal) cuidl aaad Y)W S35 ¢ Adma 54l
A At Joly Bl jdigaS ged oY) dawd daie G gSin aS 358 1y 038 SDIJI Aadd
oo 1S Ay ) aie ¢4 g% B8 day Aagl) 03¢y iy 13) 028 SDIJ) dady
Y 0l SDIJ) sy I Auto SDI™ J) g AdLal Jia ) 55 guall (A g
sLSila g3 )
el 3iBa 5 ay 5el @ ; clBadla ga LaS LELAY o SDI cilp) B &G oy Eua
Al dun 3,57 cibeig 488 15 aay 88189 4.83 cheiy @8 10 2 5189 8.71
... AGIEY 3 A1) slalie)
g:\.“g e Laas gﬂb PF = 5394 bsl_8 PR 5 gally YIRARA g& OeBadl Las g
Usladd) L& SDI J) dad Liago g Likda o Eua || Moy Lo gl Sacdy) Jalaa ponds

PF = 3.57/6.7 X 100 = 53% /
e B8l g ) Al Slgad) a8 s M) g
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s)ady) Jalaa Ualaa Jo LELY  oan (udigall (e cuidini@y
12 SDI H lguabd (Say dah sl
SDI 5 minutes - 20
SDI 10 minutes - 10
SDI 15 minutes - 6.67
t Aad Jual Lasic 5 LIAY) 5 8 JNA 04100 sLaall JulS o) diany Lsie 3 A g
.. &8 L s final
Ll dad adl ANy SDI 15 4ad o aainy 98 plugging factor lus dis i
@) At o) o SDI 15 dai dacd il ga sl sl dpd 12 Aillg 6.7 52
6.67 A3 % 100 vis
10aly) (udigall e bl
plugging factor J) daaa 4 6,7 culil) a8 ) muagi e a Sl L‘-‘-‘-‘J LAWEY
SDI= 6. 7@3&.\;15\9&@@)54“.4\41&@\‘;14@3933):&
@ Jral S3Las6,7 ad b AUl g 94100 Liskaxi PF = 6.7/6.7X100J) 4ad o
%100 b2 s SDI W Juay 4aid S|
tpubdld) dana (udigall Cudiad -4 @
® SDIjsd! dad teig ... A s LY W) s UY) Lol (g ui\ e 4ida 15
O sk Ay L obally sl Gughil) quew Taa Alle cils ol tf) Aad oY iy 6.67
.6.67 & SDI5J) dad ganaiy iuall (g glud ti/tf suusl) dad ¢y 5838 4lgs Yia Lgiasd

L

ANy A L@bdauijwywww\u\ﬁmm'
E81 3 gal) ga Jalaly 1igh ... SDIJ) e glii s TDSY) U)o 4B 1 2.3
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ralad daa) (udigal) (e A I2a g

&3 SDI ¢f 2k Raw water 43 sba (2 SDIJ) 4 JI 580 LS g Jgsa
(R883 15 Gasl g (361 5 (e JBI ) B LA

RAW WATER SDI PRETREATMENT REQUIRED TO ACHIEVE SDI < 5

Creater than 10 - 20 Clarification, MMF, CF, +/- Dispersant
(plugs in less than 5 - 10 minutes)

7-8TO10-20 MMF (with polymer addition), CF, +/- Dispersant
5TO7-8 MMF, CF, +/- Dispersant

Less than 5 CF, +/- Dispersant

“w »
(]

LA

Sl &l g L, 5 bl gl die aul) sl B3 200 () Jual SDIJ) o < sd gl jall (lany
Al A e

SPI . — Yo Plugging (
e Time(min)

Where:
SDI = Silt density index (after 0.5 minutes).
200 A5 0585 .5 aldall g (V) Tax Alle £ Y 100 s O G2k
""To avoid fouling by suspended solids, some form of feedwater
filtration is required. Groundwater usually has very low SDI values,
and cartridge filtration is often sufficient. However, surface water or
seawater may have an SDI of up to 200, requiring flocculation,
coagulation, and deep-bed multimedia filtration before RO
treatment"".
addinon of a foccu ﬂl’ll‘lg chemical such as alum or a catlionic polymer, may b
required. The target SDI after filtration is normally less than 3-5. Groundwaters
usually have very low SDI values, and cartridge filtration is often sufficient. How-
ever, surface or seawater may have an SDI of up to 200, requiring flocculation,
coagulation, and deep-bed multimedia filtration before reverse osmosis treatment.
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3.3.@.1.: olidlie
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Scientific discussion about the

chemistry of Reverse Osmosis L3 ulail]

0855 dudlods ol
Pl Silig oS (14 yguud)
(S&DSI) Jig LSIJf
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www.watertechexperts.com

Water Technology
www.facebook.com/water.experts

Experts forum (WTEF)



http://www.watertechexperts.com/

www.WaterTechExperts.com - 47 - JgUl zjall - pwbell asbil bais Jga dsle Slilie

reSad) Fualiil) sl Jga dale cilEBlia Alodu
Caaldd) EIE

(S&DSI) ¢Jio LSI¢ Jillell poddal
puilall cliqys ¢o jeidll ()& dlloial (wlide
sl )

Gigan Adlaia¥ i asdiud 48,k L Scaling potential Jsddl (¢ s<i Adladal
#8132 Corrosion Jstill &igaat ydisa Lgdl LaSca gandlsl) <y S ¢ Scaling s s
e iy ¢ LSy GOl usel) fdlill clas gy Calalall Guibasl fan 4ala
(S&DSI)J' s LSIJ) baa g bl ha ¢y o

