


STRUCTURAL DESIGN CONSIDERATIONS 

Rectangular filters 

Provided the necessary skills are available, rectangular filters are usually 
constructed of reinforced concrete, but smaller units may also be built in mass 
concrete or masonry. The amount of reinforcement depends on the dimensions of 
‘the filter box and the depth of the foundation. A pressure diagram for rectangular 
filters constructed above ground level is presented in Figure 7.6. 

Figure 7.6: Pressure diagram for rectnngular filters 

The piping and valves in rectangular filters are easily accessible and future 
e>itensions can be incorporated easily. Both small and large boxes can be used. 
hecausc ospcrinients have shown that the quality of effluent from smaller units is 
equally good, provided short circuiting along the inside of the walls is prevented. 
This can be achieved by roughening the surface of the wall at the height of the sand 
bed, for example, by painting the walls with cement milk and covering it with a film 
of coarse sand. 

Smaller units have the advantage of ensuring watertight construction. which is 
important where the filter box is mainly below ground level. Also, shrinkage of 
concrete and masonry, differential settlements, and temperature stresses which 
depend on the span of the walls, are less in smaller units. Other factors which may 
reduce shrinkage are a low water-cement ratio, and improvement of the 
compaction of the concrete mixture. 
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Foundation 

The filter box may bc constructed a3ove, or partly below, ground level. The 
minimum depth of the foundation must be 0.3 m in areas where sub-zero 
temperatures do not. occur, but when constructed below ground level, the wall 
should extend at least 0.5 m above the ground to prevent dust, animals, and even 
children entering the filter. A filter box placed largely below ground level has 
structural advantages because the load on the walls is smaller, due to the outside 
soil pressure compensating for the inside water pressure (Figure 7.7). However, the 
outside soil pressure shorlld only be partly taken into account in calculations if 
sufficient compaction of the soil cannot be guaranteed after construction of the box. 
It should also be considered if adequate supervision of possible repairs, for 
example, of pipes and valves, cannot be quaranteed, because excavation of soil 
next to the box without draining the filter may result in serious cracks in the wall. 
The available head of the raw water may affect the possible excavated depth at 
which the filter box will be placed, but gravity flow through the entire treatment 
plant is generally preferable. 

Water-table 

Water and sand \ areSSurc 

Soil and 
water pressure 

/ 

Figure 7.7: Pressure diagram for a wall of the filter box 
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Groundwater-table 

In areas where the groundwater-table is high, the filter needs to be located above 
ground level, or watertightness of the filter box must be guaianteed to prevent re- 
contamination of the filtered water. Filter boxes made of reinforced concrete or 
ferrocement will generally be watertight, whereas those of either mass concrete or 
masonry are less suitable and require additional protection and careful design to 
guarantee watertightness. 

Filter boxes constructed below ground level may be forced up by water pressure, 
as shown in the following example using the filter box indicated in Figure 7.8 and a 
groundwater-table 0.1 m below ground level. Assuming that the specific weight of 
concrete is 24 kN/m’, the total weight of the empty filter box can be calculated as 
follows: 

weight of walls 14 x 0.2 x 2.75 x 24 = 184.8 kN 
weight of floor 0.25 x 3 x 4 x 24 = 72.0 kN 

total weight of empty filter box 256.8 kN 

outside water pressure (waterhead x length x width x gravity) = 
2.40 x 3 x 4 x 9.8 = 292 kN, 

Figure 7.8: Prainage system underneath filter box 
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It can be seen from the calculation that the empty filter box will be forced up by 
thaw water pressure. However, under normal conditions, the box will remain once 
the gravel is in place as this adds about 187.8 kN (0.4 x 3 x 4 x 16) to the weight of 
the construction. Thus, when the gravel is placed in the box, the Alter box indicated 
in Figure 7.8 will not be forced up by the water pressure. Drainage therefore has to 
be provided during construction to lower the groundwater-table until the gravel is 
added, and this can be done by constructing a drainage system underneath the 
filters and the clear-water well. The groundwater-table can then be lowered by 
pumping during construction and repair work (Figure 7.&), but as this is obviously 
cumbersome, filter boxes are preferably constructed above the groundwater-table. 

