
LSN 21 Filtration and Disinfection 
CEEG 340-Introduction to Environmental Engineering 

Instructor: Deborah Sills; 11 October, 2019 

Filtration 
Adapted from Davis and Cornwell. As part of their new treatment plant, the town of San Jose is going 
to install rapid sand filters after their sedimentation tanks. The design hydraulic loading rate (HLR) to 
the filter is 200 d:;1:2• How much filter surface area should be provided for the design flow rate of 0.5 
m
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How large should each filter be if four filters are used? 

[ A·11 ~ s1,,'-] 
A number of states require that the design loading rate be met with one filter out of service. Check the 
HLR for the filter (when one is out of service) to make sure that the HLR is still within the acceptable 
design range of 2-6 ~. 
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Cet Approach 

A water treatment plant wants to achieve a 3-log removal of Giardia cysts with disinfectant residual of 
2 mg/L for chlorine or ozone as a disinfectant. 

Determine the contact time and volume of reactor required for each disinfectant with Q = 1 MGD, T 
= 10°c, and pH= 6.5. CHLQr\..,(/Jt; 
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How could you demonstrate that a contact -~an~ has the appropriate retention t_ime for disinfection 7r) 
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Calculate the chlorine dose required for disinfection to maintain 2 mg/L residual with 45% on-site 
consumption due to oxidation (i.e., the reaction that destroys pathogens) and side reactions. 
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Table 2-3. CT Values for Inactivation of Viruses. in Water at 1o•c with pH 6,,0-9.0 

CT values (in rng-min/L) 

Dis infeota nt 

Clilcrine 

Chlcr.;min1:: 
ChloriM D,....,;.:ide 
Ozone 

2-log 3-log 4-log 
lm1ctwation ln;,ctiv;d~on Inactivation 

(9$.0%) (99.9%) (99.l:19%) 

i 4 e; 
C42• 1.067 1.4('1 
4.2 128 2~i. t 

o.s iJ.8 10 

Table 2-4. CT Values for Inactivation of Giardla Cysts in Water tit 1o•c 
with pH 6,0-9.0 

C.5-l<!g 1-l<lg 
tr.actlvatlott tn,cll~atlon 

Disinfectant (Ga.ti"~) (30.0-~ 

Chlorine' 17 ~5 
Chlor.imine 310 615 
Chlorine DicxidE- i. 7.1 
Ozone Q.:'!3 [1.48 

CT values lmg-rnintL) 
1.5-IOQ 2-to;J 

lndntton 1113.Cttvatloo 
~ .. ) (S<l .0%) 

52 69 

{13G 1,231J 
12 15 
c.rz □fls 

2.5,rog 3~ 
lnactlr..ilon lnGctlvatton 

(U7'%) j 

87 
1,~~i) :.850 

1~ 23. 
1.2 1.4~ 

c-:- ,,alJ;;\' r.-ere-::tune,, l'rrolAW-nlllK E (.IIWWA. 1!-91.t. 
'a1 ~l-i 7 o ;;rd ,::~tcr.f'!! r;iS'd-..GI~ 0.4 mg.-~. 

TABLE B•1 
CT VALUES' FOR 3-LOG INACTIVATION 
OF GIARD/A CYST 8 av FREE CHLORINE 

Ttn,perotur, <-0.S'C Tffllp«•ture •5'C T.......,aturo • 10-C 
Chlori, .. Concentnttion 111◄ 1111 1>11 
(m~ILJ 

~.o n.s 1.0 7,5 9.0 ~.o 6.5 7.0 T.5 8.0 G.5 7.0 1.S e.o 9.0 <"'-<I Gt• 8,0 n.~ 8.5 9.0 
<•O.• U7 163 195 2J.T 2n l29 390 97 117 139 166 198 2X 2~ 73 SB 104 125 1,19 1TT 209 

