








cost/c:india/design/filter material/filtration rate/low cost and simple
methods/performance/pilot plant/pre~treatment/raw water quality

The problems in India are likely to be representative for the problems
in developing countries in hot climate regions. The author discusses some
major problems of India and suggests in this paper some approaches for
developing an appropriate intermediate technology in the field of water
treatment for the developing countries with hot climate conditions.

The surface water sources available in India can be grouped in four
categories (A-D) and several approaches are given for each group, such
as: fine sand low rate filters, stage filters, mimo filters, graded
horizontal filters, several simple pre-treatment systems. The author
concludes that the flexibility of design and the low rate philosophy
will help to achieve better performance and considerable reduction in
capital and maintenance cost.

PEARSALL, W.H. and GARDINER, A.C. and GREENSHIELDS, F.

Freshwater biology and water supply in Britain. Freswater Biological
Association of the British Empire, Scientific Publication no. 11, 1946,
92pp.

algae/c:u.k./extra treatment/filtration mechanisms/performance/pre-
treatment/raw water quality

The principles involved in the development of fresh-water life and
the factors favouring its development are discussed in these papers.
One part deals with the biology of slow sand filtration. An explana-
tion is given of the biological action of the filter-film and of the
chemical effect on the biological performances of slow sand filters
using copper sulphate, chlorination, algicides or lime as pre-
treatment. -

RAJAGOPALAN, S and SHIFFMAN, M.A.
Guide to simple sanitary measures for the control of enteric diseases.
World Health Organization, Geneva, 1974, 103pp.

design/extra treatment/low cost and simple methods

This guide provides a comp=andium of knowledge on simple measures that
can be implemented with limited resources to control enteric diseases.
It is meant for the use by professional personnel responsible for
public health and sanitary services in developing countries. The chapter
on water supply systems contains some interesting appropriate technology
solutions for spring protection, bank infiltration, disinfection, infil-
tration galleries, etc.
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REID, G.W.

A catalogue of water supply and waste disposal methods for individual
units.

Bureau of Water and Environmental Resources Research, University of
Oklahoma, 1975, Norman, Oklahoma 73069

design/low cost and simple methods

This manual consists of 183 figures taken from published literature,
listed in a reference table. The purpose of this manual is only to
provide a collection of methods of water supply and waste disposal for
individual units, so there is no explanation nor a discussion is given.
Concerning slow sand filtration, a few drawings are given of a slow
sand filter, an upward flow sand filter, a horizontal sand filter and
a modified slow sand filter.

RENADE, S5.V. and AGRAWAL, G.D. and MISHRA, Y.D.

Full scale trials on converted dual-media filter at Kanpur.
Journal of the Indian Water Works Association, 1976, VIII, no. 4,
pp. 257 - 261

cost/c:india/filtration rate,performance/pre-treatment/raw water quality

The results of tests on a dual-media filter are presented and the
influence of filtration rate as the length of the filterruns is dis-
cussed. Conditions of high and low turbidity were examined. The cost
of conversion to dual-media is compared to cost on construction for
the increase in capacity.

RIDLEY, J.E.

Experience in the use of slow sand, double sand filtration and micro-
straining.

Proceedings of the Society for Water Treatment and Examination, 1967,
vol. 16, pp. 170 - 191

algae/c:u.k./pre-treatment

Comparison of algae problems between the Hanworth Road works using
exclusively slow sand filtration, the Kempton Park works using rapid
sand filtration followed by slow sand filtration and the Ashford
Common works using rotary micro-strainers followed by slow sand
filtration. In a filtration process in two steps many problems are
caused by primary filtration deficiency and by proliferation of algae
in the slow sand filters.

ROBECK, G.G. and CLARKE, N.A. and DOSTAL, K.A.
Effectiveness of water treatment processes in virus removal.

Journal of the American Water Works Association, 1962, 54, pp. 1275-1292
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65.

filtration rate/performance/raw water quality

Tabulated and graphical results are given of small scale pilot

plant experiments on the removal of poliovirus I from water

during passage through unsaturated or water-saturated sand at rates
equal to those of groundwater movement and through a coagulation -
filtration process at rapid rates. It was found that 2 feet of clean
well-packed sand removed the virus from water flowing at rates less than
4 feet per day; the percentage removed decreased with increasing

rate of flow until most of the organisms passed through at rapid
filtration rates. Alum dosing gave improvement of the latter

results up to 99% virus removal.

