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nT Yl1' n>n n>n~ >n >Ju>n7 llTlNJ ~lD'~n 
7~ >Ju>nn 1~1J .n~1YJ 1"'Yll n~l1'NJ 1JJn 

nlJAn 11'nn "11 117Jn 7~ nT 7y n7 llTlNn 
; 117J'7iilff1J --:llJ.n11n ~lD'~n nN yJn n>on> 

llYD'nn n7n>n TfnNn ~~wD YJlJ 
nNYlnJ n1Yll o>n Oy YADJ NJ 117J~J .17~ 
n'117Jl~'n nYnln on>J>J n>n>Jn nJlAnnn 
DNnnJ .n"Tn nJYnnn nJlJ1n N'n~ (HOCl) 
nYnlnJ 7n o>nn 7~ t pH) nl'YDlnn nA117 

-11'7 n"7nJ nJ~ln N'nl n'YT'll' 7~ 1'7nn 
]lYD'n 1~1J 7yJ Nln DA~ 0Cl - 'U'117Jl~>n 

nlllAnn .nYn1nn 7~ nTn nJ1nJ lU" >J DN 
:417n71J 1n nl>D>Jn 

H20 + Cl
2 

;::=!:: HOCl 

IIOCL ~ H+ + OCl-

+ 

117Jn u7~ n7ynl n1~ nNn 7~ n~1"n l~DJ 
.n'n~ >n 7~ '1"'Yn >Ju>nn 1n1nJ n~>JJ 

nJ11nN7 n1y1ynn n7nn lT nlJ>DN o71N 
nl'1All'Y1" nlJlJ1n 7~ y>n~nn >J7•An oy 
->NJ7J DJN>71N-l>J 7~ O>Dn n"~DN nJ1YDJ 
nJunn nNYlnJ nnnJ >J nJln 1~N ,nlN'T 

o>>JA11N 0'1Dn '1'1~7 117J l'J n>D>J 
, D'Dl lNYDJ~ 

7y n1>~> ny~~n nn>n lT n11nn n>7An7 
1~1N~ n>n~ >D nln'Ul7 ~1nn vlnn n"'"n 
lJ 177JJ 1~Nl pn 1nN7 1Y" ]DT J"n1NJ 

D''JA1J'Y1" D'1Dn nlnJlJ7 nlYAlln n11"n 
~1nn "1nn nl~'11J 11nyi nJD 7y .n>n~ >DJ 
-1y~ >n~n nnNJ Ul"J7 111Y ~> nT ~'A1 nu~l 
117JJ ~Jn>~n nN 1'D "'D~n7 - nl'1~~N nl7 

p iil7n7 o>nn nN 11n~7 lN ,o>n 11n>u >7y~nJ 
>Ju>nn J7~ >J~7 'lA11N 1n1n 5~ nlnJlJ 7Jn 
nn>~n nJJ'N n>J~n n11~~Nn .11n>un nJ1YDJ 

D'DJ Q>>JYD >J 11JTJ DN 1";y; 77J nul~~ 
~~ 1~N ,n111~ nl>JA11N nlJlJ1n o>~>nnJ 

. nl'JAll'Y1"J nJ 1y 17Anl 1nn 

1J'7ln n>nJJ"YJ lNJ~ o>7l"'~nl nNTn n>7Ann 
n>n~n >n 11n>u nu~l n1~1n lYD nlJ1Yn7 

>~>7nnJ ~lD'~J nl'l1~~N 7~ n~11nn nJ>nJ71 
1ln>un >J7~ 7~ nD>>"n nJ1YDl nlU'~l o>1nn 

