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Sumrnary

Slow Sand Filtration is a simple but very efficient process

used to produce from contaminated surface water a hygienically

safe drinking water. However, its application is limited to

raw water with low Turbidity and Suspended Solids concentration.

In most cases tropical river water must be pretreated prior to

Slow Sand Filtration.

The purification capacity of a Horizontal-flow Roughing Filter

was tested in the Hydraulic Laboratory of the University of

Dar es Salaam. After promising test results also reported from

investigations made at the Asian Institute of Technology, Bangkok

with a similar filter, the treatrnent process — Horizontal—flow

Roughing and Slow Sand Filtration — was tested in the field at

Handeni, Wanging’ombe and Iringa by short—term filtration tests.

Slow Sand Filters fed with raw water run for a few days up to

1 — 2 weeks only. With prefiltration the filter runs could be

prolongued remarkably.

For the developruent of proper design guidelines and for the analysis

of the long-term performance of the Horizontal—flow Roughing Filter

further investigations in the laboratory and in the field are

proposed and in progress.

The propagated treatment process consisting of the two filtration

steps is considered as a most potential purification method for

the treatment of surface waters for rural water supplies in

developing countries. The method relies on local resources only

for construction, operation and maintenance and hence is independent

of foreign inputs such as chemicals etc. Once introduced, the

process may have a broad implementation especially in self—help

projects.
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1. Introduction

The use of groundwater as a source to meet the domestic
and eventually industrial demand is generally limited to
areas with potential aquifers only. Where a suitable water
bearing aquifer is not available, the consumers will have
to rely on surface waters which are in most cases unhygienic
and the qualities of which vary considerably throughout the
year. Such waters have to be treated before they can be used
for domestic purposes. One of the mest approprlate method
for treatment of surface waters in developing countries is
Slow Sand Filtration (SSF). It’s suitability sterns from it’s
nature of demanding application of simple operational and
maintenance techniques. Slow Sand Filtration is the only
water treatment process able to produce hygienically safe
water without the use of chemicals.

Slow Sand Filtration is a purification process in which the
water to be treated is passed through a porous bed of filter
medium. During this process, the water quality improves con—
siderably by reduction of the number of micro-organisms (bac-
teria, viruses, cysts), removal of suspended and colloidal
matter and by changes in it’s chemical composition. In a ripe
or mature bed a thin layer called the “Schmutzdecke” forms on
the surface of the bed. This layer consists of a great va—
riety of biologically very active rnicro—organisms which break
down organic matter while a great deal of suspended matter is
retained by straining. The SSF process is essentially distin—
guished from Rapid Sand Filtration (RSF) by smaller sand size
and filtration rate, the Schmutzdecke and the purification
processes which take place in this surface layer. The main
features of RSF is the removal of relatively large suspended
solids by physical processes. Moreover RSF have to be cleaned
regularly by a rather complicated backwash operation whereas
SSF are cleaned by a relatively simple periodic scrapping oft
of the top of the filter bed.

1.1 Applicability of Slow Sand Filtration

The quality of most tropical surface waters may however limit
the applicability of SSF alone and as a result some pre-treat-
ment may have to be applied to the raw water. It has been a
common practice to use the criteria of Turbidity in assessrnent

- of the suitability for SSF. However, experience from this re-
search has shown that Suspended Solids content and Filtrabil-
ity are more relevant criterias than Turbidity. The clogging
of SSF is caused by particulate matter and algae blocking the
fine pores between the sand grains. 0fl the other hand, Turbi—
dity of raw water is not an equivalent parameter because
Colour and dissolved ruinerals have an influence 0fl Turbidity
but have none on filter clogging. For SSF, pre—treatment is
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indispensable if the Turbidity of raw water has an average
value of more than 30 NTU (Nephelomatric Turbidity Unit)
for periods longer than a few weeks.

The application of Slow Sand Filters as a water treatment
process has hitherto had a bad history in the Tanzanian Water
supply schemes. For example slow sand filters constructed in
Tabora region (i.e. Igunga, Igurubi, Nkiniziwa and Chamachan-
kola, Ref. 5) are up tili now out of operation. Also the
operation of the Handeni water supply treatment plant re-
sulted into very short filter runs and hence necessitating
regular cleaning of the filters which in turn hinders the de-
velopment of the much desired Schmutzdecke layer. Similar
operational problems have also been reported in most of the
slow sand filter schemes treating very turbid raw water in
the following provinces of Kenya: Central, Western, Eastern,
Nyanze and Rif t valley (Ref. 4).

The findings of the research conducted by NEERI of Nagpur-
India in collaboration with the IRC are reported in the IRC—
Newsletter No. 123 of July/August 1981. The researchers have
come up with a number of worthwhile conclusions regarding
the vulnerability of SSF to raw water qualities and intermit—
tent operations. One of their recommendations is that high
concentrations of organics and bacteriological pollution in
raw water can upset filter performance and hence lead to de—
terioration of the filtrate quality. The other conclusion dis-
courages the application of intermittent operations of SSF
because their investigations showed that the same results to
filtrates of unsatisfactory quality. The same researchers have
also come up with a more strict limitation of allowable tur—
bidity of raw water influent 0fl SSF of only up to 30 NTU.

1.2 Objective and Research Programme

The objective of the research was to develop a simple, self—
reliant pre—treatment method for use in conjunction with slow
sand filters in Tanzania and other tropical developing coun—
tries. The method to be finally adopted was supposed to apply
such natural processes (physical and biological) as sedimenta—
tion and filtration which are independent from foreign inputs
(e.g. chemicals, spare parts)

The research programme for this project is presented in this
report as Appendix 1. The programrne was divided into three
main phases. The first phase involved carrying out a survey
and statistical analysis of some relevant water quality para—
meters for surface waters in Tanzania. The data for this
phase was obtained from the central water quality laboratory
of NAJI (Ministry of Water and Energy) at Ubungo. The second
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phase covered laboratory tests which led to the choice of
the best pretreatment method out of the four tested. The
third and hereafter presented phase was basically concerned
with checking the validity of laboratory tests carried out
in phase 2 in actual field conditions by field tests with
pilot plants at Handeni, Wanging’ombe and Iringa. The first
phase of the research was carried out from July 1979 to Jan—
uary 1980 (Ref. 1). The second phase was completed in June
1980 (Ref. 2) while the third phase was conciuded in Septem-
ber 1981.