SCHALEKAMP, M.

The effectiveness of rapidly operated slow filters and a new cleaning
process.

Annual conference of the American Water Works Association. Session of
Mineapolis, June 11, 1975 :

algae/cost/c:switzerland/filtration mechanisms/filtration rate/
performance

The results of tests in St. Gallen, Switzerland, indicate that rapidly
driven slow sand filters with a rate of 21 m/d give way to a satis-
factory purification, but not quite as good as normally driven slow
filters at a rate of 7 m/ d. Examined are the effects of this raise

in filtration rate on the length of the filterrun and on the bacteriolo-
gical, biological and chemical performance and action of the filters,
illustrated with many graphs and data.

SCHMIDT, K.

Intermittent operation of slow sand filters for artificial recharge of
groundwater.

Lecture of the 2nd International Conference for foreign participants,

Gottwaldot, Czechoslovak Socialist Republic, June 29 -~ 30, 1972, 26pp.
Also published in the series: Issues of the Dortmunder Stadtwerke AG,
nr. 118.

Original version in German, translated into English by the WHO Inter-

rnational Reference Centre for Community Water Supply.

aigae/cost/c:germany/design/filtration mechanisms/performance/pilot
plant/pre-treatment/raw water quality

At the Ruhr Valley Waterworks slow sand filters constitute a one-stage
purification step of surface water and serve at the same time as an
infiltration surface for the artificial recharge of groundwater.
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67.

Pre-filters, filled with course filter material reduce the load of
suspended matter on the slow sand filters and cause a two-stage biolo-
gical filtration process. Aeration before the entrance into the main
filters changes the 02/COzratio. To solve problems of lack of oxygen
and excessive algal growth, the slow sand filters are operated inter-
mittently. Several figures and data of the performance of these filters
are given, also in comparison to submerged filters.

SEVILLA, A.S. !

A study of filtration methods for providing inexpensive potable water
to small communities in Asia.

Thesis no. 442, Asian Institute of Technology, Bangkok, Thailand, 1971

cost/h:south east asig/filter material/filtration rate/low cost and
simple techniques/performance/pilot plant/pre-treatment/raw water
quality

An attempt was made on laboratory scale to find a new method for
treating surface water that would be technologically and economically
applicable to small communities in Asia. The most promising

solution found was the use of local materials in a series filtration
system incorporating both a roughing or primary filter followed

by a secondary or polishing filter of the slow sand filtration design.
Since there were no basis for the design and filtration rates to be
used for each media under study, the study was geared towards
evaluating an optimum filtration rate and influent turbidity limit
for the filter to function efficiently and for an extended period

of time to minimise the frequency of cleaning. Materials easily
available in Asian rural areas were compared as filter media in

terms of turbidity removal, length of filter run and head loss
developement. Investigated were: Pea gravel, burnt rice husk,

raw rice husk, coconut husk fibre, charcoal and sand. Burnt rice husk
appears to be a potential substitute for sand in slow sand filtra-
tionwhile coconut husk fibres could be substituted for coarse sand

in a roughing filter. By using the series filtration system, the
financial and labour requirements and the level of training needed

by the operator could be reduced.

SIBER, S.

Slow sand filtration for small communities and rural areas.
Middle East Technical University.

Environmental Engineering Department, no. 73-02

Anakara, Turkey, July 1973

filter material/performance/pilot plant/raw water quality

In this study an attempt is made to determine the turbidity removal

efficiency of a model slow sand filter. The practical use of the results
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€9.

70.

obtained from the experimental study is investigated. In the experi-
mental part of the study,emphasis is laid on the effect of sard depth
changes and influent water turbidity changes upon filtrate quality.

SLADE, J.35. and POYNTER, S.F.B.

The removal of viruses by slow sand filtration.

Scientific Services, Thames Water Authority.

