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Access to filters, 47, 51
Activated carbon layer, 54
Adduction line, 64, 69
Adhesion, 31
Adsorption, 21, 43
Aeration, 13, 75
as pretreatment process, 45, 108
Air binding, 42
Air pockets, 70
Algae, absorption of nutrients by, 20
as cause of choking of filter, 24, 35
beneficial effects, 36
by-products of metabolism in effluent, 44
dead, liberation of carbon dioxide from,
34
as source of etheric oils, 35
effect of different species
resistance, 36-37
effect of massive mortality, 35-36
effect on bacteria, 36
effect on filters, 34-38
inhibition of growth of, 74
liberation of oxygen by, 20, 24, 34
removal by microstrainers, 74
suppression by chemical treatment, 74
Amino acids, conversion into simple com-
pounds, 32
Ammonia, effect of temperature on oxida-
tion of, 33
liberation in biochemical reactions, 32
presence in effluent, 76
Anaerobic conditions, 32, 82
prevention, 75
Analysis of samples, 45, 75, 77
Area requirements of slow sand filters, 17,
23-24, 50
Artificial recharge, 87, 99-100
in the Ruhr, 106-108
reduction of salt content, 108-110
using prefiltration, 107-108
Assimilation, 31
Attachment mechanisms, 30-31
Automation of control valve, 67

on filter

Backfilling, 19, 65, 70, 76
Backwashing, 17, 91-93
Bacteria, intestinal, 33
survival of, effect of temperature on, 33
Bacteria count, reduction in, 22, 33
Bicarbonates, dissociation into carbonates
and carbon dioxide, 35

Biochemical reactions. 32
Biological activity, temperature depen-
dence, 33, 46
time dependence, 44
Biological filters, 18
theory, 2746
Brownian movement (diffusion), 27, 29
Butterfly valve, for control of raw water
level, 66

Carbon dioxide, absorption by algae, 20
high concentration in effiuent, 22
liberation by microorganisms, 22, 32

Centrifugal forces, 27, 29

Chemical activity, temperature dependence,

33, 46
Chloride content, reduction by artificial
recharge, 108-110

Chlorination, 13, 14, 23, 25, 46

Cholera, 15, 16

Cleaning of filters, 17, 32, 37, 44, 78-80
choice of methods, 94-95
comparative costs, 94-95
effect of tropical conditions, 37
hydraulic method (Sivade), 90-93
hygienic precautions, 80
manual method, 79
mechanical methods, 84-93

Coagulation, 23, 45

Coefficient of permeability, 38

Coefficient of uniformity, 40, 52
improvement by mixing sand stocks, 53

Colebrook’s formula, 112

Colour removal, 21, 46

Commissioning of filter, 76-78

Construction of filters, 47-71
cost, 25, 50
use of local materials, 235

Consumption of water, average per day,

47-49
average per hour, 47, 49
domestic, 48
fluctuations, 48
peak flows, 47, 49
seasonal fluctuations, 49

Continuous operation of filter, 49

Control devices, 18, 64-70

Costs, constructional, 24, 50
operational, 25, 94-95

Coulomb forces, 30

Covering of filters, 24, 37, 51, 70-71
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Covering of filters (continued)
as method of controlling algae, 37, 70
as method of preventing ice formation, 70
Cracks, danger of, 50, 63

Darcy’s law, 38, 65
Demand, see Consumption
Design of filters, 47-71
Detention time, 105, 109
Diameter of sand grains, effective, 40
specific, 39
Diffusion, 27, 29
Dissimilation, 31
Drainage of supernatant water, 64, 68, 78
Drainage trough, 68
as means of protecting filter-bed, 68
Dumpers, 79, 87, 89

Effective diameter, 40

Effluent control valve, 67, 69
Electrostatic attraction, 27, 30
Elements of slow sand filter, 18-20
Escherichia coli count, 22, 33