,>Ju>n nl1DD7 ]lTlN TAl 117Jn n1Dn ]lAJ 
7 ~1n on~ >JJDDJ 7 >JJDD n~7nnl 

nJ1nl n711A Dnl7>y>~ ,{A~a~d Carbon) 
1n1n "17>1l DlnnJ 1"'Yl o>J~Er't'tn 

.D>Dn ]D >JA11N 

11 Tl Nn 
nn11 111J YYlJD ]lTlN 7~ >nlJN7Dn 11Y>>n 

(U711 15,000) nlJA nnn 7YJ >7n~n D1T 1~NJ 
n>ynn l'J .~J'l '"J 1'1N 7>Jnn Nn 111 ~7ln 
111J l~ln Nnl~ ]YDnn nlDJD 1nN TlnN7 TlnN 
nlJJ~J DA 1Y1Pn7 ~1J> llllN~ .]lT1N7 lT 

nlYlDnn nlnJlJJ ,n1'~DlDUNn 7~ nlJlDJn 
nl'lDJ o>7>Jnn 0'"71 nl~'1~n nNYlnJ n>1~A 
'1J 11n TN 1Yll ]lTlNn .n>1~A 7~ nlD'lDD 
.~n~n nl'1v '1' 7y y~~1nn 'D'JlUl~ 1'7nn 

>JD1An >ND>Jn '1' 7y 1839 nJ~l n7Anl llTlNn 
7n~n D1Jnn '1' 7y nJl~N17 1Yl'l Schonbein 

o~n . nn11"n nNnn YYDNJ Siemens >JD1An 
n~11~~ OZEIN n'lll'n n7nnn lNYlD llTlN 

YlY 1on Nln ,>~>ygo n>1 11TlN7 .nn1n 
n>o>J nJ>nJn ·""nn7 D1A 2154 >Jn1nn 17"1!1Dl 

-lDn ]YDn 7~ l'Y' >n7J ~lUlT'N Nln ]lTlNn 
]YOn 7~ D'DlDN n~l7~ nl7YJ nl71"71DD JJ1 

lJJ>N llllN un ,n7Jl"nn nY17 11PJJ .o
3

-
-117 "'TDn 7>y1D TA ON >J N>1JD 'Nlg1 1Dln 

nu>Dll'llN ,>n7Jyn nlH'lln __ 1_1_A_1~N~* 0.2 7y n7lyn TlJ'1J 1'1NJ lnlnJlll nn>~Jn >J 
.iP1A"J .nlJlOD7 nJ~nJ Jn/A'~ 

: Plnl 

'I 20. oo- vnnil 

il"TilKil nn•::>Tn:l l'l!lil'l 

--- -----------------------------------------~ 



?3 Om o~tl Ji-1 

0u_ 
t -1.. 

D'lln p~ YAiln ]Ill ~ l~ 0'11~11111 YAiln '1111 
W!lll YAiln '1111 11N .nl~l 10-~ 1VIl1 11T1N'7 

, 2 111U'" 3 '!l~ 11~11~ 

( 

-A 3 

11Y~ .~YDDn 1111~ YYl~D ]1T1Nn llY'' . 4 
D'~'lY 11~~~ D '~n11~nn 11n>un '~YDD ~,,~ 
~Yn~ l~'~ln~l n ·nnll nT ]JlDil lDln N'~~~ 

. ~ --~nK vn~ 77~70~ 7~Tll 

'N111~ ~l n~'Y' 111~1YD~ 11~~~ 11A'1~ . 5 
'lU >nn 11~1YD l'N (pH < 7) 0'~1111 111Y ' Iln 

. D'Iln ~~ 111Y'nnn 11A111l 11YD~lll 11T1Nn ~~ 

111n'l~ DllA ]1T1Nn ]'N ,11~~~ N~~ . 6 
. ~llD oy lYAil~ D'nll 

]1111' ~DD N~~ n11D ~'Y~ UllD~ ]TI!Dn 
nu~~ 11~~n '1D ~Y 11Tlt~n ~~ 1~'1 '~~~ 

D'llln 'l~'A 11~1l~ lln"~ ,n'11~ 'II 'lU'n 
.11~~~ li!Uln~ D'll~ D''JA11'Yl~ 

n ':t PJ1T1Nn 

-l~A~ N'n D'D 'lU'n~ n"111n ]1T1Nn 11111~ 
-l!l~ ~~Wil 'lU'nn DNl ~/A"Ill - 2 ~" 111~ 
,n ' ll oyu ~,~,D~) 111!lD11 1111:tnnn 111'Y~1 

nlll~n ( ' Dl ]Uill ~Tl~ ,D'11l'lln!l y:l:t 

0'~11A D'll lln'U '~Y!lll nil~ 11~1 n111nN~ + 
'lU'n~ ~111n 11'1~n 11N on > 111n11~ D'lY''Dn 
~,.,,~ n~llll ~Dllln 'l1~~1D~'n 11111 n11:t~ 