Wall and floor construction 

If the filter walls are constructed of reinforced concrete, the floor must also be of 
reinforced concrete. The joints between floor and wall can be stiffened by 
extending the floor reinforcement into the lower part of the wall. This joint also 
needs to be stiff if the walls are constructed in ferrocement (Figure 7.9), but not if 
they are of mass concrete or masonry. These walls are placed on top of the floor 
after a layer of bitumen has been laid at the joint (Figure 7.10). Larger boxes with 

Figure 7.9: Wall-floor connection in krroccment and reinforced concrete 
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mass concrete or masonry walls in particular will need a floor of reinforced concrete 
to ensure equal settlement. Small boxes, up to 5 m long and on solid ground, may 
have a floor of brickwork as well. If a layer of ferrocement is placed inside the box, 
larger boxes can also be completely constructed in brickwork. 

Unequal loading of non-reinforced floors will result in the development of 
cracks. Minimum reinforcement can be provided which is sufficient to prevent the 
development of cracks, for example, by placing steel bars of 6 mm diameter at 
150 mm intervals in both directions, and at both the top and bottom of the floor. 

Bitumen 

Figure 7.10: Wall-floor connection in masonry and reinforced concrete 

The wall thickness and the required reinforcement of walls and floor depends on 
many factors, such as the dimensions and shape of the filter box, the bearing 
capability of the soil, and the load on the walls. Calculations for each possible 
situation are beyond the scope of this publication. 

The quality of concrete and steel available in rural areas of developing countries 
may not be high and it is therefore advisable to use rather low values for the cube 
strength of concrete and the tensile strength of the steel, for example, 17.5 N/mm2 
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and 220 N/mm” respectively. Placing a concrete cover measuring 25 mm over the 
reinforcement bars is advisable in rural areas. The minimum amount of 
reinforcement can be determined on the basis of a critical loading case, which is the 
situation leading to maximum bending moments, or maximum forces, and a 
maximum acceptable crack width of, for instance, 0.12 mm. 

In addition to this minimal amount, further reinforcement may be required to 
reduce shrinkage. Walls and floor are generally cast separately, and shrinkage in 
the floor is therefore already in pr$gress when the wall is poured. This will result in 
tensile stresses on the horizontal reinforcement which may then have to be 
stronger. The quantity of additional reinforcement will depend on the 
characteristic strength of the concrete and the reinforcement, and on the wall 
thickness. The reinforcement design should provide the best combination of the 
mechanical properties of both steel and concrete (see Figure 7.11). 

.- 

Figure 7.11: Example of a reinforcement design for a wall-floor connection 

Protected sloping wall Itilters 

A sloping wall filter is usually partly, or fully, excavated in the subsoil, the stability 
of which determines the slope of the walls, although a 1:2 slope is generally 
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satisfactory. Suitable materials for lining the walls are masonry, concrete tiles, or 
ferrocement (Figure 7.12). Ferrocement seems a very promising choice, but its low 
impact-resistance is a slight disadvantage and special constructions are required to 
make the filters accessible. The construction costs of sloping wall filters are 
relatively low, and unskilled labourers can be used. 

Figure 7.12: Various linings for sloping wall filters 

Disadvantages of protected sloping wall filters include the following points: 

O More land is required than for structures with vertical walls (the design area is the 
net filter bed area at the minimum filter bed depth). 

O Piping and filter control facilities are less accessible. 

’ Watertightness of the construction is difficult to guarantee. Where the 
groundwater-table is low, this may not be important except for losses, but re- 
contamination of the filtered water may occur with a high groundwater-table. 

’ Fouling of the sloping walls may occur due to the growth of reeds and other 
vegetation. 

