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1,0 INTRODUCTION

1.1 Need for study

Although Slow Sand Filters constitute one of the
best and simplest systems for water purification for
rural and urban communities, particularly, where
technical skill and know-how are limited, they are
used only to a limited cxtent in the water industry
in most countries. Reascns for their limited use
have included the following;-

1) 1land requirement for the filter is extensive

2) filter runs are reduced when raw water has
high turbidity (on average in excess of 20 units).

3) filter cleaning is a tedious, labour-intensive
and costly.

'4) the need to provide roofs for Slow Sand
Filter structuresAto prevent possible algal growth
on filtexrs - a practice which raises the capital cost
and puts slow sand filters beyond the reach of many
communities.

In spite of above, Slow Sand Filters arc known
to have a number of advantages.such as the following:-

1) they are very efficient in bacterial removal

2) pre-treatment involving the use of chemicals
is oftcen unnecessary, resulting\in saving in chemical
costeg.

3) operating costs are low since the filters
require very little attention most of the time that

they are in use.
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To popularise the use of the Slow Sand Filter,
especially, in the dgveloping countries for small and
rural cémmunity water supplieé (and at least cost) the
Wor1d Heélth Organisation's International Reference
Centre for Community Water Supplics (WHO-IRC-CWS) considered
if necessary to carry out investigations aimed at improving
upon the shortcomings of the Slow Sand Filters. The
Environmental Quality Division, Department of Civil
Engineering, University of Science and Technology is very
much privileged to be amongst seven other collaborating
institutions in the developing countries scelected to
under take rescarch and development of the Slow Sand Filter
with IRC performing the coordination.

Objective of study

The project will involve the following:
i) Review of operating experience from both developed
and developing countries.
ii) Evaluation of the performance of experimental
Sloﬁ Sand Filters under various conditions of operation.

iii) Development of guidelines for the design and

operation of Slow Sand Filters in tropical and seni-tropical.

countries.

Scope of Report

This report deals with the following cespects:-
1) The evaluation of the performance of experimental
pilot Slow Sand Filter plants at Owabi Water Works under

different loading conditions,
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2) Pilot plant under construction at Kumawu Water Work

3) Experimental proéramme for Household Slow Sand
Filter ’

4) Description of Slow 5and Filter plant at Winneba

5) A brief description of a disuscd Slow Sand Filter
plant at Weija near accra.

Organisation of study

The project has been divided into two phases. The
first phase includes pilot plant studices, litcrature
surveys and field surveys of existing plants. The second
phase deals with field investigations into full-scale
village pilot plants with the villagers eventually taking
over the operation and maintenance of the plants.

In this country since the Ghana Water and Sewerage
Corporation is empowered by an Act.of Parliament to be
responsible for the provision of wholesome water to all
parts of the country, this institution thought it best
to get them involved in both phascs of the project even
though they need‘to éarticipate cnly in the second phasc,
Consequently Slow Sand Filtration Project Management
Committce has been formed to manage the project. The

conposition of the committee is as follows:-

1) Prof. A.M. Wright, U.S.T. - Chairman (Project Director)

2) Mr. E.F. Quashie, Regional Manager, Ghana Water &
Sewerage Corporation, Kumasi - Member

3) Mr. J.W. Boateng, Principal Chemist/Bacteriologist,
Ghana Water & Scwerage Corporation,

ACcCra - Member

P
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4) Mr. I.l.. Ofori, Regional Engineering,
Ghana Water & ‘Sewerage Corporation,
Kumasi. . - Member

5) Mr. J.G. Momney, U.S.T., Kumasi - Member/Secretax:

(Principal Investigator)
Initially, the committee had monthly ncetings.
Recently this has been changed to once every quarter,

1.5 Acknowledgement

Member s of the Project Management Committee wish
to thank the Research &AConference Committee of the
University for contributing, so far, ¢7,000 towards
this project. Thanks also go to the Management of
Ghana Water & Seweiagé Corporation for
(1) contributing fo far, ¢2,000 towards the project
and moreover (2) gygranting permission for the pilot
plants to be éet up at Owabi Water Works.

(3) providing per sonnel for the installation of the
plant and (4) allowing chemical and bacteriological
analyses to be performed in their Suame Laboratoxy

by thcir own personnel,

2.0  OWABI PILOT PLANT STUDIES

2.1 Objectives

The overall objectives of the studies are two fold:-
.(1) test the effect of media size, -
shade and filtration rate on the following:-
(i) ripening period,
(i1) lenyth of filter run
(11i1) removal of oxyanic matter, turbidity,

coliforms, colour, iron, ccrcariac

e
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in the filter in excess - of 1,0m. Raw water is fed onto

“the filter through a 25.0mnm diamncter galvanised pipe.

Constant level in the tank is maintéined by means of a

20mm float valve as shown in Figure 1, Flow rate

through' each filtér is determnined by meansAof a rotameter,
The filters were set up at Owabi Watexr Works which

is 30Km from the University campus. The choice of this

place for the installation of the pilot plant was influenced

by a number of rcasons some of which are as follows:-

1) Delivery of stored water to the filters docs
not requirc pumping.

2) Possibility of comparing the performance of
Slow Sand Filters with that of Rapid Gravity Sand Filter.

3) Availability of Ghané Water and Sewerage
Corporation personnei to atténd to the filters outside
normal working nours.

4) .,wailability of a laboratory to perform certain
tests‘on samples collected.

5) The raw water has turbidity in the range 10 NTU
to 50 NTU which is relevant in the study. -

Initially five filter shells wefe to be used for the
study and order was placed for the fabrication, As a
result of undue delay in the delivery of the filter shells
experiments did not start till early Septembexr, 1976

after the installation of three filters.
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The ad?anta;e in usinyg fabricated shells is that the
filters could be olsmantled after the D;lOt study at
Owabi Water_Works and sent to another locality for .
further studics.

Experimental Programnu

The objcptlves of'the flfsf’éé; of experlment
were two folds-
(1) Test cffect of flltratlon rate on
(i) wipening period
(ii) length of filter run
(1ii) rewoval of organic matter, coliforms, colour
and iron.-
(2) Algac identification in raw water, filtrate and
SCI&ppldQS fron top of the fllters.~
In purs"ance of 1hcse ObJQCLJVLS th“ lmpoﬁnded water
ai Owabl Works was passed through Fllt@rs 1, 2 and 3 at
the loadings of O.1m /m /hr O.2m /m "hr and O.Bm /m /hr
IQSptCthCly with effcct from 6th SQDthber, 1976.
Sawples of *aw water and filtrate from each flltcr were
takgn and analysed at uhaqa WQter.& Soﬁeracl Forpo*atlon’s
laboxatozy by .h; Co;por%tlon 's LaburatuLy leSOnhCl
Whlle.some varlablbs were neaéurod dally others were
mea sured tw1ce in é wgek and others once a week. The

programme of mgasurcncnts was as followss -

A, Ddlly Readlngq/Measureﬂgnts
(1) Head Loss

(ii) Flow rate

LRSI



(ii1i) Colomux

(iv) Temperature

(v) pil

B; vaice‘Weekly Measurencents
 (i) Alkalinity
(ii)‘Permanganate Value
(iii) Suspended Solids
(iv) Total Haxdness
(v) Turbidity

C. Once Weekly

(1) Iron
(i1) Manganese
(iii) Nitrates
(iv) Colony Count
(v) M.P.N.
(vi) E. Coli
(vii)\Algae content in Raw Watex,

In the subéequeﬁt sets of experiments, effects of
shading, media size and pre-treatment on the ripening
period, length of f;lt¢r run and_remoydl of orgyanic matter,
coliforms, colour and iron as well as algac identification
in raw water, filtrate anq_scrappings from top of filters
will be studied in accordance with egperimental programme

as outlined in Tablg 1.

2.5 Results

This report deals with results obtained during the

pericd 6th September, 1976 to ¢th Octobex, 1976. The
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TABLE 1 PROGRAMME CHART FOR PILOT EXPERIMENT 1
; TEM SEPT. | GCT. | NOV. DEC. | JAN.| FEB.| MAR. | APR. | MAY | JUNE [JULY | AUG. {SEPT | OCT i
- (1976) (1977) B :
; STANDARD
FILTER 1 GRADED SAND — ES 0 20mm U.C.= 2- 25
( Reference) |- RATE ©OF  FILTRATION 0-1m3/ mZ [ he m—— —
- S
STANDARD 0
. SAND & Z
RATE ~— 0-1m3 /mZ/hr. . 3/ 2 Q
FILTER 2 - RATE — O-Im/m/hr % —
_ 5 3/ 2 RATE =0 2m/m/hr MIXED BED - -«
RATE = 0-2m / "'/h' COMPLETELY <. < H
SHADED o
STANDARD | bl o
SAND L>/_') a
— 13/ m . . - iy 3] 2
FILTER 3 |Rate — 03 md/ m¥/nr RATE= 0 1m>/m%hr |RATE — 0-2 m3/mz/hr RATE : 0-2m) m? [ nr b
COMPLETELY , : Z :
SHADED MIXED BED <
| <
TEST EFFECT OF TEST EFFECT OF | TEST EFFECT OF TO STUDY EFFECT ot
~ a
{ OBJECTIVE ,
\« FILTRATION  RATE SHADING MEDIA SIZE OF PRE-~TREATMENT

“
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following observations wexe made during the operation of
the pilot plant:-

(1) As a result of difficulties encountered in
adjusting flow through the flow meter, it was possible to
maintair specified flow rates through filters 2 and 3
for only & days and 4 days respectively. Beyond these
days, the filters operated at very much reduced flow rates
as shown in Table 3. These two filters were stqpped on
23rd September, 1976 for maintenance and scrapping. They
were put into use on the 4th October, 1976.‘

(2) The colour of the raw water varied in the range

of 200 Hazen Units and 250 Hazen units, whereas that of

the filtrate was in the range of 75 Hazen units and 175
Hazen units.
. 3,2, 3,2
(3) For loading of 0.1 m /m“/hxr, 0.2 m” /m /hx and
0.3 mj/m2/hr, the imtial head lcsses in Filters 1, 2 and 3
were 20 cms, 25 cms and 108 cms respectively.
(4) The Permanganate Values of both the raw water and

the filtratce appear to be very high indeed. Figure

~1llustrates the variation of the Permanganate Value and

Oxygen Absorbed with tine,

(5) The concentration of total iron in the raw water
was found to vary from 5 my/l in thce 4th day (after
commencenent of the plant) to 10.2 mg/l in the 30th day.
Within the samc¢ period the concentration of manganese in
the filtrate varied from about 1.0 mng/l to 8.4 mg/l even

though the raw water very little or no manganese. Results
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TABLE 2 HEADLOSS READINGS
} gg§SOF , HEADLOSS (CMS )
DATE | FROM LOADING :
START 0.1 m3/m2/hr 0.2 m3/m2/hr 0.3 m3/m2/hr

6/9/76 0 20 25 308
8/9/76 2 .39 88 176
9/9/76 3 61 124 220
10/9/76 4 72 165 ‘ 270
13/9/76 7 92 225 -
16/9/76| 10 135 - -
21/9/76| 15 1 14w - . -
22/9/76| 16 154 - -
4/10/76| 28 | 175 - -
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TABLE 3  PHYTO &ND 200 PLANKTON IN RAW WaTER AND FILTRATE

¢

TYPE OF ALGALE IDENTIFIED

quaternarium

Trochiscia Vestitus

DATE OF
EXAMINATION RAW WATER FILTRATE
Anacystis Pyrobotrys
Euglena
Pcdiastrum
15/9/76 :
Fhytoconis
Pyrohbotrys
Chlamydomonaé Chlanydononas
20/9 /76 Pyrobotrys Pyrobotrys
Spondylomnorum -
.quaternarium
Eudonia Chlamydomonas
Euglena Gomphorphaeria
Gonphor phaeria Spondylomorum -
4/10/76
‘ Spondylonorum - quaternarium’

Trachelononas

B R D S AP SRS



.

C et

TABLE 4  PHYTO AND ZOO PLANKTON ON FILTER BEDS - 12 -
DATE OF EXAMINATION
ITEM 24/9/76 4/10/76
FILTER 2 FILTER 3 FILTER 2 FILTER 3
1. aAnabacna Anabaena Anabaena anabaena
2 Aphanizonenon Closteridium Chlorogoinum Ankistroesnmus
3. ‘Apiocystis brawniana Cyclotella Cyclotella Chlorogonium
<t Cyclotella Eudorina Eudorina Cyclotella
5. Goaphcsphaeria Euglena Euglena Euglena
6. Mallcronac Oscillatoria Microspores Gomphogphaeria
7. Micrcspora Pediastrum Oscillatoria Oscillatoria
| 8, Pediastrun Phacus ‘ Pediastrum Pediastrum
9, Phacus Phytoconis Phacus Phacus
10, Pyrobotrys Spondylomosum Trachelamonas Spendylomorum -
. quaternarium quaternatiunm
11, Tebellera Trachelomonas Trachelononas
12, Tracheloronas Zygnema Ulothrix" o
Filter Loading
2 OJ:ﬁﬂﬁﬂu
3 ,' 0.3 m>/n?/hr

et e st e oA by it~
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show that there is a gradual build up of manganese in the
filter with time. Invegtiggtion'is undexrway to provide
answers to this unusual phenomenon.
(6) The dissolved oxygen of the raw water measured varied
between 6.5 ng/l and 2.5 mg/l. Samples for this measure-~
ment were fixed on site. DO measurements were made at
Suame Laboratory of Ghana Water & Sewerage Corporation,
usually after 2-4 hours interval,
(7) Turbidity of the raw water varied from 13 N.T.U. to
about 34 N.T.U. For a loading of 0.1 m3/m2/hr and a
turbidity of up to about 27 N.T.U. in the raw water the
filtrate had a turbidity of less than 5 N.T.U. Appen-v
dix- II gives results of other physical and chemical
constituents in the raw water and the filtrate. A list
of Phyto and Zoo plankton identified in the raw water,
filtrate and the scrappings from filter bed is given in
TablesBand 4 .

(8) Positive results werc obtained for all filtrate

samples subjected to bactericlogical examination.

Discussion of results

1) In view of the problem encountered in controlling flows
through filters 2 and 3, it will be exrroneous to conclude
that these two filters had filter runs of 8 days and 4 days
respectively. A sccond series of éxperiment is in progress
to ascertain the length of filter run in each case.’

2) The presence of iron in the filtrate is belicved to be

responsiblce for high levels of colour measured.

%
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3) For a loading of 0.1.m3/m2/hr, the rate of heéd loss
build up was virtually uniform for the first loldaysq
After this period the rate of head loss build up reduced
considerably as shown in Figure 3, Unfortunately Filters
2 and 3 could not be operated for a much longer time to
observe similar trend. As expected the other two graphs
'for loadings of 0.2 m3/m2/hr and 0.3 m3/m2/hr showed
steeper slopes From results obtained so far, the rates
of initial head loss for loadings of 0.3 m3/m2/hr and

0.2 m3/m2/hr are five times and three times that at

0.1 m3/m2/hr respectively.’.

4) The high values obtained for Oxygen Absorbed and
Permanganate Value may be due in part to the presence

of ferrous iron and also to the presence of easily
oxldlsable ozganlc matter in the water. o

5) Thc presence of manganese in the filtrate even thougn
there is none in the raw water can be attrlbuted to,
probably, the red ox1de prlmcr and white plastJ palnt

used for the inside of the shell to prevent corr091on.

Conclusion

Resuifs obtained to date indicate that:-

(1) None of the filters attained maximum efficiency
in texms of bacterial removal,

(2) Colour removal of about 40%-50% from each filter

irrespective of loadings was possible.

e im e m e [ A
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(3) The length of filter run for a filter with a
3/m2/hr

loading of 0.1 m is longer than 30 days. Lengths
of filter runs for loadings of 0.2 m>/m2/hr and 0.3 m>/m2/hx
cannot be assessed at this time owing to problems
encountered in operating these two filters.

(4) To reduce the initial head loss, especially, at
loading of 0.3 m3/m2/hr, pretreafment will be necessary

for the quality of raw water used in the experiment.

Future Work

Since the Phase 1 of the project is shceduled to end
in January, 1977, this institution will be.in a position to
test effect of shading in addition to current experimental
work., Although fhis institution will embark upon Phase II
of the project, sﬁe will continue with Phase I of the
project simultaneousiy to

(1) test effect of media size and

(2) study effect of pre-treatment on the following:-

(1) ripening period
-(1i) length of filter run and
(i1i) filter performance.
In subsequent runs, samples will be téken from the existing

Rapid Gravity Sand Filter plant for comparative study.
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APPENDIX I - HEADLOSS /i\ND FLOW RATE MEASUREMENTS
HEADLOSS (CMS) fLOW RATE (Litres/hr)
DATE -
SEPT O.1m3/m2/ O.2m3/m2/ O.3m3/m2/ O.1m3/m2/ O.2m3/m2/ 0.3m3/m2/
hr hr hx hx hx hx
6 20 25 108 170 340 510
7 - - - 170 340 510
8 39 60 176 170(160) 340(220) 510(440)
9 61 124 270 170(160) 340(350) 510(410)
10 72 | 165 Choked 170(160) 340 390%
13 92 223 233 170(180) 340(200) 210%
14 - 196 200 170(180) 210% 210%
;15 - 193 100 170(180) 200% 210%
16 135 193 195 170(180) 160% 200*
| 17 - 195 195" 170 130* 120%
20 - 200 196 170(110) 170% 200%
21 148 186 195 170 180% 190*'
22 i54 195 186 170 150% 250%
- 23 - Plants stopped 170 | emcmmmmmenbeaan
27 125 “ o " 170 | e eeees
" 28 130 1 " 170 | mememmeeedbeeeas
29 140 " L 170} emmmmccnaceaaa
. 30 150 | = g 170(180) | —meemme-- e
.4 Oct 175 " o 170 ) R S

" Notess 1) All readings were taken between 8 a.m. and 9 a.m.

' 2) Figures in bracket indicate readings before adjustments.

3) Starred figures are final readings obtained after adjustment,
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S Ri1.-M | E®W2,F2 | R3, 3 RU1-, . FY CRW2: ¢ T2 | L B3, I3 ol

26 - 26

2T, 1.8
6.5 6,85 -
225 0

\

125.0 ¢ .

5.4q._ 5.6..
. 51 08

39.0
12,0
Q176 _;_
146, 1ot

HIL  0.15

J48.Ot“1_

& Total Hardness (mg/l) 37.0 5440 G460 l‘.O.Q NN IR )OQO‘ 3000 o 2730 51 go B 24'0, ..- 40’9 2[""0,' N
* gn, Cally,. B{1, EJ2, RU3 - Raw Uater on Rilters 1,2,3 respectively .- | -
& S Fi, F2, ~F3 . - Filtretes from filters 1, 2, 3 respectively, - .
P.T.0 ' i
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. 17 -9~ 76 20“-9-76
Parencter 0.1 1:13/1:12/_11_1‘_ O.O77n3/m2/hr _()_.;-(-)-:{1113/32/hr 0.1 m3/m2/hr }).1:_3[:;2/;1‘- 0.118 m3/32/1u" _
R Fog RW2 F2 R F3 R iy Cmi2 P2 RU3 B
Tenperciure (°C) 27,5 275 | 27.9  27.8 | 27.6 0 27.5 | 26,0 26,0 | 26,0 26.0 26,0 26,0
Dissolved (mysen 0.9+ 144 1.8 0.7 1.9 2,2 ) 1.8 . 0.4 . 15.1 _‘ 0.8 1.2 .09
pH 6.59 6,71 6.53 6.73] 6.52 6 .66 6,45 6.8 6,45 . 6.83 6445 6,78
Colour (Hezen) 225.0 | 185.0 [225.0  175.0 |225.0 . 163.0 | 200,0 125.0 = { 225.0 | izs.o" 200.0 100.0
Turbidity - - - - - - - - - - - -
Oxygen ..buorbed . Sedt 7 4.8 5.2 . 52 6 o4 2.6 - 2,60 3.04 2.28 3.04 3420 3.16’
(3 nrs) f > A b v
Peruangenste Valuc 89.8 °  88.5 | 94.0 93.5 | 91.0 . 82.8 88,0 73.0 | .81.0  170.0 91.0 7440
CAlkelinity® 42,0 54.0 | 39.0 60.0 | 41.0 54,0 | 47.0 52.0 #7.0 . 59.0 45.0 57.0
Suspended Solids 47,0 - 29,0 | 58.0 27,0 | 38,0 59.C - - - - - -
Total Diszolved Solids 120.,0 120.0 [114.0 130.0 {112,0 132.0 - - - - - -
Totel Iron: :- - - - - - - - - - - -
lianzancse - - - - - - - - .. - - -
Titrates - - - - - - - - - - - ,..’
Totel Herdnoss® 23.0 27,0 | 32,0  40.0 | 26.0  42.0  30.0. 30,0 24,0 42,0 29.0 40,0
* as Ca.CO3
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- Parponeter 0.1 ~';3_3/m2/hr O°1m9/m¢/}1r- ’ 0,111"/:‘.2/111“ ’ O.1m?/n2/hr < l 0.2 :.)[1;12/1115‘ ; 0.3 ;;3/13 / hy o
RVt =i ™ RV ™ R p] ™ R, ™M RW2 | r2- RY3 '3
-Teoperatura 27,0 © o 27.0 26,0 . :26.0 - - -27.0 26.5 . 27.0° . .27;5 27.0 ~25.5
-, DiSSOlVG'i O:::,’gc‘n- 0.6 PRY W . 0.51" 0'7 T 002 199 T 1.0 109 007 . ‘2.1 o 0.7 1\.7 . 1.6
CopE e 6,57 . 6.92 | 6465 -..7.01 6o4T 6486 - 6.53 T3 |: 6.5, . 6,63 6,31 5.6

- Colour “(Heszen) -
Turbidity (TU)

- Ouyzen b ;f'gl"s)cd
(Z hrs)

-Perangarate Veluc

Cor Alkelinivy®

1225,0°

170.0

7.6 .-

93.0 ©. - 8645

4300'

» 60,0

. 250,0 120 .-

27.0 5.0 ..

47.0. )

t.170,0

86,2 A

- 35,0 1z

P o G e

' Suspendod wolids - = - - 27.0° . 34.0 | 30,0 . 16,0 €70 Zuan
- Totel '.‘C!issoived Solids - - - s - - 180,0 130.0.! 180.0 164,0 1530.0“ 172.0 3,0 2 1COO
oifotal Iron C ot | e - ~ - - - 10,2 . 1.6 . bsew T4 11.6 ﬁn,G-dg
-Hanganesc - - 0,044 . 6.88.} - = - NIL 8.36.. i0.0T{ - 3.86 0,042 G.E
Cpitrates | - = e 0,30 0417 0.25 . 0420 ~§.25 o 0.21.. @.1o¢ 0.80; 0,25 0,50
" +Total Hard;w.eiss‘n“-""r"‘ : 34;0 46.0 - 36.0 . :29,0 -| -42,0 35.0 . 41 O . 45.0 48.0 ) 4240 37,0 36.5’.

* a8 Cz;CO3 - -'
Note:: Filters 2 and 3 were out of opcration from 24-9-76 to 4=10=T6 . v 5w wnt o s g
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3.0 KUMAWU PILOT PLANT STUDIES

3.1

Need for study

Kumawu 1is ébout 50 Km North East of Kumasi. It

has a treatment plant comnissioned in 1955 which

. produces 450 m3 of water per day. Interest in this

plant arosc because the ins;alled treatment processes
do not include filtration, The only processes
available are coagulation fcllowed by sedimentation
and chlorination. It was therefore decided that the
plant shduld be studied to find out whethex the
installed'treatment processes are adequate. It was
also decided to find out whether Slow Sand Filter
plant could be used to give adequate treatment if the
installed trcatment processes were found to be

inadequate.

Objective
The objectives of the study were as follcws:-
(1) To take turbidity measurements of Raw Water,
Settled Water and Final Water to assess the adequacy
of the plant.
| (2) To compare the performance of Slow Sand
Filter Pilot plant with treatment processes at the

existing plant.

Raw Water

Raw water for the pilot plant will be obtained
from an impounded surface source which feeds the

existing treatment plant. The turbidity of the raw
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water varies from about 20 NTU in the dry season to 120 NTU
during rainy scason. Iron and manganese are known to be

’

absent in the water.

Plant descripticn

A standard filfer cf 1.5 m diameter has been built
for the study using sandcrete blocks. The height of the
concrete structure is about 2.5 above the ground level.
Flow rate will be neasured by means of a rotameter. The
1 m depth of fine sand of E.S. of 0.25 and U.C of about
2.0 will be supported by 150 mm depth of 3 mm gravel.

The depth of water over the media will be about 1.3 m.

Experimental Programme

Initially the pilot plant will be operated at the
loading of O.1l m3/m2/hr for three months and then at
0.2 m3/m2/hr for anothér three months as shown in the
table below:-

TABLE 5 : WORK PLAN FOR KUMAWU PILOT PLANT

NOVIDEC | JuN FEB|MAR | AP (MAY| JU{JULY|AUG) SEP | OCT
1977

LOADINGS

O.1m3/m2/hr O.2m3/m2/hr O.1m3/m2/hr O.2m3/m2/hr

Test effect of Test effect of

OBJECTIVE Filtration Rate Shading
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On the monitoring of the plant it is intended to
measure the fovllowing variables at frequencies indicated.

A. Daily Readinys/Measurement

(1) pH
(ii) Temperatufe (Morning and Afternoon)
(iii) Colour |
(iv) Dissolved Oxygen
(v) Turbidity
(vi) Headloss

(vii) Flow rate

B. Once Weekly

(i) BOD
(ii) COD
(iii) Alkalinity
(iv)‘Permanganate value
(v) Colony Count
(vi) M.;.V.
(vii) E. Coli
(viii) Algae Content
(ix) Suspended Solids
(x) Iron
(x1i) Manganese
(xii) Nitrates
(xiii) Hardness.
The chemical and bactériological analyses will be
performed at the Institution's laboratory since there is

no laboratory at the Kumawu treatment plant.
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For a quick assessment of the adequacy of the
treatment plant at Kumawu samples were collected from the
plant in June this year for analysis at the Institution's
laboratory.
| Results of turbidity measurements have been plotted
as shown in Figure 5. It is deduced that the Settled

water had turbidity of about 3 NTU or less hence the

coagulation process is effective.

