UDK 628.1.034.2(075.8)
BBK H 761.134.73
K-829
Editorial board:
Prof. Gustavo Capannelli
Genoa University, ltaly
Prof. Gennady Pavlikhin
Bauman Moscow State Technical University, RF
Prof. Nikolay Popov
Tambov State Technical University, RF
Prof. Hemda Garelick
Middlesex University, UK

Author:
Josef Kris

K-829 Water and waste water treatment. Part 2: Water treatment. Treatment of drinking and service
water: textbook/ ed. by N.S.Popov.- Tambov: publishing house A.V. Chesnokov, 2011.-174 p.

ISBN 978-5-903435-90-6

Part 1 is written by the teachers of Ural Federal University named after the 1st President B.N. Yeltsin
(V.. Aksyonov, sections 1,2 (2.1),3,4; E.V. Migalitiy, sections 2 (2.2), A.F. Nikiforov, sections 2(2.2.3)), Part
2 is written by the teacher of Slovak University of Technology in Bratislava J. Kris.

The present textbook is a part of book series for courses of the project “Network for Master Training
in Technologies of Water Resources Management” (NETWATER).

Part 2 is dedicated to the modern technologies of water treatment in institutions dealing with
municipal water supply. The edition gives the scheme of equipment, its operating conditions and examples
of its application. Great attention is paid to scientific aspects of portable water purification.

The textbook is developed for bachelor and master students of the programmes: 280700
“Technosphere Safety”, 022000 “Ecology and Nature Management”, 241000 “Power- and Resource-Saving
Processes in Applied Chemistry, Petrochemistry and Bioengineering”, 270800 “Construction” as well as for
postgraduates, teachers and researchers specializing in industrial and municipal water conditioning and
water drain technology and for mastering English.

UDK 628.1.034.2(075.8)
BBK H 761.134.73

ISBN 978-5-903435-90-6



TABLE OF CONTENTS

Foreword (BCTynuUTENbHOE CNOBO HAYYHOO KOOPAMHATOPA MPOEKTA) ..vvvevveeeeerererseereeseeeenenens 5
BCTYMUTEIBHOE CIIOBO ...ttt ettt 6
PIEIACE ...ttt 8
1. Treatment of drinking and service water - Introduction...............cccccevvecervicccescee e 9
11 WALEE SOUICES.......eeiiee ettt 9
1.2, NGLUFAI WALETS........oie ettt 11
1.3, Water treatMeNt.......coccee e 11
1.4. Classification of water treatment ProCESSES.........cccvvvvvivereiiiieiiccceec e, 15
1.5. Factors affecting water quality............cccceueueeceiccceee e 16
1.6. Principles of basic water treatment ProCESSES .......c.cuvveueveeierieesse e 16
2. Mechanical, chemical and biological treatment proCESSES.........cvrururrrrriririrrrrrrsrirereenes 21
2.1. MechaniCal MENOUS.........ccoiireee s 21
0 O B 1o (T4 USRS 21
2.1.2. SANAIAPS. .. .cvcvieiiiecee ettt bbb ens 23

2.2. Chemical methods of water treatment............c.cvvirrrnce e, 23
2.2.1. Destabilization of COlOIA SAILS...........coerrririreirririieesee s 25
2.2.2. Destabilization, coagulation and flocculation reagents...........cccocovvvvvnnvnvnnnnnn, 31
2.2.3. Preparing solutions used in coaguIation............ccceeeeerninersrssssssssessese s 33
2.2.4. Dosage of chemicals used in coagulation ..o 34
2.2.5. pH of water treatment ... 34

3. Settling — SediMENtAtioN.........ccoeecece s 43
3.1. EStabliShment flaKES..........ccueriieecce e 46
3.2. Sizing horizontal SElING taNKS ..........c.cevriiicricee e 49
3.3. Horizontal sedimentation tank with radial flow .............ccceeeeiinnnece 93
3.4. Lamellar settling sedimentation tanks ..............ccccerirrnnennnceese e, 54
o] (1o SRS 99
9. Separation through sludge bIanKeL ..o 64
B. FIIALION ... 68
6.1. Slow (biological) filtration............cceiriierrre e 70
6.2. RAPIA fIrAtioN ..o 72
B.3. DIrECE fIrAtioN ......c.ceieceei e 72
B6.4. AddItional fIrAtioN ........c.oeeiece s 73
6.5. Rapid filter CatEgOMES.........cuvviieeerr e 73
B.6. FIltEr DEA ... 74
B.7. DraiNage SYSIBM.......v ettt 74
7. Drinking water safety — diSinfeCtion ............ccccovvieiiiiiiccccccce e 88
7.1. Thermal heat diSINfECHON ........cvveieiiiccc e 88
7.2. Disinfection using ultraviolet radiation ... 88
7.3. Chemical methods of diSINFECHION..........cviiecrcee e 89
7.4. Water chlorination SYSIEM .........coceeiriirreree e 93
7.5. Chlorine dioxide diSINFECHON............ccoviririririere e 95
7.6. Hypochlorite diSinfECHON...........cccvoviiiieeccccccc s 95
7.7, OZONIZAHON .....vcvevieete ettt 95
7.8. Oligodynamic methods of diSiNfECHON ..........ccciveriiccces e, 98



7.9. Factors affecting the formation of disinfection by-products............c.ccccvvvvvvnviiinne, 98

8. Special methods of water treatment ... 101
8.1. Carbon dioXide rEMOVAL..........ceuiirirricieeiree e 101
8.2. Chemical removal Of CO2......couviiirricce e 103
8.3. Iron and manganese removal from Water............cccovieeniiecescee s 103
8.4. Methods of water aeration by air OXYgEN ......cveeuevviicierieeee e, 107

9. WaLer SOMENING .....cvvececieisr et 113
9.1. Hardening — water remineralization..............c.coeerriennnnceesncessseee s 117
9.2. ProteCtion Of PIPES ......vcvevceeeiiisec ettt 118
9.3. Water flUOMITEALION ... 118
9.4. Water denitrifiCation.............cccorirericesree s 118
9.5. Advanced of water treatment............oooeeiiccice e 119
9.6. MEMDIANE PIOCESSES ......vvveiirisiresie sttt st ss st se e s s 119
0.7, AUSOIPHON. ...ttt n s 126
9.8, Al SHIPPING v vevevetereteteie ettt bbbttt 128

10. Water odour and taste removal............ccoveerniiernceeree e 134
10.1. Eliminate odors and flavors of water adsorption ... 134
10.2. Filtration through granular activated carbon...........cccceeeerenencse e 134

11. In-situ treatment of grounAWater ............ccceirriiicee e 136

12. Sludge management at water treatment plants............cccoevrierrnccsn e 139
12,1, INEFOAUCTION ..ot 139
12.2. Calculation of sludge dry reSIiAUE .........ceueeueeeeeesesss s 139
12.3. Calculation of sludge water VOIUME...........cccveierriiieeceesee e 140
12.4. Methods of water treatment sludge disposal............ccoevvieerninicesce e 140
12.5. VErICaAl SEHIETS ... e 143
12.6. Sludge drying beds and 1ag00NS ..........ccvriiierrriceerseee e 143

ACKNOWIBAGEMENTS .......vviieiei ettt 147

REFEIBNCES ...t 148

LISt OF PICIUIES ...ttt bbbttt be s 151

LISt O 1ADIES ... 155

LISt Of @PPENAIX ...v ettt 156