1.3 Results from Phases 1 and 2

1.3.1 Water quality

The survey of records of water quality parameters from the
central water quality laboratory Ubungo and the subsequent
statistical analysis of the sanie enabled to produce this table
which gives a sununary of the resuits f6r wet and dry seasons.

Table 1: Quality of surface waters in Tanzania

PAPAMETER
~

Average x 67% Limit:(x+6)

Wet Dry
Annual

season season

Wet Dry

season season

Turbidity (JTtJ)

Suspended solids (mg/L)

Sediments (ml/L)

Colour (mg Pt/L)

KNnO
4 (mg/L)

Filterable solids (mg/L)

41 28 35

96 42 69

-265 •114 ~190

79 55 67

10.3 6.0 8.2

230 293 262

105 61

271 92

-821 -311

162 116

22.7 10.2

452 597

(6: Standard Deviation)

The tabulation above clearly documents the variation of
water quality with the seasons. Apart from the filterable
solicis, all the other investigated parameters have higher
concentrations during the wet season. It should however be
noted that the filterable solids are subject to dilution
effect by rainwater which decreases their concentration dur—
ing the wet season. The annual average turbidity of 35 JTU
implicates the necessity of pretreatment before SSF. Although
SSF are able to cope with raw waters of turbidities of up to
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30 JTU for short periods, satisfactory operation can be guar—
anteed only if the average turbidity is less than 10 JTU.

The average concentration of suspended solids is above the
design guidelines for SSF influents of say a maximum of
5 mg/L. Therefore this emphasises the necessity of pretreat-
ment of most surface waters in Tanzania.

The colour is not much influenced by the seasons because the
true colour corresponds to the colour of dissolved substances
including those which remain in colloidal solution form. The
concentration of dissolved substances is generally not subject
to great annual variations. The KMnO4 values indicate the ex—
istance of a relatively small bad of organic matter in mest
surface waters. These small concentrations are favourable for
the operation of slow sand filters.

1. 3.2

Four methods of pretreatment were tested in the Hydraulic
Laboratory of the University of Dar es Salaam during the se-
cond phase (see also Appendix 1). These inciuded plain sedimen-
tation, plain sedimentation aided with inclined lamella plate
settlers, vertical roughing filters and horizontal flow rough—
ing filters. After comparing the resuits, the following con-
clusions were drawn:

— Sedimentation alone or even if aided by lamella plates will
mostly not meet the required raw water standards for 5SF in—
fluents. 1f sedimentation is at all to be applied, it should
be either for waters without appreciable amount of fine ma—
terial (e.g. silt, day, colboidals) or in conjunction with
chemical flocculation.

— Vertical-flow roughing filters have the same pretreatment
efficiency as HRF but are unsuitable for application due to
their short filter runs caused by their small silt storage
capacity thus necessitating the use of sophistical equipment

and skilled manpower for design, construction, operation and
maintenance. Pre-filters cleaned hydraulically might be ap-
plied for urban water supplies only.

- Horizontal-flow Roughing Filters (HRF) represent the most
appropriate pre-treatrnent method and should be designed
according to the guidelines which will be given hereinafter.

— Its worthwhile to note that at present, the annual costs for
HRF are equal to chemical flocculation succeeded by sedimen—
tation. In the near future, the costs of the latter will be
higher than the former due to the increasing costs of ac—
quisition of chemicals from abroad. in form of foreign curren—
cy.
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- HRF are wholly based on locally available materials, they
are a self-reliant method and independent from foreign in—
puts of all forms, and hence the most reliable for safe and
uninterrupted operation.

0fl the basis of the filtration tests run in the laboratory the
following provisional design guidelines for HRF were recoinmen—
ded:

- The filtration rate should be within the range of 0.5-2.0 m/h.
In the first section of the filter where coarser solids will
be retained the filtration rate can be chosen at the upper
part of the indicated range.

— The filter grains to be used should have three to four frac—
tions with sizes ranging from 2 - 40 min. The sequence in flow
direction should be from coarse to fine.

- The total length of the filter should be around 10 - 15 m and
that of the individual fractions approx. 2 - 5 m.

2. Field Tests

2.1 General Remarks

As mentioned earlier on, verification of the validity of the
laboratory tests was to be achieved by carrying out field tests.
During the third phase of the SSF Research Project field tests
were carried out at the water treatment plants of Handen!,
Wanging’ombe and Iringa. Duo to time limitation and lack of
transport facilities, no field tests were run in Tabora as it
was originally planned. For the executed filtration tests water
was treated drawn from 3 different rivers draining catchment
areas of different geological formations.

Handeni water supply scheme serves about 90’OOO people in the
rural areas of Tanga Region. It was chosen as one of the field
test bocations because the recently completed treatment plant
which applies 5SF as the main purification method has been fac-
ing operational and maintenance problems with the pre—treatment
unit which comprises dosage of alum sulfate, fbocculation and
sedimentation. The field tests were carried Out by Mr. M. Riti
as part of his Master Thesis during the periode of 15.12.80 —

14.1.81 (Ref. 3).

At Wanging’ombe a treatment plant with 5SF as the sole treatment
process was planned during initial design stages. However, the
Design Section of the Ministry of Water and Energy (MAJI) intends
now to include a pretreatment step in the plant. The SSF are
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partially constructed and the scheme serves today about 85’OOO
people with untreated river water which by—passes the treatment
plant. The field tests were carried out with interruptions dur—
ing the period from February until August 81 by MAJI staff mem-
bers under Mr. E. Kiluswa.

