






SLOW SAND FILTRATION AND ARTIFICIAL RECHARGE 

FIG. 45. ARTIFICIAL RECHARGE WITH SPREADING BASINS 

Induced recharge has always suffered from a declining capacity as the 
surface of the pervious ground in contact with the water source (e.g., the 
bed and banks of a stream or lake) becomes choked with suspended matter. 
Some natural scouring takes place when a stream is in spate, but this is 
often prevented by the introduction of measures of flow control (such as 
impounding dams or weirs) designed to improve the regularity of the 
replenishment. Now that persistent and nondegradable pollutants of 

FIG. 46. ARTIFICIAL RECHARGE WITH WELLS AND SHAFTS 
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domestic and industrial origin are present in most rivers in the vicinity of 
cities (where induced recharge is most likely to be called for), this method 
of replenishment is becoming less widely practised because it is impossible 
to control the quality of the inflow to the aquifer and there !s Tjl!i< ;! possi- 
bility that the groundwater reserves will become polluted. 

The water used for artificial recharge, on the other hand, can be treated 
before being fed into the aquifer. The treatment may take the form of 
aeration and the removal of oxygen-consuming organic compounds by 
conventional filtration (with or without the application of chemicals), so 
that fully aerobic conditions may be maintained throughout the recharge 
process, including the period during which the water is within the aquifer. 
Should the river-water being used as a source for replenishment be found 
to contain poisonous substances that cannot be removed by the pretreatment 
processes, it is possible to discontinue artificial recharge until the position 
is rectified, while continuing to use the groundwater present in the aquifer 
as a source of supply. Induced recharge, on the other hand, cannot be 
stopped as long as abstraction is taking place, and the only way to prevent 
pollutants from being drawn into the aquifer is to stop withdrawal 
altogether-a remedy often impossible to a,dopt without seriously inter- 
rupting the supply to the public. 

Hence induced recharge is nowadays little practised in densely populated 
and industrial areas and is restricted to the vicinity of streams of consistently 
good quality that normally exist only in remote areas. Where induced 
recharge has to be abandoned because of deteriorating quality of the source 
water, it is sometimes possible to convert the process to artificial recharge 
through controlled injection points, as illustrated in Fig. 47. 

FIG. 47. ARTIFICIAL RECHARGE REPLACING INDUCED RECHARGE 
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An additional factor to be considered is that the naturally occurring and 
the artificially introduced waters within an aquifer must be chemically 
compatible. The rather complex investigations involved in ensuring this 
condition are outside the scope of the present publication, but it should 
be noted that they may call for pretreatment of the recharge water, 
especially when it has been brought from a different source from that 
naturally supplying the aquifer. 

Slow sand filtration in artificial recharge 

The purpose of artificial recharge is to increase not only the volume of 
the replenishment water but its rate of transfer from surface to aquifer. 
In the natural process, the very slowness and limited quantities involved 
in this transfer mechanism serve as a. protection against the development 
of clogging and other undesirable conditions in the water-bearing strata. 
The artificial intensification of this mechanism thus calls for a parallel 
supplement to the natural purification process. When the recharge water is 
to be injected into a confined aquifer through wells or shafts it must be 
given full pretreatment by conventional methods to achieve a quality 
equal to that expected in the abstracted water. When spreading basins or 
similar devices are used as replenishment points it is possible to combine 
treatment and recharge by incorporating slow sand filters into the basins 
themselves. 

This is accomplished by covering the bottoms of the basins with a layer 
of sand 0.5-1.0 m thick, having a grain size distribution equal to, or 
slightly coarser than, the slow sand filters described in earlier chapters. 
The sand must be sufficiently coarse to prevent its grains from being carried 

I into the material of the aquifer with which it is in contact and fine enough 
to prevent deep penetration of the impurities contained in the raw water. 
If the grading is correct the sand-bed. will function in precisely the same way 
as the bed of a conventional slow sand filter, the impurities will collect and 
undergo treatment on and immediately below the bed surface, from which 
they can be removed in a similar way at the end of the filter run. As the 
filtration rates are normally considerably lower (0.01-0.1 m/h) than those 
in conventional filters, the treatment efficiency is high and filter runs are 
usually long. The edluent from the bed percolates downwards into the 
aquifer instead of into a filter drainage system, and since it then has to 
travel over a considerable horizontal distance (usually more than 50 m) its 
detention time may be measured in days, weeks, or even months instead of 
in hours. 