A sloping wall filter may also be constructed in earthwork above ground level. 
This reduces the disadvantages, but also results in higher pressure in the upper layer 
of the soil, which may cause settlement and fissures. Various types of filter box 
constructions are summarized in Table 7.1. 
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Table 7.1: Applicability of various types of constructions for slow sand filters 

Type of Size range 
construction per unit (m2)* 

Thickness 
of lining 
or wall(m) 

Comment 

Protected 
sloping well 

- rectangular 
40-400 

0.04-O. 10 - Low cost 
- Minimum of skilled labour 

required for construction 

Mass concrete or 
masonry 

- circular or square 0.20-0.30 - Particularly suitable for 
2-300 small filters in low 

groundwater-table 
situations 

Ferroccment - circular 
2-120 

0.05-0.08 - Possible deformation of 
filter walls 

- Construction and curing 
of ferrocement require 
due attention 

Reinforced concrete - rectangular 
4-400 

- circular 
4-400 

0.20-0.2s 

0. IS-O.20 

- Skilled labour required 
for formwork and 
reinforcement 

* For rural areas, the size per unit is best limited to a maximum of 200 rn’ 

7.2 INLET STRUCTURE 

The main functions of the inlet structure are as follows: 

’ It should reduce the energy of the incoming water to prevent the filter skin being 
damaged. This means that the inlet must be located immediately above the sand 
bed and the entrance velocity should be low, for example, about 0.1 m/s. As a 
rule of thumb, the length of the wooden or concrete planks in the inlet structure 
should be as wide in metres as the design flow (m”/h) divided by 20, with a 
minimum of 0.4 m and a maximum of 1 m (Figure 7.13). In this way, the height of 
the overflowing water will only be a few centimetres when the filter has just been 
started up, and thus a gentle flow is obtained. 
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’ It should provide a means of adjusting the supernatant water level. This can be 
done by a float-controlled butterfly valve, a manually operated gate valve, or an 
adjustable overflow weir in the inlet channel or pipe. The diameter of the inlet 
pipe should be such, that the velocity of the water in the pipe is 0.3-0.5 m/s when 
the filters are operated at the designed rate of filtration. 

O It should provide a means of shutting down the flow of raw water, generally by 
means of a hand-operated gate valve. 

O In an inlet controlled filter, it should also provide the means to measure and 
control the flow through the filter bed. 

Usually, the inlet stucture is a box with an outlet pipe to drain the supernatant 
water quickly when the filter needs to be cleaned. Draining this water through the 
filter bed would take a considerable period of time because of the comparatively 
high resistance of the filter skin immediately before cleaning. Removable wooden 
planks measuring 0.05 x 0.10 m enable adjustment of the inlet structure when the 
level of the filter bed is reduced as a result of subsequent scrapings. 

Inlet valve 

Max. sand level 



The main functions of the outlet structure are as follows: 

’ It should prevent the development of below-atmospheric pressure in the filter 
bed. Therefore, a simple overflow weir is often provided, with its crest slightly 
above the top of the sand bed. 

’ It should provide a means of draining the filter. A separate drain pipe is often 
included in the outlet structure to pass the water to waste. 

’ It should provide a means of refilling the filter with clean water after it has been 
scraped. This may be done through the system of underdrains. 

O In an outlet controlled filter, it should be possible to measure the flow through the 
filter bed. The overflow weir, mentioned above, may also be used for this purpose 
by means of a calibrated flow indicator, combined with a V-notch weir. The 
relationship between the flow and height of water in a V-notch weir is explained 
in Appendix V. 

P 
Flow 
indicator 

Manhole 

Figure 7.14: Outlet box of an outlet controlled filter 
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’ In outlet controlled filters, it should provide a means of adjusting the filtration 
rate by shutting down the filter. The simplest method is manual adjustment of a 
valve or tap. 

A suitable design for the filter outlet of an outlet controlled filter is presented in 
Figure 7.14. Installation of an overflow weir in the outlet box has the advantage 
that the filtered water is aerated, provided the box is adequately ventilated. The 
manhole is included to enable cleaning of the box and calibration of the flow 
indicator. 