At Iringa, the necessity of extension of the existing urban
water supply scheme forced Mr. A.K. Mushi, Regional Water En-
gineer (RWE) to look into the possibility of using the partially
constructed SSF boxes within the pumping station prernises in
conjunction with HRF. A pilot plant was designed by the Univer-
sity of Dar es Salaarn, cofinanced by the Tanzanian National
Scientific Research Council with a research grant and construc—
ted by the RWE’s office. The CCKK regional water quality labo-
ratory analysed regularly water samples taken from Littie Ruaha
River and from the pilot plant. The pilot plant was run with in—
terruptions from March up to September 1981.

2.2 Filter Models

In principle two different types of filter models were used, the
first being a mobile one and using UPVC pipes whereas the se-
cond type is built up from concrete blocks en a fixed side.

In Handeni and Wanging’ombe pipes were used for the filter
models. The general layouts are sketched in Appendix 2. The
first SSF model was fed with filtrate of the HRF, the second
and reference SSF model received flocculated water drawn from
the supernatant water of the SSF in the case of Handeni or raw
water resp. tapped off from the trunk main in the case of Wan-
ging’ ombe.

The HRF models were composed of three pipes (Ø 250 mm for Han-
den!, 0 200 mm for Wanging’ombe) and each about 3 m long. These
pipes were filled with different gravel sizes and assembied in
horizontal position in the sequence “coarse — medium — fine”
gravel and sampling points spaced as shown in Appendix 3.

The SSF models were made of pipes ~ 250 mm, filbed with gravel
for the drainage and with sand with the saine specifications as
for the big SSF boxes. The characteristics of the sand used are
listed and graphed on Appendix 22. Transparent piezôrneter tubes
were installed at spacing indicated 0fl AppendiX 4.

In addition to the pipe models a bigger 5SF model with an inner
diameter of about 2.4 m was constructed at Wanging’ombe with
cement blocks and filled with graveb and sand bayers according
to the specifications of the big SSF boxes under construction.
This big SSF model was also fed with raw water extracted from
the trunk main.
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In Iringa the water was pumped from Littie Ruaha River to a
HRF unit consistingofasequence of 4 different compartments
each with a cross section of 1.60 x 1.30 m and 4 m long, and
connected to a pipe system according to Appendix 5. The 4 tanks
were filled with broken gravel fractions ranging from 0 32 mm
to ~ 2 mm. The pretreated water fiows by gravity to the 5SF
which has a filter area of 4 m2 and which is sketched 0fl Appen-
dix 6. The capadity of this pilot plant limited by the 5SF
capacity amounts to 20 m3/d which was used as additional source
for the water supply of Iringa.

2.3 Test Programme

As investigations on the performances of the HRF were the main
objective of the field tests, the filtration rate of this fil-
ter as the most important variable parameter was altered over
a range of 0.5 to 5 m/h. Due to time limitations the flow con-
ditions in the HRF were kept constant for only 1-2 days up to
a maximum of 3 weeks reflecting the short—term character of the
tests.

The SSF models were run at constant filtration rates ranging
from 0.2 to 0.4 m/h. The higher rates of 0.3 (Wanging’ombe) and
0.4 m/h (Handeni) were applied to reduce the test time and to
simulate in this manner the filter behaviour over a longer
period -

The detailed test programmes in respect to duration and filtra-
tion rates are tabled in Appendix 7 for the three field test
locations. The performance of the HRF in respect to solid sepa—
ration was assessed by observing the following parameters:

— Filterability by Filtration Tests (see Appendix 8)

- Legibility by Legibility Tests (see Appendix 9)

- Turbidity with Turbiditymeter HACH 2100 A

— Suspended Solids Concentration

Turbidity records are onlyavailable for Handeni and Iringa
field tests whereas Suspended Solids Concentration could only
be determined for some samples taken in Handeni.

For the SSF, the development of the filter resistance was re-
corded as the most interesting parameter of this research. Some
bacteriological tests (E.coli counts) were finally executed for
the pilot plant in Iringa.
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3. Results

3.1 Field Tests in Handeni

The reduction of Turbidity along the HRF is graphed in Appendix
10. It clearly indicates the better quality of the filtrate
achieved with filtration rates of 0.5 - 1 m/h. At higher flow
rates such as 2 and 2.5 m/h Turbidity reduction is reduced in
the first 2 gravel fractions of the HRF and is practically not
existent in the fine gravel fraction at the end of the HRF.
Most of the tests were run with raw water of a Turbidity bet-
ween 40 and 60 NTU which reflects about average conditions.
All gravel fractions contributed to the Turbidity reduction
and a filtrate of about 10 NTU could be achieved for the mest
prospective filtration rates in the range of 0.5 — 1.0 m/h.
Remarkable is the performance of the HRF for more turbid water
where with an applied hydraulic bad of 1 m/h the Turbidity
could be reduced from 115 to 25 NTU.

Appendix 11 shows the Suspended Solids removal by the HRF for
different filtration rates. The records of the sample taken
17.12.80 reveal a demonstrative picture of the removal effi—
ciencies of the different gravel fractions. Most of the solids
are retained in the first part of each section, whereas the
second part of the sections were less active. With advanced
filtration time this pattern will change to a flat gradient
at the beginning of each section (exhaustion of the filter)
and steep gradients at the end of the sections. Simultaneous—
ly the finer gravel fractions will remove a bigger amount of
the solids. Exhaustion of the total filter will occur when no
more solids can be retained in each of the gravel fractions.
For an ideally designed filter this breakthrough by the solids
will be observed at the sarne time for each gravel fraction.

