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PREFACE

The goal of the International Water Supply and Sanitation Decade
programme is to provide safe water and effective sanitation for all the people
of the world by 1990. To achieve this goal in a time-frame of a decade as against
a century or more taken by the developed countries needs political will, public
support, administrative action leading to massive mobilization of resources at
all levels in developing countries. The strategies to be adopted would require
planning of programmes and projects that are technologically appropriate,
socially relevant and at a cost affordable by member countries. This has been
emphasised at the Conference on "Technical Cooperation among Developing
Countries" (TCDC) in Buenos Aires (1978) and the UN Conference on "Science
and Technology" in Vienna (1979).

Water purification by slow sand filtration has been successfully practised
for over 150 years. The simplicity and reliability of this process makes it appro-
priate for small and village water supplies in tropical developing countries where
land and labour are readily available. The International Reference Centre for
Community Water Supply and Sanitation, The Netherlands, as part of its
promotional activities, initiated an integrated research-cum-demonstration
programme on slow sand filtration in order to review the existing knowledge on
the subject and to promote its large scale application in developing countries.
India, Ghana. Kenya, Sudan, Columbia, Thailand and Jamaica, in close collabo-
ration with the IRC, have been actively participating in the programme.

This report summarises the results of applied research carried out by
NEERI in the first phase of the programme and experiences in the development,
implementation and evaluation of demonstration projects in selected villages.
Arising out of the laboratory and field studies and a critical review of traditional
slow sand filtration practice, guidelines for rational design and construction of
slow sand filters have been presented.

A noteworthy feature of the demonstration project is the integrated
multidisciplinary and collaborative approach by research scientists, field engi-
neers, public health workers, government agencies and policy makers at local,
national and international level. Health education and community participation
have been effectively integrated in this programme. Hopefully, this report,
should be of considerable interest and value to planners, water supply engineers,
community health workers and national and international agencies.

(B. B. SUNDARESAN)
DIRECTOR
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SUMMARY

An integrated research and demonstration project on slow sand filtration
•was taken up by NEERI in collaboration with the International Reference Centre
for Community Water Supply and Sanitation (IRC), The Netherlands. The
•overall objective of the project was to review the present knowledge on the sub-
ject of slow sand nitration, establish and demonstrate under tropical conditions, its
efficacy for treatment of surface waters and to promote its large scale application
for rural water supplies in developing countries. The project has been imple-
mented in two phases.

In the first phase literature and field survey was carried out to review the
current status of slow sand filtration practice in India and identify areas of further
research and development. Applied research on pilot and full scale units was
undertaken with special emphasis on parameters that influence the performance
of slow sand filters and their cost. In the light of the above, guidelines were
formulated for rational design, construction, operation and maintenance of slow
sand filters.

Iw order to test the guidelines developed from the first phase study and to
demonstrate under prevailing local conditions the efficacy of slow sand filtration
to policy makers and water supply professionals and engineers, four village demon-
stration plants (VDPs), one each at Pothunuru (Andhra Pradesh), Abub Shahar
(Haryana), Borujwada (Maharashtra) and Kamayagoundanpatti (Tamil Nadu) were
constructed. These installations designed to cover a wide variety of local condi-
tions, both technical and socio-economic, were studied for their performance over
a period of 2 years. Health education and community participation programmes
were integrated with the theme of slow sand filtration and implemented in the
project villages. Guidelines for cost effective design, construction, operation and
maintenance of slow sand filters have been recommended.

As part of Phase II activities, NEERI in collaboration with IRC, organised
at Nagpur during September 15-19, 1980, a meeting of representatives of partici-
pating institutions from Thailand, Sudan, Kenya, Ghana and India to review the
progress of the project, develop guidelines for future implementation of slow
sand filters and rural water supply schemes in general and indicate an implemen-
tation strategy with regard to technical, social and economic aspects. Extensive
discussions and exchange of views between engineers and scientists on various
aspects, resulted in a set of conclusions and recommendations. Further areas of
research and development were also identified (IRC Bulletin Series 16, March
1981).

The strategy followed for the development, testing and evaluation of the
various technical, organisational and social aspects of the programme at local and
national level has served as a model for furture large scale implementation of
rural water supply programmes. The project is also an example of how technical
cooperation among developing countries can play a vital role in evolving
appropriate treatment technologies in water supply of common concern for
mutual benefit.