Current Status of Studies

The turbidity measurements have been discontinued.
This aspect of work was expected to last for a month or
two. It will be resumed when the pilot plant becomes
operational. The building of the pilot plant is in

progress. Studies are likely to begin in November, 1976.

| S

e
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i TURBIDITY (pe/1) ‘ TOPLL ALKLLINITY (ng/1) TOTAL HARDNESS (ng/1) pH o
Rexr | .. Settled Finel - Raw Setiled ¥inal Raw Scttled 5 lf'ine.i Raw Scttled LJ..‘A.a.l»
4/6/76 31,0 | 2.1 12,0 35,0 15,0 25,0 23,0 24,0 27,0 8.7 746 7.
7/6/76 26,0 - 2.0 9.6 35,0 10.0 20.0 22,0 24,0 36,0 8.5 6.6 Ta.0
8/6/76 ,:29.0 o ' ;2.5 ; 16,0 30.0 10.0 25,0 21,5 ?4.0 28;0 God .4.6 ’ 7.
9/6/76 | 29.0 2.5 | 10.0 30,0 | 10.0 15.0 22,5 | 4.5 28,5 7.4 4.9 64T
10/6/76 | 25.0 2.2 . | 13.0 350 7.5 75.0 23.0 25.5 25,0 7.2 5.2 7.3
11/6/76 | 25.0 47 | 25 - 40,0 10.0 40,0 22.0 23.0 51,0 745 6.3 7.5
12/6/76 | 92.0 6ul . 7.6 L2245 20,0 | 32.5 21.0 25.0 33.0 7.5 S 6.9 1 7.
13/6/76 | 665 | &3 | 26.0 30,0 | 20.0 55.0 20.0 20,0 27.0 T4 6.8 . | 5.0
14/6/76 58,0 14,0 . '27.0 . 25.0 20.0 4540 17.0 20,0 5040 7.6 7.2 7.5
15/6/76 | 18.0 Gl 54 - 30,0 |..10.0 65.0 20,0 20.0 5640 1.6 6.4 .5
16/6/76 | 65.0 4.2 6.0 30,0 10.0. 40,0 19.0 20,0 31,0 ] 8.2 R T
11/6/16 | 5.0 | 5.2 - 1 20,0 20.0 - 16,0 16..0 - 7.0 " 6.6 | -
18/6/76 | 120.0 5.1 7.4 22.5 | 10,0 | 20,0 16.0 18.0 25,0 6.9 5.3 5.3
19/6/76 | 67,0 544 8ul 1250 | 5.0 i| 65.0 | 16.0 17.0 23,0 7.0 SN SCRE N
- 20/€/76 | 65.0 25,0 14.0 . - - - - - - _ i
21/6/76 | 56.0 2.2 646 - - - - - - . - -
2:/6/76 | 50.0 | 13.0 9.0 - - - - - - - - -
25/6/76 | 38.0 5.0 407 - - - - - - - - -
.26/6/76 | 53.0° | 6.5 72 - . - - ~ - - T- -

- T
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4.0 DESIGN OF HOUSEHOLD SLON SAND FILTER

4.1

Objective

To developla type of filter unit suitable for
individual houschold.

Design principle

The filter was designed to operate in the same
way as the"'Intermittent Slow Sand Filter." To ensure
that filtered water is always available in sufficient
quantity, a filtered water reservoir had to be
incorporated in the desiyn., Without this extra unit,
it was the opinion of thce designers that the user
mnight be tempted to use raw water should he or she
find that the rate of filtration was much less than
was necessary. The average draw-off of filtered
water is assumed to be about 200 litres pexr day and
the draw-off at pecak flow is expected to be about

4 litres per minute.

Pilot Plant Description

The unit consists of two parts in series:

filter and reservoir for filtrate as shown in

Figure 6. Each part was made from 200 litre empty oil

drum which 1is used cxtensiv>ly in Ghana for storing
w#ter for consumption. Specifications for its fine
sand and gravel used for the filter are the same as
for a Slow Sand Filter. A special feature about

this unit is the presence of two circular trays with
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very minute perfrations containing gravel to protect
bed surface during filling. For cleaning purposes,
one tray will be removed and cleaned at a time to
ensure continuity of operation of the filter. The top

of the standpipe in the reservoir is almost in line

with the top of the filtcer bed to prevent the “drying

up'' of the media in case the user fails to transfer

raw wadter on to the filter,

Proposed Experimental Programme

The initial set of experiments will be designed
to test the-following:—
(1) effect of filtration rate and shade on
(2) ripening period
(b) length of filter run
(c) removal of organic matter
(d) removal of turbidity
(2) types of algae in both the raw water and in the
filtrate. In pursuance of above objectiVeé, the filter
will be operated under variable and constant head

conditions.
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WINNEBA SLOW 540D FILTER PLANT

5.1

Plant History aAnd Description

There is only one Slow sand Filter Plantvin Ghana.
This is lccated at Winneba which is 64 Km west of
Accra and about 320 Km from Kumasi., Water supply to
the town began in 1921. Treatment units then
consisted of the following:

(1) three pressed steel fill-and-draw settling
tanks in which alum was added. The detention period
was 24 hours.

(2) three steel -and filters used one at a time,

(3) chlorination unit.

Two pressed steel tanks were used as service reservoirs,

The initial capacity of the plant was about 135m3/day

(30,000 gallons per day). The initial plant was in

use for about 22 years when it was abandoned and a

Slow Sand Filter plant constructed in its place.

Information on the type of filter used initially is
not available from records but it is believed to be
a Slow Sand Filter).

The first plant expansion took place between
1941 and 1943, The following units were constructed
in reinforced concrete:-

(1) Alum dosing equipment -

(2) Two octagonal upward flow settling tanks

(3) Four Slow Sand Filters

(4) Clear water rescrvoir,

e
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In addition tc¢ thesce the installed capacity of the raw
water pump was incfeaséd to 900m3/day.

The secoad plant expansion took place in 1954. The
following uni:s were constructed:-

(1) square settling tank

(2) Two additional Slow Sand Filters of same size
as the previous ones. Filter underdrain is built from
porous blocke.

In the t:ird expansion programme which took place
in 1968, raw watexr pumping capacity was increased to
about 1,800m3/day. Treatnent Qorks were uprated
subsequently without further extensions.

"In the proposed expansion scheme units to be cons-
tructed include the following:-

(1) Rapid GraQity Sand Filters

(2) Veriical Slow settling tank to cater for
gdditional capacity of 2,250m3/day.

The source of raw water is River Ayensu whose
catchment area is 660 sq. miles., Theintake is about 4Knm
from river estuary and & Km north-east of Winneba which
is a coastal town. Impoundment formed by the construction

. . . 3
of a weir provides storage of about 32 m~.

PERFORMANCE ["dATA

5.2.1 Treatment procoesses '

(i) Plain sedimentation

(ii) Coagulation

R
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(1ii) Sedinmentation

(iv) Filtration

(v) Disinfection

5.2.2 Chemicals Used:-

(1)

(ii)
(iii)
(iv)
(v)

(vi)

Aluminiun Sulphate-strxength 10%;
Dosage: 50-70 ppm.

Sodiun Carbonate

Copper Sulphate

Blecaching Powder

Hypochlorite

Amnoniun Sulphate

5.2.3 Filtration

(i)

(i1)

(iii)

(iv)

(v)
(vi)

(vii)

5.2.4 Disinfe

Surface areca of octagonal settling

tank = 44,0 m° (474 sq.ft)

Surface arca of square settling

tank = 37.0 m2 (398 sq.ft)

surface area of filter = 37.21m° (400 sqg.ft})
Frequency of filter cleaning is once a

for tnight

Depth of sand = 0.91 m (3 ft)

Uniformnity Coefficient = 2.38

Effective size = 0.29 mm.

ction

(1)

Dosage: 2.5 ppm
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pH Adjustiient

Soda Ash is used at a dosage of 55 ppm at the

chlorine mixing race to maintain pH in the range

of 8.0 tcu 8.5.
Storaae

Capacity of clear water reservoir is

425,250 m°> (94,500 gallons).

(1) Supply toc town: By gravity using 100 mm (43)
C.I. andrlso mm (6") AC Class "C" pipes.
(ii) Number of domestic connections (1969): 172
(iii) Number of non-domestic connections
(1969): 88
(iv) Number of public standpipes (1969): 49
(v) Regular tests performed:
(a) Jar test
(b) pH
(c) Colour
(d) Residual Chlorxinc
According to Howard Humphrey's report, detailed

chenical and physical analyses were performed in

1963 and in 1966 at Weija Laboratory located at

about 48 Km east of Winneba. Since 1968 sampling
is beiny done occasionally by laboratory staff
stationed at Cape Coast about 70 Km away to the

west.

%

prm e
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(vi) Population

Year Number of persons
lg21 8,400
1933 12,500
1945 ) 15,110
1960 25,376
1970 30,778

DISCUSSION

From data available it is deduced that the design
loadingy fgr the Slow Sand Filter was 0,168 m3/m2/hr for
cach of the six filters in usc from 1954 to 1968, The
loading stepped up to 0,202 m3/m2/hr when one filter was
taken out of serxvice and the production rate maintained
at 900 m3/day. With the current production rate of
about 3,150 m3/day,-the'corresponding loading is about
0.588 m3/m2/hr which is high for a Slow Sand Filter.
This explains why filters have to be cleaned very
frequently in spite of the fact that chemical
pretreatment is practised to reduce the turbidity in
the raw water. The other reason for shorter filter

run is that the sedimentation tanks are overloaded

presently; flocs are seen escaping to the filters.
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COST OF PRODUCTION Station: WINNEBA
Cost (Cedis) % of Total Cost
1971 1972 1973 1974 1975 1071 (1972 1973 1974 1975
1. <Chemicals 7,991 .29 11,380.23 {11,755.16 | 9,319.84| 12,455,64 | 21.80}26,0 | 28.00 | 20.10 | 25,8C
2. Power 597.80 443,20 466.70 334,60y 2,089,10} 1,63} 1,01 1.11 1.13 443G
3« Fuel & Lubricants |16,017.86 20,988.32 119,844.85 | 25,162,18| 17,518,56 | 43.53148,0 | 47.50 | 54.10 36,30
. 4+ Personnel 1,744.08 2 1,771.08 | 1,726.25 2,048,722 2,890,56. 4.68] 4,06 4,11 4,45 6 .00
5. Labour (overtine 9,773.32 §,352.25 ] 6,982.43 8,323.76| 11,789.94 1 26.60}19,10{ 16.80 | 17.80 24,20
payments) :
6o Anmortization & Debt - - - - - - - - -
' Servicing
7. Others 538.94 769.56 , 1,813 1,125.00} 1,555,999 1,480 1,83 2.48 2.42 3.H
TOTAL 36,162.49 ‘43,709.64‘ 41,618.54 | 46,314,10[48,299.79
Cost per 1,000 gallons (1.5 m3) Exchange kate g1.00 = ¢1.,15



Appendix v

Wi TEK FRODUCLLON AT WiNAEBA

ANNUAL PRODUCTION | MEAN DAILY DESIGNED
R (10005) 03 PRODUCTIO§ POPULATION gﬁggglry
m 3
m-/day
1930 58.5 - 135
1938 81 225.0 12,500 "
1942 13G.5 360.0 - '
1945 108.0 296.0 - 900
1946 i21.5 334.90 - "
1947 130.5 360.0 - "
1948 139.5 383.0 15,110 "
1949 148.5 410.0 - "
1950 148.5 410.0 - "
1951 157.5 432,0 - "
1952 162.0 445 - 1"
1053 171.0 470 ; "
1954 180.0 495 - "
1955 189.0 520 - "
1957 216.0 - 590 - "
1958 270.0 740 - "
1959 301.5 825 - "
1960 - - . 25,376 L
1968 - - - Raw waterx
pumps: 1800
1970 - - 30,778 -
1971 640 1770 - - 900.0{Max )
1972 770 2110 - W
1973 1100 3040 - ] n
1974. 1220 3340 - " "
1975 1140 3120 - 1" "

REFEKENCE ¢~

Seven Uropan Watexr Supply Schemes in Ghana -
Feaeibility Studies, Vcl.4, VWinneba
Watexr Supply - Consulting Engineers

Howard Humphreys & J3ons
8 Francis Street
Westminster
London SW.1l.
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SED WEIJn SLOW SAND FILTER PLANT

6.1

Plant Description

The plant which was constructed in 1915 had a

capacity of about 4,500 m3/day (1 myd) initially but

it was expanded in 1940 to & capacity of 13,500 m3/day

(3 mgd). Units constructed, eventually, to cope with
this capacity were as follows:-
1) Four raw water elcvated tanks

2) Four sedimentation tanks

3) Four first stage filters (degraississeurs)

4) Ten Pre-filters

5) Six Slow Sand Filters and

6) Clear Water Well of capacity of 4,500 m3

(} million gallon).
At a latexr date a platform for the washing of the
sand scrapped from the top of the filters was cons-
tructed. Drawings showing constructional details of
the degraississeurs, pre-filters and the slow sand
filter§ are not readily available.

Raw water for treatment was derived from a
reservoir formed by putting a dam across River Densu.
The raw water quality was described as soft and of
good chemical quality, moderat; turbidity, colour and
clarity. Result of a typical raw water analysié is

shown in appendix VI.

w
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Aluh dosing was practiscd followed by sedimentation.
Settled wa?er was next paééed on to first stage filters
where copper sulphate was added to prevent algae
growth, The filtrate was then directed to Pre-filters
aﬁd then to the Slow Sand Filters whose media
specifications arc unknown at the noment: Effluent
from the Slow Sand Filters was dosed with ammoniun
sulphate, bleaching powder or chlorince gas. Process
unit lcadings for the plant is as given below:-
Flocculation time (hrs)esie.sicacesesiosds 1o14
Sedimentation time (hrs)....;.......l‘.. 2.67

. 3
Sedimentation surface loading: m /mz/day 21,60

(9pd/sq. ft)..... (450)
Pre~filters surfaéé loading: m3/m2/day.. 0.0192
(gpm/sq. ft).e.eoo. (0.4)
Slow Sand Fiiters Surface loading: A
| m>/m2/day...... 0.0648
(ypm/sq.ft)eee..(0.1)

The Slow Sand Filter plant referred to as 01ld
Works" was abandoned in about 1967.for a reason which
can be deduced from a statement made by a British
Consultant - Howard Humphreys and Sons - at page VIII -
12 of their report, "According to the WSD (ie. Water

Supplies Division now known as Ghana Water and

- Sewerage Corpofation) the operation and maintenance

of both the 0l1ld Works and the Lime Water Works also of

the equipment of station A at the hcadworks are
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expensive and uneconcnmical.

This plant is now about

50 years old and many parts are in an advanced state

of deterioration; extensive repair work is required

even to ensure the personal safety of the

attendants

"The labour required for chemical handling and

filter cleaning of the 0ld Works is shown to be much

higher per million gallons than for the New Works.®

L b i

The last statement is exemplificed by Table 6 showing staff

and output of fillration units at Weija in 1964.

TABLE 6 - STAFF AND OUTPUT OF FILTRATION UNITS AT WEIJA - 1964

NBW WORKS

DESCRIPTION OLDSggRKS RGSE TOTAL
Head filter attendant 1 1 2
Filter attendant 5 4 9
Filter cleanexs 19 5 24
Labourers 1 1 2
Total 26 11 37

Plant Output
Existing: m3/d 13,500 20,250
ngd 3.0 4.5

The performances of the 0ld Works (The Slow Sand Filter)

and the New Works (ie. Rapid Gravity Sand Filter) are as

tabulated in appendix VILI, From the table it is seen from the

spot check that the Slow Sand Filter plant was performing better

than the Rapid Gravity sand Filter.



“ APPENDIX VI - RAW WATERK CHARACTERISTICS

e a4 e ek neae

N

Parameter

D A T

E

o ' Sulphate

i

7/5/64 22/5/6/%23/5/64 1/6/64 |24/6/64
Temperature Of

Turbidity (Jackson) - 40 - - -
Turbidity (SiOZ) ppm 4.0 103 4.0 14 15
Colour (Hazen) ppm 45 46 - - -

PH 7.2 €.7 6.7 6.9 5.7

Chemical Constituents
(mg/1)
Iron - 0.9 - - -
Silicon Dioxide 10 25 - -
171 - 14.6 43.5 70.7
Calcium Hardness . -
(asCaCO3) 17 18 39 58 45
Mg (asCaCO3) 46 34 10 39 40
Total « n 93 82 79 o7 85
Alkalinity (HCO3) 73 32 65 108 87
Suspended Solids - - 8.2 28 9.6
Chlorine Demand 1.25
Lo
:.:L . B T L T A
= LI N DL I TN, uuﬂue

S iy W Supply



vl . - 39 «
Appendix VII :

i . Process Unit Loadings at Weija

et e e et e e st e e

OLD WORKS NEW WORKS -~ [WEST GERMAN

Description (SSF) CANDY WORKS

> (RGSF ) (RGSF )
Flocculatipn time (hrs) 1.14 3.20 1.02
Sedimentation time (hrs) 2.67 3.20 1.02

. ' Sedimentation Surface
@ Loading 450 650 500
Co (gpd/Sq. ft.)

Pre-Filters Jsurface

! Loading 0.40 - -
v : (gpm/sq. ft)
. _ Slow Sand Filters Surface ‘

Loading A C.l - -

(gpm/sq. ft)

E Rapid Gravity Surface
' Loading - 1,46 1,28
(gpm/sq. ft)




Appendix VIII

Performance of Weija Water Treatment Works - Spot Check in May 22, 1964

- 40 -

By Tahal
NEW WORKS OLD WORKS (SSF)
vescription
Raw Water |Clarified Filtered| Final|Clarified|Pre- Final ¥Final
Filtered | Filtered Water
TurLidity {Jackson) 40 15.0 3.0 o) 5.0 4.0 2.0 0.0
Turbidity (5i0, ) ppm 10 3.4 0.4 0.6 4,0 4.0 0.4 0.1
&
Colour (Hazen) ppm 46 9.0 5.0 6.0 6.0 5.0 5.0 5,0
pH 6.7 6.5 6.3 8.0 e 6.5 6.8 7.9
Themical Constituents,
ng/1
Iron ) 0.9 0.04 0.03 0.03 0.1 0.0 0.00 0.05
Silicon Dioxide 25,0 26,0 29.0 22.0 22,0 25.0 25.0 28.0
Ca Harcness (as CaCO,) 48 .0 44,0 45.0 50.0 54,0 44.0 42,0 51.0
Total ™ ( "/ ) §2.0 80.0 80,0 91.0 82,0 81,0 32.0 85.0
Total Alkalinity 82.0 50.0 51.0 52.0 38.0 40.0 39.0 49,0
(as CaCOB)

C e mv eegme n e e e me—

Rt TVED
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WEIJA WAT-R WORKS
Water Produced. Chemical Dases and Production Costs (Summaried from 1963 monthly reporis)

_ APTENDIX IX - 4: -

; : ; - i : - . R Driiteds
I i Jan ! Yeb | FMar g.t_pr ¢ ¥y f:u 154:'9--11’ fone fSep 5o Cet { Lov Dec : ey 4 Ave fi‘;i?‘.a
e mm— ~_..._.j;,..-........’ R ‘e IS RS R -; e .m{._-_.;.‘_r “T SR S ._ﬁ---.,-dl._,,,._ e e
D55 245 3.2 13,0 134} 20 (2.8 257 V5.8 |59 iz {ze (5. Proe tas
4ol 4.5 1 5,1 14.9 § 5.6 | 5.4 5.4 Soi | 4.6 | 4.6 |55 157 {57 |50 144
709 800 8 5 7~9 807 891 802 7b8 8.4 8;5 . 805 '8.6, 896 8u2 798
ow _____ _ : - ! ,
;wﬂ“ 53,0  {63.4 [54.0 [72.0 iTi |79.5 p8.7 187.6 [82.4 [71.0 (62.0 |70 88.7 173.0 [54.0
fiioniug Sulphate 092 | 1.84 72 | 1,64 | 1.9 | 1.8811.96 | 2.2 | 1,65 { 165 | Z.45 | 2,40 | 2,48 | 1.90 | 1.64
Rleching Pouder 1,77 1653 | 1450 | 1545 | 149 | 1480 {166 | 1,301 1,39 | 1.50 ! 2,10 | 2.10 ] 2,10 ! 1,67 | 1.39
Chiorine Cas 0,30 | 0,39 1| 0.34 | 0,321 0.47 1 0.36 [0.35 | 0.35 ! 0,13 | 0,55 | C.47 | 0,35 | 0.53 | 0.39° | 0.13
Cu0, 0.036 | 0.03 | 0,03 | 0.0% | 0.05] 0.11]0.31 | ©36; .26 ! 0.25 : 0.31 | 0.34 ! €,36 | .17 | 0.03
Hyd-ited Lime 8.16 | 8,14 | Tl | 7,251 75 | 7.9 |8 83 | 5.9 | 5.7 7.6 113 in3 L7er s
ot Works ' i ; A 4 ; ! : .I E
Talm © . 165.5 64,5 | 70.0 iT1.6 |62.0 [74.5 (127.0 | 117.0}100,0 i9:.o | 5.0 50 127.0 |86 162 .0
Armoniwa Sulphate 142 | 1,72 | 2,00 | 1,81 1,49 1.9 [ 1,60 | 2.10) 2.201 2,307 .90 4 2.2 1 2.3 | 1.9 | 1,72
Blesching Powder 1301 135 1 13 L 10191 0092 | 1,181 1,36 | 154 [ 1,250 1.61 (131 1035 1,61 [ 1,3 | 0.92
Ohlorine Gas T - - - - k- - ]10.12 0. 2<,! 0.26 ] Q.22 .20} 0.i9| 0.26 0.1C
S50, | | 0,47 | 044 | 0.551 044§ 053] 0.3 0,46 | 0451 043} 0,297 0,51 0.49 | 0.56 § 0.46 [ 0.38
liydséted Tne 1 14.3 [1902 i 19.% 119.0 1165 17,9 (18,8 | 231 2 19.0116.8 [i3.7 1205 {201 48,7 143
ppamen/1.000 gallons T AT T TP T | AT S S T I
S hoa1s and Laooi VT A T R Mo B SR S B BT T B 2l s, 8?] 4,951 5,51 | 4.89] 7.02] 5,67 | 4oo8
. Powrer [ 1e30 | S.19 1 56 | 5.70; 5.5 b:b9; Bo0h | BelDy BT D001 Lk v;,; 3G BT
.. | 7554 [13.75 | 11,5 [ 11031 i0,22; 10,95]10.68 | 12,441 11,551 10.50 1 11,55 1 9.28 {

ference: Feasibility Revort on Accra-Tema Water and Sewercgé Scheses 1965 by Tahcl Consuliing Sngincers Ltd.
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PHASE I - LABORATORY INVESTIGATIONS
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NATIONAL ZNVIRONALNTAL BENGINEZRING RESBARCH INSTITUTE
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Freguency Distripubion oi in-lce.nor orrenizas_in fiaw and Filtered waters

MPN/100 ml Coliforuws raecal Coliforms E.coll
' R 1 2 3 R 1 2 3 R 1 2 3
Above 400 10 (0] 0 0 6 0] o) o 4 0] 0 0
201 = 400 16 0 0 0 S 0 0 0 11 0 0 0
101 - 200 16 0 0 0 15 0 0 0 14 o .0 0
11 - 100 37" 2 0 2 36 1 0 1 35 0 0 1
& = 10 1 0 0 1 10 0 0 1 10 0 o 1
32-5 0 0 2 1 3 0 0 0 3 0 0 o
1 -2 0 12 6 ) 1 © 4 7 3 - S 4 4
0 ) 0 o7 68 38 Q 03 72 o2 0] 06 72 65
Total 80 71 76 71 g0 71 75 71 80 71 76 71

Raw water

RSV i)

Filter No. 1
Filter No. 2

Filter No.

3



introduction : o
Slow 3and Filtration . os
Scope of work ve
21llot Plant Description .o
Progress of work oo
gowmments -

aApnexures i
I. Physico~=cheuicual analysis (weekly) of maw
and filtered waters.

II. Daily temperature and dissolved oxyzen
values lor raw and filtered waters.

III. Results of bacteriological analysis.

IV, Phyto and Zoo plankton in raw and filtered
waters and filter skin (scrapings)

~J [e)) 18 [¥V) [\V] s ¥



NATIONAL ENVIRONMZNTAL ENGINEERING RESEARCH INSTITUTE
NEHRU MARG:NAGPUR-40
=C000D~

SIOW SAND (BIOIOGICAL) FILTRATION - PHASE I

guarterly Progress Report (Jan-March '76)

Introduction

Provision of adequate supply of safe drinking wuater
is a basic necessity for the well-being and socio=~-econounic
develcpment of a country. All nations, howsoever big <o smull,
Geveloped or developing have amply rezlised this fact,.

unen Savircnment neld in 3Stocmoln

-

1273 J,H, Jonference on t

hazs also emphusised the need for grezter innuts in this areu. s

A R surveylreve;ls that nearly 2/3rd of the porulution

of the develcpingz countries live i rurcl sector. Only 14 percent

(o]

f this vast population has a reasonable access to safe water.
To achieve the second U.N,. Development Decade target, of

providing the entire urban and 254 of the rursl communities of
developing countries with safe water, it is estimated, am invest-
ment of 3 1400 million will be reguired. The survey has further
identified that the three major constraints in the provision of
this basic amenity are meagre allocation of finances by respective

governments, lack of trained personnel and inadequate external

assistance. It 1s imperative to devise ways and means by which
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the money invested can be stretched to serve as many people

as possible. The need, therefore, for research and development
of simple, reliable and economic methods of water purification

utilising local materials and manpoﬁer and suited to rural en-

vironment is very evident,

Slow _gSand Filtration

Slow sand filtration which has been in use for long years
now hzs proved to be an excellent metihod of water trestuent.,
The efficiency of the process to remove suspenied solids,
orzanics and bacterizl pollution is well established. This
method is also known for its simplicity in operation znd w&in-
tenance, Inenite of these advantazes, slow sand filtrotion hus
not bszen in common use for rural water supplies, To guote Huismanz
"s myth has grown up that this process is 0ld fashioned arnd
therefore ineificient, that new tecanlques have rendered it
obsolete and that because it is simpler than many more recent
innovations it is necessarily inferior to them", None of thnese
objections are warranted and even today slow send filtration
recains the preferred method of water purification in certain
industrialised cities of the world, having difficult raw water

qua lity problems.