The filter resistance development of the SSF is graphed in
Appendix 12. The reference filter fed with coagulated water
and run at 0.2 m/h reached the maximum perinissible headloss
of 1 m after 3 days. The SSF fed with filtrate from the HRF
and run at 0.4 m/h could be operated for 7 days. By applying
the observations described by NEERI in World Water, Sept./1979
on the ±nfluence of filtration rate variation on the headloss
development one can calculate a filter run of 18 days for a
filtration rate of 0.2 m/h and of 30 days for a rate of 0.1 m/h.
An adverse effect probably af fecting the SSF operation time was
the observed algal growth in the approx. 60 m transparent hose
pipe which connected the SSF with the HRF. In addition the qua-
lity of the HRF filtrate fluctuated considerably due to differ—
ent filtration rates applied to the HRF.
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Turbidity must be considered as sum—parameter reflecting
different properties of a water. Suspended solids, colloid—
als, colour and dissolved matter do contribute to the Turbi-
dity value. On the other hand the increase in filter resist—
ance of SSF is strongly governed by the solids concentration
in the water to be treated. Hence Turbidity as decisive para—
meter whether a raw water is suitable for 5SF or not should
be replaced by more appropriate paraineters such as for in—
stance the Suspended Solids Concentration. But the determina-
tion of the Suspended Solids Concentration is rather trouble—
some and not feasibbe under field conditions. Hence a more
haridy and simpler method was jntroduced and applied in form
of a Filterability Test (see also Appendix 8)~ The records of
Turbidity and Filterability correlated in Appendix 13 docu-
ment the discussed aspect. Even with Turbidity values of water
pretreated with alum sulfate below 10 NTU the Filterability of
the water was rather poor with values around 40 mL/Min. The
same raw water was treated by HRF. Though the filtrate showed
higher Turbidities the Filterability value was about the double
of that of the coagulated water and hence more suitable to 5SF.

In order to avoid dependency of electrical power and to replace
expensive and fragile electronic equipment a Legibility Test
was introduced (see also Appendix 9). The correlation between
Legibility and Turbidity is shown in Appendix 14. This method
alike the Filterability test is not standardized but one can
determine relative values which can be used for the efficiericy
description of a particular plant. The Legibility Test is limi-
ted to Turbidities above 10 NTU.

3.2 Field Tests in Wanging’ombe

Appendix 15 shows graphically the Filterability improvement
of the treated water along the HRF in Wanging’ombe. For the
first two gravel fractions this improvernent is approximately
the saine for filtration rates of 0.5 and 1 m/h. The last and
fine gravel fraction is not anymore able to increase substan—
tially the Filterability when a filtration rate of 1 m/h is
applied, but it still does at 0.5 m/h. Another particularity
was recorded for llthMarch8l with a filtration rate of 0.5 m/h.
A Filterability improveinent took place only in the last f ii-
ter section. Finally the Filterability values were in general
much lower in Wanging’ombe than in Handeni or in Iringa. As
the Filterability determination method was checked several
times without detection of deviations from the method applied
at the other two sites the smaller values could be explained
by a possibly other shape of the suspended solids duo to dif-
ferent geological origin.
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The headloss developments of the different SSF are shown in
the - left graph of Appendix 16 for the first part of the
test period (February-March 81). The 5SF model fed with un-
treated raw water cbogged after 15, 7 and 6 days and there-
fore had to be cleaned 3 times within a running period of 1
month. The other 5SF model fed with HRF filtrate developed a
filter resistance of only 14 cm at the end of the same period.
Both filters were run at a filtration rate of 0.3 m/h. The
big 5SF operated with interruptions at 0.2 m/h and fed with
untreated raw water deveboped a filter resistance of 89 cm
within 33 running days.

A similar pattern was recorded for the test period June—July
81 which is shown in the right graph of Appendix 16. Both,
small and big SSF fed with untreated water and run at 0.2 m/h
developed a practically identical filter resistance increase.
After 34 days the headloss in the big SSF was recorded to
102 cm and hence the filter had to be cleaned. The small SSF
fed with HRF filtrate at 0.2 m/h developed in the same period
only 11 cm.

Both graphs indicate the necessity to pretreat the river water
and document the effectiveness of HRF as pretreatinent method.
With such a prefiltration filter runs of 3-4 months for the
SSF can be anticipated. The tests were executed in a relative—
ly dry period. During the wet season of probably higher Turbi-
dity necessity of pretreatment would become even more appa—
rent.

3.3 Field Tests in Iringa

Within the period October 80 and September 81 the CCKK region-
al water quality laboratory analyzed regubarly the water of
Little Ruaha River. The records for Colour, Turbidity and Le-
gibility are graphed in Appendix 17. The wet season lasting
from December until April is clearly distinguished from the
dry season by higher values for Colour and Turbidity and lower
ones for the Legibility.

Appendix 18 illustrates the Turbidity reduction along the HRF.
In the initial stage of operation the Turbidity was scarcely
reduced which could be caused by the dusty gravel - mechani—
cally broken gravel was used — or by electrostatic repulsive
forces on the surface of the gravel which were reduced during
filter operation. The raw water Turbidity was recorded to about
60 NTU during the period April-June 81 (graph 18/1) and to
about 40-55 NTEJ for the period July-September 81. In general
the Turbidity of the HRF effluent was not much influenced by
the filtration rates applied (0.5 — 5 m/h). Moreover rnost of
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the reduction took place in the first two compartments with
aggregates of 0 16-32 mm and 0 8-16 mm. Thus the two follow-
ing compartments filled with aggregates of 0 4-8 mm and
0 2-4 mm resp. had a buffering effect, at high filtration
rates the Turbidity was further reduced whereas for small
filtration rates the water quality improvement with respect
to Turbidity was not remarkable anymore.

In the case of using only these two last gravel fractions the
HRF produced an effluent of the same Turbidity. Finally it is
remarkable that the Turbidity of about 20-30 NTU from the HRF
filtrate was not further reduced by the 5SF, even when the
coarse sand used in the first part of the test period was re—
placed by an approx. 20 cm thick top layer of finer sand (see
also Appendix 22). Most probably this final Turbidity was
caused by truely dissolved matter.