Precautions must be taken against subsequent pollution while the 
treated water is flowing through the ground strata. With confined aquifers 
this presents little dilliculty, since the overlying impervious strata will 
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prevent downward percolation of contaminating substances, but in the case 
of unconfined aquifers a strict control of activities on the surface between 
the in.flow and abstraction points may be necessary. 

Artificial recharge in the Ruhr 

A practical example of artificial recharge of a confined aquifer, using 
slow sand filters adapted as spreading basins, is provided in the Ruhr 
district of the Federal Republic of Germany (Fig. 48). At first a system of 

FIG. 48. ARTIFICIAL RECHARGE IN THE RUHR DISTRICT 
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induced recharge was installed, based upon a series of galleries and lines 
of vertical wells constructed parallel to, and some 50 m away from, the 
River Ruhr, but owing to the construction of impounding reservoirs in its 
tributaries, the bed became progessively more clogged until infiltration 
became negligible. 

It was therefore decided to convert the system to one of artificial 
recharge, and two spreading basins with sand-bed bottoms were con- 
structed at a distance of 50 m on the other side of the gallery. They were 
fed by river water and delivered their effluent into the gravel layer that lies 
below the confining impervious topsoil. At the beginning of the filtration 
run, the water level in the basins is some distance below the level of the river 
(which is itself kept reasonably constant by weirs). As the resistance in the 
beds builds up through clogging, the infiltration rate is kept at its designed 
value by increasing the depth of supernatant water in the basins until no 
more gravity flow from river to basins is possible. The influent pipe is then 
closed and the water level drops to below the surface of the sand-bed, which 
is cleaned in the same way as is a conventional slow sand filter. Reference 
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has been made in the preceding chapter to the mechanical equipment used 
in this cleaning process. One of the twin basins is always kept operating 
while the other is being cleaned, so that recharge is continuous. 

A few years ago, despite efforts to maintain the quality of water in the 
river, some contamination occurred and the quality deteriorated. In 
particular there was an increase in oxygen-consuming organic compounds, 

FIG. 49. ARTIFICIAL RECHARGE WITH PREFILTRATION 

FIG. 50. CHANGES IN THE COMPOSITION OF 
THE WATER DURING EACH STAGE OF THE TREATMENT ILLUSTRATED IN FIG. 49 
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which threatened to lower the oxygen content of the effluent from the 
spreading basins and cause anaerobic conditions to develop in the aquifer, 
so dissolving iron and manganese from the subsoil. The effect of this 
sequence would have been to necessitate treatment of the abstracted water 
by aeration and reflltration, thus defeating the whole purpose of slow sand 
filtration in the artificial recharge process. Accordingly the simpler 
expedient of pretreatment (Fig. 49) was adopted. In this system the oxygen 
content of the raw water is increased by aeration and its oxygen demand 
decreased by filtration, which removes part of the oxygen-consuming 
impurities. The improvement in the quality of the water at various stages 
may be seen in Fig. 50. 

Reduction of salt content 

One of the problems associated with the pollution of streams and rivers 
with domestic or industrial wastes is the continuous rise in the content of 
inorganic salts. These salts are stable and unaffected by conventional water 
treatment processes, including filtration. Common salt (NaCl) is normally 
the most ubiquitous and, while in reasonable concentrations it cannot 
be rated as harmful to the consumer, it can nevertheless render a water 
supply unpalatable and unsuitable for many industrial purposes. It is, 
moreover, an :ndicator of the possible presence of other less innocuous 
inorganic compounds that may have originated from the same source of 
pollution. 