7.4 SYSTEM OF UNDERDRAINS 

The system of underdrains has a two-fold Pdnction: 
- to support the filter medium and prevent it being carried into the drainage 

system; 
- to ensure uniform withdrawal of water over the entire filter area. 

The drainage system should be carefully designed and constructed because it 
cannot be inspected, cleaned, or repaired without the complete removal of the filter 
bed material. Several types of underdrains can be used in slow sand filters and 
Figure 7.15 shows the more commonly used systems. 

A. standard bricks 
on bricks 

B. Precast concrete slabs 
on concrete ribs 

C. Concrete tiles on 
quarters of tiles 

IQ1 ] D. Perforated pipes 

E. Corrugated pipes 

Figure 7.13: Common systems of underdrains for slow sand filters 
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To prevent loss of filter medium through the openings in the underdrain system, 
graded layers of gravel are placed between the filter sand and the underdrain 
system. Generally, three !ayers of gravel with grain sizes of 1.0-1.4 mm, 4.0- 
4.0 mm, and 16.0-23.0 mm respectively are used in conventional systems. Each of 
these layers should be about lOO-1.50 mm thick (Figure 7.16). Recently, corrugated 
pipes have been introduced for slow sand filter underdrain systems, and often, 
these are only covered with one 100 mm thick layer of fine gravel. 

k 
I$: 
i::‘.. , Filter sand 

?j .:’ :.. 
0.2-0.3 mm 

i ,;a.. .I 
i::.> <‘:. ,; 

.*: 1. ! . . 
.Z”..‘. _. ; . ,. .y ;‘.:‘.‘: . 

;#!;, - L. 

l ,, ’ 

n-1; 
I 

1;:. 

‘:: 

. _ Coarse sand I .O- 1.4 mm ” .‘I 

16.0-23.0 mm 

Figure 7.16: Filter medium support 

Systems made from prefabricated concrete slabs, burned bricks or concrete tiles, 
have one feature in common, that is, water flows freely out of the sand bed over a 
relatively large area. These systems can therefore be relied upon without 
calculation of the hydraulic characteristics, whereas systems using perforated pipes 
must be designed more carefully (see Table 7.2). 
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Table 7.2: Criteria for dimensioning of underdrain system using perforated pipes 

Dimensioning criteria 

Maximum velocity in manifold 
Maximum velocity in laterals 
Spacing of laterals 
Size of holes in laterals 
Spacing of holes in laterals 

Values 

0.5 m/s 
0.5 m/s 
l-2m 
2-4 mm 
0.1-0.3 m 

For small filters of less than 20 m’, a 15 cm layer of broken stones, measuring 
about 25-50 mm in size, can also be used as an underdrain system in combination 
with a filter support of gravel. An innovative underdrain system is being field tested 
in Colombia (Figure 7.17). where corrugated PVC pipes of 6 cm diameter are 
placed one metre apart, and covered with a 0.1 m layer of fine gravel. This 
development is interesting because it reduces the need for graded gravel, and also 
lessens the total height of the underdrain system compared to traditional systems so 
that the total height of the filter box is lower. Some pilot tests are also being carried 
out with corrugated pipes wrapped in a woven nylon or plastic fabric. This method 
might eliminate the need for gravel, provided the pipes are placed at a closer 
distance, for instance 0.6-0.7 m, and the fabric proves to be resistant to micro- 
biological clogging. 

Figure 7.17: lJnderdr:Gn system made of corrugated PVC pipe 
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The water flow in the filter and the treatment plant needs to be controlled, and this 
is done by regulatory valves placed at certain points, which can interrupt the water 
flow if required. These valves can be sited with the aid of a flow sheet, which is the 
diagram indicating the flow of water through the treatment plant. An example flow 
sheet is presented in Figure 7.18. 

system 

Weir chamber Flow indicator +I+ Valve 4 

Y 
Overflow 

Figure 7.18: Flow sheet for stow sand filtration installation (gravity Row) 

The simplest control device in a pipeline is a gate valve, or sluice valve 
(Figure 7.19), but this is not as accurate as other types of valves because the flow 
begins to decrease considerably only when the valve is closed more than 90%. 
Despite this, gate valves will be the most appropriate solution fQr rural areas in 
developing countries because of their simplicity. They are available in a size range 
of 5-35 cm diameter and simple versions can also be used in open conduits (Figure 
7.20). Gate valves which are left shut for a long time tend to stick and will not open 
easily, and similarly, valves which have been left open for a long time may not close 
properly. Therefore, regular operation of the gate valves is required. 