The importance and relevance of slow sand filtration as

an appropriate method of water treatment for rural and small

‘communities of the developing countries was well appreciated
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by.the Directors of the collaborating institutions of WHL IRC

for community water supply at the Bilthoven meeting in 1973. The
need for further research for adaptation of tnis method to tropical
and seml~-tropical countries was gcqorded top priority. NEERI,
Nagpur, a collaborating institufion of WdO IRC was chosen as oOne

of the .centres for taking up such a reseurch and develcpment
project, An agreement was'signed by W#Z0 IRC and NEERI for parti-
cipation in the 1st Phase (laboratory investigations) of the slow

sand filtration project for a period of one yezr,

o)

cone of .Jork

The general objective of the project 1s to encourzse and
nromote the use of slow szand filtrution for treataent ol urinking
water in devélOping countries especially for small and rural
communities by proving its usefuliness, reliability and =cononics

for rurel water supply purpose,

Tne participation of NEERI in Phase I of the 3low Sand

Filtration project,y will mainly coaprise of the following iteas,

1) Iiterature studies and field investigaticns to
collect available information on the design, construc-
tion, operation, performance and maintenance of slow
sand filter installations in India.

2) The performance of slow sand filter in relation to
the quality of raw water with regard to turbidity and
organic matter content,
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3) The effect of different filtration rates, shading and
seasonal water quality and teamperature on the per-
formance of slow sand filters.

4) Simple pre-treatment methods of turbidity reduction
by sedimentation or primary roughing filtration through
a coarse medium without addition of coagulants.

5) Optimisation of construction, operztion and mainte-
nance of small slow sand filtraticn systems taking
into account local conditions and possible utilisation
of indigenous materials,

6) Preparation for the technical and orgznisationsl
aspects of the second phase of the project L.o. dauin-
stration phase.

The programme of work finalised in consultution wiitn

#10 IRC for the firsi phase of laboratory investigzations is

depicted in the form of & chart (¥iz. 1).

Pilot Plant Daszription

[oN

cided to conduct laboratery ilaves-

(O

Source_of row witer i- It was d

tigations with natural surface water so that'fhe results obtained
can represent practical conditions. A4Ambazariy a hearby lake and
one of the sources of water supply to the city of Nagpur was
thérefore, selected as the raw water source for the experimental
studies. The main line supplying raw water to some of the indus-
tries was tapped and a 75 mm diameter branch was laid to the

pilot plant site. 4&s the water supply 1is intermittent, it has
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been necessary to construct raw water storage tanks to facilitate
continuous operation of the experimental filters. Two tanks
each of 12,5 m X 6.4m x 0,75m to give‘a total storage of about

110 m3 have been provided,

Pilot Plant

Keeping in view the scope ofiinvestigations and the limited
duration (12 months) of the first phase of the project, it has
heen agreed upon oy NIZRI and JI0 IRC that the ~ilob piznt should
consist of atleuast 3 numbers of 1.5n or larger dizmster Tilters,

The set-up used comprised of 3 numbers of precust reinfovced

Tne widerdrain consisted of z nanlfdid with periorated luterals
made of G.I. pilpes overlaid with four layers of graded gravel

and & layer of coarse sandc,

rer, & major sclurce of

3

Kiver sznd obtained from Xanbhin ri
supply to the city of Nazpur was sieved to Zive an 3,5. of 0,21 o
and aniioraity coefficient of 2.1 and pluced to 2 dezth of 1w

in all the three filters.
Each filter was provided with the following accessories :

i) A rav water inlet with a control valve,

ii)  An outlet pipe taken above the top of the sznd bed
and provided with a control vglve.

iii) AN overflbwfpipe.

iv) 4 pair of manometers to measure the total headloss
across thne filter,
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The layout (schematic) of the pilot plant set up is shown
in Fig.2. The detuils of & pilot filter including those of filter

media are shown in ig. 3.

Progress of .Jork e

Starting the filter :- A4ifter placing the gravel and sand, the

filters were gradually filled with raw water from bottom through
the outlet pipe to remove entrapped air from the bed, .hen the water
level rcse to abkout 25 - 30 cm zbove the cand raw water wss

A}
admitted from top taking care not to disturb the sznd bed. Cuce

D

the sugernatant waber reached the taxXimun operation. level, tho

I

outlet valve was grudually opencd and manuaily adjustes to zive
the desired rute of filirvaticn, Tas rote wus checked by gousuring

the volume of filtrate over & knoun length of time,

hacteriological quulity so as to study the progress of the maturg-
tion process., Tor the {first fes days there wis a ibterioraticn

in the bacteriologicul quality of the filtraté. This is apparently
due to the impurities originally present in the sand which was
stacked in the open and not cleaned before placing in the filter,

As Jjudzed by the bacterioiogical guality of the filtered wzter,

it took about 4 weeks for the filters to mature.

Ef fect of Rate of Filtration :- The first part of the prograamme

of laboratory studies was to evaluate the effect of filtration

rate on the porforience of slow sand filters. This stuly which has

been in progress since January 1lu76 has been completzd.

o3
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One of the 3 pilot filters was operated at a (standard)
rate of 0.1 m/hr. The other two filters were operated at 0.2 m/hf
and 0.3 m/hr respectively. The quality cf influent raw water
was the same for all the filtersf” The parameters observed along
with their frequency are shown in Table No., 1, 4 summary of
filter runs is given in Table Nos. 2,3 & 4. The data obtained

are given im aAnnexures 1 to 5,

—I'I'--im-—.

1) Slow sand filters trsiting raw waters ol twrpldicy less
thaen 20 units (FIU) produacad o Tiltrats zZenerally

B=coli and with a turbidity less tnan 1 unit at all the filtrzt

rates sturied i,e. 0.1, 0.2 and 0.2 m/hr,

2) For the given raw water quality, filters operated at 0.2
and 0.3 m/hr while producing a nmarginully superior gquality filtrate
resulted in shorter filter runs in comparison to the standard

filter operated zt 0.1 m/hre.

3) No perceptible ”"farence in the chealczl quality of filtered

water was observed at the filtration rates studied. However,

the filter operated at O, n /e generally produced a filtrate

with least dissolved oxygen content,
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4) The observations suggest that in tropical countries with
low raw water turbidity as obtained in. the present study. there
appears to be a scope for operating slow sand filters at 0.2 m/hr
(twice the conventional rate) withéﬁt any adverse effect on the

filtrate guality and thnroughput between cleanings.

The above observations are based on the present study and
need to be substantiated by observations over a longer period

of tine,
Sstuadies on the effect of shading on perfors.nce 0. ~LLlo%
Iilt2vs are in 2rogress.

S

N 2 N vy H - - e 3 e o ~e ~ 2 LS S SRR
Collection of informwtion on existing =lcow sarnd I7.1%00;

installations in Indic end the nerfornince evealiwticon of bthe 3)ow

sand filters zt ymrer, neszr Wagpur =re £lso in progress.

%) Comumunity Jaler Supply «nd HExcrets Disposal situstion
in the Developing countries - A comaeatary.
C.3. Pineo and D.V. Subrahmanyam, WHdO, Geneva, 1275.

2)  Slow 3and Filtration; L. Huisman & #.E. Wood,
#HO, Geneva, 1274,

A KA K
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Placing gravel in the filter bed.
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ation -— Programme Chart

Slow Sand Filtr

S L __
DURATICN i - ; . -
} 2 3 4 { 5 3 & 8 9 {0 1] {2
(Months ) N I SR |
TAHDARD
FILTER | %}tt—— G R A D £ D S A N D =
( Reference )  |=+———— RATE OF FILTRATION — Ol m/hr >
STANDIARD
-+——— G R A D £ } D S AN D-———»4 BUILDERSSAND | metre
FILTER 2 [ .
RATE C-2 m/hr. RATE O-1 s/ hr. ,RATE O-1m/hr RATE O:1 m /hr. RATE O-{ m/hr.
Portly shad=d  } Intermittent Organic pollution
i coeraticn ’ :
STARDIARD
; Graded Sand (Top) 30 Cm. |
- —~— G R A D £ P D S A N D ——>| BuildersSand 70 Cm.
FILTER 3 RATE O3 m/hr. RATE O'! m/shr. [ RATE G-im/shr. | RATE O-1 m/hr. RATE O- I m/hr.
Compiziely shaded ' 'ntermitient Organic pollution I

oparaticn

Data on Effect of

Fiftration Rate

b4

DATA ON EFFECT OF

-
- g
-
N hi .
' S ]
d
§0ars or TUliver oo Si oo (yect of
Shading pansenritfent gpordter
—— —— s e e o ————— - e e B
VESARLEROTUL L RS | G

Data on Effect of

Organic pollution

3

Data on performance of

Buiiders Sand
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VARIATION

OF RAW WATER




RAW WATER
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MEDIA DETAILS
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TABLE - 1
8low _gand Filtration

Varicbles measured znd their freguency

Parameters observed twice & ‘day

l. Temperature, O°C

2. Turbidity, FIU

S pH

4. Dissolved oxygen mV/l O

Parameters observed deily

loss of hexd, cm

Rate ol flow, mghr

Chemical oxygen dewund, ng/l - Obssrved Zall
292th PFebruary znd tnen sniited to ovi-weekly.
Bazctericlogiczl =~

~ O O
[ ] [ ) L]

ce

a) Total colifcrm (iPN)
D) w.coli
c) Colony count.

rarametars chserved di-wveexly -

P Alkalinity 22/l =s CaCUB

1C. Solsriness a8 Cs00q mg/l
XX' J}» Llula.»“.lebs lﬂg/l

ll. Cblkl’ 5 :QS oS \Jl yn"'/l
12, PPrﬂ“n7onate vzlue (U ) PV m’/l

rarzageters opserved weelly -

13. Sodium as Na mg/l
14. Potassium &s K mg/l
15, iron as Fe ag/1l

15. Munganese &as #n mg/li

.17, Sulfates z2s 504 mg/l

18, Fluorides ss F mg/l)
19. Nitrates as N mg/1l.

20.  Phosphates as PO4™F mg/l

21. Silica &s 35105 mg/l

Other purameters - Blologzical - gualitative measurement
ol algal forms/content, at the time of scraping.
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TABLE = 2

FILTER No. 1

Rate of Filtration - 0.1 m/hr

Run No. : 1 2 3
Date of starting 17.12.75 16.1.76 11.3.79
Depth of sand in cms 100 98 9%
Hezd loss - cas

Initial 75 0,4 6.5

Final 8.3 103.2 - 3.8
Date oi teruinsation . 14.1.75 Jeds70 174478
Length of run 27 days 52 days 37 duys
(days = hcurs) 3 hours 9 hours 5 hours
vepth of sand scraped cus 2 2 3
«Net woter filtered mS/run  141.19 254 .14 180,87

On many occasions recovery of loss of head was
-observed on restarting the filters after power failure,



‘

IaBLE - 3

FILTER No. 2

Rate.of Filtration - 0.2 m/hr

Run No. 1 2 3 4
Date of starting 17.12.75 16.1.76 6.2.70 3.3.7
vepth of sand in cms 100 28 96 24
Head loss = cus

Initial 14 .2 13.8 12.0 1c.8
Firal 218 28.0 RN, L1000
Pate of terwination 14.1.79 4.2.75 leo.72 7 ate
length of run 27 ¢rys 12 azrs 24 S5 E0 L
(days = hours) 3 hours 3 hours 7?7 no
Depth of sand scraped 5 2 5 o
Cms ] Vol
*llet water filtered N . . o .
" 287run 262.28 122,12 268.57 220,
*This corresponds to the actuzl throughput of filtereld
water (af'ter gedjuction Ifor the period of power fzilura)
On many occasions recovery of loss of head wes observed

on restarting the filters after power failure.



Run No,- 1 2 3 4 5 6 7 8 gt
Date of starting 17.12.75 1.1.76 30.1.76 5.2,76 14.2,76 27.2,76 29.3.76 Q04.76 9.4.76
Depth of sand cms 100 93 o7 95 93 21 89 a7 92
Head loss = cas : Initlal 21.3 13.0 25.0 20,7 21.0 21.6 24.7 27 .4 22.4
Final 101.° 94,3 24,0 99,2 iOl.O 108.0 101.2 107.0 102,0
Date of termination 30.12.75 28,170 3.270 12.2.,76 25.2.70 28.3.76 74476 16.49’?6 17.4,76
length of run ' 13 days 27 deys 4 duys 7 duys 1l days 30 days 8 days 7 days 8 days
(days = hours) © hours © hours © aours 5 nours 6 hcurs 4 hours 22 hgurs 0 hour . O hour -
Depth of sand scraped cins 2 1 2 2 | 2 2 2 3 3
*Net water filtered m3/run’ 204,89 388.77 435,91 110,33  176,0 408.47 132,22 .106.83 122,58

#This corresponds to the actual thrbugnput ol filtered wuter (ufter deduction for the periocd of power feilure).

Un many occasions recovery of loss ol head wus owvserved on resturting the filters after power failure.

+filter 2 was also operated at 0.3 m/ur as it wus not possible to have another full run at 0.2 wmghr.
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Physico-Chemical Analysis (weekly) of Raw and Filtered water
(41l results except Tewmp., Turbidity and pd are expressed in mg/l)

Month ..

Qilica as S5io0.

molybdate—regct.)

Parameters Janusry

i_ lst week 2nd week

| | R 1 2 3 R 1 2 3
Temperature ©C 21.4 20.9 20.5 20.2 20.2 12.65 12.55 19.9
Turbidity - FIU 1.7 0.28 0.83 0.71 1.85 1.0 0.95 0.73
pH 8.45 8.3 8.3 8.3 8.5 8.2 8.2 8.2
D.O. - mg/1 Zad 7.5 7.75 8.35 8.3¢ 7.13 7.45 7.68
C.0.0. mg/l 846 7.2 % 7.4 5.6 2.0 1.8 2.2

\%ermo Value mg/l - 0.25 = - - 0.52 - - -

; ‘Lllfe. linity * 124 123 123 123 1138 112 113 113

| Wotal hardness™ 120,5 124.0 121.5 124 114 115 114 14

. Calcium hardness®™ 75  79.5 78.5 7¥s 71 71 71 71

: Sodiua as Na 8.4 8.4 384 8.4 10.4 10.%4 10,4 10,4
Potassiun as K - le8 1.8 1.8 1.8 2.0 2.0 1.0 1.8
Iron (Total) as Fe 0,11 0.06 0.05 N.D. 0.03 N.2o. HN.D. N.D.
Manganese as Mn N.D. N.D. N.D. NJ.D. N N.De fiel)a I
Canlorides as Cl 8.25 8.25 8.25 8.25 7.0 7.0 7.0 0.3
Sulphates as 504 5.0 &.C 5.0 5.0 4,5 4.5 4,5 5.0
Fluorides as F 0.2 0.28 0,31 0.31 0.33 0.29 0381 .28
Nitrates as NOg Not estimated
nosphates as PO Not detectable Not detectable
(ortho-filtrable '

Not estimated 7.8 7.6 7.6 7.4

*as CdCOB;

R .. Raw water;

Filter No. 1 operated at 0.1 m/hr
Filter No. 2 operated at 0.2 m/hr
Filter No. 3 operated at 0.3 m/hr

1323 s.filtered water from filter
No. 1,2 & 3 respectively.



¢Physico=Chemical Analysis (weekly) of Raw and Filtered water
(A1l resulits except Teap., Turbidity and pd are expressed in mg/l)

Month .. January

Parameters . - 3rd week © 4th week
‘ R 1 2 3. R 1 2 3
Temperature °C 20,1 19,55 19.45 20,0 21,2 21.7 21.35 21.95
Tgrbidity - FIU 2,35 1.15 0,92 0,67 6.5 0.97 0.67 0.77
pH 8445 8.2 8.2 8.2 8.4 8.2 8.2 8.13
D.0. - mg/l 8.88 8.00 8.05 7.65 8.3 7045 725 7.42
: C.0D. mg/l . 8.45 5.1 8.45 6.2 10.5 4.6 6 .1 5.9
@ Perzanganate value 0.23 - - - 0.38 - - -
Alkalinity™® 110 109 109 ° 109 115 115 115 114
@0t nardnass 109 109 109 102 114 114 114 114
: Gz hardnass* 67 67 37 57 70 70 70 70
? godiua &s iia 10,86 10.6  10.6 10,6 11.2 1le2 11,2 il.2
Potuissiua as K 1.7 1.7 1.7 1.7 2.0 2.0 2.0 2.0
Iron (total) &s Fe 0,13 0,03 H.De N.Do 0446 0,06 0.05 N.DV"
Hanganese as iMn ot detectable Not detectable
Chlorldss as Cl Se2 562 0o2 662
Saiphatss a5 $Jg 4.3 4.3 4,0 4,0 4,3 3.8 3.8 3.3
Fluorides as F 034 033 0.32 0.30
Nitrates as Nog
Phosphates as POy Not detectable Not detectable
silica as 81Oy 8.2 7.8 7.8 @.8 7.0 7.0 7.6 7.0

o

*expressed as GuCOg ; R .. Raw water; 1,2,3 .. Filtered water
' from Filter No. 1,2, « 3
respectively.




Physico-Chnemical Analysis (weekly) of Raw and Filtered water
(All results except Tempt, Ilurbidity and pH are expressed in ag/l)

Month .. February

Parameters 1st week . 2nd week

R -1 2 . 3 R 1 2 3

Temperature ©C  23.0 22.85 22.6 22.9 22.0 21.4  21.25 22.7
Turbidity - FTU 6435 1.0  0.72 0,65 4.15 0,59  0.66  0.37

pH , " 8.45 8.20 8.20 8.1 8.45 8.15 8.1 8.1
D.0. - mg/l 8495 6,55 6.95 7.7 8.5 6.9 8.1 762
C0eDe mg/l 747 249 1.9 1.8 9.2 3.8 . 3.8 4,2
l‘ Perm., valus mg/l - - - - - - - -
Alkalinity* 109 109 109 109 107 107 107 107
@ Tot:l hardness® 110 110 110 110 110 110 - 110 110
Calciai hardness ® 67 &7 57 67 65 85 63 65
Sodiun as Na 11.4 1l.4 1l.4. 11l.4 10.2 10.2 10.2 10.2
Potassium as K 19 1.9 1.9 1.2 1.8 1.8 1.8 1.8
Iron (total) as ie0.45 0,08 0.05 0.05 0.2 Ne.D. N.D, N.D.
Manganese as in Not detectable Hot detectable
Chlorides as Cl 7.0 7.0 7.0 2.0 5.9 5.9 - 5.9 5.9
Sulphates as 80, 5.5 5.0 5.0 5.0 5.5 4,5 4,5 4,5
Fluorides as F - - - - 0.26 0.26 0.265 0.26
. Nitrates as 103
' Phosphat'es as PO Not detectable ' Not detectable
(ortho-filtrable
@ silica as siog 7.6 8.0 7.8 8.0 6«5 7.2 7.0 6.8

(molybdate-react.)

*as Cal0g; R .. Raw water; 1,2,3 .. Filtered water fronm
' Filter No. 1,2 & 3 respectively



"Physico-Chemical Analysis (weekly) of Raw and Filtered water

(411 results except Temp., Turbidity and pH are expressed in mg/i)

eo February

Parameters 3ed week 4th week
R 1 2 - 3 R 1 2
Temperature o¢ 25,0 24.4 24.45 24,75 25.0 24.48 24.28
Turbidity - FIU 1.7 0.65 0.46 0.3 1.6 0.63 0.52
pH 8.4 8.1 8.05 8.0 8.5 8.l 8.1
D.O. - mg/2 7.25 4,05 5.3 5.9 8.0 4,0 5.42
C.0.D. mg/l 7.0 2.3 3el 2.3 10,1 4,8 3e&
.P erm, value mg/l 0.38 - - - 0.5 - -
Alkalinity ™ 110 112 112 110 118 117 116
@iotul hardness™ 109 112 110 11C 116 117 116
Salciws hariness* 67 68 67 87 68.5 82,5 088.5
S0diun as Na 11..0 11.0 11,0 11.0 11.6 11.4 11.9
Potzgsivna a3 K 1.8 1.2 1.2 1.8 Le? 2,0 2.0
Iron (total) as Fe 0.1 C.06 N. N.D. C.11 N.D. ieD.
Manzznese «s n liot detectable Not detectable
Chlorices as ¢Cl 7.5 7o 7.5 7.5 v
Sulphates as SO4 4,5 4.3 4,3 4,3 3.8 3.0 3.0
Flucrides as F 0.27 0.20 0.26 0.27 0.3 0.22 C.3
Nitrates as #§0g Not estirated
Phosphates as POg Not detectable ~ Not detectable
Silica as S5i0op 6.4 7.0 7.0 6.4 6.8 7.0 6.6

*45S GdCOS; R o0

Raw water;

1,2,3

Filtered water from filter
No. 1,2 & 3 respectively.



Physico-Chemical Analysis (weekly) of Raw and filtered water
(411 results except Temp., Turbidity and pH are expressed in mg/l)

Month | oo March

Parameters -
1st week . 2nd week

R 1 2.~ 3 R 1 2 3
Tewperature °C 23.1 23.4 - 23.1 26.0 - 25.6 25.8
Turbidity FIU 2.0 0.65 0.47 0.43 2.2 - 0.48 0.41
pH : 8.5 8.1 8.C 8.0 8.45 - .0 - 8,0
D.0. mg/1 8.15 4,75 4.4 5.6 7.7 - 5.55 5.85
C.0.D. 1nz/1 - - - - 0.8 - 2¢0 l.4
Perm., value mg/l - - - - 0.65 - - -
G liks linity « 114 114 - 114 114 112.2 ~ 113 113
fotsl hardness* 111 112 112 111 110.5 - l.6 1Lll.o
Calciun pardness*  ©7 67 67 67 o2 - 02 o4
Sodiun as Na 12 iz 12 iz - - - -~
Potassium &s K 1.7 1.7 1.7 1.7 - - - -
Iron(total) as fe C.1l N.D. N.D. N.D. 0.15 - Neds N.D.
Manganese as Mn Not detectable Not detectable
Chlorides as Cl 7.5 7.5 743 7.5 14 - 14 14
Sulphates as S04 5.0 448 4.8 4,8 8.3 - 7.5 7.0
Fluorides as F - - - - - - - -

Qitrates as NOg V E

Phosphates as PO, Not detectable Not detectable
ortho-filtrable
3ilica as 510, Not estimated 13.2 - 12.8 12.8

(moly bdate-react.)

*as CaCl35 R .. Raw water; 1,2,3 .. filtered water from filter
. , No, 142 & 3 respectively



Physico-Chémical snalysis (weekly) of Raw and Filtered water
(£1]1 results except Jemp., Turbidity and pH are expressed in wmg/1l)

Month .o March

Parameters 3rd week 4th week
| R 1 2 - 3 R 1 2 3
Temperature °C 26.75 26,2 26,25 26.55 276 28.2 27.4 27.5
Turbidity FTU 2.4 0.61 0.39 0.31 1.5  0.62 0.43 0.34
pH 8.5 8.1 8.05 8.0 8.55 8.0 8.0 7.25
D.0. mg/1 L 8.1 4.2 4.25 4.2 7.15 4.4 4.05 4.15
_ C.0.0. mg/l 9.4 3.6 7 4 4.6 2.6 3.3 7.1 SO
- @ern. value ng/l 0.70 = - - 0465
| Alkalinity* 108.6 108.6 108.56 108.6 115 115 114 113
@o:.: hardness®* - 104  105.6 105  108.6 109 169 103 109
Calcivu hardness* 03 63 03 03 o2 63 53 62
Sodiunm as Nz - - - - 15.2 15,2 15.2 12.2
Potassiam as K - - - - 1.7 1.7 1.7 1.7
Iron{Total) as Ffe 0.13 N.D. ¥.D. HKH.D. 0.1 0.06  N.De D
Mangenese as in Not devectable Not detectable
Cnlecrides as Cl 8.8 8.8 8.8 8.8 8.8 8.3 3.2 G5
Sulphates as S04 5.C 565 5.0 4.8 5.0 4.8 4.8 4.5
Fluorides as F - - - - - - - -
'trates as NOg4 ) .
Phosphates as PO Not detectable : Not detecable
ortho-filtrable? , : v
4llica as 510y 13.2 13.2 12.4 12.4 10.5 10.5 10.6 10.3

(molybdate-react,)

*3s CaCl0z3; R .. Raw water; 1,2,3 .. filtered water from filter
. No. 1,2,%3 respectively



. Physico~Chemical Analysis (weekly) of Raw and Filtered weter
(A1) results except tempt, turbicity and pH are expressed in mg/1)

Month oo March

Parameters Sth week

R 1. 2 3
Temperature °C 26 .35 25.4 25,2 25,65
Turbidity FIU 1.75 0.59 0.46 0.4
pH 8.5 8.05 8.0 8.C5
D.0. ‘ 8.0 4,05 4.5 5.5
C.O0.D. 8.8 4,0 3.7 36
Permanganate value 0,70 - - -
Alkalinity* . 111 113 113 112
Total hardness* 105 108 167 1C5
Calciwa hardness#* 52 61%0 61%5 B0 3
Sddium as Na 13.8 13.8 13,8 134
Potassium &as K . 1.6 1.0 1.2 1.4
Iron (total) as Fe 0.1 0.C5 0.04 H.D.
rianganese as Mn Hot detectabls
Chlorides as Cl 73 7.3 03 7.3
Sulphates &s S04 ' 5.6 4,8 4,8 4,8
Fluorides as F 0.29 0.27 0.28 0.28
littratss as KO3
Phosphates as POy Not detectable
Silica as Si0g 10.5 10.5 10,5 10.5

*as CaCO3; R .. Raw water; 1,2,3 .. filtered water from filter
' ‘ No. 1,2 & 3 respectively
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D.0. Values and Temperzture

, Raw F-1 22 F-3
Date Time ‘
Temp. D.0. D.O. D.O. D.G.
18+12-75 M L3 8.45 5.8 9.1 9.2
E 23 90’1" . 8-0 806 8.2
19"12"75 I‘I 1805 8 6 8.5 901 9.3
) E 21.5 8 6 809 8.8 9.0
20-12-75 M 18.& 8.7 8.7 J.1 2.05
g 22 8.8 2 8.2 8.8 9.0
21-12-75 ; 18.0 Sel 8.2 Qa8 8.4
g 21 265 8.8 8.2 2.0
22-12"75 M 1800 802 901 9ol 8-3
B 21l.5 7,20 8.0 - Ba.3 e
23=-12-75 i 12.5 2.0 2.0 8.30 Z.20
5 22 8.7 8.8 2.2 5,2
24~12-75 i 18.2 8.7 2.0 8,1 £.2
E 21.0 J.2 8a0 2ed Zed
145-1-3‘75 f\.{ 1.805 903 8.8 80@. \:)-7
o) 21.9 8.0 9.0 2.15 5.5
20-12-75 it 18.0 2.2 34 BeL G
E 2200 8 9 902 9:0 )07
27-12-75 K 1.8.C 9.3 8.5 8.3 5.8
3 22.0 9‘8 8.7 :‘.2 JCE
28“12-75 ;/I 1800 900 803 801 8.15
E 21.5 .3 3.4 2.0 2.2
29-12—75 M 1805 9.2 800 892 8.4
E 22,0 2.8 8.2 8.9 8.7
30‘12"76 M 1805 8‘9 7.7 7.7 709
E 22.0 8.8 843 8.6 8e5
31—12"’75 ?‘d 1900 900 706 7.8 -
A 8.8 8.8 8.6 -

Do - Dissolved Uxygen in ag/l

M-

dorning semple;
Temp - in degrees centigrade.

