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The short wall can be calculated as a three sided fixed 

plate. The entry moments follow from the ly/lx ratio and can 
be read from tables (lit. 17, 18). 

M = 0.67 s 2.752 + 
x entry 6 

so A = 853 mm2 (0 16-200) 

M = 0.67 x 2.752 + 
y entry 4 

so A = 650 mm2 (I 16-250) 

27.25 f 2.752 = 
I3 

16 7 kNm 
, 

27-25 * 2-752 := 18 12.72 mm , 

The influence of the small inside load q4 has been neglected 

In figure A-8.1. the reinforcement schemes are given, both 

for the filter boxes and the clear water tank of typical 

design No. IV (paragraph 6.4). 
250 

@ 16-200 

detail long wall 

250 
b 16-200 

detail short wall 

b. 

#lo- loo- :: 

. . .-. . . l 

detail clear water tank 

Figure A. 8.1. Reinforcement schemes of filter box and cLear 

water tank. 
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APPENDIX 9 

ADDRESSES OF MEMBER ORGANIZATIONS OF FlDlC 

The FIDIC (Federation Internationale des Ingenieurs-Conseils) 

is an international organization, from which information 

regarding contract documents, tendering etc. may be obtained. 

Member organizations in countries in the developing world 

include: 

ARGENTINA 

Tiara Argentina de la 

Construction, 

Av. Paseo Colon 823, 

BUENOS AIRES 

BANGLADESH 

Bangladesh Thikadar Samity, 

23 Bangabandhu Avenue, 

DACCA 2 

BOLIVIA BRAZIL 

C&nara Boliviana de la Ctimara Brasilera de la 

Construction Construction 

Casila de Correo 3215, R!la Do Senado 213, 
LA PAZ RIO DE JANEIRO 

COLOMBIA 

Camara Colombiana de la 

Construction 

A-P-T. Aereo 28588 

BOGOTA 

DOMINICA 

C&mara Dominicana de la 

Construction 

Calle No. 9, 

Reparto Vista Mar, 

Zone 7, 

SANTA DOMINGO 

COSTA RICA 

Camara Costarricense de la 

Construction 

Apt. 5260 

SAN JOSE 

ECUADOR 

Federation Ecuatoriana de 

Camaras de la Construction 

Block Centro Commercial, 

Ciudadela Bolivariana, 

Casilia 8955 

GUAYAQUIL 
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EL SALVADOR 

Czimara Salvadorena de la 
Industria de la Construccibn 

Avenida Olimpica, 

Pasase 3 

No. 130 

SAN SALVADOR 

HONDURAS 

C&nara Hondurena de la 

Construccibn 

Apartado Postal 905, 

TEGUCIGALPA 

INDIA INDONESIA 

Builders Association of India Asosiasi Kontraktor Indonesia 

G-l/G-20 Commerce Centre, (Indonesia Contractors' 

?th Floor Association) 

J. Dadajee (Tardeo) J1.M.H. Thamrin 57, 
Main Road, Tardeo P-P. Building, 2nd Floor, 

BOMBAY 400034 JAKARTA 

KOREA 

Construction Association of 

Korea Construction 

Building, 
32-23, 1-Ka, Taepyung-Ro 

Joong-Ku, 

SEOUL 

MEXICO 

C&nara National de la 

Industria de la Construccibn 

Colima 254, 

MEXICO 7 D.F. 

GUATEMALA 

Cdmara Guatamalteca de la 
Construccibn 

Apt. Postal 2083, 

GUATAMALA CITY 

HONG KONG 

The Building Contractors 

Association 

Ltd., Hong Kong 

180-182 Henessy Road, 3rd Floor, 

HONG KONG 

MALAYSIA 

Master Builders' Association, 

Federation of Malaya, 

13 Jalan Gereja, 3rd Floor, 

KUALA LUMPUR 

NICARAGUA 

Camara Nicaraguense de la 

Construccibn 

Apartado Postal 3016 

MANAGUA 



PANAMA 

Ctiara PanomeGa de la 
Construccidn 

Apartado Post& 6793, 

PANAMA5 

PERU 

C&nara Peruana de la 

Construcci6n 

Paseo de la Republica 

Cuadra SA, 

Edificio Caiso Piso 12, 

LIMA 

SFFrGAPORE 

Singapore Contractors‘ 

Asscciation 

150 Neil Road, 

SINGAPORE 

URUGUAY 

Uruguay 

Cajaara de la Construccibn 

de Uruguay 

Av. Agraciada 1670, 

ler piso 

HONTEVIDEO 
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PARAGUAY 

Cknara Paraguaya de la 
Construccib 

Yegros 242, 

ASUNCION 

PHILIPPINES 

Philippine Contractors' 

Association Inc. 