Ferric compounds, conversion to ferrous,
22
Filter-bed, 18, 52-54
cleaning, 17, 32, 37, 44
lowering of water in, 64, 68, 78
marker to indicate minimum level, 80
protection from incoming water, 68, 76
thickness, 53-54
Filter bottom, construction, 55, 56
Filter box, 19, 59-64
circular, 60-61
construction, 59
depth, 59
devices to prevent short circuiting, 63
sloped floor, 70
watertightness, 63
with sloping walls, 59
Filter controls, 64—70
Filter medium, 18, 52
Filter runs, length, 44
Filter sand, fineness, 45
Filter skin (schmutzdecke), 20
Filters, access to, 47, 51
covering of, 24, 37, 51
elements of, 18-20
for village water supply, 63
gravity, 16
mechanical, 16
number, 50, 64, 78
presence of fish, 97

SLOW SAND FILTRATION

Filters (continued)
pressure, 16
protection against trespass and intrusion,
97
Filtration, 14
continuous, 49
effects on water quality, 43-46
hydraulics, 38-43
intermittent, 49
Filtration rate, 17, 38, 44
constancy, 32, 65
control, 64, 66, 67, 68, 73
automatic, 67
effect of sudden changes in, 32
measurement, 64, 67, 73-74
Fish, presence in supernatant water, 97
Flocculation, 17
Flow meter (venturi), 64, 73-74
Fluctuations in water consumption, 48
Freeboard, above supernatant water, 52, 59
Freezing, 70
Future extensions, provision for, 47

Grading of sand, 40-41, 43, 45, 52-53
Gravel, graded layers as support for filter-
bed, 19, 56-59
Gravity filters, rapid type, 16
slow type, 16
Groundwater, 99
compared with surface water, 11-12
recharge, 87, 99-110

Head losses in under-drainage system, 55,
111-114, 115

Hydraulic cleaning of filter-bed, 90-93

Hydraulic sand ejector, 84

Hydraulics of filtration, 38—43

Hydrogen sulfide, liberation under anaer-
obic conditions, 32

Induced recharge, 100-101

Inertial forces, 27, 29

Inlet for raw water, 64, 73 _

Inorganic matter, produced by micro-
organisms, 22

Intermittent operation of filter, 49

Iron in effluent, 32

Labour requirements, 24, 94

Management of water treatment plant,
95-97

Manganese in effluent, 33

Manganic compounds, conversion to man-
ganous, 22
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Mass attraction, 27, 30, 31
Mechanical cleaning of filters, 84-93
Mechanical filters, 16

Mechanisms of filtration, 27-34
Metazoa, 33

Microbiological oxidation, 31
Microorganisms, on sand grains, 22
Microstrainers, 45, 74
Mineralization, 32

Mixing of sand stocks, 53

Negative pressure, prevention by weir,
42-43, 64
Nitrates, absorption by algae, 20
liberation by microorganisms, 22, 32
liberation in biochemical reactions, 32
Nitrification, 32
Nitrites, liberation in biochemical reactions,
32
Nitrogen, oxidation of, in schmutzdecke, 21
Number of filters, 50, 64, 78

Odour-producing substances, 32
removal by activated carbon, 54
Operating costs, 25
Operation and maintenance, 73-97
Organic matter, removal, 22, 32
Oxidation, chemical, 31
microbiological, 31
of ammonia, effect of temperature on, 33
of nitrogen, 21
Oxygen, effect on organic impurities, 20
liberation by algae, 20
low concentration in effluent, 22
Oxygen content, 32
diurnal variation, 35
of raw water, improvement by recircula-
tion, 75
Ozonation, 46

Pathogens, removal, 22, 23, 33
Peak flows, 47, 49
Peat, removal, 46
Permanganate consumption, 44
reduction in, 33
Permeability, coefficient, 38
pH value of water, correction by layer of
crushed shells, 54
lowering by carbon dioxide, 35
Phosphates, absorption by algae, 20
liberation by microorganisms, 22, 32
Piezometric level in under-drainage system,
55, 111114, 115
Pilot plant studies, 38, 45
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Pipework, capacity of, 47
Pollution, industrial, effect on algae, 35-36
Porosity, 28, 38

and removal of microorganisms, 21
Potable water, 10
Pressure filters, 16
Pressures, negative, 43—43, 64
Pretreatment, advisability of, 45, 47
Protozoa, 33
Purification processes, 2022, 31-34