&s paddang « Langelier saturation index J Juaid) g (eladd) LSIJ) EECH |
da glall Ao gia obrall Jia ¢ il /aza 10000 YT 3 dal) (e S8l TDS L LA olsall
.(Brackish water)

e axdiey g ¢ Stiff & Davis stability index J Jbaid) sa 5 (S&DSI)J) (b -2
cllaaall g jlagd) ol Jia < il faza 10000 <Y1 5 dad) e St TDS LW A1 olual)
o G\hﬁl& datlal) olalall g

uﬁc.u.u.d\g\ u.a.uUJu.USJoL\AJ‘d.\A.\Lm.\\Lu.u@JA\ u)-ALl.A JAJA‘\.\\JSJJMJ.\JAJ\ -3
Laladia g8 el o 5 Larson-Skold Index « Ryznar Index :dia Jstl

:LSIJ) sl
(olball Alara cdlylal any g) Al Alalaal) (e LS1J) b o

LSI = pH (measured) ~ pHsat j
PH meterdl 4mld aly dua 4,500 slaal Gy pmall Ao g ued) a8 1) 2 pH ol Lale
Saturation pH agsadlsl) @il gy Sy andal) Al aic > 9ongd) eﬁj\ gyr PHgad! Ll
1A o s ) cibiald il A glaay dima ¥ alaa (pe 4dlida (o Al 2y g
.(Calcium hardness)as cacos el 585 -1
(S g2 Sl 38 55 Ul gh) (M -Alkalinity) 4,11 456181 -2
.ppmdl TDS 4xildl) A<l 73l -3
Ao glall of culgs e8Il 3 ) Al da 1 4
(R oo dada do Jee Gagl (uaigall L 83 Al g e alaal) o) Lia Siig

PH: =[9.3+ A+ B]-[C + D]

rAl Jgaad) A G gale Jpuand) ¢Sas il 5 A B,C,D o s
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DATA FOR RAPID CALCULATIONOF THE LANGELIER AND RYZNAR INDICES

A C D

Total Solid Calcium Hardrness M.O. Alkalinity
(ppm) (ppm CaCo;) C | (ppm CaCo;) D

50-300 ¥ 10-11 : 10-11 1.0
400 - 1000 : 12-13 : 12-13 1.1
14-17 2 14-17 1.2
B 18-22 : 18-22 1.3
23-27 . 23-27 1.4
Temperature 28-34 : 28-35 1.5

“E € 35-43 ; 36-44 1.6
44-55 : 45-55 1.7
32-35 0-2 . 56-69 : 56-6% 1.8
36-42 2-5 * 70-87 ; 70-38 1.9
43-499  6-9 . 88-110 ! 89-110 2.0
! 50-56 10-13 > 111-138 7 | 111-139 2.1
| 57-63  14-17 2 | 139-174 1.8 | 140-176 2
64-71  18-22 : 175-220 9 [177-220 2.3
72-80  23-27 0 | 221-270 .0 |221-270 24
| 81-89 28-32 9 | 27i-340 1 | 271-350 2.5
90-99  33-37 .8 | 341-430 2 | 351-440 2.6
100-111 38-43 .7 | 431-550 3 | 441-550 2.7
112-121 44-49 6 | 551-690 4 | 551-690 2.8
121-132 50-55 S5 | 691-870 S5 | 691-880 29
133-145 56-63 4 | 871-1000 .6 | 881-1000
146-161 64-72
162-178 73-81

Obtain the value of A, B, C and D from above table
pHy =(93+A+B)-(C+D)

Langelier ( Saturation ) Index =pH - pH, (LI)
Ryznar ( Stability ) Index =2 pH,-pH (RI)

If Rl is less than 6.0 Alkaline scale will precipitate

IfRI mor than 7.0 corrosion will proceed unhindered by scale formation

A RI between 6.0- 7.0 indicates that a mixture of scale and ccrrosion will be
foumd in the plant.
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s AW J gaad) ué LaS :\.A..{é Js Q\J\J{_g L SIJ) il st o QRJ\ uﬁl.\'é
s Lganill g il

Lsl A5 lse apili g Allal) i g

e
o

pLall B 43 () 9859 o ganallS) il g2 &5 aastcl) Al ya ) ol sl
Antiscales cuw il clabizaa 8laY dals ¥
-2.0 to-05 serious corrosion ki Jsti A& cuscdl)
-0.5t00 254 (0585 ALKl a2 g Liimada JSU
0.0 D9 ¢ oSl Ailsal g3 ¥ g (i) Aghy) O ) Al B slsall
<l g3 <1 Al super saturation asdll sd s 8 oluall
3) popedlsll Cliga S () 9dd ¢ 55 48T Al g p gl
P9 s9ell) 985 dilsal il Jheall (o Aailll il Ll (Calcited!
81 &l 38 4 Antiscales A3l dva gl
00t0<0.5 | Lyl A dpady JSU utny LaS Amadn ey ¢Sl 9 5 928 (5SS
0.5t02.0 : JSU G gaa ade pa B gy g () 985 Al

GilSy ... (98 Ol udigal) 4y Juali oA | aal) JUall Siing
3 AU cilidanal)
PHmeasured = 8.2, TDS = 380 ppm , Temprature = 85°F = 29.4°C,
Calcium hardness 45 cacosz = 225 ppm,
Total alkalinity 5 cacosz (M-Alkalinity) = 250 ppm

<0.0

>0.0

Ay

TDS =380 ppm = A=0.2
Temperature =29.4°C - B=1.9
Calcium hardness 45 cacosz = 225 ppm =C=2.0
Total alkalinity s cacoz (M-Alkalinity) = 250 ppm = D=2.4

«adalaal) uﬁ U gl
PH:=[9.3+A+B]-[C+D]=93+02+19-[2.0+24]=+7
LSl = pH (measured) - PHsat =8.2 - 7.0 =+ 1.2