. 111'UU1'Dn 11111~1111n 11U'~ 'D~ 1~11"n 1'~n11~ 

~-&t_ 7hL. 
rrv- e ft.vo-cls 

3) 6"'-bble J: 

11yn~ 111n o>n Nunn~ 11T1Nn ~~ 'l~'Yn 1110nn 
11'Ynll ~~A~ ,'lU>nn 1n11~ 11~!lDil 11111 11 ny!lVil 

ny!l~n ~' 11~~~~ 11y~ .11T1Nn ~~ nl:tpn D'' nn 
-~11~ , " 'V!ln 11111 11~~" 1111Y~ 11~~1nn 1111111 

lnN~ nlPl 30 ~/A"D 0.2) 11'~1PP il n lnln 
11'A1'11'1UP~n 111~'Nil 1111 nn>u~n (il' Y 1'11'1~n 

111n~11 n1Dn 11T1N'7 n1n ,1111:tn 11111'1 o>nn '7~ 
l1n'Uil '7y!lDil D'NYl'n D'Dn D1DN .lT nn>U~Il 

ON 0'11111 ,n~~n~ D'NUlnll l'n' 11T1N~ ~ll11~1ln 
,1~11 lnN~ np!lDNn 11~1~ 111n> lilV~l Dlil'T 

11N l~D'l ~1l'Y N~~ 1~1Yn 11'~~ Y'A' Nln 
~Y!lll~ n11•11D1 11T1Nn 11~1Y!l1 111'i1 ,11111!'1~ 

lllD'n ~Y 1~A11n~ 11111 ~Y . 111~1p~ 111 11n>un 

(, 
'lU'n~ 11T1N~ V11l'~~ D'11Yili1 D'Y'~Iln ill 

ll ,i11UP 11~~ 11lll '1U'nn l'~i111~ ~~V~ ,D'Il 
1111nn 1YD1n'1 11T1N~ 1NU1n' D'Dil~ lnN~~ 

n1n~ o•n~ P1T111 ,on~ N:tll'n~ ~l~Y~ '1A11Nn 

~
''V!ln 1nn l1~l" 11l':t'~ np>!Jt>nn n1up 11~~ 

11~!lDN '11P 1111!~ 11"111i1 11'~D'1'Di1 111D~~ 
I • 6 D'llil t '\'W.).) 

toJt 111''1Yiln ny!l111~ n~A11n 11Tlt~n ~" 1n11 lllD'n 
• 11 1/}. - 11nn11 '11Pn 11~1Y!l ~~ ·U'7nlll llYill 11Yil ~~ 
~""-~ Gj~ , 7yD1 ill TD'lD ~nnV 11 .)1~ ,D'lDD TlJ 1 1~ 
~ , m~'~11~ 111111111111 1nl~'J'1 llT1Ni1 "111J11D" 

CA. u...io."' nn1n~ ; ,u,nn 11~1y!l n~n 11~~i1 ~:t~~ •5 i1~1 
c.~c.e...;.. r...J ,.,....,.. • Tll'1i1 11'~>' oy ln'l 

~" 'lU'nn 111~'Y!l 1111 n11~n l~il~ nnlAN'1i1 
-~ Tl~'lil 1111 ilNlll n:t'D~Nil .11T1Ni11 ll~~n 

~" nm1111n Dn' 1111 - nUP111Nn1 .~/A"D 
1111l~n 1'~ Dn ' n 111! NU~Iln ,'~lP 'P1 ' 'n 

. D'~l'nn ~~ 11'11~n11nn n111~'1 nU'~!l~ n1n11~ 
~" n111vnn nAll 11y~ '~ 1~non n1111vnnn 