As shown in Appendix 19 the Filterability of the raw water was
around 40 to 60 ml/Min for the period April-June 81 and bet-
ween 50 and 70 mi/Min in the period July-September 81. The re-
spective values for the HRF filtrate varied widely for the
first period due to circumstances described above. A rather
uniform picture nearly independent from the applied filtration
rate of 1.5 — 5 m/h can be observed for the second period. The
Filterability of the HRF efiluent was recorded to 100-120 ml!
Min for this test period. The treatment by 5SF increased this
value by 10 to 20 ml.

On the basis of the observed performance of the HRF indicated
as Turbidity reduction and Filterability increase one is not
yet able to indicate the optimum filtration rate to be applied
and which gravel sizes to what filter length should be in-
stalled. Further investigations are necessary also to monitor
the long—term performance of the HRF.

The 5SF was initially filled with rather coarse sand with a
specific diameter of 0.62 mm (see also Appendix 22). The fil-
ter resistance increase was very small and recorded to be
about 10 cm after an operation time of 68 days. The 20 cm top-
layer of the sand was replaced by finer sand with a specific
diameter of 0.23 mm by the end of May 81. For the subsequent
filtration test the headloss development of the 5SF is graphed
on Appendix 20. After 3 weeks of operation a filter resistance
of about 15 to 20 cm was recorded. The 5SF was operated at a
constant filtration rate of 0.2 m/h throughout the test periods.

Finally several E.coli counts were executed by the membrane
filtration technique. In September 81 the river water had a
level of about 300-400 E.coli/l00 mL, in the HRF filtrate
around 100 E.coli/100 mL were detected and none was Lound in
the effluent of the SSF.
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3.4 General Conciusions from the Field Tests

The main purpose of the HRF is the physical treatrnent of the
raw water by separation of the solid material from the raw
water and to prolongue in this way the usable running period
of 5SF which is exhausted when the maximum allowable headloss
is built up in the sand filter bed. The filter resistance de—
vebopment of the different field tests are suinmarized in Ap-
pendix 21. Note the logarithmical scale of the time axis.

The graphs indicate drastically that 5SF cannot be applied
without pretreatment of the tested river waters. The respective
filter runs last from a few days up to 2—3 weeks, a reasonable
operation time for 5SF should not be smaller than 2-3 months.
This, in order to reduce the operational costs which are main—
ly expenditures for filter bed cleaning and to enabbe the pro—
duction of bacteriologically safe water which starts only after
a ripening period lasting from a few days to 1-2 weeks.

In the case of raw water pretreatment by HRF the filter run
period of the 5SF could be prolongued considerably. In the case
of Handeni this period was increased by a factor 6. However, an
operational time of 18 days is still toe short fôr a reasonable
5SF operation. Besides the use of a rather fine sand with a
specific 0 of 0.24 mm algal growth in the long transparent hose
pipe and quality fluctuations in the HRF effluent due to test
conditions were adverse effects shortening the operational time
of the 5SF. Before a possible installation of HRF in Handeni
these aspects must be carefully investigated by some more pre—
ferably long—term filtration tests.

In the case of Wanging’ombe and Iringa the situation is much
more favourable. After a filtration time of about 1 month a
filter resistance of approximately 20 cm was recorded. Obser—
vations of long—term tests are not available. By extrapolation
of the respective graphs a filter run period of 2-6 months can
be anticipated which should be proved by long-term filtration
tests.

A central role in the headloss development must also be at—
tached to the applied size of the sand in the 5SF. Fine sand
tends to a quick headloss increase, coarse sand does the oppo—
site. Hence, the use of coarser material would be more favour—
able. However, the filtration might well change from a surface
to a deep bed filtration in which initial advantages could be
turned down to serious disadvantages. A thicker sand layer must
be scrapped off for the removal of the retained solids or under
worst conditions the accumulation of solids in the deeper part
of the filter bed can reach such an extent to clog the filter
completely. An investigation on the penetration depth as func—
tion of sand size, filtration rate and size of the retairied
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solids is recommendable. Before more information on these
aspects is available it is advisable to stick to the in the
literature recornmended figures of 0.15 to 0.35 mm for the
specific 0 of the sand.

Concerning the design of HRF, a filtration rate of about
1 m/h seems to be appropriate for Handeni and Wanging’ombe.
The same can be increased to 2 m,/h or more for the HRF in
Iringa. The use of 3 gravel fractions ranging from 32 evtl.
16 min down to 4 mm with a total filter length of about 9 to
12 m seems to be reasonable. The discrepancy for the differ—
ent filtration rates might be caused by the different models
used (small tubes versus a full scale plant) and by eventually
different chemical properties (calcium concentration, alkalin—
ity, humic acids) of the raw water. Finally the long-term be-
haviour of the HRF is not yet investigated.

The Asian Institute of Technology in Bangkok tested also HRF
with Laboratory and Field Tests (Ref. 8). A HRF with 7 differ—
ent gravel fractions ranging from 0 9-20 mm to 0 2.5-6 min and
a total filter length of 5 m was operated in the field at a
constant filtration rate of 0.6 m/h. The Turbidity could be re—
duced by the HRF from about 60 JTU to about 10-20 JTU. The 5SF
with an effective sand 0 of 0.25 min and a filtration rate of
0.15 m/h developed a filter resistance of 57 cm after 55 days
of continuous operation. After these successful tests several
small treatment plants on village level were built and are ap—
parently now in operation. The experiences made in Thailand
prove the viability of the propagated treatrnent process also
for probably different water qualities.