3739 pb 2 ASTMU) (b Lsle g3Y) aubaios gt (i (o (5 AT s Ayl 23
JA) aay Jadh (Y (g LSIJ) by 2 985 Al a8 gall (e i pudiad) ellin o)) SAIL paadl g
Al cila glaal)
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:al0) paad claadla

s B NSl Alad g gl G esil Jlae ¥ A Jha (g gl Ladie LSIJ) o Lt -1
clajdal g bl (el Aot o) (el pa gl S B L AT gl aally 5 ol
e cllgd A Bale uSy el oSt o Badliy ., alAd) oliall dagds st 4f LSIY)
SBAY) Cils L B s gi LeS Tail membranes Sl dpdé | Lpand Ll

PH A suugd) ad )l dad (il lguald oy 4l dadije LSIJ) dad 223 Ladie -2
Aailly Aibasl dallaall B Al LaS (sl dli)gls g agll) paeas ddlal
LaS adidl) it La ddall ) judid il 0.2 (A (emSad) fraliil) Gualii il ddagiol)
S i) ABlaf aly o) Adaki (e o] daddl) cillS gl g ¢ U S

LSIJ duage dagd 2ie dleldy Jany antiscale J) ol Uedd Ulal clspdl) o -3
LS i gl b o sl Glaeal) ALl oo sliaial) (Sa 131 (2.5 Aagdll i
LSI=+1.8 3ic s

75 PRI WA 2

Jdosadls 3583 & Y 1000 e St TDS sl 23 ¢S Lasie AY) dad La
. Sl

el g

o8 Al g dalad) Adslaall asyl)

A=(Logl0[TDS]-1)/10
IS Ll o AJ) Aad ()18 Sia ¢ galal) 8 ¢ 5o 2500 A< A #DlaY) cuils |38
A = (Logy [TDS] -1) /10

=0.239

:AB,C,D cwal Allg alals e alaal) alal) 9

A =(Logy [TDS]-1)/10

B =[-13.12 x Log, (°C + 273)] + 34.55
C = Logo [Ca2+ as cacos] - 0.4

D = Logy, [alkalinity as cacos]
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S o o N e uigal) Ay sl ayiily Junkig

19 LSIJ) Aalaal dgiliia Aian (10 S&DSIY) qibsa
S&DSI = pH (measured) ~ pHsat
pHs: = pCa + pAlk + "K"
pCa =- |0910[C<'>\2+ as CaCO3] [Caz+] in Mg/l as a5 cacos

PAIK = - 10910[AlK a5 cacos] , [AIK] in Mg/l 4 cacos
1AL 2 sall e cillual) sda

E. Curcio and E. Driohi

S & DSI = pH — pH; (3.16a)

pH; = pCa + pAlk + K (3.16b)

where pHs is the pH level at which the water is in equilibrium with CaCQO3, pCa
= —Iogm[Ca2+ as CaCOs], pAlk = —logglalkalinity of CaCO3], pK> = —logg
(ionisation constant of HCO3 ™), pKs= —log,g (solubility product of CaCO3), K is
the ionic strength constant at 25°C.

s a2 A A KT of Badd g
RBBNEEGTR |
.lonic strength stell 4 5.%) 3 gl -2

- “w

A ) a1 DA cha K ) A Ay (oY) A sl g
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K value

lonic Strength, Temperature and K

0945330 sl loNic strength 4 s 8 &l cuuad CiS | Ua J)gudl g
G Bl clis¥) 08 qud Jalaty ASTMUY) (2 4582 L) A ¢ Lua gl a8
: IS JAY) e 8 g olsall
ca” ,Mg*,Na", K, HCO; ', SO~ ,CI
2AdLl) Adalaal) aadiiesd 435 slual 4 91 3 681 Gilaad
If =1/2 [ZM, Ziz]
M; = molar concentarion of each ion ¢sl S ¥ sall Jus il

Z; = Charge of each ion Gl JS ddad
:Qi 2&%\9
g Alad b ol S 5855 Qb Juala fsara iial g gbud sl SR -1
203

Bl & Absale 0L B adlud agsmitall g aguedlSl) Jia cliadl) amia 05 -2
OSSN 5 a 523 gaal) Jla dindl) 1 g ) o AigY)

v Nl S E ) Lgdigad ¢ ppm Oslall B ¢ jad) Bas g cilis) Julas aie -3
JYJA\ 83:S 55 OB Csalal) A £ 600 Laal) sl B 5SS (IS ol aganallsl) Sliad
m-aeausu 4= 2 X2 A Zwﬁ@ﬁﬁwuﬁ‘bﬂ&u 0.015
4@)4 Al d,\b.d\ UAMAS‘ "K' 4-6:\33‘ M}A @hm.u If J) Qlaa anyg | pualinl)
Glua ol Lall Gl pHJls pAIKdls pCA O dmslrars ... Adaa b
- .S&DSIJ

sl g a gl i S e Cla i Jaad sliall Jra o Jai L) 4 gal) addll g
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‘l.'frinciple Fouling Location"—‘

Biofouling
1

; e
| L Organic Matter
Iron Oxides and Hydroxides
C

olloidal Iron and Silica

Calcium Carbonate, Sulfate
and Inorganic Salts
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o) addl B agillally aguallsll cluws o il B Jglall edln
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;:\,g.aia Z\MAJ.Q.A.“ a3 ¢
1 98 Al Jalaa