Distributed by the IRC in the context of the Slow Sand Filtration Project.

filtration rate/operation and maintenance/performance/pilot plant/raw
water gquality

The ability of slow sand filters to remove enteroviruses from
contaminated reservoir water has been assessed using experimental

‘filters and attanuated poliovirus type 1. The effects of flow rate,

depth of sand, temperature, filter maturity and cleaning on this
process have been examined. The filters were found to be highly
effective in removing viruses at up to 2,5 times the normal flow rate
of 4,8 m/d and at temperatures as low as 59C. The removal of baterio-
phage T7 and naturally occurring bacteria by filtration have also been
studied. When compared with poliovirus, bacteria were less and
bacteriophages were more efficiently removed.

SWISS ASSOCIATION FOR TECHNICAL ASSISTANCE and Ministry of Agriculture
Community Development Department, Cameroon, 1975

c:camerocon/design/low cost and simple methods

Design criteria and some drawings are given of simple slow sand filters
used in Camercon.

SYMONS, G.E.
Piltration.
Water and Sewage Works 1956, 183, pp. 108 - 111 and 151 - 157

design/filtration mechanisms/general description/operation and main-
tenance/per formance

While discussing filtration processes in water treatment, the author
defines and classifies the types of filters used, and reviews the basic
principles and hydraulics of filtration and the activities taking
place during the process. The design and operation of slow sand and
rapid sand filters are discussed in detail.




71. THANH, N.C. and PESCOD, M.B.

Application of slow filtration for surface water treatment in tropical
developing countries.

Environmental Engineering Division, Asian Institute of Technology,
Bangkok, Thailand.

Final report no. 65, 1976, 75pp.

c:south east asidfilter material/filtration rate/low cost and simple
methods/performance/pilot plant/pre-treatment/raw water quality

The aim of this study, undertaken in the context of the IRC - Slow
Sand Filtration Project, was to provide an acceptable water (by
using surface water for supply in Asian villages) as cheaply as
possible using simple treatment systems. Investigated with pilot
plant studies are the performance of 1. a slow sand/burnt rice husk
filter in combination with a coconut fibre filter, as a series filter
system; 2. a dual media filter, coconut fibre and burnt rice husk
in the same filter box; 3. dual media filters, made of burnt rice
husk or coconut fibre overlying sand. Assessed is the influence of
raw water turbidity and filtration rates on the quality of treated
water, expressed in turbidity and coliform removal, and the duration
of filter runs based on the observation of head-loss development.
Two long term filtration studies have been made at raw water
turbidities of 50 and 100 JTU.

72. UNIVERSITY OF SCIENCE A4ND TECHNOLOGY, GHANA.
Slow sand filtration studies.
Environmental Quality Division, Department of Civil Engineering,
University of Science and Technolohy, Kumasi, Ghana.
First progress report 1976, 41pp.

algae/c:ghana/design/filtration mechanisms/filtration rate/low cost and
simple methods/performance/pilot plant/raw water quality

Within the framework of the IRC - Slow Sand Filtration Project,
several studies have been done at the Owabi and Kumawu pilot plants.
Investigated are, among other things: the raw water quality; the
effect of the filtration rate on the ripening period and the length
of filterrun and the filter performance; the identification of algae
in the raw water, in the filtrate and in the scrapings from the top
of the filter; the comparison of the slow sand filtration pilot plant
with treatment processes at the existing plant. The design of a house-
hold slow sand filter is also shown. This report describes the first
part of the research still in progress, so no conclusions have yet
been drawn.
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74.

75.

VLOED, A. van de
Comparison between slow sand and rapid sand filters.
7th repont, 3rd Congress 1:W.S.A. 1355, p. 537

algae/cost/filtration meclanisms/general description/performance/
pre-treatment/raw water quality

The author states that there 1is a great number of conflicting data
concerning slow sand filtration and he thinks that sand filtration is
still regarded as an art rather than a science. The only way to avoid
mistakes is a scientific method of treating the subject of slow sand
filtration. In the first part, the author determines the problems to
be solved and gives a scientifical explanation of the filtering process.
Having thoroughly discussed’ the theory of the filtration process, an
attempt has been made to use these theoretical data in practical
filtration problems relatea to rapid sand filtration and slow sand
filtration. When comparing rapid sand filters to slow speed sand
filters, the following conclusicons can be drawn: rapid sand filters
will almost always be found usefuli when filtration of water is needed
for public supplies; the slow sand filter should be used as a secondary
filter to cope mainly with complex matter in solution; the choise of
the purification systems depends highly on the raw water quality; the
costs of a rapid sand filter construction are lower than those of a
slow sand filter, whereas the operation costs of the former are higher
than those 2f the latter. The author remarks that the comparison is a
rather difficult cne, because these filters are constructed to treat
different water qualities. An international enquiry has been set up to
find out whether forementicned scientific and theoretical results are
applied in other countries; this enquiry is attached to the report.