D'Tl~'lll ~nn ll~~n ~YN i1A11i1~ n~lY D'P1'nn 
ilY!l"il ~~ uyn~ l'N 11T1Ni1 ~YN n1n ,D'1UP 
o . 42 11 11111 1T1~'1 11y ~~ nn1n11n Dn' ~Y 

n111vnn lf/1~ l~Anll l~'Nl lN~Il 0~11!1 • ~/A"D 
o . 48 ~~ Tl~,,~., ll .n~l n11'nll~ 11T1Nn ~" 

~" nnt~ 99.9 ~" n111vn nA~1n 1~~ ~/A"D 
.D.,i71"ni1 

11yn111 'pr1t~n ~~ 11'Dn' nuAn n>nllJl 1~~ 
nT '1U'n TA~ V' , ln~lY!l ~~ 111n11 ilY!lVil 

.t • :lH~ ,ll~?n ~Y D'1 ~ 1 n1111n' 
6'2.. "lN£t "\""-M,L_ ~ 1 G-\A. I T""t 
J~ .) nTil nl~A 11Yil'n lV ~y~ Nln 11T1Nn .1 

.,..,._...-vt/,'f1 .lnP nnUA PlU'n nllYY DA ]J~l 11~~i1 ~~ 
J_ ~k) nPHll'Yl~ nl~Dln lYP lPN 11T1Nn .2 

lnll:tlPn nN Y11D NlnV N~N.llY ~~~1 ,D'Il~ 
:l· ~ ~-l~Y l'l'lVV '1Al1Ni1 1111nn 11Yil'n '1' ~y 6'-':- 'JIL 

1 1~1Y1 n1"n '~ l"Y~ V' . D'Dl NYil'il~ 0'~ 
. I :1- ~ " nlt~ ~~ n~'~Dn o1n'T mJJlD '1' ~Y 
1""-1 flv..l,.tJf 'J D'll llil'U .,.~Y!lll 80·~~ nP1A1PYlP n1P'1~ 
• 1 fM nuwn 11 1Nnnn '~ 11~m1 ,nP11ln '~",~ 
oS fU 'lU>nn YYUil on~" D'~Y!lDil l~~pn1 lnP~ 

l1T1N ~~ 11~~1~n n~lY!l '1' ~y lN ,}lT1Nl 
,,~~, 

{) ,_ tr" ~ A-,.ol cJ'( cJVUL 

VlNl~ 11 1n'1n DY 
9: 111N~n nllU11il 

so2 + o2 ---+ so;_ 
so 4 = + o2 - so3 -
so

3 
: + , H

2
o..,..... Hio4 

.,,, n~1111 t~'n D'll~ 11TlN ~~ ~,n,nn nA11 
nt~ A'Vn~ 11111 ~Y ~n11 YAD nu~ Dn'1'l 11Y'~ 

U1'¥'!l1N1p~ n>1~n ~1n'Dn nll1 . ~111n ~1n>Dn 
(Distribution Coefficient) n11T!lnnn 
D'D~ TA ~~ ~1n'Dn 11A11 1'~~ on>n nN t~u~nn 

YADl N~il 1'11!~ nT TA ~~ ~1n'lln 11A11 1'~'7 
20-l~ ll ,nl1U11!lllU1 yn'1 'N1n~ , i1'7N D'll DY 

Nln n1'1yn 0-ll 0 . 2 Nln l~lY Dl'D~Y n1'1Yil 
ny!l"n ~' n11Ull!lllUi11 yn'lnn 1~~ · . o.6-~ n'11y 

11~1~n'1 ,D'Dl 11T1N ~" '11n'llil nAl1 ~Y n~1 

.JlTlNil '1' '7y l:tnnnllil D'D~v ; 1Al1Nil 1111nn 
. nl'illl1 nl:tp,n~rn N'il D'll~ 11T1Nn n'71Y!l 
11T1Nn '7J ,n'Y11T1Nn n'lly!l lnN'7 lYP lilT 

111lllDnn 1nN nvyn'7 lilT . o'1y11 l:tlln'l PlDnll 
l~Dl'V '!l~ 'lU'n lllln~ llTlMil 'IV D''lP'Yn 