(xi)



1. INTRODUCTION

Eversince the first slow sand filter was cons-
tructed in 1829 in London for purification of
municipal water supply, it has been in continuous
use as a reliable means of preparing potable water
from polluted surface waters. The most convin-
cing proof of its efficacy was first demonstrated
in 1892 when the river Elbe from which the two
neighbouring cities of Hamburg and Altona were
drawing their water supply, was polluted resulting
in a Cholera epidemic. Altona which filtered
its supply, completely escaped from the epidemic
while Hamburg with no filtration suffered more
than 7500 deaths.

In India slow sand filtration has been practi-
sed from as far back as 1865 when the first slow
sand filters were constructed at Palta Water
Works near Calcutta for treating Hooghly river
water. Madras city is another instance where
slow sand filters were installed for treatment of
impounded lake water. The KAVAL towns
(Kanpur, Agra, Varanasi, Allahabad and
Lucknow) of Uttar Pradesh are other places where
slow sand filters, preceded by plain sedimentation
basins were introduced towards the end of 19th
century for treatment of river waters.

Increasing water demands and high cost of
land and labour in the industrialised countries
led to the development and adoption of systems
that are compact, amenable for automation but
require energy and chemical inputs. While
these systems are relevant for large urban water
supplies in developing countries, they have
proved inappropriate for rural situations. A
technology that is simple, reliable, cost effective
and readily acceptable to the community is
required. Slow sand filtration can fulfil these
requirements. It has_many advantages :

- Provides a single step treatment for
raw waters with low turbidity.

- Simultaneously improves the physical,
chemical and biological quality of raw
water.

- Simpler to operate than alternate
technologies.

- Low operating costs and based on
labour rather than energy or chemical
inputs.

- Reliable and no machinery to fail.

- Simple in construction with local mate-
rials and skills.

- Proven and tried technology with
several decades of operating experience.

Slow sand filtration, though practised for
over 150 years, is still one of the least understood
processes. The complex mechanisms that bring
about the purification have yet to be explained
unequivocally. Water treatment system desig-
ners, often acting on ignorance of the potentiali-
ties of this technique, tend to neglect considera-
tion of slow sand filters. Hence, the need arose
to review the present knowledge on the subject,
establish and demonstrate the efficacy of slow
sand filters for treatment of polluted waters
under tropical conditions and to promote their
application for rural water supplies in developing
countries. With these objectives, an inter-country
research and demonstration project was initiated
by the International Reference Centre (IRC) for
Community Water Supply and Sanitation, The
Hague, The Netherlands. The National Environ-
mental Engineering Research Institute (NEERI),
Nagpur, representing India, participated in this
research~cum-demonstration project consisting
of two phases :

2. PHASE I : APPLIED RESEARCH

In the first phase, the following activities
were carried out in order to develop design
criteria for slow sand filters appropriate for
tropical conditions.



2.1 Questionnaire Survey

The object of this endeavour was to collect
information on slow sand filtration practice in
India with special reference to design, construc-
tion, operation and maintenance of slow sand
filters and their application particularly for rural
water supplies. Such a step would help identify
areas of future research and development as well
as in planning and implementation of the
demonstration programme (Phase II). A ques-
tionnaire (Appendix 1) seeking information on
salient aspects of slow sand filtration was mailed
to the Chief Public Health Engineers of States.
The response from many states was prompt but
the information furnished was incomplete.

Slow sand filtration was the only known
method of municipal water purification when the
earliest treatment plants were built in India.
Most of these plants were designed to treat
river/canal waters. The slow sand filters were
preceded by plain sedimentation tanks with a
detention period of 4-7 days depending upon
taw water quality. In case of impounded source,
no pre-sedimentation was generally practised.

The questionnaire survey has shown that
more than 60 per cent of the plants served
population in the range of 2,000-10,000. The
sources of raw water were canals, rivers and
impounded reservoirs or tanks and that sedimen-
tation/extended settling was the most common
form of pre-treatment. In a few plants, alum coa-
gulation followed by sedimentation was practised
during monsoon when turbidity was high. Almost
all the plants were designed for the traditional
filtration rate of 0.1 m/hr. The design usually
provided for one or more standby filters which
substantially added to the initial cost of const ruc-
tion of the plant. Underdrains made of bricks
and pre-cast concrete slabs were commonly used.
The choice was dependent upon the cost and
availability of good quality bricks.