4. Outlook

A SSF Seminar organized by MAJI and the University of Dar es
Salaam was held on the 25th September 81 in Iringa. Some 40
participants mainly from the Regional Water Engineers Offices
attended the workshop and were introduced in the techniques of
HRF and 5SF. After a visit of the pilot plant the participants
convinced about the appropriateness of the presented water
treatment process formulated a Resolution in which it was stated
that

- Slow Sand Filtration combined with Horizontal-flow
Roughing Filtration as pretreatment process is con—
sidered as an appropriate and self—reliant water
purification technique highly suitable for rural
water supplies in Tanzania
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- within the efforts of the International Water Supply
and Sanitation Decade this treatment process should be
widely applied in Tanzania

- the Ministry of Water and Energy, the University of
Dar es Salaarn and the Tanzariian National Scientific
Research Council should cooperate and execute some
more research on this treatment process.

The field tests clearly proved the suitability of the HRF as
pretreatment method for 5SF. It is true that deviations in the
performance of the different field test models were observed
and that secured design guidelines for the sound lay—out of
HRF are not yet available. Furtherrnore the long-term perform-
ance of the HRF remains to be investigated. On this actual state
only provisional recommendations for the design of HRF can be
given. They are summarized in Appendix 23.

In these circumstances additional activities were planned and
proposed as are shown in Appendix 24. The prograrnme covers a
periods of 21j2 years (February 82 — July 84) and is set up as
joint project between

- IRCWD at EAWAGin Dübendorf/Switzerland
(IRCWD: International Reference Centre for Waste Disposal
EAWAG: Federal Institute for Water Resources and Water
Pollution Control)

- the Faculty of Engineering at the University of Dar es
Salaam/Tan zania

— the Tanzanian Ministry of Water and Energy, Dar es Salaam/
Tanzania.

The first column of Appendix 24 lists the activities planned
in Switzerland. Essentially the work concentrates on filtra—
tion tests in the laboratory for the process investigation of
HRF. Sophisticated instruments such as Coulter Counter for the
determination of size and number of suspended solids will be
used.

The second column describes the planned work of Mr Mbwette,
Academic Staff Member at the Faculty of Engineering. The cen-
tral part of his work consists of the execution of additional
filtration tests at the pilot plant in Iringa. These tests
should reinforce the resuits obtained in the laboratory.

The third column indicates the planned cooperation of MAJI.
It is anticipated that different Regional Water Engineers will
individually apply the propagated treatment process on small
scale level for village water supplies. This can be done in
form of self—help projects as only locally available material
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and manpower is required for the construction and operation
of the filters. In addition it is planned to continue with
the construction of the abandoned SSF boxes in Iringa and to
instali a HRF in the first of the 3 boxes.

For the information exchange and the support of HRF and SSF
implementation two more Serninars are scheduled to take place
in Tanzania. These workshops will act as catalysts in the de—
velopment of rural water treatment practice in Tanzania.
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DETAILS OF THE HORIZONTAL ROUGHING FILTER MODEL
HANDENI AND WANGING’ OMBE

FOR

Pipe Diameters
~ 250 mm Handeni
Ø 200 mm Wanging” ombe

Medium GraveIøB-l6mm
3.0 m

Ene Gravel 0 4-8mm
3,0 m LCoor~eGravel 016-32mm

J,0 m

PLAN VIEW

SEC A-A

Supporting bricks
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APPENDIX 4

SECTION THROUGH SLOW SAND FILTER
FOR HANDENI AND WANGING’OMBE
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THE -HORlzOt~frAL-ROUGHING FILTER

LEGEND:

1:3:6 Concrete mix

i~o—~—~—‘~ O25mm G.S pipe
; ~5Omm G.S pipe

075mm G.Spertorated ppe

-. WO: Washout pipe
5SF: Slow scind filter

CONTROL VALYE
Intet stjucture

OF THE PILOT PLANT IRINGA

f1 75mm perforated p’pe

11ON P-P NOTE:

2140

SCALE:1 :100Disctyge measurement outtet

Provide cement —sond mortar (1.3) of nominol
thickness 2cm on alt surfaces

D1rain channel

290

-~

T
530

Filter aggregotes

530
2140

530

SECTION A-A Burtt brick wall

Foundat~ns~c~b

15cm thick hordcore

;scALE: 1:50

260

r~D

- --T

r nt 1 r’~ ~, . n t t t r~r ~_ ii,,, — r .-.

r-n
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WATER IN FROM

SCALE 1:50

67J

•1,00

UNIVERS1TY CF DSM DEPT OF CIVIL ENGINEERING MB/KC 25.a81

APPENDIX 6
1

SLOW SAND FILTER OF THE PILOT PLANT
IRINGA

PIEZc~~1ETERS
75rrrn OVERFLOW PIPE

-‘ -..~-- -.

—,..

HRF --- - ____ _________
___ 200

5Ornrn G.S ~ SUPERNATAND —0,30 CONTROL VALVE

~ONCRETE BLOCK . / ___ 0 ~T~CLEAF
WALL WATER WELL.

-1 2 / __ ____ ~~SPIPE
1.3.6 CONCRETE ____ ___________

- Q •
•- .c~J • . •

. •-

440-
~

•.——

-
t

s. • . •- - -: .- :- -. .~ :- ~ ‘“~ -

MIX _____ _____________
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~r2~0 ~
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1 ~
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- ~ ~ _~..- - - ~-,, ~~,-_•_

~ .,

-1~~

AwATER,N

FROM HRF

~ :.--

~ - ~“ -

PLAN

1. PROVIDE CEMENT.i-SAND MORTAR OFr’.K)MINAL TI-1IO(NESS 2cm ON 0011-1 FACES

l5mrn G.S PIPE
/

4
CLEAR WATER
WDk

OVERFLOW PIPE

- 2. 1EVELS INDICATED ARE IN METRES
3. ALL DIMENSIONS ARE IN CENTIMETRES
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Appendix 7/1

Executed filtration tests in Handeni, Wanging’ombe and Iringa

1. Field tests in Ilandeni

Date Filtration Rates (rn/h)