In the years 1960-64, the River Rhine, which receives direct and indirect 
discharges from the numerous industrial plants along its banks, had a salt 
load averaging no less than 270 kg of chloride per second in an average 
river flow of 2 200 m3/s-i.e., an average chloride (Cl-) content of 
123 mg/l. In the course of the year the river flow varies from a maximum 
in winter and spring to a minimum in summer and autumn, so that while 
the amount of chloride remains reasonably constant the concentration 
fluctuates considerably. Fig. 51 illustrates the variation in chloride 
concentration during normal years and during a particularly dry summer, 
such as may be expected to occur once in 10 years.’ It will be seen that 
maximum concentrations of 230 and 320 mg/l occurred in the normal 
and the dry years respectively, and that the commonly accepted limit of 
150 mg/l was exceeded during 4+ months of a normal year and 93 months 
of a dry year. The level at which undesirable taste and corrosion effects 
manifest themselves (200 mg/l) was exceeded during 2 and 5 months in the 
normal and the dry year respectively. Today the chloride flow is in the 

’ Martijn, Th.G. (1967) tV;rter, 51, 76. 
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FIG. 51. VARIATION IN THE CHLORIDE CONTENT OF 
THE RIVER RHINE IN NORMAL AND DRY YEARS 
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neighbourhood of 360 kg/s, and the other figures exhibit a corresponding 
deterioration. 

In the Netherlands, water from the River Rhine has to be used for 
public supplies, but when the chloride content is above about 200 mg/l it 
is unsuitable for this purpose. To reduce the salt concentration by 
desalination methods would be prohibitive in cost, even if electrodialysis 
were used to make a limited reduction only. A more economical solution 
is the mixing of water extracted at different times of the year, thus 
smoothing out extreme variations in quality, but in view of the great 
quantities extracted annually to supply this populous region the only way 
in which this can be done is to perform the mixing and storage in the 
immense reserves that lie underground. 

The method of accomplishing this is artificial recharge, with varying 
distances between the influent and abstraction points, so spaced that the 
length of time within the aquifer (which varies according to the distance 
travelIed by the water below ground) can be planned in advance. Fig. 52 
shows the resultant fluctuation in chloride content in the abstracted water 
over a succession of normal years, interrupted by a dry year. Comparison 
with Fig. 51 will show how the extremes of quality variation have been 
smoothed out, making the resulting water acceptable for use in public 
supplies. When the difference between maximum and minimum detention 
times has values of +, 1, and 2 years, the highest chloride contents become 
248 mg/l, 2C3 mg/l, and 173 mg/l respectively-a very considerable 
improvement on the quality of the river-water during the same periods. 

Increasing the detention time from a few days (as in the Ruhr 
recharge illustrated in Fig. 48) to months or years is not necessarily 
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expensive when abstraction points and pumping equipment already exist. 
The natural recharge of the groundwater reserves is the amount of rainfall 
percolating to the aquifer (i.e., the total precipitation less evaporation 
losses), which in the Netherlands normally amounts to about 0.3 m/year, 
so that the normal yield of the underground catchment is limited to about 
0.3 million cubic metres per year for each square kilometre of surface area. 

FIG. 52. VARIATION IN THE CHLORIDE CONTENT OF WATER FROM THE 
RIVER RHINE AFTER RECHARGE. WITH PLANNED VARIATION 

OF UNDERGROUND DETENTION TIME 
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The curves show the effect of differences between maximum and minimum detention 
times of H year, 1 year, and 2 years. 