3rd Floor, Padilla, 

Cond. off. Bldg., 

Ortigas Commercial Cenrte, 

Pasig, R&al, 

HANILLA 

THAILAB! 

Thai Contractors' Association 

110 Vidhuya Road, 

BANGKOK 

VENEZUELA 

Cknara Venezolana de la 

Construccikn 

Calle Villaflor, 

Centro Professional de1 Este, 

CARACAS 
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GLOSSARY 

Aeration 

Capital return 

period 

Chemical Oxygen 

Demand (COD) 

Concrete compres- 

sive :itrength 
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A process for continuously creating new 

air/liquid interfaces to increase the 

oxygen content of the water. 

This may be achieved by: 

a. allowing the liquid to flow in thin 

films over a weir or plate 

b- spraying the liquid in the air 

C.. bubbling air through the liquid 

d. agitating the liquid 

The period elapsing between a capital 

expenditure and the reimbursement of 

this capital expenditure by means of 

recurrent income from the fixed assets. 

The amount of oxygen consumed from a 

specified oxidizing agent in the oxidation 

of the matter present in a (water)sample. 

As normally determined, i.e. from 

silver-catalysed dichromate, it approxi- 

mates to the oxygen theoretically required 

for complete oxidation of the carbonaceous 

matter to carbon dioxide and water. This 

term is now restricted to the standard 

test employing oxidation by a boiling 

solution of acid potassium dichromate. 

The maximum allowable compressive force 

per unit of area without the occurrence 

of shear (deformation). 
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Declining rate 

filtration 

A specific mode of operation of slow 

sand filters. If the raw water inlet to 
the supernatant water is closed and the 

filtration regulating valve is kept in 

its normal operating position, the 

supernatant water will be filtered at a 

ccntinuously declining filtration rate. 

Such an operation may be applied during 

the night to save labour costs and 

capital investment costs. 

Depreciation period An estimated period (on the bases of 

experience) after which equipment 

should be replaced due to wear and tear. 

Design capacity The treaLnent capacity (in m3/h) of a 

newly designed water purification unit. 

Design period The period a treatment unit or water 

supply system is designed for, or the 
period during which under normal cir- 

cumstances no extension of the treatment 

unit is required to provide the consumers 

with an unobstructed water supply. 

E.Coli Escherichia Coli: a bacterium living in 

the alimentary tract of man and other 

mammals. As it is passed,oct with 

faeces in large numbers its presence in 

water is indicative of faecal contamin- 

ation and the possible presence of 

pathogenic organisms of enteric origin; 

normally it is not itself pathogenic. 
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Economic lifetime The period during which equipment 

creates an income which more than 
offsets costs of capital expenditure 

(interest of loans) and costs of operation 

and maintenance. 

Effective diameter The size of the sieve opening through 

which 10% of the filter bed material 

will just pass (symbol: dlo). Also 

indicated by "effective size". 

Effluent 

Flocculation/ 

Coagulation 

Freeboard 

Water (or other liquid), treated to a 

greater or lesser extent, flowing out of 

a section of the treatment plant. 

The process by which colloPda1 and 

finely-divided suspended matter is 

caused to coalesce, leading to the 

formation of floes and agglomeration of 

the flocculated matter. 

Flocculation/coagulation may be effected 

by adding a suitable chemical or chemicals, 

or it may be a biological process. 

The vertical distance between the 

maximum water level in a tank and the 

top of the side walls, provided to 

prevent the contents of the tank from 

being blown over the walls in a high 

wind. 