"l
I

wvening sample



D.0. Values and Tempersture
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T

Date Time Raw F-1 -2

Temp » D.0O, Temp. D.O,. Temp . D.0. Temp.

o
(@]
.

19-1-76 M - - - - - - -
E 22,0 9.0 20.8 6.2 21.0 3.5 21.5
20-1-76 I‘q 1892 809- 1998 709-- ' 1994 7.8 1900
~E 22,0 8.8 12.5 .8.1 19.5 8.3 21.C
2le1=-76 M 17.7 9.1 19.7 7.7  18.9 7.65 18.5
E 21.0 Q.1 18.0 8.3 18.5 8635 19,5
22-1=-76 M 175 .2 12.0 7.5 18.6 7.65 18.2
E 21.0 9.0 18.4 8.0 18.5 8.3 20,0
23-1~76 M 17.8 9.25 19.1 7.45 18.7 745 18.5
‘. E 21.5 7.9 1905 709 1808 8.25 ZOcu
24"1-76 J\./I ].7 05 8 .7 19 06 6 07 lgoo 704. 18 .5
‘ E 21.0 9.1 12.0 7.65 19.3 7.9 . 20.%5
25-1=70 Nl 12.0 2.15 20.0 7.C5 12.8 7.2 19.2
E 21.8 D7 12.8 7.2 20.0 7.3 21.1
26"1"76 I’ 1995 8.7 20. ?ol aOOS 7005 ZOQC
E - 803 s 8.2 - 8005 -
27=1=75 o 20.2 8.2 21,0 7.6 2l.1 6.8 20.¢
B 23.6 8.7 21.8 7.3 22,0 7.7 23.C
28~1~70 K 20,5 8.7 22 .4 003 21.8 6.4 21,5
& 23.9 8.56 21.8 7.2 22,0 744 23.4
29=1~76 ! 21.0 8.6 22 .4 5.8 21.9 6,15 -
‘ E 2’4.1 8065 2200 70(" 2298 703 -
30-1-76 M 21.2 8.6 22.5 5.5 22,0 5.8 -
: B 23.2 8,55 21.8 6.45 21.8 6.9 22,7
31"1“‘76 M 2002 894 21.7 506 2102 600 . 2009
E - Lod - L] - - -
2-2"76 b{ - L - - - - -
E - - - - - - -
2-2-76 M 21.0 9.C 22.7 5.6 22,2 6.1 21.8
E 29,0 8.9 _23,0. 705 23.0 78 24,0
3-2-76 M 21.0 8.6 22.7 5.5 22,1 5.8 21.8
E 24,3 8.6 22.0 6,8 22.0 6.9 23.2
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Date " Time R F-1 F-2 F-3_
Tenv . D.0. Temp, D.0. Temp. D.0. Temp .« D.O,
4-2-76 M 21.4 8.3 23.3 5.0 22,7 5.3 - No sample
E 25,0 8.2 22,5 7.7 23,0 6.7 - -
5-2-76 M 20.6 8.5 23,0 4,8 = No sample -
E-. 24.0 802 21.0 _.7 08 - - 2300 606
6=2-76 M 20,1 8.7 21,9 5.0 - - 20.8 7.8
E 23,0 8.2 21.3 7.1  21.7 4.5 22,2 7.7
7-2-76 M 19,3 8.6 21.3 5,9 20.6 7.6  20.2 7.9
E No sampling in the afternoon
8276 M 19.7 8.7 21.3 5.4 20,7 7.4 20,3 8.2
® E 23.5 8.3  20.7 7.0  20.8 7.4 21,9 7.2
2m2-76 M 20.0 8.6 21.8 7.1 21.2 409 20.2 7.0
2 24,0 8.4 21.0 6.7 21.3 7.3 22.5 7.4
1.0-2-75 d 20,2 8.5 22.4 4,8 21.7 8.7 21 .1 2.7
E 2{‘.‘\’:.3 893 21.5‘ 6-5 21.7 7'4 dﬁn‘% 701
11273 M 21.0 8.3 22.8 4.8 22,2 Gl 21,5 P
I 24.5 800 3800 Se7 BSaC 762 A T oal
12-2-75 M 21.1 9,2 23,0 4.6 22,5 5.9 22.0 6.1
8 25.2 8,3 22,8 5.9 22.6 743 22,6 S e
13-2-76 M 21.8 8.3 23.6 2.0 22,0 5.5 - il
g 25,8 7.9 23.0 7.1 2542 7.0 drained
14-2-76 M 22.5 8.). 23.8 4,1 23.5 5.6 - No samplis
B 26..L 8.7 2308 6.1 24‘:::0 705 ?ch 6-3
Q5—2—76 M 22.5 8.1 25,0 3,6 24,0 542 23.5 6.5
B 26,3 8.1 24.0 4.8 24,0 645 25.3 6.2
05—2-76 M 23,0 7.8 24.6 3.3 24,1 4,3 23,5 5.5
E 27.0 8.0 24.2 4.8 24,8 6.3 26,0 6.3
17-2-76 M 23.1 8.3 25.0 2.8 24.4 4.4 23,8 5.1
5 27.0 8.2 24.5 4.9 24.8 6.7 26,1 6.5
18-2-76 M 23.3 7.8 25.3 2.3 24.8 4.2  24.1 5.2
E 27.5 7.8 24.9 4.8 24,7 5.8 26 .1 6 o2
23-2-76 M 23.8 7.6 25,5 3.1 25,0 4,3 24,2 4.95
E 27.5 7.95 25,0 4.5 25.2 6.5 26,1 6.3
20=2-76 A 23.8 7.5 256.0 2.8 25,0 4,4 24,5 G o2
E 27.() 708 dd.a 408 30¢O Or6 26.2 an



RW F-1 Fe2 F-3
Date Time
Temp . D.O. Temp. D.O. Temp. D.0. Temp . D.@,
21-2~76 M 23,2 8,4 25,8 3.6 24.8 4,5 24,0 4.9
E 26,9 8.4 25,0 3,8 24,8 6.7 25,7 6.9
22-2-76 M 23,0 7.8 25,0 3.4 25,0 4.3  24.5 4.9
E 27,0 8.3 24 .8 4,7 24.3 6.9 25,8 6.9
23-2~76 M 23.0 7.7 24,25 3.4 24,25 4,3 23,75 4.5
E 27.0 8.3 84.7 4.6 24,3 6.35 25.5 6,95
24-2-76 M 23.0 7.85 25.2 3.7 24.3 4,3 23.7 4,8
E 27 .2 3.2 24,4 4.3 24.2 7.0 2042 3.6
i.r2-76 M 22.8 7.7 23.3 3.5 23,8 4,3 23.5 447
- A 5 25 .9 8.l 24,5 5.5  24.9 5.2 26 .0 5.6
% - 275 A - - L= - - - Filter -
’ E 26 02 7;6 d308 60& 23.9 608 Slf.‘l'ﬁi@fl
27275 i 22,0 7.7 24,4 3.5 23.5 4.1 - -
B 25,3 8.0 23,5 5.3  23.9 5,7 24.5 5,0
4)18"'2"75 ;.'I 21.0.?4 gao 2/“: .0 :391\3 :3;302 40 2 3.3.\3- @] ct.':_) '
o 24.9 8od 23,3 4.8 22,7 6.7 23.5 S ad
25=2-75 i 21.2 3.2 23.1L 4.0 22,3 4,5 21.3 5 ok
E Zdoo 5;0 -34208 694 ‘3305 0-9 2:3.0 E)ﬁwfk
1-3-75 i 21.2 3.1 23.8 3.7 22.3 4.4 22,0 5.5
0 25.0 8.2 23,3 5.4 -  Filter 24,2 3.7
drained
a-3-73 i 2i.8 8.3 24,2 3.9 - - 22, 5.3
I 27,0 S.1 23,8 3.7 - - 25,2 5.9
-6—3-‘76 o 22.8 7.3 26.8 3.2 - - 23.5 5.4
o 27 7.0 24,4 5.9 24.8 4,3 25.9 5.0
4=3-76 M 24,0 8.0 24,7 2.8 24.4 5.5 23,2 442
) 28,0 7.7 23.2 5.0 26.0 5.9 27 .4 5.8
5-3-76 M 25.2 7.9 25.0 2.1 24.3  4.95 24.5 4.5
2 25.0 7.3 25.8 3.7 25.7 5.6 27.0 542
6-3-76 M - - ~ wnhite ppt - - - white ppt
E' 28.5 800 270.1. - 2608 102 27.0 -
7-3-76 I’I X 23,8 7.8 26 02 : 107 2408 496 24'3 4.05



Dat . - R F-1 Fe2 F-3
me e
ate Temp. D.U. Tewep. D.O. Temp . 0.0, Temp . D.O.
8-3-76 M No sawpling becazuse of pump faileure from 7th March a/N.
9-3"‘76 I’I 23.5 7.9 2605 009 2501 . 4.8 24.5 4.6
E 280.!. 801 - - 2508 70.1. 26.7 602
10-3-76 M 24.0 7.8 - .~ 25.5 4,5 25,0 4,9
E 2800 7.6 - - 2507 6‘6 26.6 6.4
11-3-76 M 23.6 8.0 - - 25,0 4,5 24.5 4.7
3 28,2 7.9 27 .4 0.9 25.8 7.8 20 .3 6.2
12-3-76 4 24.0 7.9  26.0 5.5  25.4 4.4 24.6 5.2
E 28,9 8.3 25,8 5.8 25.9 7.8 20 .9 5.5
@3- M - - - - - - - -
E - - - - - - - -
‘-3-7-’5 M - - - - - - - -
’ B 27.2 = 8.1 27 .0 0.G5 25,3 5.3 26 .2 4,9
15=3~70 o - - - - - - - -
5 28,0 S.1 27,0 2.5 273 0.4 27 .3 G.3
.1_0‘-3"26 :i Bé'too 7.6 20 08 éo/:"t 2506 305 5 .: 3.8
‘ E 2803 798 2000 505 2601 506 27 73 409
17-3-76 M 25.0 7.3 27.0 3.5 26,0 3.2 25.5 3.7
E 2895 897 2308 409 2\505 5.3 270'5 ‘1'/7
18-3=75 M  No sampling in the moraning because of pump failops
5 29,0 3.4 28.2 0.7 238..8 0.4 29,0 0.3
J‘B-’76 M 20.00 706 2802 305 2.702 394 2607 ‘ioo
o 23,38 8.0 27.3 5.3 27.8 3.0 28.3 4,5
20-3-75 M 26,0 7.3 29,4 3.0 27.0 3.3 26,5 3.5
A 30.0 7.6 27.8 4,9 27.6 4.6 23.2 4.1
21"3"?6 M 26.0 7.5 2805 ) 207 2704 205 26o8 8.5
E 29.06 7.7 27 .6 5.2 27 .6 5.0 28,06 4,7
22-8"?6 M 2600 7.3 2894 208 27.0 302 26.5 805
§ 30.7 7.3 27.8 5,8 27 .6 3.0 28.8 4,3
23=3-75 M 25.8 7.3 28 .4 2.9 27 .4 3.1 26,6 3.5
B 29.4 7.9 27.4 5.3 27 .4 5.0 28 .4 4,7
24~-3-73 M 25.2 765 27.8 3.2 26,5 3.6 26 .0 3.3
E 22,0 7.8 203 4,9 25 .3 5.2 27.3 PN



Date Time R F-1 F-2 F-3
Temp « D.0O, Temp. D.O, Temp D.0. Temp. D.0.
25-3-76 M 26,0 7.5 28,0 3.1 27.0 3.4 26 .6 3.6
E 20.8 7.6 27.8 4.7 27.8 5.0 29.0 4.5
26-3-76 M - 745 - 2.4 - 2.8 - 3.2
E  30.0 7.6 27.8 4,2 28,1 4.8 29,1 4.4
27-3-76 H  26.0 7.3 28,5 2.4 27,5 2.9  27.0 3.1
E  30.2 7.6 28,0 4.0 28.2 4.9 29,2 4.4
28-3-76 M 26.4 7.3 28.8 2.3 27.2 2.7 27.4 2.6
E  29.0 7.35 - 28,2 3.35  27.7 4.6 28,0 4.1
@o-3-7 4 25.8 7.1 23,0 2.0 95,8 3.2 - -
5 28,0 8.3 26.8 4.9 25.7 5.0 - -
u.u-3-76 o 24,2 7.7 25,58 3.2 34,8 3.8 24,4
| 4 28.5 8,3 26.0 4.9 25,2 5.4 26.3
31-3-76 4 24.3 3ol 25.0 3.3 25.3 4.3 24,3
B 28.3 3.0 0.5 4.6 25.6 4.5 25,3
1=4=73 M 25,7 7.4 27,2 2, 26.3 3.0 25.9
E  29.5 7.5 26.8 4.9 2608 5.7 27.3
2-4-70 ‘\(1 2600 707 2797 aod.. ’3303 3.0 269'{'&
B 30.1 3,7 27.2 5.2 27.5 5.9 25.7
3-4-76 1M 25.8 7.7 28,8 2.0 27.8 3.3 27.7
;.  30.1 7.3 28, 5.0 28,2 5.8  29.2
@ -7 1 28 8.l 28.5 2.5 27.2 3.4 26.5
) 30,5 7.7 97.8 5.5 27.8 . 5.8 28
) 5“4"7{0 M 27-0 703 2708 203 2708 2.9 3705
@ E  31.0 7.9 28.5 5.5 29.1 5.9  30.0
6=4-76 M 26.0 7.5 25 .9 2.6 27.7 3.0  28.8
E 3009 706 2800 5.2 28ol 5.8 29.]1
7-4-76 M - 7.3 - 2.2 - 2.6 -
E 3100 706 2896 407 2901 5.9 3001
8~4-76 ¢ 20,7 7.0 22.4 1.8 Scraped Scraped
- 3l.2 7.2 28.7 6.9
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annexure - I.1

——

Results of oacterioldgicel analysis.



SIOW _SAND FILTRATION -

Results of Bacteriological analysis

Rd - Raw water ‘
I - Filtered water from Filter 1 (0.1 m/hr rate)
II -~ Filtered water frocm Filter 2 (0.2 m/hr rate)
111 -  Filterea water from rilter 3 (0.3 m/hr rate)
Tima Coliforms F.coliforus E.coli o
RA I II III RW I II I1I IR I II III
17-12-75 7 P4 70 2400+ 920+ 9220*r 13 2400+ 350 540 13 1600% 350 330
18-12-75 7 a¥ 79 2400% 2200+ 1600+ 23 2400+ 280 540 23 330 220 540
’.“ 7 P 31 2400t 2400% 540 2 1600t v20% 170 2 1000+ 920+t 1720
19-12=75 7 Al 130 2400+ 920+ 1600+ 33 2400+ 540 350 33 2400+ 540 @ 250
n 7 P 7 2400+ 540 2940 2 1600+ 220 220 2 220+ 170 2:30
[
20~-12-75 7 =i 33 920+ 350 280 17 35¢C 73 2% 3 339 3y 200
H 7 2 42 540 1600+ o490 o 300 220 140 2 Q230 72 70
21=-12-75 7 i 70 330 170 240 23 170 79 130 23 1190 72 79
n 7 i S5 2420 210 7O o 240 1320 1190 2 2l L0 110
22-12=75 7 «i 110 320 230 240 22 79 79 73 17 79 43 &
" 7 o0 o4 3090 oS0 320 13 110 130 2 1 79 70 L2
23=12=75 7 o 7¢ 0240 330 2 11 540 79 79 8 840 79 49
n 7 o 130 170 300 170 la 17C 72 49 9 110 /3 49
24-12-75 7 aM 7@ 240 330 79 27 240 79 49 17 240 79 49
" 7 24 383 180 540 70 11 110 130 45 S 49 73 23
20-12=-75 7 arff 110 240 170 439 49 79 72 23 33 33 33 23
" 7 P 30 73 1600+ 70 49 72 350 70 33 33 170 46
2!.12-75 7 aiff 170 25 350 70 49 49 130 33 43 33 72 23
" 7 P4 79 79 540 79 33 49 110 72 23 49 70 33
27-12=-75 7 AM 170 49 350 45 130 49 49 - 49 33 33 49 45
n 7 24 49 33 170 33 17 33 79 33 17 23 33 23
28~12-75 7 AM 70 49 130 49 49 3 49 23 33 23 23 S
" 7 Pl 49 42 170 33 33 49 70 S 23 33 49 S
29-12-75 7 ad 240 70 79 26 130 49 49 8 42 33 49 5
" 7 PH No sampling '
30-12-75 7 aM 220 72 70 17 70 33 23 2 33 33 23 3
" 7 pPd 33 70 170 22 27 23 23 8 22 23 23 3
contd.,



' Coliforms F.coliforas E.coli

Time  pu™ I II III 1w I II III Ry I  II III

31-12-75 7 AM 95 13 70 - 70 8 33 - 33 8 33 -
" 7 PM 130 49 79 - 49 23 23 - 33 23 23 -
1-1-76 74 33 49 79 - 33 23 23 - 33 23 23 -
2-1-76 7 AM 130 49 729 23 13 8 8 8 8 8 8 8
3-1-76 7 AM 79 21 17 33 7 5 5 0 49 5 0 0
4-1-76 7 aM 140 22 13 17 3 9 o0 5 3 9 0 5
5-1-76 7 AM 170 8 8 23 49 5 5 2 49 2 2 2
6-1-76 7 a{ 33 23 13 5 23 5 o 2 23 5 0 2
7-1-76 7 AM 110 5 5 8 49 0 0 0 49 0 0 0
s 7T a7 7 13 o i3 2 2 0o 8 2 0o 0
Jel=76 7 A 46 13 5 2 13 8 0 0O 13 0 0 0
@73 7 ad 23 8 2 0 13 3 0 o 13 3) 0 0
11-1-73 7 a1 70 2 0 0 14 2 o 0 11 0 o 0
12-1-76 2304 23 8 8 2 13 2 3 2 0 0 0
13-1-786 7 ad 22 2 5 2 5 2 0 0 0 0 0
14=1-76 %o ) -
) Power failure

16-1~76 ) -
17-1-75 7 af 33 11 5 0 11 5 o 0 5 0 0 o
18-1-73 7 &l 23 2 0 2 13 0 O O 4,5 0 0 o
20-1-76 7 &4 23 2 2 o 7. 2 0O O 7.8 2 0 0
21@p-76 7 a1 33 2 0 0O 7.8 2 0 0 7.8 2 0 0
22-1=76 7 A 13 4.5 0 0 13 2 0 0 13 0 0 0
24)-76 74 43 O 0 2 38 o0 o 2 1 o 0 0
24-1-76 7 a4 46 O 2 0 14 o0 2 0 1 0 2 0
25-1-76 7 &1 33 2 0 0O 4.5 0 0o O 2 0 0 0
27-1-75 7 ad 17 0 0 o 7.3 0 O O0 7.8 0 0 0
28-1-76 7 A4 79 O 0 1. 14 o0 o0 2 14 0 o0 0
29-1-76 7 a4 46 13 4,5 - 23 7.8 2 - 13 0o 2 -
30-1-76 7 AM 23 33 2 - 23 33 0O =~ 23 0 0 -
31-1-75 7 ad 79 0 2 13 0 0 0 13 0 0 0

contdes



=3-

Tine Coliforms F.coliforus B.coldi
RA I II III  RY 1 II 111 R4 I 11 III
1-2-76 7 AM 46 - 1.8 6.1 14 - 0O 6.1 14 = 0 6.1
2-2-76 7 AM 79 0 0 0 14 0 o 0 14 0 0 0
32-76 7 a4 33 0 O 0 ,7;8" o 0 o 7.8 0 0o O
3-2-76 7 AM 49 2 0 9=~ 33 2 0 - 33 2 0 -
5-2-76 7 a4 22 2 - -~ 4,5 0 - - 2 0 - -
6-2-76 7 AM 33 = - 2 7.8 = - 0 7.8 - = o
7-2-76 7 A 7.8 2 0 0 7.8 2 0 0 7.8 2 0 o
®cons 7.0 490 - o0 0O 49 - 0 0 4 0 0O 0
® 9-2-73 7 24 33 2 0 0 23 2 0 0 13 0 0 0
L0=2=73 7 nil 73 2 0 0 7.8 2 0 0 7,8 2 0 o
11-2-75 7 wd 79 0 0 0 3.3 0 0 0 .3 O D Z
122473 7 . 72 0 C C &y 0 0 0 Gy Q0 0 x O
13-2-73 7 & 13 0 0 - 7.8 © 0 - 7.8 © O -
16m2278 7 0 79 0 G G 33 0 0 0 336 0O <
15=2-76 7 a1 33 2 0 0 33 2 c. 0 33 2 0 ¢
16-2-76 7 s 49 0 0 0 33 0 0 0 33 0 © 0
@ 7-2-75 7 .t 330 0 0 2 330 0 0 2 336 0o 0 2
18-2=76 7 il 79 0 0 0 79 0 o 0 79 0 0O 0
‘1.9-2-76 7 & 110 0 0 0 110 0 0 0O 110 0 © 0
20-2-76 7 af 70 2 0 0 49 0 0 0 49 0 O 0
21-2-76 7 4l 350 0 O o 30 0 0 o 35 0 0 0
22-3-76 ) o
23-2-75 g No sampling
24-2-76 %
23-2-75 7 aM 43 O o 0 49 .0 0 0 49 0 G 0



Time Coliforms F.coliforas - E.cdli
RY I II III RA I IT III RW I II III
26-2-76 7 Aif 11 0 0 0 -8 0. O 0 5 0O O 0
27-2-76 7 aM 330 0 0 - 350 0 0 - 350 0 0 -
28-2-76 7 AM 3350 0 0 2 729 0 o 2 79 0 0 2
29=2-76 7 aM 350 | 0 0 2 240 0 0 0 240 0 0 0
1-3-76 7 aM 70 0 0 0 70 0 0 0 70 0 0 0
2-3-76 7 &4 220 0 2 0 20 0 2 0 g20 0 2 0
3=3=-76 7 nd Not tested
" 4-3-70 7 ad 350 O 0 o 390 0 0 0] 350 0 0 6]
,. 53-70 7 &1 170 O 0 0 170 0 0 0 170 G C 0
Ce3m?h 7 i No sampling
P7=3=~70 7 i 23 2 0 0 8 2 0 0 8 2 Y] &
E=la70 7 il o suaunlin
2=3-75 7 wid 170 2 C C 25 0 0 0 28 ¢ G O
10-3~70 7 .si 110 - 0 0 14 - 0 0 14 - 0 O
11-3-75 7 s 1500 ~ O 0 23 0 0 0 23 - 0 C
12~-3-76 7 Al 130 0 0 0 130 0 0 0 130 0 0 0
Q35 )
14-3-75 g No sampling
.15—3-76 g
16-3-76 7 aM 110 O 0 0 31 0 0 0 31 O 0 0
17-3-76 7 aM 110 0 0 0 2 0 0 0 2 0 0 0
18-3-75- No sampling .
19-3-76 7 & 350 0 0 0 240 0 0 0 240 0 0 0
20-3-76 7 aM 130 O 0 0 130 0 0 0 130 0 0 0



Time Coliforas F.coliforms E.coli

R4d I II III R4 I II III R4 I II III

21-3-76 7 44 130 O 0 0O 22 0 o0 0 22 0 0 O
22-3-76 7 aM 110 O O 0O 110 o0 © 0O 110 0 0 ©
23-3-76 7 4l 130 O 0 0t 130 0 0 O 13 0 0 0
24-3-76 7 i 240 O O 4 240 0 O 2 240 0 O 2
@°-3-7 7l 170 0 o0 0 33 0 0 0 33.0 0 0
26-3-76 7 ad 920 O 0 0 920 0 0 0 920 0 0 O
@575 7.4 110 0 0 o 110 o 0 0 110 o ¢ ¢
28~3-76 7 &M 330 0 0 o 7 0 0 0 7BOC 0 C
29~3-76 7 i 130 0 0O - 7 0 0 - 72 ¢ 0 -
30-3~76 7 A 240 0O 0 13 240 0 © 13 260 0 0 1z