SSF with
pretrmt pretrint

15. —17.12. 80
17. —18. 12 . 80
18 .—19. 12. 80
19.—20. 12.80
31.12.—

3.1.81
3.— 8.1.81
8.—11.1. 81

11.—12.1.81
12 .—14. 1.81

0.50 0.4
1.00
1.50
2 - 00

0.50
0.75
1.00
0.75
0.50

Date

HRF 5SF with
pretrmt

5SF without
pretrmt

big SSF with-
out pretrmt

8. —17.2.81
18. —19.2.81
19. —20.2 . 81
20. —22 .2 . 81
22. —23.2 . 81
23. —24.2.81
24.—26.2 .81
26.2.—

11.3.81
11 . —14 . 3. 81
14 - —16. 3.81
16. —17. 3.81
17.3.—

2.4.81

8.6.81

8.6. —27.6 .81

0.5
1.0
2.0
0.5

1.0/0.5/0.5
1.0/1. 0/0.5
2.0/1.0/0.5

0.5
1.0

1.0/0.5/0.5
1.0/1.0/0.5

0.5

0.5

HRF SSF without

0.2

0.20.4

2. Field tests in Wanging’ombe

Filtration Rates (m/h)

0.3 0.3

0.3

0.3

0.2 0.2

0.2

0.2

0.2

30.6.— 4.8.81 1.0 0.2 0.2
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Appendix 7/11

3. Field tests in Iringa

Date Filtration Rates (m/h)

HRF SSF

11.—13. 3.81
14.—15.3.81
16. —17.3.81
18 .—20 . 3. 81
21. —22.3.81
31.3. —

1.4.81
7. —10.4.81

11.—17.4.81
18.4.—

5.5.81
6. —10. 5. 81

11.—iS. 5.81
16. —22.5.81
23.—28. 5.81
29. —30.5.81

1.— 4.6.81
5. —13.6.81

14. —22. 6.81
23 .—24. 6.81
25. 6. 81

14 . —16.8.81
17.—19 .8.81
20.—24. 8.81
25. —26 .8 . 81
27. —30.8.81
31.8.—

1.9.81
1.— 2.9.81
2.— 3.9.81

2.0
1.5
1.0
0.5
1.0

2.0
2.0
1.0

0.5
1.0
0.5

2.0/2 - 0/1.0/1.0
1.0/1.0/0.5/0.5

1.0
1.0
2.0
1.5
2.0
3.0

3.0
4.0
5.0
4.0

—/2 .0/2 .0/2. 0

—/4.0/4.0/4.0
—/ — /2.0/2.0
—/ — /4.0/4.0

Note: — / 2.0/2.0/2.0 Filtration Rate in:

4th compartment

3rd compartment

2nd compartment

ist compartrnent (by-passed)

Filtration Rate constant
throughout HRF

0.2

0.2

0.2

0.2

0.5
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FILTERAB1LITY TEST APPENDIX 8

Apparatus

funnel *

500 ml

filter paper No. 595
(Schleicher and SchUil)

filter support *

valve *

graduated cyl inder
200 ml
* supplied e.g. by

Sartorius, P.0.Box 19
D-3400 Göttingen, W—Germany
Ref.No. SM 162 01

Test Procedure:

- place a filter paper on the filter support and fix the funnel

- put the glass cylinder under the funnel

- close the tap (horizontal position) of the funnel

- pour 500 ml of the water to be tested in the funnel

- open the tap (vertical position) and record the volume of filtered
water in ml after 1 Min, 2 Min and 3 Min.

holder
with stand
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JACKSON TURBIDITY, LEGIBILITY TEST APPENDIX 9

holder
with stand

direction of
observation

graduated
glass tube
0 approx. 5 cm

valve

flat,
glass

Origirial size of test letters (Ref. Deutsche Einheitsverfahren)
for Legibility Test: ABCDE

Test Procedure

- ignite the candle

- place the bottom of the tube 7.6 cm
above the top of the flame

- place the bottom of the tube 2 cm
above the paper with the test letters

- fili the tube with water to be tested

- drain the tube untill you can see the
flame/the test letters

Apparatus

apprO*.

70cm

polished optical
bottom

7•6cm

candle

for Jackson Turbidity

for Legibility Test

- measure the water height and record it in cm.
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TURBIDITY REDUCTIONWITH HRF IN HANDENI APPENDIX 10

TURBIDITY (NT1J)

120

100

80

60

40

20

0

Filtration Rate : D 0.5 m/hr

X 0. 75 m/hr

o 1.0 m/hr
Z 1.5 m/hr
~ 2.0 m/hr

+ 2.5 m/hr

FILTER LENGTH (M)

0 1.5 3 4.5 6 7.5 9

D~b.ndorf. den 15—Jul—82 E A W A G’
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APPENDIX 11

70

60

50

40

30

20

10

0

SUSPENDED SOLIDS REDUCTION WITH HRF IN HANDENI

SUSPENDED SOL JOS (MG/L)

150

140

130

120

110

100

90

80

17. 12•80

0 1.5 3 4.5 6 7.5 9

5L81
8.1.81

1280

FILTER LENGTH (M)

Filtration Rcite : D 0.50 m/hr
X 0.75 m/hr
0 1.00 m/hr

D~ibendorF, den 16Ju1—82 E A W A G,
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FILTER RESISTANCE

1cm)

100

80

60

40

20

0

APPENDIX 12

DEVELOPMENT OF 5SF IN HANDENI

S

1
30d~~s

————--— coagulated water, avg Turbidity 5NTU , real records
HRF filtered water, avg Turbidity 1ONTU , reaL records

———— HRF fittered water, avg Turbidity 1ONTU, extrapolation
- according NEERI (World Water 9/79)