A more accurate flow control device in a pipeline is a butterfly valve because it is 
quick acting and allows better control of the flow rate. The minimum size of a 
butterfly valve is two inches. 

Globe valves have a greater head loss than gate or butterlly valves, but are 
cheaper and have very good flow control. Sizes of up to two inches are quite suitable 
for rural water supply. 
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C 
------- 
-----I- 2 

Figure T. 19: Gate valve for pipelines 

Figure 7.20: Gate valve in open conduit 



ydraulic profile 

An example of a hydraulic gradient line, that is, the line which indicates the head 
loss over the components of the plant, is set out in Figure 7.21. During operation, 
the head loss over the entire plant is kept constant by adjusting the control valves. 

Head of water in 
sedimentation tank 

. --c\ 
I 
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I 
Head of super- B 

-- --F- natant water 
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I Head of warer 
i -%.\ ir clear-water --G 

c-I tank H 
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I I 8 

Sedimentation Stow sand Clear-waler 
tank fitter tank 

Figure 7.21: Hydraulic gradient tine in a stow sand filtration plant (gravity flow) 

A = head loss in pipe between sedimentation tank and valve 1 
B = head loss over valve 1 
C L- head loss in pipe between valve 1 and slow sand filter 
D = head loss over slow sand filter (increases during filter run) 
E= head loss in pipe between slow sand filter and valve 2 
F = head loss over filter-regulating valve 2 (decreases during filter run) 
G = head loss in pipe between valve 2 and clear-water tank 
M = head loss over effluent weir 

78 

- 



STRUCTURAL DESIGN CONSIDERATIONS 

7.6 PIPING AND BUMPING 

In water supply engineering, it is good practice to “over-design” the major 
hydraulic elements of a treatment plant to at least 1.5 times the required capacity. 
This ensures that the treatment works can be extended without replacing pipes, 
valves and other appurtenances. Gate valves and filter control valves should be 
arranged in such a way that extensions can be connected and furthermore, 
vulnerable mechanical parts must be easily accessible for control and repair. The 
influent and drain-pipes should be quite separate from clear-water pipes. 

Centrifugal pumps are used in many water treatment plants. When designing the 
pipelines and pumps, it is necessary to know the required flow, the head loss in the 
pipeline and the treatment units, and the required pressure head. The head loss in 
pipelines can be easily derived from graphs available for m.ost pipe materials, and 
an example graph, for PVC pipes, is shown in Figure 7.22. 

Flow (titres per second) 

Figure 7.22: Head tosses through friction in PVC pipes 
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FromFigure 7.22, it can be seen that a flow of 1 l/s (3.6 ms/h) will cause a head loss 
of 0.7 m water column per 1000 m PVC pipe, for a pipeline of 75 mm diameter. Pipe 
fittings and bends will add further to this head loss. The head loss in the slow sand 
filters amounts to 1 m water column and in pre-sedimentation tanks, between 0.05 
and 0.10 m water column. 

7.7 CONSTRUCTION OF THE CLEAR-WATER TANK 

The clear-water storage tank does not necessarily have to be located at the 
treatment plant. Location in the village in fact has the advantage of a more constant 
flow in the transport pipe between the treatment plant and village. Also, two or 
three smaller tanks can be built, with a total net volume that is equal to the 
calculated required storage volume. This may reduce the cost of transport pipes as 
smaller diameters can be used, and may increase the reliability of the water supply 
system because when one tank is out of order, the others can still supply water. 