Data on raw water quality, its seasonal
variation and performance of slow sand filters
were very scant or not available. As regards
operation and maintenance, short filter runs due
to algal growth on filters or high turbidity during
monsoon was indicated in a few cases. Visits to
a few installations indicated that scouring of

sand at the inlet to slow sand filters was a
common observation. The practice of routine
filter cleaning was often unscientific and resulted
in avoidable downtime and poor performance of
filters.

2.2 Pilot Plant Studies

In the light of information obtained from
questionnaire survey and literature study,
applied research was carried out on important
aspects that have a bearing on the performance
and cost of slow sand filters. Specifically, the
performance study was in relation to the
following:

- quality of raw water with regard to turbi-
dity and bacterial pollution

- effect of filtration rate higher than the
traditional 0.1 m/hr.

- influence of shading the filters

~ effect of intermittent operation

- effect of high organic pollution in raw
water, and

- use of builder-grade sand

2.2.1 Source of raw water

It was considered appropriate and desirable
to conduct applied research using natural surface
water so that the results obtained can represent
field conditions. Ambazari, a nearby lake and
one of the sources of water supply to Nagpur
was therefore selected as raw water source for
the study. Due to intermittent water supply, it
was necessary to provide for raw water storage
to ensure continuous operation of the experimen-
tal filters. Two masonry tanks each of 12.5 m
x 6.4 m x 0.75 m depth were constructed to
give a total storage of about 110 m8.

22.2 Pitot fitters

In order to obtain reliable and representa-
tive data and keeping in view the scope of
studies, three pilot filters made of precast rein-
forced concrete pipes of 1.65 m diameter and
2.5 m long were used. The underdrain consisted
of a manifold and perforated laterals all made



of G. I. pipes. The supporting gravel was
placed in 4layers to give a total depth of 40 cm
as per details given below :

Size Depth

Gravel

Coarse sand

50 mm
18-36 mm
6-12 mm
2-4 mm

... 0.7-1.4 mm

10 cm
12 cm
6 cm
6 cm
6 cm

The pilot plant layout and filter details are
shown in Figures 1 and 2 respectively.

2-2-3 Commissioning of filters

After placement of gravel and sand, the
filters were gradually charged with raw water
from bottom to remove entrapped air from
the bed and to ensure that the sand grains were
thoroughly wetted. When water level rose to
about 30 cm. above the sand bed, raw water was
admitted from top until it reached tfae maximum
water level. The outlet valve was then gradually
opened and adjusted manually with the help of
a stop-watch and a measuring cylinder to give
the designed rate of filtration. The progrees of
initial ripening of the filter beds was monitored
by testing the bacteriological quality of filtered
water. Absence of E. coli in the filtrate was
taken as an indication that filter had ripened.
It was about five weeks before the filters were
ready for regular observations.

2-24 Performance of filters at higher
filtration rates

The design rate of a filtration has a direct
bearing on the size of a slow sand filter and
consequently on the e»s* of construction'. Tra-
ditionally a filtration rate of 0.1 m/hr. has been
adopted for slow sand filters. An increase in
filtration rate with no adverse effect on filtrate
quality can be of economic advantage. Very
little information and experience were available
with higher filtration rates under tropical condi-
tions and hence, studies on this aspect were
carried not.

One of the pilot filters (F 1) was run at
0.1 m/hr filtration rate while the other two

(F 2 and F 3) were operated at 0.2 m/hr and
0.3 m/hr respectively. The feed water quality
and the depth and grading of sand bed were the
same for all the filters. Samples of raw and
filtered waters were collected regukrly and
tested for relevant physico-chemical and bacterio-
logical quality as per Standard Methods.

The performance of filters operated at 0.1,
0.2 and 0.3 m/hr rates of filtration is summarized
in Table 1 and presented in Figures 3 and 4.

Table 1 - Effect of Rate «f Filtration
Snmmatjt mt FHtet tans

Rate of
Filtration

0.1 m/hr

0.2 m/hr

0.3 m/hr

Run
No.