7" ;.A. (' ....... ~~ • 

lilT ~19 ll~Y~ D'lll 
nnoun >!J'I ~l'n'7 

p ... ;x; 
pt 

+:. +i;...e. 
n1m1~ 

' • 1'1n'7 
.j r"' v/r- r (l'V"'-0.1"' ~ 

111nnn 11T1Nn nllll nN 1,., 1-J. 
1n1 'lU'nn 1nN'1 D'lD 

:ilMlil 

np'1~'7 11T1N~ D'NUlnll D'll ~ll'll 11'1'U1 ny~ 
'7y 11T1Nn ny!ll'n nN y1 1n'1 ~' 1l'A1'71'1UP~ 

nll'Aln pl~pl'l ~'Dln'l "' 1l o"'7 . nD'Aln 
:>1• '71' mil~ P"DD 110-~ '~'All N' n ln'lnnv 1~ynn 
(Na2s2o SH2o)pn1n u!l'11Dl'n no>nn '7~ P"DD 0 . 1 
~~ llll~ 'T1~'1'7 i1'1 ' Y' lT Jl !lD ln .3 % '7 r Tl~'l~ 

• '1/A " Il 5 '7y D''lly DPNV D'll~ 

"'jfvvv. "'~~~ ~~r'-e ~ 
f-~ - fh.,_ '"" ttWN-. u.. '1 

€(.-V\t.i"V\ ~u .fAA,{_, .!51/\.~:. ~~{)?A J 

~~ ~01...~ t r f o r~s-
J'h.tl r OJ~o~ vft'fr"' 

0 ~ oY! rY" If s.ft;u J. b~ ~-~1, 1 t).. 
b.7 0\.J r) 
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n11oJ~ ~1~'1 '1' ~Y YY1~n o"1~'0V ,O'J~v 
n1nM .~'n~ 'D ~1!1 11"DJ OA O'~DVD~ 01 nAM1 
n1~1J1~1!1 0''lA1l'Y1" 0'1Dn 111n' 
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1. Babbitt, H.E., Donald, J.J., Cleasby,J.L. 
WATER SUPPLY ENGINEERING 
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11Y'' 1'nDD 01'J o1lA 1111M 11¥'' 1'nD .4 
·DM~ 1111M 11¥'' ~~ n1~1n n1~'~ O~M1 11~J 

,'10'l '~~l!ll 1''1Y n1M¥Dlo 'l'Y1A n1J n1YY 
0'11nM 90 '1J 1Y 1¥1D~ n~11~ nM n1n'~~D 
l~J ~1J' 1111M~ 1~1M ~J~ .'nJ1J~ 11'nDD 

~'~'1!1 'Mln~ ,11~J~ oy n1M¥1~~ n11nn~~ D1'J 
"1~'01 '1~'n n11~D~ ~~1VD 1~1M~ ~Y1JD 

,n'11 OY~J ,D'D~D 0'J1~ 0'11~D1 O'YA~D 

. '1J1 nll'JY .Y~¥ 

"~n n1n~~ O'D 11~'~ '~Y~D~ ~'~n~~ '1¥1.5 
On1~'Y'~ .~Y~1D on~ 'llOD~ ,~1n~ 'llODD 

'1M1o lD .O'D~D 'lA11M~ 1D1n~ n11~~l o~11D 

YYD 1'nD .0'~11 OJ'M on~ 'llOD 'J l''Y~ 
O"nl~~ nnM 11Y~1 ,A""~ 1~11J M1~ on~~ 

.(Regeneration ) 1V1J~ 11Tn'V~ on~~ "1"1 
-~no~ 0'1n1'D 0'11Jn~ yY1~D 111n'vn l'~~n 
111n~~ vnn1 ,01'Y~o m~yn 900-J ~v 011101 

.on~ A""'7 1'111 'YnD 1n1'~ Y'AD 

'"rv..-fh. t it huz cl~,rr,'¥J ·,I ... 