The foundation for the clear-water tanks will generally be deep, because the loss 
of head through the filter is I m (Figure 7.21). and some variation in the water level 
in the tank must be permitted to balance production and demand. 

In small installations, the cover of the clear-water tank can be a simple structure 
of ferrocement or wood. For larger tanks, a cover of reinforced concrete or 
ferrocement is advisable. When the clear-water tank is covered with a reinforced 
concrete slab, the structural design differs from that of slow sand filters because side 
pressures are also transmitted to the cover. If the joints between cover and walls are 
strengthened with extended reinforcement bars, the strength of the structure 
increases, and it may therefore be possible to reduce the thickness of the walls. 
When calculating the dimensions of the floor and wall of the tank, the combination 
of an empty tank and a high groundwater-table are critical. Careful consideration 
should be given to whether the total weight of the construction should be increased, 
to prevent it being forced up by the water pressure. 

The clear-water tank must be provided with ventilation pipes, a drain-pipe, an 
overflow, and a manhole for inspection. If the tank also serves as a chlorine contact 
chamber, then the clear-water outlet pipe should be located at such a height above 
floor level, that the minimum detention time is 30 minutes. 



. 

Five designs for slow sand filters of varying capacities and constructed in different 
materials are presented as examples (Figures 8.1- 8.5). They are based on specific 
conditions and may not be suitable under other circumstances. When necessary, 
important local conditions are indicated, such as the height of the groundwater- 
table. 

The first design is in brick masonry, because of the low water-table. Even if 
cracks should develop, they will only result in water losses but will not lead to a 
deterioration of the effluent by inflow of groundwater. An alternative is to build 
this filter in masonry and ferrocement, as shown in Figure 7.3. The circular 
masonry wall serves as an outside mould for the ferrocement and will take up 
pressure forces. 

Thorough investigations of site conditions have taken place in the second design, 
which is a protected sloping wall filter with a ferrocement lining. Part of the soil has 
been excavated and used for the bunds. A 40” inclination of the slope could be 
selected because the bunds are made of clay. 

The third design is in ferrocement, where the filters are placed above ground 
level because of the high groundwater-table. The clear-water well has a small 
storage capacity because another storage tank has been constructed in the supply 
area. 

The fourth and largest design example is in reinforced concrete and consists of 
four units. This allows for flexible operation, with only a 30% increase in filtration 
rate required when one filter unit is out of operation. Provisions for chlorination of 
the effluent are included for this larger plant, which may provide water to a 
community of 5000-20000 people. Allowances are therefore not made for 
discharging initially filtered water to waste. 

The last design is a small concrete filter which differs widely from the others 
because it is an inlet controlled filter. 

Provisions for pre-treatment of the raw water have not been included in any of 
the designs, which are therefore only applicable for relatively clear surface water, 
with an average turbidity level of less than 20 NTU.lf turbidity of the raw water is 
higher. a pre-treatment unit must be incorporated. however. All designs allow for 
back-filling the filter units after cleaning, or re-sanding directly with the outflow 
from another unit. Initial filling through the !lnderdrains may be achieved by 
making a temporary connection between the raw-water inlet and the outlet box. In 
each of the examples, an estimate of the building materials required for 
construction of the slow sand filter units is also provided. This estimate does not 
include construction materials for the clear-water well or other units. 
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Figure 8.1: Design features of design example I 
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DESIGN EXAMPLES 

General: 
Water-table 
Foundation 

3 m below ground level 
stable soil 

Slow sand filter: 
Material brick masonry 
Design capacity 4.75 m3/h 
Design flow 0.1 m/h 
No. of units 2 
Size 05.60m 
Height of filter box 2.5 m 
Height of underdrain system 0.3 m 
Depth of sand bed 0.9 m 

Outlet box: 
Material 
Size 
Height 

brick masonry 
0 1.40m 
1SOm 

I I 

I : - i 

----i 

t 
I 

I Section C-C I 
I 

Clear-water tank in brick masonry: 
Size 03.10m 
Height 2.00 m 

Bill of quantities for filter units: 
Steel 1200 kg 
Concrete (1:1*/2:2~) 15 m3 
Concrete (workfloor) (1:3:5) 5 m3 
Mortar (1:2) 4m3 
Masonry 30 m3 
Filter sand 45 d 
Filter gravel 1s m3 
Gate valves 9 
Butterfly valves 2 