Quality of effluent, deterioration due to low
temperature, 33-34, 70
prevention of deterioration by covering
filter, 70
testing of, 76
Quality of raw water, effect of sudden
changes in, 24
Quality of water, effects of filtration on,
4346

Rapid “roughing™ filtration, 23, 45
Raw water, colloids in, 24
constant level in supernatant reservoir, 66
delivery, 64, 68
effect of sudden changes in quality, 24,
32, 45
toxic industrial wastes in, 24
Recharging of groundwater, see Artificial
recharge, Induced recharge
Rechenberg, W., permanganate consump-
tion formula, 44
Recirculation of effluent, 75
Record keeping, 96
Resanding, 80-84
Resistance of filter-bed, 41-42
Ripening, 26, 76, 80
acceleration of, 76
disposal of filtered water during, 64

Safe water, 10
Salt content, reduction by artificial re-
charge, 108-110
Sampling, 45, 75
Sand, mixing of different stocks, 53
reuse, 83
washing, 81-84
Sand grains, coating of microorganisms
(zoogloea), 22, 31
total surface area, 28, 43
Schmutzdecke, 20, 36
action on organic matter, 20
constitution, 20
part played in screening, 28
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Scour of sand-bed at inlet, prevention,
68, 76
Scrapers, 86-87
gantry type, 89-90
Screened intakes, 45
Screening, 27-28
Scum, removal, 64, 68
Sedimentation, 17, 27, 28-29, 43, 45
Sedimentation efficiency, 28, 44
Settlement, 14, 17, 64
Settling velocity, 28-29
Shape factor (sphericity), 38
Shape of filters, 51
Short circuiting of filter-bed, 63
Shrinkage of concrete, 63
Sieve analysis, 39-41
Sivade system, 90-93
Size of filters, 50, 64, 78
Skimming machines, 86-87
gantry type, 89-90
Sludge disposal, 26
Sources of raw water, choice of, 11-12
Specific diameter, 39
Sphericity, 38
Spreading basins, 87, 101, 105
Stokes’s formula, 29
Straining, 14, 27, 43
Subsidence, 50 :
Sulfates, liberation by microorganisms, 32
Sunlight, influence of, 20
Supernatant water reservoir, 18, 51-52
depth of water in, 52
Surface catalysis, 43
Surface loading, 28
Surface water, compared with ground-
water, 11-12

Taste-producing substances, 32
removal by activated carbon, 54

SLOW SAND FILTRATION

Temperature, effect on filtration, 33

Throwing over, 81

Training requirements for operators, 26

Transport mechanisms, 27-30

Treatment, choice of processes, 12-14

Trenching machines, 87

Turbidity, limits for slow sand filters, 23, 45
reduction by pretreatment, 23, 45

Under-drainage system, 18, 54-59, 111-114,
115
Uniformity, coefficient, 40, 52

Van de Vloed, formula for reduction in
permanganate consumption, 33

Van der Waals’ force, 30, 31

Vegetable matter, removal, 46

Ventilation, 69

Venturi meter, 64, 73-74

‘Washing of sand, 81-84
Wastage in distribution system, 47-48
Waste material, as agricultural dressing, 26
Water, acceptable, 10
filtered, comnveyance to clear water
reservoir (adduction line), 64, 69
diversion during ripening, 64, 69
potable, 10
raw, delivery of, 64, 68
safe, 10
Water level in filter box, 20
Water quality, effects of filtration on, 4346
‘Water sources, choice of, 11-12
Waterborne diseases, 15, 16
Weir, 20, 42, 64, 69
telescopic, 68, 69

Zones, in filter-bed, 32, 53-54
Zoogloea, 31