With, for example, an aquifer thickness of 50 m and a porosity of 30%, 
the amount of groundwater stored in the pores of the water-bearing strata 
is 15 million m3 per square kilometre of surface area. Thus the use of 
artificial recharge with an average retention period of 6 months makes 
available a capacity of 30 million m3/year/km2-no less than 100 times the 
yield originating from rainfall over the same area 

For densely populated, heavily industrialized areas where surface waters 
are polluted and alternative sources nonexistent or prohibitive in cost, 
artificial recharge on the lines described may prove the best solution to the 
problem of maintaining an ample water supply of acceptable quality, 
provided that the geology of the area is favourable to underground 
storage. The principle is also capable of extension to other types of water- 
short areas where appropriate aquifer conditions exist. 
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MAXIMUM VARIATION IN PIEZOMETRIC LEVEL 
IN A TYPICAL UNDER-DRAINAGE SYSTEM 

The accompanying figure shows the layout of a typical under-drainage 
system. The maximum variation in piezometric leve! of the filtered water 
occurs between points A and G of the bed. If, for simplicity, the 
turbulence in passing from point G to point H is omitted from the 
calculation, the variation in piezometric level is seen to be made up of 
three components: 

(1) the resistance due to the subsurface flow of water from A to B 
through the layer of gravel surrounding the drain, 

(2) the resistance and conversion of static head into velocity head as the 
water flows through the lateral drain from B to C, and 

(3) the resistance and conversion of static head into velocity head as the 
water flows through the main drain from D to H. 

Component (1) 
The pressure losses due to component (1) may be calculated on the 

basis of Darcy’s law, the resistance H, being obtained from the formula: 

where 

1 a2 
HI = 2 xv/x 3 

0 

V f = filtration rate 
a = distance between centres of lateral drains 
k = coefficient of permeability of the gravel surrounding the lateral drains 
/r = thickness of gravel surround. 

With gravel of 5 mm diameter, k is about 700 m/h (assuming 40% 
porosity). When h is 0.15 m, kh is approximately 100 m2/h. With a high 
filtration rate of 0.5 m/h (to consider an extreme condition) and an intervai 
between lateral drains of 1.5 m as shown in the figure, the resistance 

1 
H1 = 2x100 

- x0.5x y 2 
( 1 

= 0.0014 m = 1.4 mm. 

Component (2) 
The losses due to component (2) are calculated in the following way. 

In the lateral drain, length Z, the flow increased linearly from B to C to 
a maximum value Q equal to the area drained multiplied by the rate of 
filtration, i.e.: 

Q = axlxvf = 1.5 x 10 x 0.5 = 7.5 m3/h = 2.08 X 10d3 m3/s. I 

- 111 - 
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A lateral drain 8 cm in diameter has a cross-sectional area of 
5.03 x 10m3 m2, so that the velocity of water in the drain at C is: 

v = Q/A = (2.08 X 10-3)/(5.03 X 10m3) = 0.414 m/s, 

and the velocity head is: 

v2/2 g = 8.7 x 10m3 m (since g = 9.81 m/s*). 

Given a linear increase in velocity from B to C, the resistance offered 
by a pipe of diameter d and length I is: 

1 I V2 

3 
xhx - x - 

d 2g 

where h is the friction factor-a quantity obtained from Colebrook’s 
formula: l/h = 2 log (K/3.7d)+(2.51/Q/h), in which K is the roughness 
of the pipe and R, is the Reynolds number (derived from the kinematic 
viscosity at the particular temperature under consideration, the velocity of 

CALCULATION OF THE LOSSES ACCOMPANYING THE FLOW OF WATER THROUGH 
THE UNDER-DRAINAGE SYSTEM 
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flow, and the diameter of the pipe). Since the Reynolds number varies with 
the velocity of flow, h also varies along the length of the pipe. For a 
temperature of 10°C and a pipe roughness of 0.25 mm, iL ranges from 
0.04 at one end of the pipe to 0.03 at the other, the average being about 
0.033. 

Thus, the resistance offered by the pipe is: 

10 v* 
f x0.033x - x - = 

0.08 2g 
1.37x 2$ 

to which must be added a factor of 2u2/2g representing the pressure loss 
due to the conversion of static head outside the drain to velocity head 
inside. This gives as the total change in piezometric level over the 
length BC: 

H2 = 3.37 X v*/2 g = 3.37 X 8.7 X toe3 m = 30 mm. 