Recovery ratio = product flow / feed flow x 100
, tobe g a8 (udigal) Ali)e @
sl yaaall pae adf pa aBUEIL 105 Cun pla i) dpad (B aSali Lgyle BUall
Y Sl ) el Lgale
i) JA18 olgall by s Anidal 4 1o g saload daaf (uadigal) 43000 @
Ay ABluda) g Lgio i o il gy Ll ) clled (B sl (585 Gl
s gl ) pall
Cr AN 0l A Juadilly da pd st £ Jad) 138 O (e a8 10 Ua L jS3 Laf 89 120"
By la gy fS) AEEY) co duaall 068 Uigud sae Y Guitinall Jeliy ., (u <
S &) (A Jalpall o) LEEY) cpa Analal) hliall o B ) 9 La 1 JgY) O sl
fouling gLl A e ¢ssi (28 a3 A S5 0n Aase 0 ST s
Aslenl gLadlgl metal oxides glaall CluuSglgl Tuallgl ddllall ) gally
00t e (a JiSI Biofouling
QS A o () 9S (Cililgl) B 3asa sal) Jodl) il iaa) ) Apd ) 13ad ¢ ALY gl
$A.ie Y & dadiid) (ghlid) (e SiS) scales sddll
Pl 3 gually LaS a6 e dand

200gpm YW ater Flux

45.42 m3/h

S ppm 4533gpm 40.78gpm 36.33gpm 3197 gpm 2769 gpm 2348 gpm 26.52 gpm
H36m'h 1030m*h 926 m%h S25 m'/h 726 m*h 629w’k 533 mYh  6.02 m¥h

LAY ol Jeida Jama ., 88T 6 o ssiag 03 JS L. 08 4 Busall B s
sl Al /s e 6,02 (el Aailall olpall 7 g A Jaray ... Asluadl/nsa 5iag 5
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Water flux obwall (335 Jara slaa g O el 83 g AUl Jo¥) Jigad) puadi S
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Micro
Filtration
10 um — 100 nm

Ultra
Filtration
100 -10 nm

Nano
Filtration
10-1nm

Reverse
Osmosis

colour
hardness
pesticides

colloids
viruses

colloids

viruses
colour colour

hardness hardness((
pesticides pesticides

salts salts z, Q
water water

T he Ccurificatiorn Commpeary

LalS (o gllaall Jardal) By 5 BBadl g) 4l JS 8 daddiial) o gruall prda g ALl 3 ) puall
(BAliall 33l aaa g Pore size J) paa ja

suspended
particles

selected
macromolecules

multivalent salts
small solutes

5 - 30 bar

10 - 100 bar
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MEMBRANE FILTRATION SPECTRUM
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Relative Size of Common Materials

Micrometers (Log Scale)
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Angstrom Units (Log Scale)
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Water Filtration Types vs. Size of Common Contaminents
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CrystalMaker Element Tables CPK Atomic-lonic Radii www.crystalmaker.com
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Crystal Structures Software
for Mac & Windows
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Coagulant +flocculent
+ lime and soda ash + Chlorination

(Sand filters or
green sand
or birm ...)

CARBON FILTER

Anti-scale
+ acid

Carbon filter

Cartridge filter
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Water analysis of feed water for reverse osmosis station

Sample identification: ..........cccoeeiiiiiiiinnnen.

Type of feed source: ......... (Sea water — gulf — ground water ...etc)
Name of feed source: ........... (Ex: Arabian Gulf — Siwa oasis ...etc)
Physical & chemical analysis:

Temperature: ...°C  Color: ......... Taste: ....... Odor: .......

pH: ...... Electrical conductivity: ..... n Siemens/cm TDS: ...... mg/1
TSS: ..... mg/l  Turbidity: .... NTU SDI: ..... LSI (or S&DSI): .....
Concentration: (mg/l or ppm as CaCOs):

COD........... Fe’': ...,

BOD: .......... Fe™': .....o....
Dissolved oxygen: .......... MN%: e,

Oil & grease: .......... Al ..........

TOC: .......... Hg: ..........

Total alkalinity (m-alkalinity): .......... Pb: ..........
Bicarbonate: .......... Cd: ..........
Carbonate: .......... Cr:.oeeeeeens
Hydroxide: .......... Cu: ..........

Total hardness: .......... ) S
Calcium hardness: .......... Ni: ..........

Ca: .......... AS: coviennnn.

Mg: .......... B:..........

Na: .......... Zn: ..........

K oreeeenen Ba: ..........

SO4: ceunnnnnns Co: ..........

H-S: .......... CN: ..cvvveeee

Free chlorine (residual): .......... NOs: .......eee
Total chlorine: .......... NOs: ceveeennnn
Cl:.......... NH;: ooeeeeeee.

SiO; (Soluble): .......... PO,: ..........

SiO; (Colloidal): .......... Pesticides: ..........
FI" (fluoride): .......... Other ions: ..........
Total N, (Kjeldahl): ..........

TON (total organic nitrogen): ..........

Bacteria count/ml: ..........

Remarks: ...oveviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiissensnsssssstcsssssssnscsnnssssssssssssnnes.
Analyzed by: ......ccceeeneee.

Date: coveeevieninnnnnnn.

e
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Periodic tests applied on Feed water

@ pH.

&@ Conductivity &TDS.
& Temperature.
@ Turbidity.

@ SDI.

&@ Hardness.

@ Alkalinity.

&@ Chlorine.

@ Silica.

& lron.

&@ Manganese.
& Aluminum.
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Settling Forces

Zeta Potential refers to the electrostatic potential
generated by the accumulation of ions at the surface of the
colloidal particle. It can help you understand and control
colloidal suspensions

Zeta Potential
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van der Waals Force- van der Waals forces are weak

attractive forces that hold non-polar molecules together. They
tends to pull molecules together and forms flocs.
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Flocculation and Coagulation in
Physicochemical Effluent
Treatment Plants

Coagulation of negative particles Flocculation by entanglement with
with positive aluminum-complex charge-bearing polymers
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A second option for CI—CI bond breakage: "homolytic” cleavage

Note the
"single-barbed"” {\ﬂ light {(hv) - .
cursed arrows, wc—cl: — Cle «Cl:

each depicting ; B
the moverment of T electron \.