1
2
3

1
2
3
4

1
2
3
4
5
6
7-
8
9

Filter
Run
days

27
52
37

27
19
24
35

13
27
4
7

11
30
9
7
8

Net quantity
of water
filtered ms

141
254
181

282
182
249
323

205
389

50
110
176
408
139
107
123

The turbidity of raw water was generally
below 5 NTU except for a short period of 2
weeks when it increased to about 10 NTU.
During the initial ripening period which lasted
about 5 weeks, the turbidity of filtered waters
was mere than 1 NTU but below 2 NTU; later
on it improved and remained below 1 NTU. It
was observed that the filtrate turbidity seemed
to follow an inverse trend with regard to rate
of filtration. The filter operated at 0.3 m/hr
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always produced a filtrate of lowest turbidity
while those operated at 0.2 m/hr and 0.1 m/hr
gave filtered waters of higher turbidity but less
than 1 unit. This observation was also confir-
med by statistical analysis of turbidity data using
a completely randomised design and students T
test of significance.

The dissolved oxygen in the filtrate was
found to be lower with lower rates of filtration.
This can be explained by the fact that at lower
rates of filtration the raw water stays for a longer
period in the filter and therefore, a greater
depletion of oxygen by the biological system.
No perceptible difference in the chemical charac-
teristics such as alkalinity, hardness, chlorides
and sulphates of filtered waters was observed.
However, there was a considerable reduction in
total iron due to filtration.

The organic pollution in raw water determi-
ned as chemical oxygen demand (COD), varied
from about 6 mg/1 to 10 mg/I. Due to filtration,
the average reduction in COD was 54.3,53.1
and 50.4 percent respectively at 0.1, 0.2 and
0.3 m/hr filtration rates. Statistical evaluation
by analysis of variance has shown no significant
difference in COD removal with respect to rate
of filtration. Similar observations are reported
frorft Amsterdam Water Works where three
covqsFed filters have been operated for a full year
at lifferont rates of 0.1, 0.25 and 0.45/m/hr
without aay marked difference in effluent
quality *.

As for bacteriological quality, the filtrers
operated at 0.1 m/hr and 0.3 m/hr delivered
water free from E. coli on 66 and 65 occasions
respectively out of a total number 71 samples
tested. The filter operated at 0.2 m/hr gave a
filtrate which was free from £. coli in 72 out of
76 observation;?. While this degree of bacterio-
logical purity can be considered acceptable for
rural supplies,, as a precaution, terminal safety
chlorination of filtered water is desirable.

The average length of run for the filters
operated at 0.1, 0.2 and 0.3 m/hr was 45,26 and
13 days respectively. Assuming a downtime of

1. Slow Sand Filtration - L. Huisman & W. E. Wood,
WHO-1974, p. 44.

2 days per cleaning operation, the corresponding
filter output per year would be 840, 1630 and
2280 m3/m3 respectively. It is evident from
the data that the output of a filter increases with
increase in rate of filtration but follows a law of
diminishing return.

The results have clearly indicated that slow
sand filters treating raw water of turbidity less
than 10 NTU can produce a good quality filtrate
at all the filtration rates of 0.1, 0.2 and 0.3 m/hr.
The observations are of practical significance for
the designer, in that the traditional filtration rate
of 0.1 m/hr need not be held sacrosanct but higher
rates could be used under favourable conditions
of low raw water turbidity with the possible
advantage of greater output and with no adverse
effect on filtrate quality.

2.2.5 Effect of Shading the filters

Surface waters containing essential nutrients
like phosphates, nitrates and carbon dioxide
provide favourable conditions for the growth and
proliferation of algae especially in tropical areas.
When these waters are treated by slow sand
filters, the algae can produce significant effects
on the working of the filters. Whether these
effects will be beneficial or harmful will depend
upon the type of algae and a variety of other
conditions. It was considered that some of the
adverse effects, if any, of algae may be minimised
by shading the filters to exlude sunlight from
reaching them. The influence of shading on filter
performance was, therefore, investigated.

One of the three filters (F 1) was covered
so as to exclude sunlight completely while ano-
ther was so shaded as to prevent direct sunlight
but to allow only diffused light to the filter. The
control filter (F 2) was open to sky. The experi-
mental set up is shown in Fig. 5. All the filters
were fed with the same influent. The salient
observations of the study, which covered the
summer months of April, May and June are
discussed below.

Shading of filters either partly or completely
did not have any influence on the filtered water
turbidity which remained below 0.5 NTU at both
0.1 and 0.2 m/hr filtration rates. Shaded filters
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Experimental filters showing shading arrangements
with raw water storags tanks in the background