deJr,· 9 ' 101!1 
~n~n ""~oM ~J'U~ • 

Y"»Nv q/1. • 
11Ul1T1M 1M r:tJ . ~ 

nJJOD 111" ~n 
yAD Mn D'10110D 

J~~ ~ ~~Jllf D~ "'"''·~OJ~·~ (? roc.<>~.> 
l''701n 'l'71!1 nD'lD 

$160,000 
$ 38,000 
$ 25,000 
$ 50,000 
$ 32,000 
$515,000 

YAD 'Mn 
(2DI'1 230 '~~) O'l~D 

011"~ nJWD 
n1JY 

.j 1~ n1J1V1 l1JJn 
I.Jol'f\l\.. t'(.)T' oY"~OI J"OIO 

i'"" """~ 
l\v\-.'~~.o") 1 y ~ n .2 ----1111M n1'X'~ '7n~n nJ11Yn 

3n1,oool'1 1.35 tA""/1!1"1" 17.61_ 

1!11~' ,111"~ '7nvn nJ11Yn 
I .. 0.55 A""ll!l"l" 7.7) 1 1Jl 

,ollillllO 135) ''7Tll lYDn 
I " o. 29 tpo '1 30 

1 " o.63 o"1nM 

3n1,000I'1 2.82 S \1\N-- tot~ ~n,'oO 
,. ~ '2. I o o o """":. .-1- '-- I-1 ;;;) / /n~ o'01~J1~'7 non,nn 'i"JOI 1'nnn~ nDA 1 

11~Y 1n1' D'~11A 01 '7ynD .l1Y~ ~gJ 100,000 
1'01' ,D'l~1n 11'~'D '71!1 ~11A 110~ D'J1J 

n1'o .D'T1nM ~o - 25 '1Jl n'Dn' D''711 1n1' 
-1 '1' ~y 1~1JJ 1111 ~011JD Y1Ml D'DOI "VD1 

D'J1nJOI nN l'1Y~~ 1V~M ,nnM n'TJ1D n1lil 
.D 1 '711A D'~ygD'7 l'Vnn ·~~ D''D1"DOI 

~..,...~fAAj D 1 J ' 0 

'Dl n1'JA1J'Y1" n1l1J1n n1nJ1J '1~'A .1 
~1n101 l11Y~ nN 111Y ,11~Jl D'M01nDOI Ol'n~ 

-111!1 ,D'D 1101'0 ''7Y~D l1JJn ~Iii 1!111nD 11'Yl 
.'10'n n110D~ 11'7J~ D1'J D'liiDnVD D'71JJ Dl 

-1MOI N101 D1'J 11~J~ 1'n'OI 'I!IYD~ ~·~nnOI . 2 
-M101 ~y 1nl~'Y,'l ~~1Y n111 n1J'nlDiil , 111 

.pv 

-1T1NOI l'~~nl 01~" OI'Yl'11'7J ~~1!1'7 '1¥1 .3 
1n1J 11~J ~v n1nJ1J n•o~~~ nJD ~Y OI'YT'l 

.D'D~ n"~OM nJ1YD~ 

~·J~MOI '7v O'lnOI n1~oyo 'l~ '7y nov n1111 
l111Mo o111D 01'1yn~ non'7n .01on'1 DJ11l 

~y nD01lD 010-'1!101 .D'DOI DY ~n1'l YAD~ Mll!l 
.O'J~~ 1101'0'7 'A1'71'l01 llODOI n1J11"7 

-1~"l '7y~ YAD MnD 01'1ll~ ,n1Y1l01 nO'I!I . 3 
n1y1l O'D M'7DOI MnOI 11n'1 n1D111D OIJ1llil n'~ 

01'1yn'1 lJ11 n1~1y01 1'1M~ '71~D~ 11T1M~ 
l~D nM y~1" Nn~ D'D~ ~l1A .D'Dn n~J~ 111 
~0'~~ .0'100 6-~ ~'7J 1111 Y'AD N1o1 ,yADo 

li/~1~ 1"nn '71i1 ~'71Y~~ n1J11"Y '7y nD01lD 
.D'J~Iil 1101'0'7 (Activate:! Sludge) ~yn1D~ -

n11nM~ n10'~~ 'nvn 1n1' ~~1~n ngog~~ no'~ 
D'D 11~'0 '~ygn~ 1n1' n'7~1"D DA N'OI1 

.l111Ml O'VDn~Do 

$150,000 
$ 40,000 

$ 20,000 