3;«,_..?_75 FTAN Sac C c ¢ \re o o © A2 oo o <




,
Time Coliforas F.coliforas B.coli -

Ri 1 II III R4 I _II III R4 I II IIi_
1-4-75 7 44 540 0 O 0 50 0. O 0 35 0 0 0
2-4-76 7 aM 920 0 O o 8% 0 0 0 5 0 0 O
3-4-76 7 &M 240 0 O 0o 130 o 0 0 13 ©0 0 ©
4-4-76 7 AM 920 O O 0O 180 0 0 o e 0 0 0
5-4-76 7 AM 350 0 O 2 170 0 0 2 170 0o 0 0
6-4-76 7 AM 220 0 O o 7@ 0 0 o 7 o o0 O
7-4-75 7 iM 240 O O 0 130 0 0 6 120 0o ¢ o0
8-4-75 7 ad 350 0 - - 240 0 - - 260 6 - =
9476 7 u 46 0 O o 4 0 O O 45 0 0 0
10-4-75 7 I 130 0 O c 130 0 0 o 1% 0o 0 o0
11-4-76 7 i 54C 2 0 c 0 O 0 c 50 g o 0
12-4-75 7M. 79 0 0 ¢z 79 0 0 o 73 0 0770
13-4-75 - 7.4 130 0 0O C 13 0 0 o 1) 0 o ¢
1424276 7wl 520 O 0 0 920 0 0 o 20 ¢ © o
15-4-76 7 o 920 O 0 2 920 0 O 2 920 o0 o© 2
16-4-76 7 ad 240 O 2 o 240 0 2 0 260 0 2 O
17-4-76 7 a1 79 0O 2 o 79 0 2. 0 7 0 2 0




anhnexure - IV

Phyto and Zoc planiton in ras «na filtered
Woters and tilter skin (scrapings)



Phyto « zZoo Plankton -~ froa the scrsoupings oA the filter beds

—-a

tilter No. 1

Phy toplankton

—— e

Filter %o, 2

Filter No., 3

chrtoplaiiicton Phyteplankton
Chlorogoniua Chlorozoniue Chlorogonium
Volvox Chaluy doaona s Chlamydomnonas
Coelastrua Volvax Carteria
Chlorells Soclastrun Volvox
AnKkistrodesmus Pejrastraa Micractinium
Scenedesnus citavralla Coelastrum
Staurastrumn aniilotruliesmus Pediastrum
Cosmarium Jroncdoals Chlorella

S adins Lo ankistrodesmus

, _ Cosmariva Selenastrum

Euglena 3cenedemus
Peridinium auslena Staurastrum
. Poridinian sSuastrun
éygnema , Cosmarium
vedogoniun Y JNGa

vedosondaa Zuglena
Phormidiuan Peridinium
Agmenel luam alrenellaa Phacus
Tapellaria Taoellaria Spirogyra
synedra ' 37nedra Zy ghema
fragilaria Feasilarig OJedozonium
Cymbellad Srelotella
Cyclotella venticula Agmenellum
Pinnularia Plunalavia’
Navicula Mavicula Tabellaria
Zooulankton ; : Diztoma
anoeba sp. Synedra
Dileptus Fragilaria
sspidisca atsinophys Cymbella



-2
Vorticella Diillugia Cyclotella
Achnanthes
Denticular
Pinnularia
Navicula
Asterionella
Zooplankton
lecane Lecune Halteria
Philodina Brechionus Lionotus
Rocaria Aspldisca
Tardigrada Sniloainu Vorticella
Chaetonotus Chactonotus Lecane
Nematode : Larvae Neusm toda ¢ larvae Pnilodina
Aelosoma .
Naup lius ARRLOBOMU Chaetonotus
Cyclops Dashnia Nemotoda larvae
Daphnila Chironouus Naup lius
Cyclops
Chironomus Diaptomus
Cypris

Chironomus




1

Filter No. 1

Date of Filtel’ NO. 2 Filter NO. 3
Scrapping D. Sub. D. D. Sub. D. D. . Sub. D
31-12-75 Navicula Peridinium
arteria
14-1~75 Navicula Peridinium Chironomus larvae
Nema tode larvae
Synedra Aulophorus
195~1-76 Navicula Peridinium
Synedra
Chlorogonium
29-1-76 Navicula Pinnularia
Synedra
4-2-76 Synedra
Navicula
5=2-76 Pilnnularia Navicula : .\
13~2-76 Pinnularia Synedra
20=2~76 Pinnularia Peridinium
zygnema (on side walls)
2=3=70 Pinnularia Peridinium
10~-3~70 Navicula
29-3-76 Pinnularia Navicula
Peridinium
8-4~70 Pionularia Pinnularia
Navicuia Navicula
Synadra
Wewo Losrlorve e
D - Mo SNRANT

C;VA) D -

ot DOWANAN T

LA



Phyto & zoo Pluniton in duw

x_riltered

Raw silter No,

1

Filter No, 2

———

Chlorogonium Tabellaria
Carteria synedra
Coelastrun
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Earlier Work - A Brief Sumﬁary

Water purification by slow sand filtration is a procesé known
for its simplicity and efficiency. In order to encourage and promote its
wide-spread use in developing countries especially for small and rural
community water supplies further research on the feasihility of this method
was felt necessary by the Directors of Collaborating Institutions of WHO,
IMC for Community Water Supply. NEERI, Nagpur, was selected as one of the
centres for taking up such a research and development project. An agree-
ment was signed by WHO-IRC and NEERI for participation in the first phasec
of laboratory investigatiéns for a period of one year. The programme of
research finalised in consultation with WHO-IRC is depicted in the form of

a chart in Figure-i.

_ A pilet plant consisting of 3 numbers of 1.65 m diameter R.C.C.
pre——cast pipe filters with all accessories was erected for laboratory

investigations. The experiments were carried out to study the effect of

rate of filtration on the performance of these filters for the period

January - Aprll 1976 with raw water obtalncd from nearby Ampazari lake.
The first quarterly report covered the observations on this aspect of

Stﬁdy and a summary of fhe.imporfant findings is given below :

1. - Slow sand filters treating raw waters of turbidity less than
10 units (FTU) produced a filtrate gererally ffee from E coli
and with a turbldlty less than 1 unit at all the filtration

- rates studied i.e. 0.1, 0.2 and 0.3 m/hr.

2. For the given raw water quality, filters operated at 0.2 and
0.3 m/hr. while producing a marginally superior quality
filtrate resulted in shorter filter runs in comparison to the

standard filter operated at 0.1 m/hr.
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No perceptible difference in the chemical quality (COD)
of filtered water was observed at the filtration rates
studied. However, the filter operated at 0.1 m/hr.
generally produced a filtrate with least dissolved ‘

oxygen content.

The observations suggest that in tropical countries with

low raw water turbidity as obtained in the present study

there appears to be a scope for operating slow sand

filters at 0.2 m/br. (twice the conventional rate) without
any adverse effect on the filtrate quality and throughput

between cleanings.

Work OUnder Report

This report presents the results and data obtained on

the following :

Part-I Llaboratory siudies on the performance of slow sand filters.

Part-JI Field studies on the pefformance of slow sand filters at

Umrer town.

‘ Part-ITIData on existing slow sand filter installations serving

{

small and medium sized communities in India. oo
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Slow Sand Filtration — Progrdmme Chart
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PART - I,

LABORATORY STUDIES ON THE PERFORMANCE OF SLOW SAND FILTERS



Effect of Shiding on Performance of Slow Sand Filters

Introduction

Prescnce of algae in a slowsand filter may have a beneficilal
or harmful effect on the performance of the filter. Heavy algal growth or
decay due to temperature changes can result in frequent filter cleaning,
especially in tempefate climates. Under tropical conditions similar problems
may arise due to possible variation in temperature and sunlight intensity.
It was, therefore, felt worthwhile to investigate if it woull be beneficial
or otherwise to shade the filters under £ropica1vconditions. In actual
practice covering filters with concrcte roof may prove difficult and
expensive in rural areas. Hence, the filters were covered with cheap
material partially or completely to prevent direct sunlight. The study

was carried out for a period ¢f two months beginning 21st April 1976.

Experimental Set-up :

Three pilot filters of 1.65 m diameter &ere used for the study.
The same sand which was used in earlier work on rate of filtration has been
used in this experiment. The initial depth of sand was 93,89 & 84 cm respect-—
ively inbfilter 1, 2 & 3. Filter No.1 was covered by placing sheets of
commercial teakply directly on the top of the filter and thus shaded to
exclude sunlight. Filter No. 3 was shaded so as to prevent direct sun-light
and to}allow only indirect light into the filter. A frame~work of angle
irons éupported by columns (pipes) was erected 60 cm above the top of filter
No.3. The filter was shaded by placing sheets of teakply on this framework.
The two sides (East and West) were also covered so as to exclude direct
sun-light into ‘the filter. Filter No.2 was open to sky and kept as control.
The details of the experimental set;up are given in Figure -2 and also

shown in photograph.
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Procedure :

Impounded water from Ambazari lake was used for the experi-
ments . All the three filters wére operated at a constant rate of 0.1
m/hr. (for the experiments on effect of rate of filtration, Filter
No. 1 was operated as control at 0.1 m/br. In order to take care of
any possible built in differences and the consequent effect on the
performance, it was considered desirable to alternate the control
filter. Therefore, Filter No. £ was operated as control for the period
of study under report). The first run lasted for about 45 days. Since
the duration of this aspect of study was limited to a pre-determined
period of two months, it was not possible to have another run at 0.1
m/hr. It was, therefore, decided to operate all the three filters

at 0.2 m/hr. for the second run.

The period of study covered the summer months of April, May
and June (2ist April - 24th, June, 1976). The parameters and the

frequency of their observation are given in Annexure-I.

- Results . & Observations

A summary of filter runs and the data collected on the

physiéo—chemical and biological quality of raw water and filtered

waters are given in Annexure II - X.

The temperature of raw water ranged from 26°C to 33°C and

turbidity from 1-5 FTU. The organic pollution as determined by COD

varied from 6 mg/l to 10 mg/l. No significant variation in other

S Ea
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chemical parameters was observed during this period. Yor a short

period of

4-5 weeks there was a copious growih of tadpoles in raw

water storage tank apart from the presence of a large number of frogs-

following
i.
2.
"’ 3.

The study, though of a limited duration, brings out the

significant observationss

Al) the three filters (part]y shaded, completely shaded
énd open to sky), when treating raw waier with turbidily
less than & units, produced a good quality filtrate with
a turbidity less than 0.5 units both at 0.i and 0.2 w/hr.

rate of filtration.

Covering of filters comblétely or to allow only diffused
light, does not seem to significantly'influence the length
of run or the physico-chemical quality of the product watler.
With a rate of filtratien of 0.1 m/hr, partly shaded and
covered filters produced a run of about 42 days while the
control (open to sky) gave a run of 50 days. However,

when the fiiters were operated at 0.2 m/hr. the shaded
filters produced a run of 16 days when compared to 12 days

for the 'open to sky' filter.

Shading of filters appears to produce a filtrate with more

or less uniform D.0. as measured at.7.00 AM and 3.00 PM.
However, D.0. of the filtrate from the completely shadéd

filter isbhighmi when compared to that obtained from the

partly shaded filter. In the case of 'open to sky' filter,
there is a marked difference in the D.0. of filtrate collected
at 7.00 AM and 3.00 PM respectively. When operated at0.1 m/hr.
the 7.0044M D.0. values occasionally g6 below even 1 mgflc
while the 3.00 PM values are considerably higher (3-5 mg/l)o
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This nay be due io the incvoesdyad piewn-rnibaetic activity
by algae during day cime avd bicmas. v :spiration during

dark hours resulting in oxygen depleiion in wmorning hours.

The shaded filters consistcnf{ytproduced a filirate of
satisfactory bacteriological auality. The filter open to
sky gave water of unsatisfactory bacteriological qﬁalityg
A probable reason for the poor performance of the control
filter (open to sky) is the death and decay of a iarge
number of tadpoles and a fully grown dead frog which was

found in the filter.

The dead frog was possibly dropped by birds {(herons)

which prevailed in large number in the area. The presence
of tadpoles in relatively larger number in control filter
was due to typical inlet arrangements. This fact was
discovered only al the end of the rua while scraping the
filters. Therefore, in the second run, steps were taken

te prevent this by providing fipe wire ‘mesh in the inlet.
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Anncxure - 1

Parameters observed and their Freguency

A. Parameters observed twice a day

1. Témperature,
2. Turbidity,

4. Dissolyed oxygen

B. Parameters observed daily

5. L&ss of Head,
6. Réte of flow,
7. Cﬁemical oxygen demand, (COD)
8. Bacteriological :
(a) Total colifom (MPN)
(b) E.Coli
(c) Colony count

C Parameters observed bi-weekly

9. Alkalinity
10. T.Hardness
11. Chlorides

12. Permanganate value

D. Parameters observed weekly

13. Sodium,

14. Pbtassium,

15, Total Iron,

16 . Mangan?se,

17. Sulfatés,' _
18. Fluorides, o
19. Nitrates, |
20. Phosphates,

21, Silica,

E. Other parameters - Biological : Qualitative measurement of algal

forms/content, at the time of scraping.



Annexure - I1

SUMMARY OF FILTER

RUNS

Filter No.2

) Description © Filter No. 1 \ Filter No. 3 |
ompletely shaded) (0pen to sky) (Partly shaded)
0.1 m/hr. 0.2 m/br. 0.1 m/hr. 0.2 m/hr. 0.1 m/hr. 0.2 m/hr.
Date of starting of the run 21.4.75 346476 21.4.76 12.6.76 21.4.76 3.6.76
Depth of sand cm 93 91 89 87 84 82
Head loss in cms -~
Initial 5.3 15.9 5.3 11.0 6.5 17.6
~ Final 110.5 109 107.8 104.0 99.7 108 .0
Dafe of Termination of run 1.6.76 19.6,76 10.6.76 24 .6.76 1.6.76 19.6.76
Length of run (days - hours) 41 = 22 16 = 00 50 = 00 12 = 00 41 = 22 1€ = 00
Deputh' of sand scraped - cm’ 2 2 2 2 2 2
Net water filtered - m3 220.00 168 .00 2582.5 126 .00 220 .00 168 .GQ

e

hT
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Arnexure -

Ty

Physico~Chemical Analysis (weekly) of Raw and Fulteved Woters

(All valuex except temp., turhidity and

Pl ave exprecsed in mel)

Parameters  —ememmmen 5.4.78 e e 14476
R 1 2 3 I 1 o )
Temperature °C 29.0 28.1 28.5 28.8 29.5 30.3  29.4  29.5
Turbidity FIU 2.30 0.57 0.51 0.40 1.40 0.54 0.35 0.30
pH 8.6 8.0 8.0 8.1 8.1 8.1 8.2 8.2
D.O. 7.6 3.9 4.4 4.7 7.1 2.3 4.7 1.5
C.0.D. 7.0 2.5 2.1 2.7 5.6 3.6 1.6 2.1
Permanganate value 0.45 N.S N.S N.S. 0.90 N.S. NS:. N.3.
Alkalinity* 110.0 114.9 112.0 112.0 106.0  106.0 104.0 101.0
Total hardness* 104-0 107.0 106.0 105.0 100.0 .~ 104.0 102.0 102.0
Calcium hardness* 60 .0 61.0 61.0 61:0 55.5 . .5996 56 .6 57,6
Sodium as Na 15.7 16.2 16.0 16.0 14.8 14.8 14.8  15.0
Potassium as K 1.6 1.6 1.6 1:0 | 1.4 1.4 1.4 14
Iron(Total) as Fe  0.11 N.JD. N.D. N.D, 0.00 N.D. ND. N.D.
Chlorides as C1 11.0  11.0 11.0  11.0 11.3 11.8  11.3 1.2
Sulphates as 504 7.5 6.0 6.0 6.0 4.8 4.8 4.8 4.8
Fluorides as F 0.32 0.31 0.20 0.30 0.27 .27 0,25 0.25
Nitrates as NOj 0.35 1.24 1.24 0.97 0.53  0.53 0.35 0.18
Silica as Si0, 10.9 10.5 10.5 10.3 0.5 10.5 10.0 10-0

R - Raw water;
Filter No. 1 -
Filter No. 2 -

Filter No. 3 -

1,2,3 ~ Filtered waters from Filter No.

Operated at 0.1 m/hr.

Operated at 0.2 m/hr. in first week of

in sccond week of April.
Operated at 0.3 m/hr.

* as CaCO3

N.D. - Not Detectable.

N.5. - Not Sampled.

1,2 & 3 respectively.

. /7
April and at 0.3 m/hr.
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Annexuie -

e

L3 16

21.4.76
Parameters e e o e e e e TR C eSSl St e e oo o o e e P e i
R 1 P 3 n ! 2 3
Temperature®C 30.8 31.0 3¢.9 30.9 30.2 50.8  30.5 30.5
Turbidity FTU 0.95 0.48 0.62 0.32 1.15  0.30 0,53 9.42
pH 8.7 8.2 8.2 8.2 8.6 8.2 8.2 8.2
D.0. 6.8 3.8 2.8 2.4 7.0 2.7 3.0 1.8
C.0.D. 7.9 2.2 2.8 2.7 8.7 3.3 4.5 6.9
Permanganate value 0.56 0.23 0.23 0.28 0.67 0.3¢4 0.32 0.30
Alkalinity * 104  100.4 102.0 102.0 09.5  97.5 98.5 99.5
Total hardness¥* 166.0 160.0 101.0 101.¢ 90 .4 91.9 93.9 93.9
Calcium hardness* 55.6 56 .6 56 .6 56 .6 51.0 55.0 53.5 55.0
Sodium as Na 20.7 20.7  20.7 20 .7 13.2 13.4 13.4 13.2
Potassium as K 1.4 1.4 1.5 1.5 1.4 1.4 1.4 1.4
Iron (Total) as Fe 0.10 0.05 0.04 N.D. 0.11 N.D. N.D. N.D.
‘Manganese as Mn ND NJD. NJD. ND. ND. NJD NJD. ND.
Chlorides as Cl 16.7 14.8 14.4 14 .4 11.4 1.7  11.2 11.7
Sulphate as S04 8.3 8.3 7.8 7.8 7.0 6.5 6.3 6.5
Fluorides as F 0.33 0.33 0.33 0.33 0.27 0.29 0.28 0.29
Mitrates as NO3 ND. NJD. NJD. ND. N.bD. N.D. ND. N.D.
Phosphates as POy ND. NJD. ND. N.D. N.D. NJb. N.D N.D.
Silica as SiOg 9.5 9.5 10.0 10.0 10.0 10.3 11.9 11.2

N.B. - Shading experiments started from 21st April 1976.
Filter No. 1 - Completely shaded |
Filter No. 2 - Open to sky

Filter No. 3 - Partly shaded.

All filters operating at 0.1 m/hr.

c T
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Annexure - T11 (Contd .)

3.5.76 10:5.76
Parame ters T T - T - T
R 1 2 3 R 1 2 3
Temperature °C 28.2 305 29 .4 29.1 29 .8 31.5 3.8 30-6
Turbidity FTU 1.40  0.60 0.45  0.53 1.60 0.45 0-33 0.31
pH 8.7 8.2 8.2 8.2 8.8 8.2 8.2 8.2
D.0. 7.3 2.9 3.0 5.0 6.9 2.1 5.8 1.4
C.0.D. 8.4 1.9 2.1 2.3 9.8 8.9 1.7 3.0
Permanganate value 0.65 0.30 0.20 0.30 . 0.85  0.40 0.40 0.25
Alkalinity * 85.0 85.0 84.0  86.0 98 .0 96.0 96.0 97.0
fotal hardness* 83.0 85.0 87.0 87.0 88 .0 90.0 93.0 93.0
Calcium hardness* 43.0 46 .0 48 .0 48.0 46 .0 50 .0 50 .0 52.0
Sodium as Na 9.6 9.8 9.6 9.6 11.6 12.0 12.0 11.6
Potassium as K 1.3 1.4 1.3 1.4 1.2 1.2 1.2 1.2
Iron (Total)as Fe 0.18 0.11 0.10 ~0.10 0.11 N.D. N.. ND.
Manganese as Mn - - - - N.D. ND. N.D. N.D.
Chlorides as C1 7.9 1.9 7.9 7.9 8.0 7.5 1.5 7.5
Sulphates as S04 4.3 4.3 4.3 4.3 5.8 4.6 5.3 1.5
Fluorides as F 0.3t 0.32 0.33  0.33 0.32 0.32 €.32 0.32
' Phosphates as PO, - - - - ND. N.D. N.D. NI
Silica as Si0y 13.5 9.5 13.5 13.0 - - Not Bstimated - -

_ * Expressed as CaC0g

Manganese & phosphates determired fortnightly.

,.‘1'
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Annexure ~ ITX (Contd.)

3

borametors e .56 24.5.76
_ R 1 2 3 R 1 2 3
Temperature®C 31.1  32.3 82.1  32.6 29.5  31.8 30.5 30.0
Turbidity FTU 1.60 0.44 0.21  0.21 2.10  0.47 0.37 0.35
pH 8.8 8.2 8.2 8.2 8.7 8.0 8.0 8.0
D.0. 7.0 1.7 2.5 0.6 7.0 1.0 1.8 0.9
C.0D. 8.7 4.1 3.3 4.5 12f6 3.9 3.9 3.1
Permanganate value 0.75 0.35 0.40  0.35  0.70  0.30 0.40 0.30
Alkalinity * 97.0  98.0 98.0  98.0 86.0 90.0 88.0 88.0
Total hardness¥* 88.0 94.0 92.0 96 .0 80 -0 6.0 86.0 86.0
Calcium hardness* 46.0 50.0 48.0  52.0 42.0 46.0 46.0 47.0
Sodium as Na 12.4  13.4 13.8 13.8 10.4  10.2 10.2 10-2
 Potassium as K 1.4 1.6 1.6 1.4 1.2 1.2 1.2 1.2
Iron (Total) as Fe 0.10 N.J. NOD. N.D. .07 NJD. N. N.D.
Manganese as Mn - - - _ - N.D. N.D. N.D: N.D.
Chlorides as Cl 7.5 7.5 7.5 7.5 8.0 8.0 8.0 8.0
Sulphates as S04 5.0 4.5 4.5 5.0 5.0 5.8 5.3 5.8
Fluorides as F_ 0.28 0.27 0.27  0.27 - Not estimated -
Nintrates as NO, - - - Not Estimated - ~ N.D. N.D. N.D. NI
Phosphates as POy - - - - N.D. N.D. N.D.- N.D-
Silica as Si0, 12.0 11.2 11.9  13.0 10.5 10.9 9.2 10.2

* Expressed as CaC0j

Manganese & phosphates determined fortnightly.

e
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Annexure -~ T)1 (Uﬁnfﬂ;}

315,76 7.6.76

- Parameters ' 1 _——I s ; ----- 5£“~_"_WI'———-_;—*—_—-ng_—_—_—
Temperature®C 28.7 31.7 3.1  30.8  27.5  27.0 27.0 27.0
Turbidity FTU 1.55  0.27  0.29  0.26 3,10 0.57 0.43 .33
pH ' 8.7 8.1 8.1 8.0 8.7 8.3 8.2 8.2

: D.0. ' 6.5 0.7 0.7 0.7 7.0 4.5 2.3 4.7
5/"’ C.0.D. 8.2 4.4 3.1 2.9 - 8.4 5.0 3.1 4.4
Permanganate value 0.85 0.4 0.4 0.3 085 0.60 0.5 0.60
Alkalinity * 100.00 104.0 104.0 104.0  105.0 100.0 105.0 102.0
Total hardness*. 91.0 98.0 98.0  98.0 94.0  94.0 95.0 ©4.0
Calcium hardness* 48.0 52.0 52.0  52.0 48.0 50.0 54.0 500
Sodium as Na 13.4 13.6 13.6  13.6 - 14.4  13.4 13.6  13.1
‘Potassium as K 1.2 1.2 1.2 1.2 1.4 1.2 1.2 1.2
Iron (total) as Fe 0.07 N.. N.D. N.D. 0.15 N.D. N.D. ND-
"Manganese as Mn - A A Detectable —- '
Chlorides as Cl 8.0 8.0 8.0 8.0 7.5 7.5 1.5 1.5
Sulphates as SO, 6.8 6.8 6.8 6.8 6.8 6.0 6.0 6.0
Fluorides as ¥ 0.3 0.3 0.3 ° 0.3  0.32 0.33 _0.33 0.33
Nitrates as NOB | - — Not Detectable - - '~ - Not Detectable ~-
‘ Phosphates as PO, 2 - U 77 Z'- Not Detectahle -~
Silica as Si0g 9.0 9.2 8.2 9.0 100 100 9.0 9.0

AP [

o

Filter No. 1 - Operated at 0.2 m/hr. from3.6.76 to 19.6.76
Filter No. 2 - Operated at 0.2 m/tir. from 12.6.76 to 24.6.76
© Filter No. 3 - Operated at 0.2 m/hr. from 3.6.76 to 19.6.76
) * Rxpressed as CaCO‘3
Manganese &phosphates determined fortnightly.

1



20

Annexure - IIT (Contd.)

14.6.76 23.6.76 |
Parameters = T T e e T T e T e e e
R 1 2 3 R 1 9 3

. Temperature©C 30.8 30.2 28.8  20.2 9.2 30.1  29.0 29.0
Turbidity FTU 2.5 0.35 0.34  0.35 1.90  0.36 0.32 0.28
pH 8.8 8.4 8.3 8.3 8.9 8.3 8.3 8.3
D.0. 7.2 3.1 5.8 3.4 7.2 1.3 3.5 3.2
C.0.D. _ 6.0 3.6 2.2 2.4 8.8 2.4 3.2 3.2
Permanganate value 0.7 0.3 ~ 0.3 0.3 - 0.8 0.3 - 0.3
Alkalinity * 107.0 106.0 103.0 105.0 98.0 100.0 98.0 98.0
Total hardness® 84.0 84.0 85.0 88.0 90.0 90.0 90.0 94.0
Calcium hardness* 46.0 46.0 46.0  48.0  56.0  64.0 64.0 54.0
Sodium as Na 4.2 13.2  13.0 13.0 4.4 14.4  14.2  14.0.
Potassium as K 1.6 1.6 1.6 . 1.6 1.6 1.6 1.5 1.6
Iron (Total) as Fe 0.13 N.JD. N.D. N.D. 0.10 N.D. N.. NOD.
Manganese as Mn - . - - - . . = = =Not Detec£able - - -
Chlorides as Cl 8.5 8.5 8.5 8.5 8.0 8.0 8.0 8.0
Sulphates as SOy 8.0 8.0 8.0 8.0 7.5 7.5 7.5 1.5
Fluorides as F 0.3  0.31 0.31 0.29  0.27 0.27 0.28 0.27
Nitrates as NO - - Not Detectable - = - - Not Detectable - -
Phosphates as POy, -~ - - - - ~ Not Detectable - -
Silica as Sil4 1.8 10.5 10.5 9.2 11.8 9.0 9.5 9.5

\

* Expressed as CaCO$

cy i

Mangaqese & phosphates determired fortnightly.
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Anexure - 1V

7.0 . VAILIRES AND TEMPEEATURE

1) F-3

Raw -1
Date Time SR _—

D0 Temp. D.0. Temp. B.0c Temp. - D0, Temp.