VOLUNTEERS FOR INTERNATIONAL TECHNICAL ASSISTANCE and U.S. Agency for
International Development.

Village Technology Handbook.

Schenectady, New York, 1970, 387pp.

design/low cost and simple methods/operation and maintenance

This handbook of village technology devotes about half of its pages to
water resources, including simple technology for developing water
sources, lifting and transport, storage and power development and
water purification. A simple household sand filter is described,
including data on its pevriormance, operation and maintenance, to
deliver 1 liter per minute of clear water, ready for boiling or chlori-
nation. Illustrations and additional references are included. The aim
is to enable villages in different parts of the world to learn from
each other's experiences.

WAGNER, E.G. and LANOIX, J.N.

Water supply for rural areas and small communities.
World Health Organization, Geneva, 1959, 340pp.
Monograph Series no. 42
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77.

design/filter material/filtration rate/general description/operation
and maintenance

The whole system of inproved water supplies is examined; beginning
with the assumptions about health benefits to be derived from it, and
continuing through planning, examination of source water, technology
available, treatment, distribution and use. The management of the
system is also considered in terms of personnel and training, admini-
stration, finance, operation and maintenance. This handbook contains
descriptions and clear illustrations of simple technologies of spring
protection methods, dug wells, treatment facilities, etc. Slow sand
filtration is wvery well described, in particular the construction of
the filter.

WHITEHEAD, R.C.
Shustoke reservoir: biology and algal control.
Journal of the Institution of Water Engineers, 1948, 2, p. 577

algae/c:u.k./extra treatment/performance/pilot plant/pre-treatment/
raw water quality

Prolific growth of attached algae on the filterbeds and of planktcnic
algae in the reservoir cause a reduction of the filtration rate of
the Birmingham water works. Records have been made of the performance
of an experimental filtration plant and of biological observations

of the rese-voir and the existing filters. Various methods of algae
control have been tried, such as: dosing copper sulphate, pre-
chlorination, bulkdosing in the reservoir.

WILLIAMS, ¥F.H.P. and SOMPONG, S.
Some properties of rice hull ash.
Geotechnical Engineering, 1971, vol. 2, pp. 75 - 81

filter material

This report describes some tests that were carried out on the rice
hull ash to obtain a better understanding of its properties, such as:
composition, structure, specific gravity, compaction tests and static
loading tests.

WORLD HEALTH ORGANIZATION

Biological or Slow Sand Filtration.

Community Water Supply Research and Development Progranmme.
Background paper, WHO/CWS/RD/70.1, 24pp.

algae/deéign/filter material/filtration mechanisms/filtration rate/
general description/operation and maintenance
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79.

ne paper fights against the idea that biological or slow sand filtra-
tion is an old-fashioned, cut-dated method of water treatmrnt which
has been completely superseded by rapid gravity and various high-rate
filtration techniques. On the contrary, biological filtration, under
suitable circumstances, is not only the cheapest but also the most
effective method of water treatment. This background paper is based on
a report by prof. Huisman who visited installations in five countries
in Europe and studied data from the U.S.A. and other parts of the
world. It includes sections on the theory of biological filtration,
the planning, design and construction of biological filters, flow
control and pipework and the cleaning and operation of the filters.

¥WORLD HEALTH ORGANIZATION

The village tank as a source of drinking water.

Community water supply research and development programme; outline for
coordinated research project.

WHO/CWS/RD/69.1, 1969, 17pp.

design/extra treatment/low cost and simple methods/operation and main-
tenance/raw water quality

Improvement of drinking water quality by means of a water treatment
system taking the village tank or pond as its source of supply. It is
believed that the most likely combination of water treatment units to
serve the purpose of improvement will consist of an intake handpump and
a slow sand filter. Several simple construction drawings of the intake
and the slow sand filter are shown in this paper, in which also is
discussed the filter construction, filter oneration and disinfection.
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