Component (3) 
The losses due to component (3), i.e., the fall in piezometric level due to 

the flow from D to H, may be calculated in a similar way. In the example 
under consideration (see figure), where the length I of the main drain is 
30 m, the diameter d of the drain is 0.5 m, the width of the filter-bed is 
20 m, and the filtration rate ZJ~ is 0.5 m/h, the following quantities are readily 
calculated: 

quantity carried, Q = area of filter-bed multiplied by filtration rate 
= 20 x 30 x 0.5 = 300 m3/h = 8.33 x 10e2 m3/s 

cross-sectional area of drain, A = 19.6 x lo-* m2 
velocity of flow, u = Q/A = (8.33 x lo-‘)/(19.6 x 10m2) = 0.425 m/s. 

The friction factor h, obtained from Colebrook’s formula, varies from 
0.04 to 0.019, with an average value of 0.026. Thus, the resistance of the 
pipe over the length DH is: 

$ ~0.026~ 
30 v* 02 
o2 x 2g = 0.52 x 2g 

to which must be added a further 2u2/2g to convert the static head into 
velocity head. The total loss in piezometric level over the length DH then 
amounts to: 

H3 = 2.52 x v2/2 g = 2.52 x 9.2 = 23 mm. 

The total pressure loss between A and G is now seen to be: 

H1+H2+H3 = 1.4+30+23 = 54.4mm = 0.054m. 

In order that the variation over the area of the filter may be kept within 
an acceptable limit, say lo%, the total loss should not exceed 10% of the 
resistance of the filter-bed when at its lowest (i.e., when the sand is clean at 
the start of a filter run and when the bed is at its minimum thickness after 
repeated scrapings). 

b 
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Under these conditions, with a depth of sand h of 0.75 m and a filtration 
rate VJ of 0.5 m/h, the filter-bed resistance H for a coefficient of 
permeability k is given by: 

H = v,h/k = 0.5 X 0.75/k = 0.375/k. 

If the maximum under-drainage losses (0.054 m) are to be kept 
within 10% of this value: 

0.054 < 0.1 X 0.375/k, or ii < 0.7 m/h. 

To obtain a coefficient of permeability of this value, a filter sand with an 
effective diameter of less than 0.15 mm is called for. If the sand is coarser 
than this, it will be necessary either to increase the diameters of the lateral 
and main drains or to lay the lateral drains more closely together. Since the. 
variation in piezometric level is inversely proportional to between the 
fourth and fifth power of the pipe diameter, a small increase in the latter 
will make a large reduction in the head lost by the flowing water. It is 
therefore the remedy most commonly adopted. Similar measures will be 
necessary if it is desired to restrict the variation in filtration rate to a lower 
value than 10% (5% above and below average), but in view of the relatively 
small influence of filtration rate on effluent quality this precaution is seldom 
required. 
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PIEZOMETRIC LEVEL IN AN UNDER-DRAINAGE SYSTEM 
CONSTRUCTED WITH STANDARD BRICKS 

There is a tendency today to use drainage systems other than pipes, 
except for the smallest filters. Fig. lOa (page 56) shows one of the simplest 
of such arrangements, using standard bricks to support the medium and 
to provide drainage space. If the dimensions of the bricks are 5 x 11 x 22 cm, 
each channel drains a strip 23 cm wide and has the following hydraulic 
characteristics: 

Cross-sectional area A = 0.11 x 0.18 = 1.98 X 10M2 m* 
Wetted perimeter P = 2 x (0.11 + 0.18) = 0.52 m 
Hydraulic diameter d = 4 A/P = 4 x 1.98 x lO-*in.52 = O.! 52 m. 

If an under-drainage system of this kind is used for the filter-bed shown 
in Fig. 9b (page 55), the length of the filter-bed being 60 m and the 
filtration rate being 0.5 m/h, the loss in piezometric level over the length 
of one channel may be calculated as follows: 

Q =0.5x60x0.23 = 6.9m3/h = 1.92x10-3m3/s 
V = Q/A = (1.92 x 1O-3)/(1.98x 10m2) = 0.097 m/s 
Is = 0.04 (from Colebrook’s formula assuming a roughness of 1 mm and a temper- 

ature of 10°C) 
. 