"Free radicals"
MNote that each Cl ends up with one electron from the C1-Cl bond

The resulting species are called "free radicals”
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Iron Removal Methods

Removal Method

Application

Advantage

Limitation

1. Oxidation, precipitation and filtration

(a) Oxidation by
aeration

Fe <5 mg/l and little or
no organic matter or
other reducing agents
As pre-oxidation step to
save chemical costs
when Fe >5 mg/l

No chemicals
required

Simple in
operation

Partly removes
CO,, H,S and CH,
present

Ineffective in cases of
low pH, and high Fe
and Mn
concentrations or
when Fe is
organically
complexed

Initial cost is high

(b) Oxidation
with chlorine

Beneficial to remove Fe
and Mn in one step
Optimum pH 6.8-8.4
(Kothari 1988)

More rapid
oxidation than
aeration especially
under conditions
of organic matter
interference

Less expensive
and more
effective than
KMDO4

Can also be used
for disinfection

THM formation
Chloro-derivatives
can cause taste and
odour problems
Require safe handling
and storage of
chlorine and chlorine
compounds
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Removal Method | Application Advantage Limitation

(¢) Oxidation Effective when iron is No THM Costlier than chlorine
with chlorine organically complexed formation * Possible health effects
dioxide or ammonium of by-products

concentration is high

Not used for iron

Reacts more rapidly removal only

with Mn than chlorine

(d) Oxidation Fe <5 mg/l Less equipment * Difficult to control
with and capital * Overdose (= 0.05
potassium More efficient at pH investment mg/l) may produce a
permanganate >7.5 compared to pink colour

chlorine Ineffective for high

Efficient; rapid iron concentrations

and complete More expensive than

reaction chlorine and ozone

Reacts with H,S,

cyanides, phenols,

and other taste and
odour-producing
compounds

(e) Oxidation Effective even when Powerful and High initial capital
with the iron is organically effective oxidant and operating costs
Ozone complexed Multi-purpose May oxidise Mn™* to

applications of MnOy’ resulting in a

ozone ¢.g. pink colour

disinfection, color Formation of
removal, taste and unwanted by-products
odour control e.g. BrOy

No THM

formation

(f) Oxidation with Very cffective when Faster oxidation Formation of AOC

hydrogen iron is organically Forms dense,
peroxide complexed casily settled solid

Cheaper than

ozone

Leaves no residue

(g) Biological Recommended for Higher filtration Sensitive to process

iron removal groundwater with rate conditions (pH and
acidic or neutral pH Longer filter run temperature

Reduced capital dependent)

and O&M costs Ineffective in

presence of NH,' and

H,S
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Removal Method

Application

Advantage

Limitation

2. Ion exchange
(Zeolite
softening)

Suitable for individual
water supply scheme
with <5 mg/l of Fe

Removes dissolved Fe
and Mn together with
hardness

Used as a polishing
step in some plants/
household use after
municipal treatment

Softening occurs
with exchange of
Ca*" and Mg*

Possibility of
resin/zeolite

fouling or loss of
exchange capacity in
presence of O; due to
iron precipitation
High capital cost
Requires skilled
personnel
Ineffective for
colloidal or
complexed iron

3. Stabilisation
or Sequestering
process

(with
polyphosphates
and silicates)

Fe should be <1 mg/l

For distribution system
corrosion and
deposition inhibition
Practical in controlled
use only

Complexes iron
and holds it in
solution and the
consumers do not
notice its presence
No sludge
generation

More expensive than
Cl; and KMnO,
Phosphate introduced
may stimulate
biological growth;
May require
chlorination to
prevent bacterial
growth

Cold water only
(complex break down
when heated)
Polyphosphate
complexes may
degrade after 48-72
hours

4. Lime
softening/
Limestone bed
filtration

Pre-aerated water with
pH >9.5 and sufficient
alkalinity (>20 mg/l as
CaCOy).

Beneficial when a
large amount of
softencd water is
required

Not cost effective
unless lime trcatment
is also required for
hardness reduction

Increased sludge
problems

5. Manganese
greensand
process

Removes Fe and Mn by
combination of sorption
and oxidation

Max Fe + Mn <10 mg/l
H,S <2-5 mg/l
Optimum pH 6.2-8.0

H;S can be
removed together
with Fe and Mn

Higher head loss,
shorter run time

High O&M costs
(KMnO,
regeneration)

Not suitable for larger
water treatment plants
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Removal Method

Application

Advantage

Limitation

6. In-situ
oxidation
(sub-surface
removal/ Vyredox
method)

By infiltrating oxygen-
rich water into the

ground through a well

No chemicals
Abstraction-
infiltration ratio of
groundwater is
high

Potential for
contamination of
aquifer

Clogging of the
aquifer, corrosion of
well screen
Excessive bacterial
growth may occur
around the well.