21.4.76 M 7.0  29.0 4.2 31.4 2.6 31.2 1.8 31.2
E 6.6 32.5 3.4 30.5 3.1 30.5 3.0 30.6

29.4,76 M 6.9 28.6 1.8 31.6 1.9 31.5 1.9 31.0
B 6.7 32.5 3.2  31.0 4.0 30.6 1.9 30.5

23.4.176 M 6.7 27.6 3.0 31.4 1.6 31.2 1.8 30.5
E 7.4  31.0 3.0 30.6 4.4 29.8 D2 26,5

24 .4.76 M 6.7 28.6 3.0 31.5 1.5 30.9 1.8 30.2
B 6.8 30.5 2.6  30.6 3.8 30.2 1.7 20.9

25.4.76 M 6.9 27.5 3.4 28.3 1.7 27.4 1.0 27.0
E 7.4 31.5 3.1 28.8 3.6 28.2 2.0 28.U
26 .4.,76 M 7.0 28.5 3.1  30.5 1.5 30.4 1.9 300
E 7.1 31.8 2.6 30.0 4.6 30.0 1.6 30.0

27.4.76 v 7.1 98.7 . 2.8 31.6 (6 31,0 1.7 31,0
E 7.1 32.0 2.7 31 3.8 30.6 1.9 30.2

28 04:076 M 700 2800 201 3106 190 3102 194 3111
E 7.3 31.2 . 2.4 31.3 4.5 30.6 1.7 30.3

29.4,76 M 7.1  27.8 2.2 81.2 1.2 30.8 1.9 30.1
E 7.9 31.0 2.8 31.4 4.9 30.0 2.3 929.6

30 .4.76 M 6.9 26.8 2.0 31.1 1.0 30.6 1.3 30.3
E 7.3  30.1 2.3 30.8 5.0 29.6 1.9  29.3
1.5.76 M 7.1  26.4 2.2 30.8 1.2 30.0 1.8 29.7
7.4 29.8 2.4 30.5 5.4 29.2 2.0 29.0

2.5.76 M 6.8 26.4 3.0 -30.6 1.2 30.2 1.7 29.4
1) 7.6  30.0 2.3 30.0 4.8 29.1 2.0 29.0

3.5.76 M 7.2 26.4 9.0 30.8 1.1 29.8 2.1 29.3
E 7.4 30.0 3.7 30.2 4.8 29.0 1.9 28.8

4.5.76 M 7.3 26.5 1.8 30.6 0.8 30.0 1.5 29.4
E 7.7  30.0 2.3  30.7 5.8 29,2 2.1 28.8

A . Contd ...
D.0.-Dissolved Oxygen.in mg/lit.’ Temp. ~ In degree centigrade, Vo,

M = Morning sample at 7.00 AM , S -~ Filter on Scraping. L A
E - Evening sample at3.00 PM , '

€

MR s oS
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Annexure - iV (Contd.)

F-3

DcOc

F-1

Raw

Time

Date

Temp .«

D.06. Temp. D-0. Temp.

Temp -

D.0.

29 .4

1.6
2.0
1.8

30.0

1

1

.3

30
30

-

‘7

26
30
27

7.4

5.5.76

29.0

29.4

in}

2.4
1.9
1.7

1
754
708

29 .9

30 .6

(S
3‘0

31.0

M

6.5.76

29 .8

30 .8

30 .4

29.9
29

«

30 .4

T

0
4.9

31

26 .8

7.0
7.0

M

7.5.76

]

29 .8

30.5

.8

1

31.0

1.0 30.1

1'0

1.9

27.0

1~

O

M

€
-

29

30.5

7.9

30.5 N.S. 30.2
30.5 1.8 30.0

31.0 0.7
2.4 37.5 4.2

2.3
1.8

N.S.

7.7
31.5

9.5.76

@

1.5 30.7

31 00

'9
4.6

31.5
. 31.5

28

7.0
6.8

10.5.76

1.3 30.5

30.5

31.5

30 .8

—{

31.5 6.6 31.0
30

1.6
1.8

28

11.5.76

30 .4

1.4

4.6

31.4

31.7

7.4

R

30.8

Lo

<H
-y
[a0/

7
4.6

)
[

1.6

28.5

6.9

12.5.76

30 .8

32.2 31.0 1.0 -

1.4

31.6

7'0

SO
— i
AN
[AAIR'e]
- O
o W0
-
M
(o3 an
oM
O«
[aVIAY]
[ap R
o] v
o~
w0 <P
o
al M
D -
©o -
= M|
©w
~
an
»
32)
i

0.3
4.1

32.0

1.2
1:2

28.7

6.8
6.3

14.5.76

32.0

32.2

Ny

0.4 31.6
31.2

4.1

32.4
32.5

0.9
1.1

29.0
33.0

6.6
7.6

15.5.76

' 16.5.76

30 2
30 .6

005
190

32.0 0.5 31.1
31.2 4.0 30-.6

0.9
1.3

29.0
32.7

6.8
7.0

32.7 0.3 32.7 0.5 31.
31.8 4.6 31.5 .

1'7
1.6

29
33.0

17.5.76

32.
31.

33.0 1 33.0 0.2
33.5 - 2.6 32.0 0.2

0.2
1.5

29.1
32.5

6-2
6.5

18.5.76

32.4 0.3 31.4 0.6 31.2
0.5

1.0
1.1

27.9

6.5
7.4

19.5.76

30.5 30.0

3.5

31.5

30.5

30.2
30 .0

0.8
0.8

30.5
29.5

5
2.8

31.0
31.0

1.4
1'4

27.8
32.0

6.7
6.3

1 20.5.76

28.2 0.3 31.2 0.2 31.7 0.3 30.8
2.0

6.5
7.3

21.5.76

30.5

0'3

30.5

32.0

0.3

32.5

Contd...




Temp .
31.0
30.0
31.0
30.

30 .4
29.5

r-3

D.0.
.2

0.4
1.3

1

Temp.
.5
31.0

30

A

.
-3

D
3

;td,)
2.0

Teoup.

T

0.
0
0

1
1

P

23
.0

Aranexure ~ 1V {Lo;

Temp .
29.0
27.8
27.°
31
27.4

Raw
D.0.
.8
.1
.8

6.6
7.
6

7

6

Time
M
M

Date

22.5.76
23.5.76
24.5.76

N

1.0
1.2

30 -4

.6 7.7

6

M

25.5.76

29.8
29:5

30.0

30 .0

0.9

29.0

M

26 .5.76

29 8

o (4’

30 .4

2.6

30 .6

32.0

E

29 .4

.9

0

30.0

2]

<

30:3 0.

0.8

1

6.4 28.8

7

M

27.5.76

29 .8

0

30 .4

.0

30 .8

-0

32.0

‘1

30 .5
30 .8

0.8
1.3
30.5 0.9

21.0
30 .8

31.

L2
i
2.3

1
0.4

.5

a1
319
31.0

31

i
1.0
T

1.

0

29 &O
31.8
28 .8
31.0

6.8
6.9
6.6
6.9

28.5.76
M

©29.5.76
' 30.5.76

31.1

0.9
1

pie)

[+

.6
3.3

31

0.9

28.3

6.7
7.2

30.6
31.0
- 31.0

]
1.2

0.8

30.8
31.0
31.0

-3

1.
0.2

31.8
31.4
32.0
32.0

32.0

1.5
1
.3

0.8
1.

30-‘2
96 .4
31.0
29.2
32.0
o8,

7.0
5.9

1
6.9
6.3
7.0
6.6

M
M
M

1.6.76
2.6.76

'31.5.76

w

5.0
.5
.9

31.0

30.0
98.0

6.7
5'9
5.3

31.0
30.5
30.0

2

31.0
29.
29.5

5.4
5.7

28 .0
32.0
27.5

T
7.2,

7.6

3.6.76

28.5

29.0

, o

lo]

30

4.6.76

27.8
27.8

5.8 238, 10 29.0
28 .6

5.

28.2

27.

7.2

M

5.6.76

27.8

[=5]

28 .0

1
3

.6

27

5.0
4.8

25.8

1

27.90

4.9

D

27.

3

27.5

27 .8

6.6.76

Contd ...



Apnexure - 1V (Contd.)

Raw
D .0 .

D.O. Temp. D.0. Temp. D.0. Temp.

Tenp.

Time

Date

4.6 26 .5

27.0
27.0

4-8 27-0 1‘3
3:3

26 .5

M

7.6.76

27.0

4.8

27.0

4.2

28.5

7.1

27.2 4.3 26 .4
4.2 27.0

1.4
3.3

26 .0 4.3 27.0

6.0
7.0

8.6.76

27.0

4.6 28.0

29.0

27.3

4.0
4.0

28.0
28 .0

1.2
3.4

27.8

4.

27.0

7(0
7(‘5

9.6.76

27.8

28.2

4¢4

29.0

27.3

3.6

4.3 27.6 1.3 28:2
4.3

T

26
29.8

7.1
7.3

10.6.76

[4Y]

u
e -

<M

29 00

28.0

44

27.8
28

3.8
4.8

28.3 S
28 .7 S

27.4 4.0
29.5 4.7

1
7.1

11.6.76

.

27.7 3.9 29.5 .4 28.8 3.3 28.8
4.0

7.0
702

.12 .6 .76

28.5

o~

29.7

N

29.5

30.8

29.0
28

3.4
3'8

29.5 5.3 29.0
6.0

3.4
3.3

27.5

7.5
7.6

13.6.76

5

29.2

29.6

31.0

29.2

3.4

5.8 28.8

30.2

Not sampled - -
.1

3

30 .8

7.2

14.6.76

28.5 4.2 28.5 3.0 28 .8
3'4

3.4
3.7

28.0

7.2
7.3

M

15.6.76

29.0

29.5

6.0

20.8

.3

31

nnmo

2.8
3.2

29.2
5.9 29 .6

3.8

29.8
29.5

NN

o v
[ SR <]

w0 O
© -

16 .6 .76

2.5
2.5

30.4 3.1 29.8
5.5 30.5

2.7
3.0

28 .8

6.3
6.7

17.6.76

29.8

30.0

32.0

99.5

2.3
2.7

29.5

3.2

29 .8
30

2.7
3.0
2.7
3.1

28.5

6.4
7.3
6.8
7.5

18 .6 .76

29.8

30.5

[«2]
o]

s

32.0

29.6

392
6.0

30.4

29 .8

19.6.76

2.5 29 .8

30 .6

30.3

31.8

30 0

2.3

30.3

2.9
5.1

29.0 2.6 30.5

5.8
7.8

20 .6.76

30.5

32.0

29 .8

2.3
6.4

21.6.76

30 .6

32.8

80

%<

[=2]
[AV)

w N

al

22.6.76

28.3

7.1
7.2
6.1
8.4

23.6.76

29.

4.6

30.0

27 .4

2.6
5.5

M 26 .8

24.6.76

28 .4

31.0

* Started new set on " Interrupted Operation ".
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Annexure -V

RESULTS OF BACTHR IOLOGTCAL ANALYSTS

(MIN/100 ml)

Raw water

Filtered water from

filter 1 (completely shaded)

II -  Filtered water from filter 2 (Open to sky)
III -  Filtered water from filter 3 (Partly shaded)
Coliform F-coliforms T-—coli

Date gy 7 1T T W I T 111 v I Il III
21.4.76 19 0 0 49 0 0 0 9 0 0 0
22.4.76 920 0 0 920 0 0 0 920 0 0 0
23.4.76 540 0 0 35 0 0 0 350 0 0 0
24.4.76 240 2 6.8 0 130 0 6,8 0 130 0 4 0
25.4.76 1600 17 0 0 1600 0 O 0 920 0 0 0
26.4.76 70 0 49 0 46 0 6.8 0 46 0 6.8 0
27.4.76 240 0 0 0 240 O 0 0 240 0 0 0
28.4.76 35 0 0 0 130 0 0 0 130 0 P 0

29.4.76 49 0 4.5 7.8 49 0 4.5 7.8 49 0 4.5 7.8
30.4.76 240 0 0 0 240 O 0 0 240 0 0 0
1.5.76 350 0 2 4.5 240 0 2 0 240 0 2 0
2.5.76 170 0 2 6 110 0 2 Q: 1m0 0 2 0
3.5, 13 0 .0 0 13 0 0 0 3 0 0 0
4.5.76 79 0 2 0 49 0 0 0 49 0 0 0
5.5.76 130 0 2 0 130 0 2 0 130 0 2 0
6.5.76 33 0 7.8 0 33 0 4.8 0 33 0 4.8 0
7.5.76 79 0 0 0 170 0 0 17 0 0 0
8.5.716 49 0 0 0 22 0 0 0 22 0 0 0
9.5.76 130 0 0 O 79 0 0 0o 79 0 0 0
10.5.76 33 0 2 0 170 2 0 i7 0. 2 o0
11.5.76 85 2 2 7.8 79 0 2 5. 79 0 2 5
12.5.76 220 2 0 5 220 2 0 5 220 2 0 5
13.5.76 350 0 5 0 110 O 5 0 110 6 5 0

14.5.76 540 0 0 0 79 0 0 0 - 49 0 0 0 -
15.5.76 220 0 5 0 79 0 2 0 9 0 2 0

TR e
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Annexause

S {lontd L)

Coliform F-coliferms E-coli
Date  py— 1 11 III Ty I I1 FTf W T 1T 1IX

16.5.76 79 0 1.8 0 49 0 7.8 0 49 0 1.8 0
17 .5.76 33 0 2 0 4.5 0 0 0 4.5 0 0 0
18.5.76 110 0 4.5 0 719 0 4.5 0 19 0 4.5 O
19.5.76 170 0 4.5 0 79 0 9 0 79 0 2 0
20.5.76 240 0 2 0 240 0 2 0 240 0 2 0
21.5.76 130 0 13 0 130 0 0 0 130 0 0O 0
22.5.76 130 0 5 0 B 0 0 0 8 0 0 0
23.5.76 49 0 8 0 8 0 8 0 8 0 8 0
24.5.76 719 0 11T 0 49 0 4 0 49 0 4 0
25.5.76 49 0 5 0 22 0 5 0 22 0 5 0
26.5.76 23 0 0o o 23 0 0 0 23 0 0 0
27.5.76 240 0 0 O 4 0 0 0 74 0 0 0
28 .5.76 79 6 0 0 11 0 - 0 0 11 0 0 0
29.5.76 130 0 0 0 1 0 0 0 11 0 0 0
30.5,76 246 0 2 O 4 ¢ 0 0 4 0o 0 0
31.5.76 170 0 0 O 22 0 0 0 22 0 0 0
1.6.76 70 0 0 a3 0 0 0 33. 0 0 0
2.6.76 79 S 17T S 11 S 5 S 11 s 2 S
3.6.76 920 S 5 S 49 S 0 S 49 S 0 S
4.6.76 1600 49 13 49 0 4 0 14 70 4 0 14
5.6.76 1600 2 33 0 240 2 0 0 240 2. 0 0
6.6.76 350 2 0 2 9 2 0 2 79 2 0 2
7.6.76 540 0 0 0 140 0 0 0 140 0 0 0
8.6.76 920 2 0 0 240 O 0 0o 240 0 0 0
9.6.76 33 0 2 0 33 0 0 0 33 0 : 0 0
10.6.76 35 2 0 2 49 0 0 2 49 0. 0 . 2
11.6.76 240 0 S 0 49 o0 s o 49 0 § 0
12.6.76 240 0 2 0 130 0 0 0 130 0 0 0
13.6.76 350 0 2 0 79 .0 0 0 49 0 0. 0
14.6.76 350 0 2 0 240 0 2 0, 20 0 2 0

e
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frpoxure = V{8
Coliform F~colijoms E-coli
Date  py I II 111 Iw X 11 il nw 1 11 III

15.6.76 550 0 0 0 79 0 0 0 79 ¢ 0 0
16.6.76 920 0 0 O 49 0 0 0 19 0 0 0
17.6.76 540 0 0 O 170 0 o 7 0 0 0
18.6.76 540 0 0 0 8 0 0 0 8 & 0© ¢
19.6.76 130 0 0 0O 22 ¢ 0 0 °2 0 O G
20.6.76 170 0 0 O 170 0 0 17 0 ¢ 0
21.6.76 79 S 0 S 13 S 0 S 13 S 0
22.6.76 350 * 0  * 31 % 0 * 31 * 0 *
93.6.76 110 0 70 0 %o
24.6.76 220 0 290 0

220 [t

* Started new set on interrupted operation

S ~ Filter on scraping.
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Annexure - VI

FREQUENCY DISTRIBUTION OF INDICATOR ORGANISMS IN RAW & FILTERED WATERS
) C For “the period 21.4.76 to 24.6.76 )

MPN/100 ml Coliforms Faecal Coliforms E.Coli
3 R 1 2 3 R 1 2 3 R 1 2 3
Above 400 13 0 0 0 2 0 0 0 2 0 0
201~ 400 20 0 0 0 10 0 0 0 10 0 0
101~ 200 12 0 0 0 8 0 0 0 8 0 0 a
11— 100 20 2 6 1 40 0 0 1 40 0 0 H
6~ 10 0 0 4 2 .3 0 .4 1 3 0 3 1
3- 5 o o 8 2 2 1 7 2 2 1 7
1- 2 0 7 13 2 0 3 9 2 0 3 10 2
0 ‘ 0 50 33 52 0 55 44 53 0 55 44 50
Total pumber of samples 65 59 64 59 65 59 64 59 65 59 64 3¢
R - Raw water
1,2,3, - Filtered water from Filter No. 1, 2 & 3 respectively.
Filter 1 - Completely shaded V '
Filter 2 - Open to sky
Filter 3 - Partly shaded

8¢



(e

. Annexure - VII

QUALITATIVE DATA ON PHYTO AND Z0O PLANKTON IN RAW AND FILTERED WATERS

Raw water

F-1 (completely shaded)

F-2 (opeh

to sky)

F-3 (partly

shaded)

Staurastrum
Pediastrum

Oscillatoria

Zygnema
Oedogonium

Merismopedia

Tabellaria
Diatoma
Synedra
Cymbella -
Cyclotella
Denticula
Pinnularia
Navicula

Zooplaunkton
Ceratium
Nauplius

Cyclps

Diaptomus“

sp

"

”

Closteridium

Diatoma
Synedra

Cymbella

sp

Cymbella
Denticula
Navicula

sp

"

Tabellaria
Cymvella
Navicula

sp

"
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Annexure - VIII

QUANTITATIVE DATA ON PHYTOPLANKTON IN
“~io"RAW AND FILTERED WATERS

( ORGANISMS PER 100 ML )

1284

Date R Rl - ~R2  R3 F1 F2- F3 Dominant / Sub-dominant

21.4.76 13 1 2 Nil Pinoularia / Sypnedra
. 28.4.76 3 3 2 Nil Pinnularia

19 .5.76 . 115 3 Nil 3 Navicula / Cymbella

26 .5.76 1200 1250 1071 1288 4 2 3 Cymbella / Pinnularia

4.6.76 2300 2832 5000 2990 T4 5 26 Cymbella / Synedra

11.6.76 2376 3184 - 1232 3 - 4 Synedra / Cymbella

16 .6 .76 9 8 3 Synedra / Cymbella

1

0¢



f  Anpexure - IX

QUALITATIVE DATA ON PHYTO AND Z0O PLANKTON
FROM ' THE- SCRAPPINGS OF THE FILTER BEDS

IS

( From 20.4.76 to 21:6.76 )

- -~

F1 (completely shaded)

F-2 (open to sky)

F-3 (partly shaded)

Phy toplankton Phy toplankton Pnytoplankton
Scenedesmus sp. Chlorogonium sp. Ankistrodesmus sp.
- Staurastrum - Coelastrum " Scenedesmus "
Euastrum L Chlorella " Staurastrum "
Cosmarium " Ankistrodesmus " Euastrum "
’ - Selenastrun " Cosmarium "
y Staurastrum "
- Cosmarium "
Peridinium " Peridinium "
Oedogonium " Dedogonium " O=dogonium "
. . - Oscillatoria " Oscillatoria "
Spirulina "
Merismopedia % Closteridium "
Diatoma " Diatoma " Tabellaria . ¢
Synedra ! Synedra Y Diatoma "
, Cymbelia " Cymbella " Synedra v
; N Cyciotella " Denticula " Cvmbeila H
? Denticula " Pinnularia " Syclotella "
' Pimnuiaria " Navicuia " Senticula “
Navicula " Pinpularia
) } Havicula
tt

Achnanthes

(€3}

et



Annexure - IX (Contd.)

=

Herpacticoidus

F-2 F-3
Zooplankton Zooplankton Zooplankton
Actinophrys sp. Euglypha 8p. Euglyoha Sp o
Difflugia " ' Difflngia ®
Arcella n Monas "
Vorticella » Amoeba " Vorticel}a' w
Amphileptus " -
) -~ Lionotus "
) Nematode " Nematode "
Lecane " S
Nematode n . Nauplius - % Nauplius u
_ : N Cyclops "
) Herpacticoidus'
-Aulophorus " Diapt?mus "
Aelosoma " Daphnia "
I:aimnodrillus‘ ) "
‘Diaptomus " Cypris "




Annexure - X

QUANTITATIVE DATA ON PHYTO PLANKTON
. FBOM THE FILTER SCRAPPINGS

€ Organisms per sq. cm') -

Date F-1 (compleﬁely shaded) F-2 (open to sky) F-3 (partly shaded)
o 2 2
2.6.76 2125 x 10 2115 x 10
Domi
om1nan? / Cymbella / Navicula Cymbella / Navicula,
Sub-dominant ! "
Denticula Denticulza
11.6.76 2828 x 10°
Dominant / ' Cymbella /
Sub-dominant Navicula,

Denticula

2

£e



PART - 11

FIELD STUDIES ON THE PERFORMANCE OF SLOW SAND FILTERS AT UMRER TOWN.
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Field Studies on the Performance of

STow Sand Filters at Umrer Plant

Introduction :

The first phase of the programme provides for ficld investi-

gations of an existing slow sand filter installation. The piviroese of
the field study is to collect information and expevience frew i §ield
concerning constructien practices, operation and maintenance, pervforaa-

nce and management. The data collected from the ficld will supplement
the laboratory observations and help in improving the desigu and opera-~
tional features of slow sand filters and eventually to evolve a sysicnm
that will be practical, economic and simple to adopt under rurval cendi-

tions. The slow sand filters at Umrer have been chosen for this study.

Umrer is a small town in Nagpur Disirict, Mabarashtva State
and is situated about 50 Km South-East of Nagpur. The average annual
rainfall for the place is about 130 cm. The present population of the

town is around 27000 persons.

In the past, a number of proposals were drawn up for provi-
sion of protected piped water supply to the town. However, none of
the schemes materialised due to some reason or the other. It was only
af ter the construction of the nearby Pandhrabody irrigation tank that

a water supply scheme was approved.
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The water supply scheme originally proposed.by the Public Health
Engineering Department, Government of Maharashtra State providcd for conven-
tional treatment using alum coagulatioa, sedimentation in rectangular settling
tanks followed by rapid sanﬁ filtration and post chlorination. NEERI, as a
part of its research progfamme, offered to the Department to give a suitable
designvfor such a scheme that would be economical and within the local talents
to operate and maintain. After a detailed study, NEERI submitted a report in
1971 recommending the adopLion of slow sand filtration in place of conventional
tréatment. éfter a critical study of the recommendations the Government decided
t; go in for slow sand filters. The treatﬁent plant was commissioned in late
1975. Data collection for the plant was commenced from March 1976. The present
report covers observations for the period March 1976 to July 1976 . Further

observations are in progress.

Plant Description :

The treatment plant with a designed capacity of 2.7 mld consistis
essentially of the following :

is Raw water intake well cum pump house,
ii. Raw water storage tanks, o
iiis Slow sand filters with accessories,

iv. Chlorine dosing equipment, and

Ve, Clear water pump house.

cor

The flow sheets and a general view of the treatment plant are
shown in Figure-1 and photographs respectively. The source of raw water
to the town is the nearby irrigation canal fed by the impounded irrigation

tank. As the canal remains closed for two days once in every 15 days, it was

_essential to provide for raw water storage. The salient features of the water

supply scheme and the filters are given in Annexures A & B respectively.

Detailed drawing of the filters a% shown in Figure-2,-A & 2 -B.

(.04
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A General View of the Slow Sand Filtration Plant at Umrer
with Sand Washing Platform in the Foreground.
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Raw Wate: Storaze Tanks at Umrer Made of Earthen Embankment with Stone Pitching.
The In’et Pipe can be seen on the Left,
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Field Observations

In view of storage of feour days in the raw water storage tank,
sudden variation in water quality was not expected. And also in view of the
distance of the installation from Nagpur, il was decided to visit the plant
once in a week and collect data on water guality at different stages of treat-
ment. Samples of (i) raw water from canal near intake well; (ii) stored and

settled influent to the filters; (iii) filtered water from both the filters

before chlorination; (iv) chlorinated water from the rising main; and (v) water

from public stand posis were collected and i{ested for potability and physico~

chemical characteristics. The location of sampling points is shown in Figure-3.

Regults .