Yearly growth rate The yearly rate of multiplication, 

expressed as the rate of increase in 

population per unit of population 

present (in percentage). 
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Hydraulic feeder Chemical dosing equipment consisting of 

non-mechanical appliances. A chemical 
solution is fed to the water to be 

treated by means of gravity-forces (see 

also figure A-3.1.). 

Hydraulic line A graph showing the subsequent hydraulic 

gradients in the various sections of a 

treatment unit passed through by the 

water to be treated. 

A hydraulic gradient represents the loss 

of head in a liquid flowing in a pipe or 

channel, through a filter bed or a 

valve, expressed as a ratio, the slope 

of a curve, or as a fractional drop 

(m/h) - 
When the liquid is flowing under pressure 

in a pipe line, the hydraulic gradient 

is the slope of the line joining the 

elevations to which the liquid would 
rise in pipes freely vented and under 

atmospheric pressure. 

Hydrological year A period in the lifetime of a river (8- 

12 months) which covers all variations 

in its hydrological characteristics due 

to rainfall, run off, evaporation, 

artificial (man-made) withdrawals or 

discharges etc. 

Influent Water (or other liquid), untreated or 

partially treated, flowing into a 

section of the treatment plant. 



Maximum day The maximum water demand during one 

single day (24 hours). 

Maximum hour The maximum water demand during one 

single hour. 

N;kN Newton: kiloNewton 

Most Probable Number: 

a statistical estimate of the numbers of 

viable bacteria obtained in a dilution 

count, such as the presumptive coliform 

count, in which a series of tubes 

containing a selective growth medium is 

inoculated with specified volumes of 

sample, and incubated. The most probable 

number is obtained by examining the 

tubes for a positive growth response 

(such as the production of acid and gas 

for coliforms) and referring the pattern 

of such responses to statistical tables. 
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the unit of force; 1 N = g kg m/s2 z 

9.8 kg m/s2; 1 kN z 9800 kg m/s2; g = 

acceleration due to gravity (z 9.8 m/s2). 

(10N = approx. 1 kgwtj 

Negative pressure If the head loss in a filter bed were 

more than the available head of the 

supernatant water layer, then the 

filtered water could drain away from the 

si;pernatant water, leaving a partial 

vacuum. Under such conditions "air 

binding'* may occur: release of air in 

the low-pressure region below the 

filter-skin which forms bubbles in the 

filter bed pores. 



Air-binding may lead to overloading of 

part of the filterbed and subsequent 
deterioration of the effluent quality. 

Nephelomatric Turbidity Unit: 

The turbidity is measured by the inter- 

ference with the passage of iight rays 

through a liquid caused by the presence 

of fine suspended matter. 

(1 NTU = 1 FTU (Formazin Turbidity Unit) 

Z+ 1 mg Si02/1). 

Physical lifetime The physical lifetime of equipment is 

the period (months/years) it keeps on 

functioning as long as maintenance and 

repairs are carried out. 

Population growth The total increase in population per 

factor unit of population present, during a 

certain number of years. The population 

growth factor is determined by the 

yearly growth rate and the number of 

years considered (design period). 

Coarse and durable natural material, 

e.g. murram. 

A layer of fats, oils:and grease together 

with particles of plastics, floating 

wrapping materials, remains of vegetation 

and algae which rises to the surface of 

the supernatant water layer due to a 

specific gravity lower than that of 

water. 



Service reservoir 

Specific gravity 

Surface loading 

Tensile strength 

Turbidity 

Uniformity 

coefficient 

Venturi meter 
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A clear water storage tank, within the 

distribution system, which provides 
sufficient storage to overcome periods 

of higher demand and sufficient head to 

deliver the water to all planned withdrawal 

points. 

The ratio of -ihe mass of a given volume 

of a substance to the mass of an equal 

volume of water at a temperature of 4OC. 

The maximum rate of flow to be treated 

per day per unit area, or: 

surface loading (m3/m2 d) = 

maximum flow (m3/d) 
surface area (m2) 

The surface loading may also be expressed 

as m3/m.2 h (or m/h). 

The maximum allowable tensile force per 

unit of area without the occurrence of 

strain (deformation). 

Interference with the passage of light 

rays through a liquid, caused by the 

presence of fine suspended matter. 