0.6 141 168 20a 239 286 l42 «rT 100 120 14, 171 204 24'! 291 76 !,O 107 1.~9 163 183 218 
0.8 14~ 17' ,ns ,u. ''" ~.4 ..,, 1m ,,, 146 175 no ""'' '.Vl1 7R J.L 110 131 1511 1119 nr;. 
1.0 146 176 210 2.~ 304 ~ 437 105, 125 149 179 216 2£C' 312 79 ~~ 112 134 162 1$5 234 
1.2 162 180 215 Wl 313 376 .i51 !07 ...ill... l..1R. .JR 721 1fi1 320 00 $6 IU 137 166 ,00 o,n 

u ff~. 184 221 ~ 321 387 -164 10, 130 165 107 227 274 3~ S2 \le 116 140 170 200 w· 
1.6 1&7 169 226 273 J29 397 ,m 111 132 156 192 232 281 337 83 $9 119 141 174 l11 oc, 
1.8 162 1Rl 231 ?7'9 336 d(J7 .4.q~ 114 135 162 196 )36 287 ..1§__ AA ,_ 122 147 119 215 .,,,. 
2.0 16~ 1~7 23G 286 J.16 417 !,(JO 11b 138 165 200 ..fil.. 29,1 :)[iJ 67 ·,·1M :__ru__ ,SO 18> 221 = 
2.2 ·~q ,.,, ..JP ?<i1 ''" '"' 611 1JA un 1~q -10• '·" ,,.,, -U:1 P.O ,n. 1'7 161 IAA .,,,, 071 
2.4 172 2'J$ ]47 291\ 351 436 f.22 17.0 143 172 ...m. 25~ -w: 36e 90 107 129 157 190 2JO 1Tt, 
2.6 17!, 2(l<J 2G2 304 368 044 !.-33 122 146 17G 213 258 312 3;5 92 110 131 16() 194 234 281 
2.8 m. 213 7S7 ,m J7S ~ >43 17A 148 178 217 263 316 3112 93 111 134 1~, 1!17 '"" 21f/ 
J.O 181 217 ?f.1 316 382 460 ,.,,, ,,,. 161 182 721 268 32'1 389 o/, 113 \37 1&; 101 ?O - Ttolll)l<atl~I • 15'C Te,,,,,..-aturo -20'C Tlffl()tratllrt • 25'C 

Chlorloo Concontn1don pH pH pH 
(moll} 

<•G.O 6.5 1.0 7.5 7,5 <-6.0 6.5 7.0 1.$ 6.0 0,0 8.5 9,C ~.o 6.S 1JI 8.0 8.5 9.0 8.5 9.0 
<•0.4 49 59 70 63 99 118 140 36 44 52 62 74 89 105 24 29 35 42 6D 69 TO 

0.6 50 60 72 86. 102 172 146 38 4'- 5" 64 n 92 109 25 JO 36 •3 51 61 73 
0,8 62 01 73 AB 105 '"' ,~, J9 A6 "6 66 79 95 113 2G :n 37 44 6J 63 75 
1.0 !,) M ,~ 9:J 10• 1,n 156 J9 47 66 67 •1 9~ 117 ,. 31 37 •5 Y. or, ,. 
1.2 !':-d ... 76 92 111 13'1 1ro 40 "8 57 GS 83 100 120 'ZT " 38 ~ 5~ 67 80 
1.4 £,:. 65 78 Ill 114 137 1(;!; 41 49 E-6 70 (15 103 1Z} 27 :).J J!l ,1 L1 69 82 
1.G ~ ss 7q QC, 116 141 1"• 47 50 ,.q 7' 87 10S pi; '" :).J 40 dJ\ 58 70 84 
1.8 57 68 et 96 119 I.W 173 4J 51 61 14 69 100 129 29 )4 JI ·~ to 'n 8G 
2.0 ~ 69 83 100 1:U 147 ,-11!... 44 !',2 62 7S 91 110 132 29 JS JI 5(1 G1 74 88 
2.2 5~ 70 85 102 124 150 1ijl 44 .53 63 77 93 113 1~5 .l(t 3~ 42 51 62 75 90 
2.4 so 72 a;; 10& 127 163 184 45 64 E5 78 9S 115 138 )0 36 43 ~, 6J n 9' 
2.6 bl 71 0e tor "" 166 111.,q 4C ;,; f;i; AO w 117 141 31 37 LI .-.1 65 rn 111 
2,8 62 7t 89 10!) 132 159 191 47 f,(; o1 81 !<9 119 143 31 37 45 !,,I "" l!O !16 
J.O f.3 ,;; 91 111 134 .162 1<.c, 47 ,., AA 81 ,n, t?? ''" " '.I.~ A• ,;_ q 81 ltT 

• Altbo1't:l1 unir, did nor ftDIX'M in 1llt tK1•ub.l lt1blc\, uwu, arr 1'.Wll -mo•l.. 
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