7. Membrane
processes

NF/RO - to remove
dissolved iron

MF/UF - to remove iron
flocs

Can be combined
with the removal
of other
constituents e.g.
hardness and THM
precursors

High capital and
O&M costs
MF/UF membranes
require frequent
cleaning
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Ozone Removes
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Floods chamber Reactor Chamber
with light
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Table 1: half-life of ozone in water at different temperatures:

Dissolved in water (pH 7):

Half life time
(minutes)

Temperature®C
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cutlet

ultraviolet
wiper rays

chamber germicidal lamp
in quartz sleeve
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Influence /

Parameter Effect

Measure of
absorption of UV
>75%
i light, UVT can
UV Transmittance uUvT @
affect system
N 254nm
sizing
requirements
Can affect both < 0.3
UVT and sleeve ppm (0.3

fouling mg/L)

< 120
Can cause sleeve
Hardness ppm (7

fouling )
gapg

Can shield
Turbidity pathogen, post UV <1 NTU

contamination

Can affect UVT < 0.1

Tannins and system ppm (0.1

performance mg/L)
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{Clearly, relatively large quantities of sludge are generated
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Manganese Greensand

Manganese greensand is naturally occurring glauconitic greensand coated  with
manganese resulting in a purple-black media. The intended use is as a catalyst to
precipitation of iron, manganese and hydrogen sulfide. Greensand is_continuously
regenerated (CR) with KMnO, (potassium permanganate) and/or chlorine. Greensand
may also be intermittently regenerated (IR) with KMnO4. CR capacity is 350 parts per
million (ppm) per liter when regenerated with 50 — 100g of potassium permanganate per
cft. and is calculated by KMnO4 demand; where iron = 1:1, manganese = 1:2, and
hydrogen sulfide = 1:4 ppm. That translates as removal of 350 ppm iron alone, 175 ppm

manganese alone, or 90 ppm hydrogen sulfide alone. IR has half the capacity of CR or
175 ppm. It's common practice to place a 400 mm layer of anthracite on top of the
greensand in CR applications.

Density (kg/dm?3: 1,35
Bed depth (mm): 750 - 900
Service flow (m/h): 5-12
Backwash flow (m/h): 30 - 35
Reg. Level 1,6 — 3 g KMnOy/ Itr MG
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Media
Anthracite coal
Sand
Manganese sand
Fine garnet (for filtration)
Coarse garnet (for filtration)
Gravel
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Maximum flow m*/hour (in the pipe) =average x 1.3
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Characteristics Rapid Sand Filter Slow Sand Filter
Filtration rate [m/h] 5-15 0.068-0.25
Media effective size [mm] 05-12 0.12-0.30
Bed depth [m] 06-18 09-15

Run length 1 —4 days 1 — 6 months
Ripening period 15 min-2h Several days
Regeneration method Backwashing Scraping

Maximurm raw-water turbidity | Unlimited with proper pretreatment | 10 NTU
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Anthracite : 125 X Sediment

Birm . Fe,Mn, H:S | Dissolved oxygen

Corosex : Neutralization | Hardness &

Calcite ; - Neutralizaﬁon alkalinity

Filter AG : Sediment | Alkalinity

Garnet Sediment Chlorine

GACCI Chlorine | Large paricles

GAC Organ Organics VOCs

KDF 55 [ _ﬁ Flow rate

KDF 85 TDS>150, BW GPM

Greensand TDS>150, BW GPM

MTM ; Regenerant

Multi-media M Regenerant

Pyrolox Dissolved oxygen
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C*+2Cl, + 2H,0 =» 4 HCI + CO,
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(Aada LAl AL ¢y 30,0 53 (3 68 danill adls)
Chloramines (NH,Cl) ¢l sl @il jal 5 g SN il o o cle i ans Ly
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NH,Cl + H,0

NH, + Cl + H*

NH,CI + H,0

N, + H,0+ 2H* + 2Ck

Falill) g g yS) ildl) ddaud) gy A1 3al) 31 goal) (p Adara 4 Jha Ay LS Jgaadlg
JYMIES PRI IPEN] e ol ¢ Sal)

What is removed? Reverse Osmosis v. Carbon Filtration

Water May “Reverse Osmosis / “Carbon Block or

Contain: Carbon Combination”  Activated Carbon”
 Bad/Foul Taste Removes | Improves
Odor Removes Improves
Turbidity Removes ” Reduces
Co?n?ci?rilgs* Removes Removes
I3 Removes Removes

THMs
Bacteria Removes May Control Growth

Viruses ” Removes ~ Will Not Remove

_— S
%
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Cysts | Removes | Removes Some |
Parasites Removes | Removes Some i
Arsenic Removes Will Not Remove

Heavy Metals Removes Removes Some
Dlssolved Solids Removes  Will Not Remove
Fluoride Removes § Will Not Remove ;
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D=1500xS

Where D= depth of carbon in the film (mm).

S= Particle size in (mm).

1500 = Particulate factor.

= Glgal) aaa ¢ Cuale 1) g S Al 8 dardiciall (g Sl AL (e a1l
e 0.6
4y

D =S x 1500 =0.6 x 1500 =900 mm =90 cm
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D= depth of carbon in the film =V x t
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V= Linear velocity = Q (flow rate m*h) /S
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GAC FILTER

Water filtered by carbon pores in filter
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Abstract

The research work involve preparation of activated carbon from coconut shell
in the presence of some additive (Nylon 6.6) .Carbonisation was conducted by mixing
a known weight of the feedstock with variable quantity of the additive . Sodium
hydroxide was mixed with the feed in a ratio of 1:2 . Carbonisation completed using
fusion in solid state in the absence of solvents. Feedstock and mainly Nylon were
decompose thermally in to diamine dioxide salt .These radicals may be connected
with the survice of activated carbon aiming to increase polarity ,This was found from
the reaction it self. Physical and Chemical analysis was connected such as density,

humidity and ash content.
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KDF Water Filter Media for
Primary Water Treatment
and Industrial Treatment
Processes.