The coefficient of uniformity (U-C.) is 

the ratio dso/dlo (see effective diameter). 

A device used for measuring the flow of 

liquid in a pipeline, in which there is 

a gradual contraction to a throat 

followed by an expansion to normal 

diameter. 



The pressure is measured at the throat 

where the pressure is reduced and up- 
stream where the diameter is normal, by 

means of small pipes leading to gauges. 

The velocity and therefore the rate of 

flow is related to the pressure difference 

between these points. 

V-notch weir A measuring weir of V-shape with the 

angle at the apex usually 90'. used for 

measuring small discharges (see "weir" 

and appendix 6). 

Weir A structure over which water flows, the 

downstream level of the water usually 

being lower than the crest of the weir. 

When used for measuring flows the weir 

may be rectangular, notched or trapezoidal 

and the rate of flow will be related to 

be upstream height of the water above 

the crest and to the geometry of the 

weir opening. 

Weir overflow rate The volume of liquid passing over the 

outlet weir of a tank per unit length of 

weir at maximum flow, calculated as 

follows: 

weir overflow rate (m3/m h) = 

maximum rate of flow (m3/h) 
total length of outlet weirs (m) 
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INDEX 

Advantages of slow sand filters 26. 27 

Aeration 23.35. 163 

Algae 22.25 

Anaerobic conditions 23 

Analysis of samples 147-150 

Area requirements of slow sand filter 49 

Available chlorine 129 

Back filling 29 

Bacteria. removal 24 

Bacteriological quality, see water quality 

Bacteriological analysis, see water quality 

Basic elements of slow sand filter 18 

Bar-chart 104, 105 

Bills of quantity 96, 102 

Bleaching powder 129. 130 

Bcrings 133, 134 

Building materials 21, 65, 87-100, 137-141 

. quantities of 96. 97 

Building instructions 105-108 

Buoyancy, see forcing-up 

Butterfly valve 78, 79 

Capacity of water supply. see design 

capacity 

Capital return period 43. 163 

Chemical Oxygen Demand 46, 163 

Chlorination, see safety chlorination or 

disinfection 

Chlorine, see available chlorine 

Cleaning of filter 30 

Clear water tank 52. 57, 82, 83 

Clogging of filterbed 25 

Ca@fficifnt of uniformity 19 

Calaur, removal 24 

Contact time, for chlorination 132 

Commissioninq of slow sand filters 28 

Construction of slow sand filters 65-71 

- sloping wall filter 87-83 

- masonry filter 90-91 

- ferrocement filter 89-90 

- reinforced concrete filter 91-93 

Construction materials. see building 

materials 

Contract documents 100 

Control devices, see filter regulation 

devices 

Costs of slow sand filter 98, 99 

Consumption of water 13 

Declining rate filtration, see operation of 

filters 

Depreciation period 43, 54. 164 

Design of slow sand filters 39, 56 

Design capacity 41. 95, 164 

Design criteria 40. 54-56 

Design period 40, 43, 53, 164 

Design population 43, 44 

Dimensioning 39. 48. 50 

Disinfection 36, 129-132 

Economic lifetime 43, 165 

Effective size of filtermedium 19, 165 

Effluent weir 31 

Escherichia coli 24, 37, 55, 164 

Ferrocement, see construction of slow sand 

filters 

Field test kits 149, 150 

Filter-bed area 50. 55 

Filter-bed thickness 19, 20, 57 

Filter-box 21. 55 

Filter controls, see filter regulation 

devices 

Filter medium 17, 19 

Filter regulation devices 18, 20, 29, 30, 74, 

78, 91 

Filter test runs 25 

Filtration rate 23, 56 

Floating effluent weir 29. 30, 144, 145 

Floating platform hypochlorinator 131 

Forcing-up of structures 47, 68, 32, 152 

Foundation 67, 69, 70 

Flow measurement 21, 29. 74, 143-146 

Freeboard 18, 165 

Fulvic acid test 137 

Gate valve 78 

Grain size, of filter sand see effective size 

, of soil 134, 135 

Groundwater. level determination of 136 