NEERI in World Water Sept 1 79
at fittration rate 0.1 mlh —~ filter run 45 days

0.2 m/h —~ fiLter run 26 days y:3.84x1~09
0.3 m/ h —~ fiLter run 13 days

(x) (y)

filtration rate [mlh)
0.2 0.4

3days ‘-18 days
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APPENDIX 13

CORRELATION
FOR HANDENI

TURBIDITY— FILTERABILITY
WATER

TURBIDITY
[NTuI

80

40

o filtrate HRF
~ coagolated water

(filter paper: Schteicher + SchütI Nr. 595 pore/ 4.4jim,

60

20

40 60
F1 LTERABIUTY

0 raw water

100
[ml /1 min

Filtration Time Herzberg 160 s)
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CORRELATION
FOR HANDENI

o 0.5m/h
~ 1.Om/h
o 1.5 m/h

TURBIDITY — LEGIBILITY
WATER

1

fittration rate

APPENDIX 14

A raw

‘Ii

water
G)

A fiLtrate HRF
tij

LEGIBILITY
[cm]

0 10 20 30 40 50 60 70
[NTU]TURBIDITY
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FILTERABILITY IMPROVEMENTWITH HRF IN WANGING’OMBE APPENDIX 15

FILTERABILITY (ML/MIN)

60

55

50

45

40

35

30

25

20

15

10

5

0

FILTER LENGTH CM)

Filtration Rate : ~ 0.5 rn/hr
0 1.0 m/hr

0 3 6 9

D~bendorf. den 15-Jul—82 E A W A G.
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100

80

60

40

20

0

0 5 10 15 20 25 30 35
FILTER RUN (DAYS)

Period February/Mcrch 81

~ bi9 model without pretrmt
~ einoli model without pretrmt
+ ernali model with pretrmt

FILTER RESISTANCE (CM)

100

80

60

40

20

0

0 5 10 15 20 25 30 35
FILTER RUN CDAYS)

Period Jurie — Auguet 81

~ big model without protrmt
~ erna

11 model without pret.rmt
+ ernall model wit.h pretrrnt

— 1 [ _ L _ -~ ~j 5~ — —- ~-- --- -~

FILTER RESISTANCE (CM) -n
1~
-1m

m

(.1)
—1
>z
nrn
0m
rn
r
0
-o
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-~1

0
-n
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~1

z

>
z
C~)
‘—4

z
0

0

m

fl~p,r4~Ç r4,~ 1~T~~1A7 EA WAG
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_~ L.~ ~ ~ _____j ~ ~ ~.S ~—
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0
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TURBIDITY REDUCTIONWITH HRF INIRINGA

Period 7.4. — 30. 5. 81

TURBIDITY (NTU)

100

go

80

70

60

50

40

30

20

10

0

0 5 10 15

APPENDIX 18/1

FILTER LENGTH CM)

Filtration Rate s 0.5 m/hr
o 1.0 m/hr
• 1.0 / 3.5 rn/hr~
* 2.0 / 1.0 m/hr

thr-ou9hout the HRF
throughout the HRF
1. +2. /3. +4~ oompar~tment
1. +2. /3. +4• oompartmerit

Döbendorf’, den l5Jul82 E A W A ~
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— L~ L~ — — — -~

Filtration Rat. , ~ 2.0 ,,i/hr

0 3.0 ,i,/hr

X 4.Ot~Jhr
y 5. 0 m/hr

-~

30
CD

0
II

-H

30
m
0

0
-H

0
z

II

-H
1

1
30
-n

0 10 -
FILTER LENGTH (M)

30
Filtratior, Rat. s ~ 2.0 m/hr

X 4.0 m/hr
— 1.t oompartm.nt bypa...d

let + 2r~d eompartm.r~t. bypa.e.d

Period 1.6. — 25.6.81 P.r~od 14.8. — 3.9.81
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FILTERABILITY IMPROVEMENTWITH HRF IN IRINGA APPENDIX 19/1
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FILTER RESISTANCE DEVELOPMENTOF 5SF IN IRINGA
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$ SSF models
,big 5SF

sand

APPENOIX 2f

SUMMARY OF FILTER RESISTANCE DEVELOPMENT FOR

DIFFERENT SSF’s
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APPENDIX 22
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~ppendix 23/1

Provisional Recommendations for the HRF Design

There are two major criteria to be observed during design of HRF:

1. To produce a HRF filtrate which copes with the quality
standards for SSF influents (especially with respect
to suspended solids)

2. The filter run should be long enough for convenience of
plant operation, it should certainly not be less than
half a year.

In order to attain the two goals, the following provisional
design guidelines should be adopted:

i) The acceptable range of velocity of filtration is
0.5 - 4.0 m/h but an upper limit of 2.0 m/h should
be observed for waters with very high suspended solids
bad and/or colboidals.

ii) The filter grains to be used should have two to three
fractions with sizes ranging from 4 — 40 mm. The sequence
of arrangement in longitudinal direction should be from
coarse to fine.

iii) Because the first fraction of the filter bed stores a
higher fraction of suspended solids than the others, the
length of the coarse fraction zone provided should be
greater than that of firier fraction in order to provide
a large silt storage volume. Thus, the following range of
lengths of individual fraction zone should be provided:

first, coarse fraction: 4.5 — 6.0 m
middie, medium fraction: 3.0 — 4.0 m
last, fine fraction: 1.5 — 2.0 m

As a result, we arrive at a total length of filter of
9.0 — 12.0 m.

iv) For HRF with side walis which are above the ground surface,
the height should be below say 1.0 - 1.5 m to allow easy
cleaning of the HRF which will involve rnanual digging out
of gravel and refilling it after cleaning.

v) The free water table in the HRF should be covered by a
10 - 20 cm thick gravel bayer in order to prevent plant
and algal growth. Hence the top level of the filter medium
should be 30 - 40 cm above the crest level of the outlet
wei r.

vi) The outlet weir should be provided with a V-notch shaped
metal sheet to facilitate discharge measurements.
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