Nalco Chemical Company

Frank N. Kemmer Editor

The NALCO
Water
Handbook

Second Edition

McGraw-Hill Book Company

New York St. Louis San Francisco Auckland
Bogota Hamburg London Madrid Mexico
Milan Montreal New Delhi Panama
Paris Sao Paulo Singapore
Sydney Tokyoe Toronto



CONTENTS

Preface wii

Part 1 The Nature of Water

1. The Water Molecule .. ... ... ... T R S T SR N B
I'g. Watar SoUrCes AN LISBET e mmmmmvs pormie 670 e e i i S s e
¢ 3. Basic Chemistry . ... .. ... e
{ 4, Water Chemistry and Interpretation of Water Analyses . .. . ...................
r 5, Adustic:Biology s e s R S e e R il = e LS
4 6. Water Contaminants: Occurrence and Treatment ... ... ... .......oviiienn.s
5 7. Water Gauging, Sampling, and Analysis . ......... ... ... ... .. oiiaii

Part 2 Unit Operations of Water Treatment

8.
« 9.
£10.
11,
12.
13.
14.
L 18.
L16.
i17.
£ 18.
119.
¢ 20.
) 21,
22.
23.

Coagulation and Flocculation ......... ... ... ... . ... ...iiiiiiiiiiiiii,
Solids/Liquids Separation . . ...t e e e e e e e
Pracipitation .. .. ... ... ..t e e e e
EnualsionBraamirng: = b T S R B el
o EXCREIEE & =i w i s SR e S R S D DS S e
NeUtraliZation s o vam b i e e e T i B s s e
) ey TR A RN ONT T i1 o s o A b A o A P T b B B T
MBMIBrANG SOPAIATION . . v viwiivimie s wisr i ainie e s e o1 1 bt 4 b 4 e gt ¥t 0 s st 3 o 4in
ol e g it ey SRS st da iy gh o) il ol R R I = . | e
A OOy e T A e e S R A e s e
EMBPOERTION - s o v b s e e B S T e e S S e e e s
Oxidation=-RaduCtioON: o e pim o e moire s e S d iR L AR e e s
GOFFOSIONBONEIO ooy i aniin 5 fimss iy srsisvies s, i s s Ei6 s i sr bhs b ibe hF Hate hess
5 F T STy 4 L e ettt A e S e s VRS U W st
Control of Microbial Activity . ... .. .. .. ... . ..t it i,
Biotogieal Digestion; . i iy S s i e e P e i R e e e

Part 3 Uses of Water

24.
¢ 25,
[ 26.
12y,
28.
» 29,
30.
BT

AmInOrvINAUSTEY. 1 =2a s e T o 4 S R R S R e T P
AULOMOLIVE INUUBEEY oo i o s wumiiiemns iy v b 5 08 s s i % 35 R S =
Chemical Industry .............. A N T R A e R B SR A
Coal Products: Coke, Producer Gas, and Synfuels . ...........................
Food Procassing Industey: oo i s i il saiiie o i el s sissnmmon sl erels 2in st a mor
VTR g s s e s e D e i e S e e
Pulp:and Paper IDdUSErY. oo womesui i i s s i 2t e s S s w2

Petroleum Industry ....... o o R R S R R L R R A e



vi

32.

q 3.
i34,
35.
36.

¢ 37.

CONTENTS

Stesl Industry |

Textile Industry ... .. .. ... e TN
Utilities Uitk i N Ay R i A
Municipal Water :

Municipal Sewage Treatment

Commercial, Institutional, and Residential Water Treatment

Part 4 Specialized Water Treatment Technologies

3s.
i39.
40.
.41,
142,
143,
+44.,
.45,
! 46.

Cooling Water Treatment .. ........... i,

Boiler Water Treatment . . ... ... . .. .o

Effluent Treatment _..... .. e L s R

Wot Bas BerubBINg v sim man I R

Agricultural Uses of Water ... ... ... R R
Oil-Field Water Technology . ...........................
Production of Ultrapure Water ... ... ... ..............

Chemical Feed Systems . ..._.... ... ... .. ..............

Energyy Primer oo s bl i d i d i i v i sy i s e

Glossary G

. Appendix  A.1
1 Index follows the Appendix

321
331

. 341

. 358.1

36.1
371