Head loss 

- through pipes 80, 84. 85 

- through valves 80 

- through filter-bed 80, 84, 85 

- over weir 80, 143-146 

High-test hypochlorite 129-131 

Horizontal-flow coarse material preflltration 

35, 126, 127 

Hydraulic line 79, 80, 166 



Hydrological year 147, 166 

Inlet structure 72, 73 

Intermittent operation. see operation of 

filters 

Implementation 101 

Labour-intensive building 107 

Lay-out - filter units 59-64 

- of treatment plant 48. S3. 92-94 

Limitations of slow sa.rd filters 26 

Location of treatment works 47 

Pleasuring veir, see weir 

Hechanical design of treatment plant 53 

llasonry. see construction of slow sand 

filters 

bass concrete, see building materials 

Kechanisms of filtration 19 

Itembrane filter test 149 

Micro-organisms on sand grains 19 

bode of operation SO 

Kost Probable Numbre. 46. 55, 167 

Rultiple Tube Fermentation Test 149 

Negative pressure, prevention of 21. 23. 

30, 74 

Numher of filters 59 

Operation and maintenance 27-29 

Operation of filters 

- continuous 48 

- vith declining rate 48-51. 164 

- intermittent 49 

Organic matter, removal of 24 

Organization 103-105 

Overflaw 

- in filter box 19 

- in outlet structure 23 

Outlet structure 74, 75 

Oxygen content 23, 25 

Pathogens, removal of 24 

Performance of slow sand filters 24 

Physical lifetime 43, 168 

Piping arrangements 83-85 

Planning 103-105 

Plain sedimentation 35, 122 

Population growth rate 44, 54, 165-167 

Post-treatment 36, 81, 82 

Power requirements for pumps 85 

Pre-treatment 23, 34, 81, 82 

Production capacity. see design capacity 

Purification processes rn slow sand filters 

Zl-2L 

Pumping arrangements 83-85 

Rapid “roughing” filtration 35. 55, 126 

Recirculation of effluent 23 

Reinforced concrete see construction of 

filter 

Reinforcement schemes for slow sand filters 154 

Resanding 32 

Residual chlorine 132 

Peripening 29, 30 

Ripening, see commissioning 

River bed filtration 35. 125, 126 

Safety chlorination 36. 56, 81, 129-132 

Schmutzdecke 17, 22, 28, 33 

Scum, removal of 19, 168 

Sedimentation, as pre-treatment 23. 35. 122-125, 

Selection of water treatment system 36. 37 

Set-up of water supply system 39, 45 

Shading of slow sand filters 25 

Short-circuiting in slow sand filters 60 

Shuttering 108-110 

Site, of treatment plant 48 

, of water intake 47 

Site investigations 133-137 

Size of filter, see unit size of filter 

Sloping wall filter, see construction of 

filter 

Soil investigations 133-137 

Soundings 136 

Specifications of construction 40, 59-83 

Supernatant water layer 18 

, level regulation of 

30, 72 

Start-up of filter, see commissioning 

Storage, as pre-treatment 35, 121, 122 

Structural calculations 151-154 

System of underdrains 18, 20, 76, 77 

Tendering 101 

Tensile stiength 263 

Throwing over 31 

Time schedules 104, 105 

Turbidity, limits for slow sand filters 24 

, reduction by pre-treatment 34, 35, 

121-128 

Typical designs 87-100 

Under-drainage system, see sys:em of underdrains 



Uniformity c&fficii;nt of filtermedium 19. 

Unit size of filter 59-62 

Universal pressure 63 

Ventilation 23 

Water analysis 28, 142-143 

Water borne diseases 14-15 

Water-cement ratio 138 

Water conduits 57 

Water consumption, per capita per day 13 

- unpiped supplies 14 

- supply with stand-pipes 14 

- piped connections 14 
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Water demand, design 44, 54 

Water intake 47, 51 

Water quality, criteria for 14, 115-118 

, testing of 147-150 

, improvement by treatment methods 24, 54 

Water related diseases 14-15 

Watertight construction 61, 68, 107. 138, 141 

Weir 27, 143-146, 170 

Weir beam 72, 78 

Weir chamber 23 

Working-schedules 105, 106 

yearly growth rate, see population growth rate 