KDF Process Media are used for a variety of
pretreatment, primary water treatment, and
industrial treatment processes. They are generally
used in place of, or in conjunction with, granular
activated carbon filters, even carbon block or
inline filters. KDF water filter media extend the
life of granular activated carbon (GAC) while
protecting the carbon bed against fouling by
bacterial growth.
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Typlcal Redox Reaction

o @
>

free chlorine chloride

Harmful chlorine is removed by changing
free chlorine into chloride ions.

Fe

oxidation o5
. Ea—
reduction reduction

£y
elctron

KDF process media act as catalsts to
change soluble ferrous cations into insoluble
femic hydroxide, which is easily removed by
regular backwashing.

O‘ precipitation

insoluble sulfide hydrogen sulfide

KDF process meda corverts hydrogen
suifide to insoluble sulfide, which can be
removed by backwashing.
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Table 2. Commercially available catalytic activated carbons
Type Reference/description

Carbon A | Coakbased | Companytechnicalbulleting®. . .avirginactivatedcarbon
that has been manufactured to develop catalytic
tundionallty US Patent_S 33!_1 458

Carbon B | Wood-based | Company praduct data bulletin; *.. high-activity
powdered activated carbon :peuhcally designed to
remave chloramine. . .”; US Patents 4,624,937;
| 6,699,393, 6,706,194; 7361280

Carbon C | Coconut-based Companytechnicalbulleting”...surfacemodifiedduring
manufacture. ..”

""Granular Activated Carbon From Coconut ShellWaleed Chemist
, For Chlorinated By-Products and Trihalomethanes
GC 12x30SCl is a virgin activated carbon which is granular in form.
_..Made from selecteql grades of coconut shell, its enhanced
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microporosity makes it particularly well suited for the removal of
most organic compounds, chlorinated by-products such as
chloroform and chloramines and other trihalomethanes (THMs). It is
also ideally suited for the removal of oxidizing agents such as chlorine
and ozone from process water. Its superior level of hardness makes it
cleaner than most other carbons and gives it longer life expectancy.
Certified by the NSF, it is suitable for drinking water and food grade
applications''.
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Scientific discussion about the
chemistry of Reverse Osmosis
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Speed% = 60%o, stroke% = 80, LPH Max = 5100
LPH (Liter per hour) needed = (60/100) x (80/100) x 5100 = 2448
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. Prechlorination Dosing Set

(2 duty/2 standby) flow proportional pump

Chemical reaction= Ca (OCI);+2H,0 =» Ca(OH); +2 HOCI

1 ppm NaOCl < 0.7 ppm HOCI(HOCL is the active part of chlorine which takes part in
disinfection )

The above equation indicates that calcium hypochlorite contains theoretically 70% Chlorine.
However, for practical purposes it is considered that the commercial Calcium Hypochlorite contains
65% chlorine as shown in calculations below.

Feed flow rate = 146 m’/hr (each stream)
Chlorine dosage = 2 ppm (from Engineering practice)

Available chlorine concentration in Ca(OCl;) = 65%
Solution Density = 1.10 kg/l of 10% Ca(OCl),

Dosage (mg/l) x Flow rate (m’/hr)

Daily chemical consumption
Concentration x 1000

2 x 146 x 24
— = 108kg/d  of65% Ca(OCL)
0.65 x 1000

Daily Dosage —— = 982LPD=4.1LPH
1.10x 0.1

Selected pump capacity 6.94 LPH (2 duty / 2 standby)
Selected Tank capacity 200 Liters
Retention time 1 day (2 pumps running)

In addition, we shall use one common preparation tank for both plants the 2 x 500 m3/d and the 2 x
1000 m3/d size shall be 200 liters where is the mixer will be installed.
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 Antiscalent (M-50A)Dosing Set
(2 duty/ 2 standby)

Dosage

Chemical concentration

Density
Solution concentration

Daily consumption

Daily Dosage

Selected pump capacity
Selected Tank capacity
Retention time

. Acid Dosing Set

2-3 ppm (From Engineering practice)
100% solution= 1000 gm/I

1.0 kg/l

20%

3x1388x24

= 10 kg/day of 100% chemical

1000

10

1.0x0.2

S0 LPD =2.08 LPH

3.78 LPH
200 Liters
2 days

(2 duty/ 2 standby) pH proportional pump

Dosage
Chemical density

40 ppm
1840 kg/m’
1.84 kg/l

(98% concentration H;SO4)

40x 1388 x24

Daily consumption = —

= 136 kg/d of 98% H,SO4

1000 x 0.98

Daily Dosage

Selected pump capacity
Selected Tank capacity
Retention time

136
75 LPD =3.1 LPH

. — 1

1.84

3.8 LPH (2 duty/ 2 standby)
200 Liters
1.5 days
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9. Post Chlorination

(1 Duty/1 Standby) Dosing Pumps

Dosage

Chemical concentration
Solution concentration
Product flow

Density

1.0-1.5 ppm
65% Ca (OCL):
10%

2000 m*/day

1.1 ke/l

1.5 x 2000
Daily consumption e 461 kg/d of 65% solution Ca (OCL)
0.65 x 1000

wonon Nk

461
Daily Dosage ety 419LPD=174LPH
1.1x0.1

Selected pump capacity 3.78 LPH (1 duty/1 standby)

Selected Tank capacity 200 liters

Tank capacity 4.5 days

In addition, we shall use one common preparation tank for both plants the 2 x 500 m3/d and the 2 x
1000 m3/d size shall be 200 liters where is the mixer will be installed
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oxidation

| Y

2Fe+ + Cl, —® DFed+ + 200

| -

reduction

Cl2 + 28& —— = 2CI

Feet —— = Fei* 4+ e

e
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Iron Removal Methods

Removal Method

Application

Advantage

Limitation

1. Oxidation, precipitation and filtration

(a) Oxidation by
aeration

Fe <5 mg/l and little or
no organic matter or
other reducing agents
As pre-oxidation step to
save chemical costs
when Fe =5 mg/l