- L e A

The data collected on the performance of the filter are given in
Annexure C. A study of the perfofﬁance data for the period March--June 1976
shows the following : C :

Raw water from canal had a turbidity in the range 5-35 FTU and
the settled water had a turbidity 2-15 FTU. Storage (extended settling) of
raw water pumped from canal results in considerable reduction of coliform and
turbidity. Reduction in coliform was around 60% and for turbidity 25~75 %.

)

The net filter run averaged 20 days with a range of 16-25 days
(4nnexure D). The filters produced a good quality filtrate with a turbidity
less than }-0 FTU and free from E.coli. Reduction in pollutional load as
measured by chemical oxygen demand (COD) was of the order a 30-60%. There
was no significant difference in the other chemical parameters of raw and

filtered waters.

The evaluation of filter performance and collection of other

relevant information are veing continued.



. The significant operational feature of the Unrer plant is that
the filters are put intc service only for about 5 hrs. a day. During the
rest of the day, the filters are kept sub-merged with the outlet valve
closed. While starting the filter the next day, the outlet valve is opened
so as to give the desired discharge of 57.5 m3/hr° measured by a 'V' notch
located in the filtered water outlet chamber. The filter was taken out of
service for scraping when it was not possible to achieve the desired rate
of filtration:even after the outlet is fully open. Ne¢ deterioration of fil-

trate quality was observed {till the terminaticn of the run.

Scraping of filter is done marually and is generally carried
out. under the supervision of NEERI Staff. The time taken for filter scraping,
the amount and cost of labour are given in Annexure-E. A brief note prepared
in local language describing step by step the filter cleaning process has been

given to the operators (English translation is given in Annexure—F,)

Prior to commissioning of the filters, the public were supplicd
with raw water from canal. An oral enquiry with some of the consumers
revealed that they were very much satisfied with the quality of water now

supplied. The need for an increased quantum of supply was also expressed.

e
Pt
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UMRER WATER SUPPLY SOULME

SALYIENT FEATURES

Location ¢+ * 50 Km South-East of Nagpur
Population Co i) Immediate stage year 1971 - 27000 sonls
ii) Ultimate stage year 2000 - 35000 sculs.
Annual rainfall : 130 cm.
Source of raw water : Irrigation canal 8 kn down
stream of head regulator.
Total daily requivement : Immediate stage 1700 m3
Ultimate stage 5000 m°
Present daily supply : 370 mS
Hours of raw water : Immediate (designed) stage ~ 15 hr.
pumping Ultimate stage - 221 hr.
Rate of raw water : Immediate stage - 115 m3/hro
pumping Ultimate stage - 230 m3/hr.
Raw water sump : Semicirenlar 3.44 m/dia, 5 m depth
Raw water pump house : Rectangular 5.5 m x 3.65 m.

Raw water pumps 2 sets of 12.5 B.HP. each.

12.Raw water rising main 250 mm dia C.XI. 'LA’ class 350 m length
‘ By~-pass 300 mm dia C.XI. pipe 43 mo.

13. Raw water storage tanks: Capacity 6800 m3

» size 55? x 25" x x 2.15° 2 Nos.
14. Raw water gravity main : 300 mm dia R.C.C. '"P1' class 286 m length
15. Slow sand filters : 2 Nos. 25.5m x 12.45 m x 3.5 m.
16 . TFiltered water sump : Rectangular, capacity 140 m3
17. Disinfection : By chlorine gas

18. Filtered water pumping

19.

machinery for :

i) Low level zone : 2 sets of 10 BIP deep well turbine

ii) High level zone : 2 sets of 25 BIHP deep well turbine
Filtered water rising : i) Low level zone : 150 mm dia C.I.
main 'LA' class 1020 m

ii) High level zone ; " 250 mm dia
CoIo 'IA' 018.85 3780 mo



; @

)
20 . Service reservoirs

21. No. of howe connections:

22. No. of public stand-posts):

- 23. Period of water supply :

50

High level zone, capacitly 470 m

3

Low level) zonec, capacity 235 m8

430
( 4 taps each ) : 24
Intermittent (about 1% hrs/day)



10.

11.

Annexure -

.

o

12

DETAXLS OF SLOV SAND FILTERS AT JMIER

Size of filters

No. of filters

[

Design rate of filtra-

tion
Inlet arrangement

Depth. of supernatant
water

Free board
Deptyy & size of sand

Type of underdrain

Filter rate control

Method of filter
cleaning

Hours of filter
operation

..

..

aa

25.5m x 12.45m x 3.5 m
Two
0.17 m/hr.

Rectangular channel with orifices

1.2 m

0.6 m
0.9 m passing through 10 mesh (2.03 um)

Brick underdrain.

Manually operated outlet valve.

Manual scraping

4-6 hrso/day .
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Aannexure - C

UMBER SLOYV SAND FILTRATION PLANT

Physico~Chemical Analysis of Raw & Filtered Water

Parameters

Tempe rature °C
Turbidity FTU
pH
D.0.
C -0 dD'-

; .. *
Alkalinity
T-hardness

Ca—hardness*

2.3.1976 9.3.1976 15.3.1976
A B C D A B C D A B C D
95 925 24.5 24.5 25 25  24.5 24.5 -~ 24.4 24.5 24.5
6.2 3.0 0.510.42 7.0 4.5 0.64 0.56 12 5.2 0.43 0.37
8.9 8.6 8.0 8.0 8.4 8.5 8.0 7.9 8.058.458.0 .0
12.7 9.i 6.6 6.5 9.9 8.5 6.1 6.3 6.5 8.4 3.4 3.3
15.0 14.6 4.5 2.2 11.0 5.4 2.2 4.0 16.0 12.8 6.3 -
89 96 96 96 101 99 99 99 109 100 100 100
86 93 93 93 100 96 96 94 107 96 907 97
52 62 62 62 67 63 63 63 68 61 62 62
Iron(Total)asFe0.24 0.25 0.04 0.05 0.42 0.34 0.06 0.07 0.7 0.25 N.D. N.D.

Chlorides asCl 1.5 1.5 1.25 1.25 2.9 2.9 2.9 2.9 2.2 2.2 1.5
Sulphates asso42 -6 3-25 2.0 4-25 5-75 6.0 1-75 1-5 2'0 2»5 2
- - - - - - - - 0.24 0.21 0.16

Fluoride as F

Silica as Si0g

16 15.2 15.2 16 12.8 12.4 12.4 12.0 12.8 12.8 12.8

A - Raw water from canal, near intake well

B -~ Settled water from storage tank,input to filters.
C - Filtered water from filter 1.

D - Filtered water from filter 2.

Values of chemical parameters expressed in mg/l.
N.D. - Not Detectable '
* as CaCOg
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Annexure - C ( Contd. )
Parame ters 22.3.1976 29.3.1976 5.4.1976
A B C D - A B C D A B C D
Temperature®C - - 26 .5 27.0 27.0 - .  26.0 26.5 26.5 - 26.7 26.7 26.6
Turbidity FTU 10.0 2.1 0.72 0.60 10.0 4.7 0.35 0.27 7.0 5.1 0.44 0.35
pH 8.0 8.6 8.05 8.2 8.0 8.2 7.9 7.8 8.7 8.5 7.9 7.9
D.o. 8.3 8.7 4.8 4.3 5.8 8.0 2.4 2.6 9 . 8.3 2.5 2.4
C.oD.. . 15.3 9.3 . 2.6. 4.9 6.0 6.3 1.2 1.2 0.6 12.5 3.1 3.5
Alkalinity™ 103. | 96.5  96.5 96.5 111 99 103 101 84 96 110 110
T-hardness” 100.5 93.4,'?.93.4 93.4 108 97 100 99 79 93 107 108
Ca-hardness 65 58 59 61 69 63 64 64 51.0 57.5 62 62
Sodium as Na 9.0 7.4 7.4 7.5 7.5 7.5 7.9 7.7 7.2 7.1 7.1 7.1
Potassium as.K 2.2 1.0 1.0 1.0 1.3 1.2 1.4 1.2 ¢.8 1.0 1.1 1.1
Iron(Tgtal)asLEe : 0.54 0.18 0.05 0.05 0.62 0.23 ND. N.©. 01 0.24 N.D. XN 3.
Chlorides as Cl 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.9 1.0 1.0 - 1.9
Sulphates as S04 3.0 ' 3.25 1.5 2.0 -'3.0, 3.3 2.3 5.9 N -8 2.0 2.0
Fluoride as F - .= - - 0.23  0.23 0.23 0-.23 G .25 0.26 0.26 0.9%
Silica as Si0o 10.8 "10.5 0.8 10.8 11.4 11.2 11.4 11.4° 0.3 10.3 10.3 10.¢

* as CaC03

€S
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\v Annexure - C (Contd.)
Parame bere 3 14.4.1976 : 19.4.1976 26.4.1976
| A | B c D A B C D A B C D
Temperature®C L 27.2 28.0 27.9 @~ 27.5 27.6 27.5 - 27.7 27.5 27.4
Turbidity FIU 10.4 7.1 0.42 0.3 12 % 0.7 0485  11¢ 10* 4%  0.55
pH . 8.1 8.6 7.9 7.9 8.40 - 8.10 8.1 g.1 8.4 8.2 8.2 -
D.0. 6.8 7.5 2.0 1.8 1.3 8.0 2.6 2.5 4.6 7.5 3.6 3.6
C.0.D. 0.3 6.8 5.0 2.9 12.1 ' 4.76 4.96 14.0 8.2 4.2 4.6
Alkalinity' 92 92 " 96.5 06.5 99 90 90 101 95 92 . 92
T-hardness 9 - 87 93 93 97 g 88 89 100 91 86 86
Ca-hardness” 56 54 60  60. 61 = 56 56 65. 60 62 51
Sodium as Na 7 8.4 7.9 7.9 6.6 " 6.6 6.6 7.9 7.9 1.9 7.9 ,
Potassium as K 0.8 : 0,8 1.0 1.0 0.9 §. 0.9 0.9 1.2 1.2 1.0 1.0 =
Iron (Total) as. Fe 0.6 1 0.42  0.04 0.05 0.46 3 ND. ND. 0.11 N.D. NJD. NI
Chlorides as Cl ° 1.0 1.0 1.0 1.0 2.2 1.5 1.5 1.2 1.2 1.0 1.¢
~ Sulphates as S04 2.5 2.0- 2.0~ 1.8 3.0 ' 2.0 2.5 3.0 3.0 2.3 2.3
Fluoride as F 0.21 0.21  0.21 0.20 0.27 0.27 0.27 0.27 0.27 0.27 J.2%
Silicia as Si0g 0.5  10.0  10.3 10.5 9.5 9.2 9.2 13.0 10.5 10.9  12.9
* as €aC03



Annexure - C (Contd.)

Parametors 3.5.1976 o 10.5.1976 17.5.1976
XK ® c ) X B T D Y B C i)
Temperature®C = 26 .7 26.7 26.7 - 27.2 23.2 28,0 28.5 29.2 28.9
Turbidity FTU 23 12 0.62 0.36 31 15 1.2 0.44 97. 16 0.78  0.37
pH 8.8 8.4 8.3 8.2 8.5 8.5 8.1 8.1 §.7 2.6 8.1 8.1
D.0. 1.4 7.5 9.4 2.3 9.0 7.4 3.5 2.3 9.8 7.3, 2.4 0.8
C.0D. .. 11.9 9.2 3.1 2.9  10.1 9.7 4.2 4.6 8.3 2.3 4.3 4.4
Alkalinity* 109 100 103 102 100 99 104 104 164 98 105 107
T-hardness - 106 96 100 98 04 92 97 o7 96 88 100 98
Ca-hardness * 66 58 62 58 58 56 58 58 50 . 52 60 62
Sodiun as Na 8.3 7.9 7.8 7.8 7.9 7.9 7.3 B0 9.2 9.2 9.0 9.0 e
Potassium as K 1.2 1.2 1.3 1.3 0.9 1.0 0.9 0.9 1.0 1.1 1.2 1.2 <
Iron(Total) as Fe  0.65  0.52 N.D. N.D. 0.76 0.58 N.D. M. ‘e 0.6 ND. NOD.
Chlorides as Cl- 2.0 2.0 2.5 2.0 1.5 1.5 1.5 15 1.5 1.5 1.5 1.5
Sulphates as S0, 3.8 3.0- 1.8+ 2.0 . 3.0 2.5 0.3 2.3 3.5 2.8 2.0 2.
Fluorides as F. .32 0.31 0:31 0.31 0.27 0.27 0.27 0.27 0-24 0.24 0.26 0.24
Silica as Si0s 1.9  15.0 . 12.0 15.0 - ~ - - 13.0 11.8  13.0  13.0




Annexure - C (Contd.) .

Parameters . _24'551976 ‘ - . f_A3;.5.1§76 - . ' - 756.1976C D
Temperature®C - 29.0 29.9 29.2 T - 98.0 28.5 28.6. - 95.5 26.7 26.5
Turbidity FTU 23 8.5 1.5 0.35 28 6.8 0.95 0.4 11 7.0 1.0 0.42
pH ‘ 8.0 8.3 8.0 7.9 7.9 §.4 8.0 7.8 ' 8.5 8.5 8.2 8.1
D.0. 5.1 7.2 3.3 0.6 5.4 6.9 1.1 0.8 8.4 1.7 1.7 2.3
C.0.D. 12.8 13.3 8.3 8.7 9.9 6.0 3.5 1.1 12.6 10.3 5.2 4.8
Alkalinity ) 96 92 96 100 9 90 100 100 108 98 96 96
T-hardness - 88 84 90 92 84 82 94 94 102 86 84 86
Ca-hardness" 55 54 54 54 46 46 54 56 &1 51 51 52
Sodium as Na 8.6 8.6 8.5 8.4 9.2 8.6 8.6 8.6 §3 8.6 8.6 8.4
Potassium as K 1.2 1.1 1.1 1.3 1.1 0.9 1.0 1.0 1.2 1.1 . 10 @
Iron (Total as Fe 06 0.58  0.06 NJD. 1.3 0.6 ~ND. N.D. 1.06 0.4 N.D. N.D
Chlorides as Cl 1.5 1.5 1.5 1.5 2.0 2.0 2.0 2.0 1.25 1.25  1.25 1.23
Sulphates as S04 2.3 2.3 2.3 2.3 2.3 2.3 2.3  £.3 i3 4.2 2.3 2.2
Fluorides as F - - 0.27 0.27 0.27 0.27 G.29 0.29 0.3 0.3
Silica as Si0, 0.0 10.5  10.5 10.3 13 9.5 9.5 9.5 t4.2 11.8 10.5 10.3 ;

* as CaCOj ‘ . E
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Annexure -C (Contd.)

‘e .

12.0.‘.

14.6.1976 21.6.1976 28 .6.1976
Parameters % ' B C D A B c N A B C D

TemperatureC - 27.2  28.2 28.4 - '928.5  28.5 29.5 - 98.5  20.0 29.C
Turbidity FTU 18.0 15.0  0.75 0.43 19 25 0.56 0.52 34 14 0.34 0.20
pH - 8.2 8.6 8.0 8.1 8.1 8.1 8.1 8.1 7.8 8.5 8.0 8.0

" D.0. 4.9 6.0 1.1 i.1 3.3 4.3 1.2 1.6 2.9 0.6 1.6 0.7
C.0.D. 6.6 3.6 2.2 2.4  12.3 10.7 8.4 5.6 14.5 11.3 4.6 3.2
Alkalinity® 114 112 112 112 106 106 102 102 114 102 109 109
T—hardness* 96 96 94 - 94 102 102 102 102 99 90 95 96
C-hardness” 58 60 54 . 54 60 56 58 56 62 54 58 58
Sodium as Na 9.1 ~ 8.9 9.3 9.3 9.6 9.8 9.6 9.6 9.0 8.9 8.7 8.7
Potassium as K ’ 1.4 1.4 1.4 1.3 1.5 1.5 1.4 1.4 1.7 1.6 1.6 1.7

_ Iron (Total).és Fe' 1.4 1.4 - ND. N.D, 1.88 1.8 N.D. N.D. 1.88 0.84 N.D. N.D.
Chlorides as C1° 1.3 1.3 1.3 1.3 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Sulphates as S04 4.3 - 4.3 . 2.3 2.3 6.0 8.0 4.3 4.3 4.3 2.0 2.0 2.0
Fluorides as F 0.26 0.25 0.25 0.24 0.25 0.25 0.24 0.24 0.26 0.26 0.25 0.26
Silica as Si0s 11.9  11.9 11.9 10.3 10.9 12.0 12.0 10 .0

10.0 9.0 g.2

* as CaCOg

LS



Annexure - C {Contd.)

o

: RESULTS OF BACTERIOLOGICAL ANALYS IS FOR UMRER PLANT
' (MPN/100m1) ‘

Date Coliforms Faecal Coliforms .coli
A B C D E: A B c D E 4 B C D

2.3.1976 920 4 z 4 2 33 920 4 4 2 33 920 4 4 2 3
9.3.1976 110 49 0 0o - 79 23 0 0 - 79 23 0 0 -
15.3.1976 21 . 21 0 0 0 17 6.8 0 0 0 9.3 4.5 0 0
22.3.1976 2400% 920 0 0 13 2400+' .920 0 0 0 2400* 920 0 0
29.3.1976 240 49 0 7.8 0 240 - 49 0 78 0 240 49 { 7.8
5.4.1976 . 2400" 4.5 0 2 0 540 2 0 0 - 540 2 0 ¢ 0 -
14 .4.1976 2400* 33 0 4.5 - 2400" 33 0 4.5 - 2400+ 33 0 2

19 .4.1976 240 14 0 2 - 240 14 0 2 - 240 14 0 2 &
26.4.1976 _ 240 33 0 0 0 130 33 0 0 0 130 33 0 0 e
10 .5.1976 170 70 130 0 - 170 w0 - 130 0 170 70 130 0 -
17.5.1976 »110 23 7.8 -2 - .79 13 0 0 79 13 0 ¢ 3

Remarks

= n-

i
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Annexure ~ C (Contd.)

.‘

Lo

2400 170

Date Coliforms ""F.coliforms E.coli Remarks
; A B ¢ D E A B C D E A B C D E

24.5.1976 33 31 0 2 33 31 0 0 2 33 31 0 0 2 F
31.5.76 2400 350 70 - 170 13 2 - 170 13 0 2 - S
6.6.76 920 540 0 0 0 920 79 O 0 0 920 79 0 0 0 F
14.6.76 2400 2400 49 79 o 580 1600 47 17 O 540 920 5 11 g
21.6.76 1600 1600 7.8 11 o 1600 1600 ¢ 0 1600 1600 0 0 :
28 .6.76 9200 5400 2 o 9200 5400 0 0 0 9200 5400 0 0 5
5.7.76 3500 330 0 0 0 790 330 0 0 0 790 330 0 0 F
'13.7.76 " 16000 7900 17 23 o 0 9200 2200 5 -23 2 3500 2200 5 13 0 g
19.7.76 2400 2400 2 5 5 2400 2400 2 5 0 2400 2400 0 5 0 S
26 .78 13 8 100 190 "0 13 5 10 210 130 13 5 7T 3

64
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Annexure - D

DETAILS OF FILTER RUNS

{

Filter 1.

Date of commissioning .19;9;1975" 15.11.1975 14.2.1976 7.5.1976

Date of scraping 11.11.1975 8.2.1976 4.5.1976 14.7.1976

Net filter run 16 days 17 days, 15 hr. 25 days, 15 hr. 20 days, 6 hr.

Final loss of head - cum - - - 107 an

Total water filtered 20800m> 22950 m° 33300 m3 26320 m°

Total water fil‘l;ered/m2 65.6 m3 72.3 m3 105 m3 82.9 m3
Filter 2

Date of starting 21.10.1975 14.2.1976 - 27.5.1976

Date of scraping 8.2.1976 24.5.1976 131.7.1976

Net filter run 18 days,12 hr. 24 days 16 days, 18 hr.

Final loss of head - - 104 cm
Total water filtered 24050 m° 31200 m° . 21760 m?
Total water filtered/m® 75.7 m3 98.3 m3 -68.6 w3

| Note

: Filters operated only for 4-6 hr. ‘a day .

09
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-Annexure~ T

FILTER SCRAPING

Detaiis of Labour and Cgiﬁ

size of filterg . : 25.5m x 12.45 m
Area of filter (0ne) : 317.5 m?

Down time due {o draining of : i day

bed

Down time due to scraping 2 days ( 8 hr. each )

Down time due to refilling : 1 day

Labour :

Total No. of labourers required/ : 6

day '
Mason : 1
Labourers : 5

Cost : ) S

Cost of labour for 2 days _ .

at Rs.5 per Mason / day : ~ Bs10/-
Cost of Labour for -~2 days Lo
at Rs. 3=75 per labour/day _ Rs.37=50-

Total cost/filter/scraping : Rs 47450
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Annexure - I

VOI’ERAT ING INSTRUCTIONS FOit SLOW SAND

FILTERS (UMRER)

Daily Filter Operation :

14

Open the influent valve to the filter to admit settled

water from raw water storage tanks.

Open gradually the filtered water outlet valve, so as

to obtain rated discharge over 'V' notch.

After half-an-hour, check the water level in filter box.
If it is below the FosoLo,.increase the raw water inflow
to filters. If it is above F.S.L., reduce the supply to
filters so as to maintain a constant water level over the

filter bed.
Recheck discharge over 'V' notch and adjust, if necessary.

Each day after starting the filter, it may be necessary to
increase the outlet valve opening (the number of turns) to

maintain the desired rate of filtration.

Even after opening the filtered water outlet valve fully, if
the desired discharge over 'V' notch is not obtéined, the

filter needs to be cleaned by scraping the top layer.

Filter Cleaning (Scraping) Operation :

/
After reaching the stage at (6) above, proceed as follows

Close the influent valve to the filter.

Keep the filtered water outlet valve open and allow the water
to filter.
When the water level in filter box drops to about 10-15 cm

over filter bed, close the filtered water outlet valveo

P
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10.

11.

12.

13.

14.

15,

16.

17.

93

Open thie scour valve and allow the water to go to waste.

Lower the water level to about 10 cm below the top of the
sand bed. The level can be ascertained by mawing a small

hole 10—15‘cm'deep in the sand bed.

Scrape the filter bed by removing thc top 1-2 cm layer of
sand uniformly from filter and level the sand surface

wlterever necessary.

After scraping is complete, admit filtered woter from
bottow through the outlet valve by diverting the filterved

water from the other operating filter.

Allow the water level to rise to about 20-30 cm above sand

bed .

Close filtered water valve and admit raw water from top.

When the F.S.L. is reached, gradually open the outlet.

valve to give the degsired discharge over the 'V' notch..

Continue as per instructions 4,5,6 etc. given in daily

filter operations.
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PART - III

DATA ON EXISTING SLOW SAND FiLTER INSTALLATIORS SERVING
SMALL AND MEDIUM SIZED COMMUNITIES IN INDIA

YT e
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Slow Sanu Filters in India - An Inventory

Introduction :

The scope of the first phase of the programme of laboratory

investigations includes, among other things, the preparation of aun inventory

of slow sand filter installations in India. The opject of this inventory is

L)
..... Y1y

maintenance of slow sand filters and to identify areas of future rescarch

and development. The information would also help on the planning and

execution of the second phase of the programme.

Questionnaire :

As a first step towards informationm collection a questionnaire
incorporatiné the various aspects td be covered was prepared and sent out
to all the Chief Engineers (Public Health Engineering) of States in India.
4 specimen of the questionnaire alohg with a list of addresses to which it

was sent is given invAnnexures I & II. It is fully realised that the para-

meters covered are not exhaustive. In order to evoke a favourable response
from field engineers, the questionnaire was so designed as to be brief and

at the same time covering all vital aspects.

Response to Questionnaire

The response to the questionnaire, though rather slow, has bcen

encouraging. Information so far obtained is given state-wise in Annexure-111I.

Out of a total 24 Chief Engineers to whom questionnaire were sent, replies

have been received from 14 of them. Information furnished is however incomple-

In order to hasten collection of information, it appears
The matter

te in many cases.
that visits may have to be made to the concerned offices/sites.

is actively persued in order to comple te the data collection.

.~



~installations in use.
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Information Analysis

A preliminary analysis of tlhe available information given in

Annexure IV brings out the following obscrvations

Slow sand filters have been in use in India from as far back
as 1857 (Calcutta) and new filter plants (Jarain Water Supply Scheme,
Umrer Water Supply Scheme) continue to be constructed to serve population
groups ranging from a few hundres (340) to several thousands.

Generally, the sourcedf raw water is onc of the following

a. Canal water;

b. River water;

¢o Impounded reservoirs
Sedimentation/extended settling is the common form of
pre-treatment-

During periocds of high turbidity in monsoon Alum Coagulation

followed by sedimentation has heen practised in a number of plants.

The rate of filtration géﬁeréiiy has been the'traditional
0.1 m/hr. Detaiied specifications for fiifcf;sand and gravel are not

available in maﬁy cases} Perforated PipeAhﬂdérdrains and brick under-
drains seem to be commonly used. Lohg—term performance data are not

available for any of the treatment piéntél

A common difficulty in operation and maintenance appears
to be short filter-runs due to excessive algal growth or high turbidity

during monsoon. Publishqd information is not available for most of the

v
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Amnexurn - f

e o e 2 20 s e o

QUEST TONNA I 0N~311ﬁf SAND VILIRAT oW

1. Location, year of constru-
ction and capacity

2. Population served

3. Source of raw water : River
Impouided Reservoir/laie
Any other.®

4. Dota on raw water quality, : Please furni ¢l ia 2aclosed
if available proforma.

5. Type of pre-ireatment, : Plain sedimentation
if any* Extended settling

Roughing Filtration
Coagulation and Sedimentation.
‘Any other.

. 6. Number and size of filters

7. Normal and maximum (design) : I Y4 S o
rate of filtration. ceeesesesenssessesgph/sq.ft.
8. Specifications of filter :  Sand Gravel
media. : ST
Depsth....m Grading Deputh
Bffective
S1Z€veosee.omm
Uniformity

Coefficientececoo

9. Type of under drains with* : Brick under drain
details, if available : Pipe under drains
Any other.
10 . Permissible headloss : cevsscssonessensello
11. Frequency of cleaning : I eesssessersssdays.

(Scraping)of filter bed

* Please strike out whatever is not applicable.