Figure 8.1: Design features of design example I 
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Figure 8.2: Design features of design example II 



DESIGN EXAMPLES 

Section B-B ’ 

Adjustable supernatant 
water drain 

Section D-D 

General: 
Water-table 
F:oundation 

Outlet box: 
2 m below ground level Material ferrocement 
stable, clayish soil Size 0 1.40m 

Height l.SOm 

Slow sand filter: 
Material ferrocement 
inclination of slope 40” 
Design capacity 14.1 m3/h 
Design flow 0.15 m/h 
No. of units 2 
Net filter areas/unit 47 m2 
Unit size* 7x7m 
Height of fi!ter box 2.6 m 
Height of underdrain system 0.3 m 
Depth of sand bed 0.9 m 

Clear-water tank: 
Size 
Height 

05.OOm 
2.00 m 

Bill of quantities for filter units: 
Concrete (1:3:5) 6m” 
Ferrocement mortar (1:2) 6 m 
Chicken wire mesh 560 mz 
Filter sand (0.15x0.35) 70 m3 
Filter gravel 18m” 
Gate valves 9 
Butterfly valves 2 

Figure 8.2: Design features of design example II 
* at minimum sand level 
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DESIGN EXAMPLES 

Section B-B ’ 

I Section C-C 

: 

, 

\ 

. : 

Section D-D 

Adjustable supernatant 
water drain 

General: 
Water-table 
Foundation 

Outlet box: 
2 m below ground level Material ferrocement 
stable, clayish soil Size 0 1.40 m 

Height 1.5Om 

Slow sand filter: 
iMaterial ferrocement 
Inclination of slope 40” 
Design capacity 14.1 m”/h 
Design flow 0.15 m/h 
No. of units 2 
Net filter area*/unit 47 m2 
Unit size* 7x7m 
Height of filter box 2.6 m 
Height of underdrain system 0.3 m 
Depth of sand bed 0.9 m 

Clear-water tank: 
Size 
Height 

05.OOm 
2.00 m 

Bill of quantities for filter units: 
Concrete (1:3:5) 6m” 
Ferrocement mortar (1:2) 6 n? 
Chicken wire mesh 560 mz 
Filter sand (0.15x0.35) 70 m3 
Filter gravel 18m” 
Gate valves 9 
Butterfly valves 2 

Figure 8.2: Design features of design example II 
* at minimum sand level 
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Section A-A 

Weir chamber Section B-B 

Figure 8.3: Design features of design example III 
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---- 

Jction C-C 

General: Clear-water tank: 
Water-table 0.4 m below ground level Material ferrocement 
Foundation reasonnhly stable soil Size 0 4.5 m 

Height 2.00 m 

Slow sand filter: 
Material ferrocement 
Design capacity 3.2 m”/h 
Design flow 0.1 m/h 
No. of units 2 
Size 04.5 m 
Height of filter box 2.5 m 
Height of underdrain system 0.3 m 
Depth of sand bed 0.9 m 

Outlet box: 
Material 
Size 
Height 

ferrocemenr 
0 2.0 m 
1.50 m 

Bill of quantities for filter units: 
Concrete (1: 11/2:2,%) 5m” 
Concrete (1:3:5) 2m” 
Steel 400 kg 
Ferrocement mortar (1:2) 5 m3 
Chicken wire mesh 260 m’ 
Filter sand 29 m3 
Filter gravel 10 m3 
Gate valves 9 
Buttertly valves 2 

Figure 8.3: Design features of design example III 

87 



Filter 4 

Filter 3 

Filter 2 

-b- 
T Supply main 

Clear-water 
well 

Operation 
house 

Filter 1 

Section A-A 

Figure 8.4: Design features of design example IV 
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