60 
Thus resistance = i X 0.04 X - x 02 = 5.3 v*/2 g. 

0.152 2g 

When the addition of 2u2/2g is made for the conversion of static head into 
velocity head, the total head loss becomes 7.3 x v2/2g = 7.3 x 0.48 = 3.5 mm. 

In such a large filter the main drain will be constructed in concrete and 
will probably be large enough to allow workmen to enter. A drain of this 
size involves a very low velocity of flow, and the drop in piczometric level 
will be less than 1 mm, thus giving a total head loss for the whole drainage 
system of 3.5+ 1.0 = ?.i ;:;::;. 

With, as in Annex 1, a filtration rate of 0.5 m/h and a depth of sand-bed 
of 0.75 m, the variation in filtration rate throughout the filter-bed will 
be less than 10% when k is less than 8 m/h, or d,, is less than 0.45 mm. 
This requirement will nearly always be fuifilled, but it is nevertheless still 
good practice to check the hydraulic characteristics of the under-drainage 
system in every desigu. Other variations of the same principle are possible, 
and the engineer may exercise his ingenuity in devising the most suitable 
and economic system in the light of the materials locally available. 

-- 
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Adhesion, 3 1 
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 on filter 
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, 106-168 
reduction of salt content, 108-l 10 
using prefiltration, 107-108 

Assimilation, 3 1 
Attachment mechanisms, 30-3 1 
Automation of control valve, 67 

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, 27-46 

Brownian movement (diffusion), 27, 29 
Butterfly valve, for control of raw water 

level, 66 

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

Centrifugal forces, 27, 29 
Chemical activity, temperature dependence, 

33,ao 
Chloride content, reduction by artificial 

recharge, 108-I 10 
Chlorination, 13, 14, 23, 25, 46 
Cholera, 1% 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 permeabi!ity, 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, 25 

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, 3 1 
Drainage of supematant 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 
Escherichio co/i 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, 60-6i 
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 (sehmrrtzdecke), 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 

Filters (continrrecf) 
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 supematant 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, 1 l-l 2 
recharge, 87, 99-l 10 

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 compouhds, conversion to man- 

ganous, 22 



Mass attraction, 27, 30, 31 
Mechanical cleaning of filters, 84-93 
Mechanical filters, 16 
Mechanisms of filtration, 27-34 
Metazoa, 33 
Microbiological oxidation, 3 1 
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, 

Nitrogen, oxidation of, in schmutzdecke, 21 
Number of filters, 50, 64, 78 

INDEX :21 

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

Operating costs, 25 
Operation and maintenance, 73-97 
Organic matter, removal, 22, 32 
Oxidation, chemical, 3 1 

microbiological, 3 1 
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, Ill-114,115 

Pilot plant studies, 38, 45 

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, 20-22, 3 l-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, 

43-46 

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-l 10 
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 tllters, 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, 1 I-12 
Specific diameter, 39 
Sphericity, 38 
Spreading basins, 87, 10 1, 105 
Stokes’s formula, 29 
Straining, 14, 27, 43 
Subsidence, 50 
Sulfates, liberation by microorganisms, 32 
Sunlight, intluence of, 20 
Supematant water reservoir, 18, 51-52 

depth of water in, 52 
Surface catalysis, 43 
Surface loading, 28 
Surface water, compared with ground- 

water, 1 l-12 

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,ll I-l 14, 
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, 8 I-84 
Wastage in distribution system, 4748 
Waste material, as agricultural dressing, 26 
Water, acceptable, 10 

filtered, conveyance 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, 43-46 
Water sources, choice of, 1 l-12 
Waterborne diseases, 15, 16 
Weir, 20, 42, 64, 69 

telescopic, 68, 69 

Taste-producing substances, 32 Zones, in filter-bed, 32, 53-54 
removal by activated carbon, 54 Zoogloea, 3 1 
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