No chemicals
required

Simple in
operation

Partly removes
CO;, H;S and CH4
present

Ineffective in cases of
low pH, and high Fe
and Mn
concentrations or
when Fe is
organically
complexed

[nitial cost is high

(b) Oxidation
with chlorine

Beneficial to remove Fe
and Mn in one step
Optimum pH 6.8-8.4
(Kothari 1988)

More rapid
oxidation than
aeration especially
under conditions
of organic matter
interference

Less expensive
and more
effective than
KMDO4

Can also be used
for disinfection

THM formation

Chloro-derivatives
can cause taste and
odour problems
Require safe handling
and storage of
chlorine and chlorine
compounds
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Removal Method | Application Advantage Limitation

(¢) Oxidation Effective when iron is No THM Costlier than chlorine
with chlorine organically complexed formation * Possible health effects
dioxide or ammonium of by-products

concentration is high

Not used for iron

Reacts more rapidly removal only

with Mn than chlorine

(d) Oxidation Fe <5 mg/l Less equipment * Difficult to control
with and capital * Overdose (= 0.05
potassium More efficient at pH investment mg/l) may produce a
permanganate >7.5 compared to pink colour

chlorine Ineffective for high

Efficient; rapid iron concentrations

and complete More expensive than

reaction chlorine and ozone

Reacts with H,S,

cyanides, phenols,

and other taste and
odour-producing
compounds

(e) Oxidation Effective even when Powerful and High initial capital
with the iron is organically effective oxidant and operating costs
Ozone complexed Multi-purpose May oxidise Mn™* to

applications of MnOy’ resulting in a

ozone ¢.g. pink colour

disinfection, color Formation of
removal, taste and unwanted by-products
odour control e.g. BrOy

No THM

formation

(f) Oxidation with Very cffective when Faster oxidation Formation of AOC

hydrogen iron is organically Forms dense,
peroxide complexed casily settled solid

Cheaper than

ozone

Leaves no residue

(g) Biological Recommended for Higher filtration Sensitive to process

iron removal groundwater with rate conditions (pH and
acidic or neutral pH Longer filter run temperature

Reduced capital dependent)

and O&M costs Ineffective in

presence of NH,' and

H,S
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Removal Method

Application

Advantage

Limitation

2. Ion exchange
(Zeolite
softening)

Suitable for individual
water supply scheme
with <5 mg/l of Fe

Removes dissolved Fe
and Mn together with
hardness

Used as a polishing
step in some plants/
household use after
municipal treatment

Softening occurs
with exchange of
Ca*" and Mg*

Possibility of
resin/zeolite

fouling or loss of
exchange capacity in
presence of O; due to
iron precipitation
High capital cost
Requires skilled
personnel
Ineffective for
colloidal or
complexed iron

3. Stabilisation
or Sequestering
process

(with
polyphosphates
and silicates)

Fe should be <1 mg/l

For distribution system
corrosion and
deposition inhibition
Practical in controlled
use only

Complexes iron
and holds it in
solution and the
consumers do not
notice its presence
No sludge
generation

More expensive than
Cl; and KMnO,
Phosphate introduced
may stimulate
biological growth;
May require
chlorination to
prevent bacterial
growth

Cold water only
(complex break down
when heated)
Polyphosphate
complexes may
degrade after 48-72
hours

4. Lime
softening/
Limestone bed
filtration

Pre-aerated water with
pH >9.5 and sufficient
alkalinity (>20 mg/l as
CaCOy).

Beneficial when a
large amount of
softencd water is
required

Not cost effective
unless lime trcatment
is also required for
hardness reduction

Increased sludge
problems

5. Manganese
greensand
process

Removes Fe and Mn by
combination of sorption
and oxidation

Max Fe + Mn <10 mg/l
H,S <2-5 mg/l
Optimum pH 6.2-8.0

H;S can be
removed together
with Fe and Mn

Higher head loss,
shorter run time

High O&M costs
(KMnO,
regeneration)

Not suitable for larger
water treatment plants
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Removal Method | Application Advantage Limitation

6. In-situ By infiltrating oxygen- No chemicals Potential for
oxidation rich water into the Abstraction- contamination of
(sub-surface ground through a well infiltration ratio of aquifer

removal/ Vyredox groundwater is Clogging of the
method) high aquifer, corrosion of
well screen
Excessive bacterial
growth may occur
around the well.

7. Membrane NEF/RO - to remove Can be combined High capital and
processes dissolved iron with the removal O&M costs

MF/UF - to remove iron of other MF/UF membranes
flocs constituents e.g. require frequent
hardness and THM cleaning

precursors
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Summary of
Pretreatment
Options

Pretreatment

: AN el focalist) (b 4 90 Aallaall Jgia

Table 2.11 summarizes the pretreatment options when specific risks for scaling and fouling
are present. It is a quick reference for “possible” and “very effective” methods. A combination
of “possible” methods may also be “very effective”™

Table 2.11 Pretreatment options for scaling and fouling

CaC0:; CaSOs BaSO.  5r504 CaFz Si0: SDI  Fe Al Bacteria Oxid. agents Org. matter

Acid addifion

Scale inhibitor anfifoulant

[a]

Softening with X

Dealkalization with [X

Lime softening

Preventive cleaning

Adjustment of operafion
parameter

Media filtration

[u]

Oixidation filiration

In-ine coagulation

Coagulation-flocculation

Microfiftration/Ultrafiltration

Carfridge filtration
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Chlorination
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CARBON FILTER

Anti-scale
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RO membrane Cartridge filter
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