~ .
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i2. Performance data, if available

13. Diffienlties, if any, in cpera-
tion and maintenance *

14. Proposal, if ady, to abandon =~ :
the existing slow sand filters
indicating reasons.

15. Published information,
internal reports etc.

.o

Filtered water turbidity..so..

Bacteriological quality ...o..

N

©

algal growth.

b) Production of tastes and
odours in the effluent.

c) Underloading/nver loading
of filters.

d) Scraping ard cleaning of
sard.

e) Availability and procurement

of sand.

Short runs due te excessive

ST
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Annexure-I (contd .)

PROYFOIIMA TOR WATERL QUALITY DATA

(Note3 i) Please fill up separate proforma for raw & filtered water samples.
ii) In casc the reporteéd values are averages, pleaseindicate the
number of samples).

Nature and source of sample

Number of samples

Physical Characteristics

Turbidity (units)
pH
Temperature

Chemical Characteristics

(A1l values expressed in mg/l)

Digsolved .solids .. )

Total alkalinity as.Cacos
P-alkalinity as CaCOé
M-alkslinity as CaCOé_ :
Total Hardness as CaCOé

Alkaline hardness as CaCOé , :

Noh—alkaline hardness as CaCOg

~Chlorides as C1 , :

Sulphates as S04

Iron, as Fe

Manganese, as Mn
Residual chlorine, if any

Bacteriological Quality

Plate count on Nutrient agar
No. of bacteria/ml (24 hrs. at 37°C)
Most Probable Number (MPN) per 100 ml.

Coliforms : resseeveosenosny
E'COIi : W 50 9 0 00 OO PP O
Faecal Strept-

ococci : cessssecseresnas

Remarks :

© oy
IS w
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Annexure

INVENTORY ON SLOGW

-3

SAND T1LTERS

List of addresses (State-wise) to which questionnaires
were sent

e o

Andhra Pradesh A 1.

Shri P.Ranayya Naidu,
Chief Engineer,
Public Ucalth Engineering,

. A.C.Guards,
. Hyderabad 4.

€hri Ramchandra lao,
Chief BTngineer,
Panchayat Raj,
Barkatpura,

- Hyderabad .

Bihar 8.

Goa 4.

Gujarat ' 5.

Haryana : ? 6.

The Chief EBagineer,
Public Health EnbgaDepdrtmenl
Patna. :

Shri B.R.Naique,
Chief Engineer,
P.W.D.
Panji.

Shri I.XK.Medi, :
Chicf Engineer (Public Health),

Government of Gujarat,
Sachivalaya, Gandhi hagar,
Gujarat. .

Shri L.M.Chaudhari,
Additional Chief Engineer,
Public Health Brauch PW.D.
Chandigarh.

Shri J.L.Sethj,
Chief Engineer,Public Health Engg.

. Department, A
- Chandlgarh,;‘

Himachal Pradesh A 8.
' o Chief Engineer(South),
P W.D. Simla-

-------

Shri H.C. Nalhotra,

Shri R.K.Singh,
Chief Engineer (North),
P.W.D. Simla.
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Jammu & Kashw' v

Kavnataka

Kerala

Madhya Pradesh

Maharashtra

Meghalaya

Nagaland

Orissa

71

1G .

].]G

The Chuef Bngineer,

Tabiic Henlth bngg.Departnent,
Government ol Jamm: & Kashmir,
Srinugar

Tre Chief Tngincer,

Public Health Ongineering Deptt.
Gevernment of Jammu & Kashmir,
Jammu-Tawi,

J ampu

. The Chief Enzineer,

Pubiic Health Brigineering Deptt.

Bapgalore~i,

Shri D.Appukuttan Nair,
Chief Bngineer,
Public Mealth Engineering Reptt.

- Trivandrum-11.

]4' ®

Shri D.R.Jagannatha Rao,
Chief Engineer (Urban),
Public Health Engg.Department,
Government of Madlhiya Pradesh,

- Bhopal.

160

17.

180

19.

Shri Q.N.Qazi,

Additional Chief Bngincer,
Public Health Engineering Deptt.
Government of Madhya Pradesh,

Bbopal.

Shri S$.T.Khare,

Chief Enginecr,

(Public Health)& Joint Secretary,
Sachivalaya,

Bombay=~32 (BR)

The Chief Engineer(Public Health),
Government of Meghalaya,
Shillong 793 001.

Shri N.Rynjah,
Chief Bngineer,
PW.D. Kohima.

Shri D.N.Singh Deo,
Chief Engineer,Public Health Deptt.
Bhubaneshwar.
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Punjab‘ 20. Shri Reshum Singh,
’ : : Chief Enginecer, .
P W.ID. Public Health Branch, ,
Yunjab. §
Rajasthan 21. Shri P.S.Rajvanshi, .
' Additional Chief Engineer, .
Public Health Engincering Deptt.
2-Civil Lines,
Jaipur 302 006-.
Tamil Nadu 22. Shri K.Govind Menon,
' Chief Engineer,
Pablic Health Engineering &
Muniecipal Works,
Chepauk,
Tamil Nada Water & Drainage finavd,
. Madras-5.
Uttar Pradesh 23. Shri A.C.Chaturvedi,
Chief Engineer,
Local Self Govt Enginecering Deptt., ¢
6, Rana Pratap Marg,
Lucknow. o
yest Bengal 24, Shri B:N.Sen,
Chief Engineer,
Public Health Engineering Deptt.,
New Secretariat Building,
K.S .Roy Iload, :
Calcutta.
[ _
& LI
® ' ' o -

e mematm s e mimmeaee i e meman e ot e et

Tt ) . . . ! .



.

<

SLOW SAND TILTER INSTALIATIONS N

73

Apnexuare -

——

111

D IAF

State

Andhra Pradesh
Bihar

Goa

Gujarat
Haryana

Himachal Pradesh

Jammu & Kashmir
Karnataka
Kérala

Madhya Pradesh
Maharashtra
Meghalaya
Nagaland
Orissa

Punjab
Rajasthan
Tamil Nadu
Uttar Pradesh
West Bengal

No. of installations

1

Information not received
Nil

2

64

Information not received

-do -
~do -
2
11
4
1
Information not receijved
-do-
~do-

1
9
6
1

Infomation on the location of slow sand filter

installations has been received from 12 States. However,

details are available only for 73 plants.

* Information obtained upto 31st July, 1976.
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Frequency Distribution of Slow Sané Filters Acéording to Various Parameters

Annexure ~ IV

Total No.of plants - 73

Populaticn Upte 501-  1001- 2001~ 500i- §,001- 16,001- 15,001~  20,000- 30,000-Above 1 laki ( ££0,000)
Range 5G0 1000 2000 5000 8.000 10.000 15,000 20.000 50.000 1.00000
1 2 8 24 15 7 4 3 3 5 1
Source of Canal River Stream Impoundecd
Raw water L Reserveiz . _ __ . ..
60 8 2 3
Type of Nil Plain sedimentation/eifended Plain sedimentation+ alum
Sedimentation coagulation during monscci:
Pre~treatment o _ o L L L L C L h ol e e e e e e e e e e e e E e e e — = = T — ==
' 2 48" 22
Rate of 0.1 m/hr 0.17 n/hr. 0.2 m/ar
Filtration el B il di e el i T e T s e T s e = e s s e e s e = - T
70 1 2

Type of under-
drains

i
i

Cement concretie
channels & slagb

Brick underdrains
topped with precas:
concrete slab.

o e o e e e Em e e me B e wm e m e e e e e e mm e e M e e ae e M mm o e e e Em e e e = = ™ e e

. 32 . R o ' .‘ LT,

3 29
'Frequency of Not reported. Upto 10 days 11-20 davs . 21-30 days 30 days Summer 10-15 Summer 12-15 Monsoon 15
cleaning  _ _ _ _ .. . _ ~ o L Yinter gQ:3Q.W}Qﬁgr_li—ga;wanggi_Zq—QQ
7 4 23 1¢ : 5 G 4 i
’:W h - L} VoA ° .
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A LABORATORY STUDY ON TUBE SETTLING

INTRODUCTION

The term tube settling used herein refers to the use of challow settling
devices with a detention period a fraction of that of conventional settling tanks
to achieving comparable settling efficicncies. The settling device can be short
pieces of pipes, closely spaccd plates cr tubes of any convenient shapes. The
application of tube settling in water treatment so far is mostly for coagulated
raw water (1,2). Verylittle appears to have been done in exploring the potential
of the use of tube settlers for plain sedimentation of raw water as a possible

economical pretreatment process especially for applications in developing
countries.

OBJECTIVE

The objective of the study is to investigate the settling efficiency of a small-
scale tube settling device using natural raw water from an irrigation canal as
well as synthetic raw water, both without coagulation. The use of canal water
is significant since many small communitics in Pakistan rely on such a source

for their drinking water supplies. In other words, the results obtained should
be relevant to practical conditions.

DESCRIPITON OF APPARATUS

The schematic sketch of the experimental set up is shewn in Figure 1.
It consisted of a raw water reservoir, a constant head tank, a raw water recir-
culation system including an elcctric centrifugal pump, the tube settling tank
(high rate settlers) and a rotamcter for flow conirol. The suspended particles
were kept in suspension in the raw water reservoir ty an electric stirrer.

The constant head tank had a main scction and an overflow section.
The main section measured 15 cm by 15 cm and 12.8 cm deep to the over flow
level. The raw water was first pumpcd from the reservoir into the main section
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of the constant head tank in such a way that the incoming jet would provide
substantial stirring to prevent sediment in the constant head tank. The supply
to the tube settling tank was led off near the bottom of the inlet side of the main
section of the constant head tank. The excess water in the constant head tank
flowed over the top of its partition into the overflow section for return by
gravity to the raw water reservoir.  The pumping rate was kept greater than the
flow to the tube settling tank.

The tube settling tank rectangular in plan w.is made of No. 22 galvanized
iron sheet. The tank was 89.5 cm long and 18.5 cm wide with an overflow
depth of 10.5 cm. [t had an inlei comparimeni and 2n outlet compartmens.
Both compartments extended to the full width of the tank and were
8 cm wide. A perforated baffle was provided at the inlet side
and an overflow weir at the outlet side. The tube settlers were formed by
fourteen No. 22 galvanized iron sheet plates, each 61 cm long and 18.5 c¢cm
wide spaced at a clearance of 6.3 mm by glass tubing along the two sides of the
tank.

The rotameter was inserted in the feedline between the constant head
tank and the tube settling tank.

METHODOLOGY

The canal water was normally taken fresh from a nearby irrigation canal
in the morning of the day a run was to be made in plastic containers of approxi-
mately 5 and 10 liters. The use of small containers was to facilitate agitation
before feeding the raw water into the raw water reservoir.

Synthetic raw water was prepared with tapwater and Chinese Fuller's
earth at the rate of 50 grams per 40 litzrs on the day a run was to be made.

Flow rate control was obtained by sctting the float in the rotameter at a
given reading. The actual flow was checked by a stopwatch and a plastic 1-litre
measuring cylinder. Water temperature was measured by a mercury thermo-
meter every hour. Hourly raw water samples were taken from the raw water
reservoir for turbidity determinations on a Hach Turbidimeter, Model 2100A
during a run.

Efflu:nt samples were taken at 15-minute intervals from zero hour for
turbidity measurements. Effluent sampling continued until a steady turbidity
reading was reached.

The settling tank was filled to overflow level with tapwater and settled
water from the previous run before each run.

2
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FIG. 1 SCHEMATIC SKETCH OF EXPERIMENTAL SET-uP
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1. Electric Stirrer

2. Raw Water Reservol

|
&

4, Pump

5. Rotameter
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7. Tube Settling Tank

8. Overflow Weir

3. Constant Head Tank 6. Perforated Baffle 9. Effluent Sample
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EXPERIMENTAL RESULTS

(a) Syntbetic raw water :

canal.

The experiment was interrupted due to heavy flood-damages of the canal

3

. o Ten runs were made in January and February 1975, using synthetic raw
’ "7 water. Table 1 presents the results.  The efficiency achicved was quite encou-
' raging. It was therefore decided to procecd to the second stage using natural
] ) wncoagulated canal water as the influent. Notice that the raw water turbidity
? . . .
g : ) * varies even though the same dosage of Fuller’s earth was used in each run.
' { / TABLE | :
5 : |
1 Tube Settling of Synthetic Raw Water
Water Flow Raw Water Effiuent Efficiency ’ _
Run Temp. Rate Turbidity Turbidity % 4 Co
°F ml/min JTU JTU e
I 56 279 100 13 90.7 ‘ ¥
' 2 55.5 430 150 19 86.4 SRR
¥ 3 55.5 725 180 23 83.6
\' 4 56 216 125 12 91.4 g i
» 5 57.5 182 160 15 89.3 .
. _ .
| 6 55 116 130 9 94.6 :
7 54.5 79 105 6.9 95.1
8 57.5 96.5 175 7 95
9 60 101 130 8 96.3
10 60.5 221 130 10.2 92.7
(b) Canal raw water: o '
Ten runs were made from May to June 1975 using raw water from the i
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intzke in the fall, the season of high turbidity for canal water. Hence, the rcsults;'
were somewhat inadequate for highly turbid raw water. Table 2 presents the!

results indicated as Run 1 to Run 10 for May to June 1975. Runs 11to 15 were:
made from September to November 1974 when the canal water had a turbidity;

level of less than 100 JTU.

TABLE 2

Tube Settling of Canal Raw Water

3
y

Water Flow Raw Water Effluent Efficiency
Run Temp. Rate Turbidity Turbidity % 3
°F ml/min JTU JTU k:
1 78 76 10" 22 8 F
2 82 90 110 25 7.3 P
3 87 95 175 26 gs.1 ¥ ‘
4 74 96 160 - 30 81.4 §
,.
5 82.5 109 175 30 82.9 |-
6 7 116 160 33 9.4 b R
7 81 157 170 45 73.5 2!
8 83 154 280 90 67.9 k.
[
;o
9 74 164 250 80 68 | :
10 74 203 280 102 63.5 § 3
1 81 63.5 70 7.5 89.3 |
12 71 68.4 24 5.7 76.2 §°
13 69.5 61 23 4.3 81.4 ,;
14 64 120 20 4.2 9 F.
15 62 123 14 3.7 75.4 b
4
4
L
1
i
%
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(c) Effect of Plates on Settling Efficiency:

Six runs were made with the plates removed from the settling tank to
observe the effcct of the presence of plates on settling, These runs uscd syn-
thetic raw water preparcd from Chinese Fuller's earth as in (a) and were made
during the same period as for the runs in (a) to minimize the temperature effect.
Fig. 2 presents the comparison of the results of the two sets of runs, one with
plates and the other without plates. Notice that the set with plates is the same
one presentcd in Table 1.

DISCUSSION AND CONCLUSIONS

It is easy to see that settling efficiency of a given tube settling system
varies substantially with the characteristics of raw water.

For the canal water studied, the tube settling device can provide gocd
pretreatment without coagulation at moderate level of raw water turbidity.
Performance tends to dcteriorate as raw water turbidity reaches the level of
250-280 JTU. In view of the limited results on highly turbid water, further
study is necessary before definite conclusions can be made.

The presence of plates does improve the settling efficiency especially at
higher flow rates. Since the expzrimental settling tank without platcs is still a
shallow settler, the improvement of efficiency due to the plates compared with
that of conventional scttling tanks of, say, 3 meters deep would be more sub-
stantial than that indicated in Fig: 2.
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INSTITUTE OF PUBLIC HEALTH ENGINEERING & RESEARCH
LAHORE, PAKISTAN

PERFORMANCE OP LABORATORY SCALE

HIGH RATE SETTLER USING CANAL WATER AS INFLUENT
OCTOEBER, 1975

Flow : | Influent Effluent

. S U SRUURNIOUL U SIS SV T L SUh PIPAPLSR R S VOO S, s e e 4 = B B AL vt e o a8

Wy

Date Temperature
Litres/minute Turbidi ty, U Turbdidity, PFU % Removal op
9675 92.2 160 27 83.1 74.0
10-6-T5 110.0 175 30 82.8 82.5
17-6-75 116.0 160 33 79.4 75.0
18-6-75 157.6 170 44 T4.1 81.0
21-6-75 155.0 280 90 68.0 83.0
25-6-75 165.0 250 | 80 68.0 74.0
27-6-75% 210.0 280 95 66.1 74.0
28-6-7% 166.7 200 T7 61.6 80.0
19-8-75 45.0 - - ~ 280 85 - 69.0 84.0
2-8-T5 41.3 260 70 73.0 84.0
22-8-75 48.4 a0 72 65.7 81.0
14-10-75 41.2 95 4.0 95.8 75.0
15-10-T5 41.0 55 3.0 9.4 80.0
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) WRPOSES OF V1&lI?

The Msit vag kindly arronged by Hre Fazal Qureshi, Chief
Eoglnser, Public Health Eorinsarics Depsrtmeont, muaabé ¥r. Iqbal
Busgein, Resoarch Offfcer of the Departrant, Qook all the troublo
to sccompeony tba writar duriag tho visted

A ¢ prasort, WHO 4s very keom in studying am pmhotiag
alov ezl filter gystoms especielly for devoleping countrlase The
Patioki Plent is a slov sond filtration Plant neaoract to Lahore using
canal wator as the gpurca, Raw Water turbidity 1s scaetftss fulrly
high and pratreatent appoarg $o0 b2 &8 adoquately provided by plain
sodimentation, Tho purposas of the vieglt vere therefores

(I) To obgorve the working of the systoms

{2) To oxoming tho gensral proctice in oporating

o a troatnent plant for rolatively wmall coomunities i
' the Punjab,

() %o ftmvortigabte tho potentiel ¢o uss the Plamt
e8 a0 i, L claoe £1edd workahope

~ The kin2noos of Mre Quroshi, Hre Auscaln and porsons
involved ia making the vigld powsidble 19 gretefuly askacwlodgeds
2, Daseription cf ths System

T i W8

The Vator sipply syctoa vas completed abcut three yoars age -

and sorvog promontly a populaties of sbout 1G,000 out of the total
population of 20,000 in ths served aress Ten standports are provided
for the goaoral mbqu llonca, tha octusl muder of parsons benofited

~ bay excoad W,000s Deily sup-ly §o 1izdted to four hourg with s

$otal quantity of 300,000 ralgs
The maln trcatosot fecilitios tncgudo tuvo sottling tenks

.ot 2270 eoch with a total eapaci%g of S B2 thres elow pand

filtors of 60Y 0! each, aod & cylindricnl clear vates tank of
90! {n dlametor and 9‘ in dopthe A 50)000 gal overhaal tank g aluo
xocatod ia the Plant. The supply system o3pleys o Mol ox 1@ poreona.
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Rew vetor f\ova about. 5700' by grovity from the canal to the
gottling tankes fotiled ¥ator is Purmed iato a highelovol tashk for
aletridusion to the £ilters, Flltered valer flous by gravity into tha

clear wator Sank acd i@ chlorinoted in the tesk bofora being pumped 8%0

ths ovarhend tonk,

3, CPERATION OF THE PLADE
 Tha ecttling torks ave oporetod odf a filleendedron
Ms.vibh a Siveadsy cyclos In olther wvonig, veder 48 drayn frow
ong dank costimously for five dsys while the other tonk ig being
£11104 vith rzw vator, Mnce tha conmumption of five daye is lees
thaa 'tha capacity of one soitllng tank, the withdrasal operation
doge not enply the taak, The sxception is during cansl oleening when
both Sonke will by ewpiied for the period, Hance the settling tenks
serve t2o purpose of gxilusntatics as wcll as amargency sborage. Sludpe
socumalatioa {8 apparently nod seriouss There appears no sood of -
clooning after throe yooard® operationy |
The operation of tha throe alow sond filters {son a
- rotation besles 4t anytime, ode would be f1ltering o one would be
% being empticd for cleaving and the third ong would be being meds
I rexly for {iltaring., Thig mqans that only ome filtar §@ actuslly 4n
use ot any time, Bach cycla takas a weol, indicoting a filter
s ¢f svan days vhich s extermely Iow for glow sand £11tors)
- The dirty marfass loyer 48 straped off tho ssnd Bed and s
. dlesarded et each £81tar cloaningy’ The fllter &p rofilled with
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neow sand every six wouthsg.Ne sard vashar 28 used eor previdede
Chlarinstien is done Ly dumping a caleulatoq smou

‘of Ylenching powder ints the mgnhele of the olaar water tank feou

timen a doye¥e check wyn mode 38 to the residugl chlerine in th
system during the sudmply ,eriod.ﬁoalth etatistice aze net
available lecally to judge tha effectiveness of Plant Operatiem
in emntreolling Vataz~50ruo dlscaaep,
b, Treatment Plont porfermynce

Folleviany sucylew were taken during the visits .
;ampio le Ruw wutere |

2je Settlod wWater frem Sottling Tenk Ne,I1,
(Being f£1l1ed )eo

Je Settled Vater from Settling Tunk No.2
(being withdruwn)e

by Filtored Wator.

Tarbidlty messusremonts were made at the Institut

with g Maeh Turbidimeter Ly the writer himself und the regllts

"ure as folleys te

Sample FurbidityJTU,
1. , 160
2. 3.6
Je 8.9
5; Genorsl Cemnente,

It was net the aim of the vieit »2 te offor advi-
ol any aspacfa of tho trestment Plont,.Thoe tiss was slose shert

te be able teo make a thervugh cheok on the pricise cenditiens o?
the systeum.The fellouwing are therefere gofiaral comuents bosed ea

o/
brif ebservotions ond limited laborstory datas
1t aopproars that pretre:tment is parferuing
satiefacterily, On the ether hznd,the filters are net deing tee

wall Judging frem the ewall turbigity reduction.'
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The aystem providces an excellent spportunity fer
further atudies.er inatance, the inprovament ef tha vithdrgwing
operatien wLy reduce the turdidity of gettled woter 1ntru‘ucod
inte the filter in viaw cf the low turbidity in the tank boing
£i1l1ed Xt wsuld be aslse of interes to see tho possible ‘
diffarecca in perfermunce if the settling takke are onrato‘ .n.
a contanueus flew b, sis,

The 0peratioﬁ ¢l the filters seems te need more
studies, The flew centrol is done by varyiug the water depth in
the fillvter,Ihis 18 Bot too coumen in ether conmtriang,ilowevery
this approach does give a wich aimpior design,making a close
study worthwvhiloe.Critical studies are ulase nesessary te oxnniltl
the t&Gco that euly oue ocut of three filtcrs is in use at any

time, the filter rua s uuch teo shiort gnd tho'tilyerdd Vater

quality appears met as gbod as 1t should bg under the

elircumatangen,

The trestment faoilities are usefull, te a certai

extant,fer M,SC ntudemts te obsarve the working ef siew siund

filtratien Plant,
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SLOA-SAND FILTSRATION PROJICT

After a very late start (July 1976), this project is

now taking shape in Sudan,

- . The reasons for this late start are many, the import-
ent ones are difficulties of securing financing and availabe
11ity of staff in {the University on a full time basis to care
ry on with the project. The very first negotistions about the

" project started with Dr, Idris then Dr. Yulla and finally with

the environmental Eng}neering Group in the Faculty. .

The environmental Group though managed to invelve thé

interested bodies such es National Council for Resesrch, Pu-

The Sudan Gezira Board
and the Rural Tater Corporation still face some financial dif-

ficulties. Only in Juiy 1976, the Croup received & cheque for
2000 U. S, dollars from the I.R.C. as a working advance., Having

received this working.advance plus some hélp'from the Gezira

Bbard, the Group started the field investigation during July and

August 1976. Just two weeks ago tﬁe Group received a letter of

epproval for 600 Sudanese Pounds from the National Council for

" Research in support of tha project. Cérrying our the field in-

vegtigations the Group finalized the Design of the Experimental

Units and etarted the construction,

/ . a
As seen from the attached infamationa with this report

wve managed to collect dsata from twenty slow-sand filters in El=~

Gezira area,

-



We hope to finish with the construction soon. As
You know the experimental units are being built in Ele-
Mogran wWater Yorks. More drawings, photos and slides

%11l be sent to you in dge»course.

L

~



SLOY-SAND FILTIRATION PROJZCT

.

- - - R

PHEAST (I) °© PFISLD INVASTICATIONS:

~

(1) . The slow-sand filteration process fs a well established
technique in the central Sudan for Water treatment in rural
ereas, It has been practiced since 1962 in El Gozira Scheme
and about 200 units are scattered all around the Gezira Area.
All units are ectuslly of standard design with minor modifi-
cations regarding protection of {mter against pollution whils
it ib boing treated hnd stored, This protection includes fen-

cing from men and animal, covers from bir@s, sunlight, rain

and wind,

Until recently slow-sand filteration in Sudan has been
 applied only for fural.communitkes, but new the Bublic Ele-
. ctricity and water Corporation, which is corcerned with Water
for urbasn comrunities is considering'the aprlication of slovi-
" sand filters as polishing units for their rapid sand filters.
- The Suden Gezirg Roard is first regarding the use of slowe
sand filteration in Sudan, though other dodies such 88 Khasme
El Girba Project, Bl Rahad Project. Rural Water Corportation
- * are utilizing ths exper%cﬁco of the Gezira Board, however in
Pertain cases they managed to emerge with their own desipn,

“ Revertheless the Gezira Roard design'remains es.the reference

to the others.

143
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Contacﬁs with the 2ngineers of the Rural Wator Corw
poration reveasled that they are seriously considering the ine
s8tallation of elow-sand filters'ror their hafeers (ponds of
rain vater) and if this is to materialize, then they would be
in need of a gréat number of such filters. This all indicates
the popularity of thfs type of filteration in Suden and stim~-
ulatscfurther inveafigations regarding waﬁor quality and filter
_characteristics inorder to control the performance of such fil-
ters and to explain the mechanism and to workout the parameters
for an optimum design, It is hoped that this project would sate

isfy this need,

The £ilteration improved the quality of water both in terns
of suspended solids and bvacteriological quality. Though the ef-
ficiency regarding the bacterioclogical quality improvezent is no
as expected as irn-all filters serveyed where chlorination is not

~ly

applied Ecoli has been traced. This of course could be duc to th
failube of protcction systems egainst pollution while tihe water
.being treated, and the intermittent filteration process practice

‘§n thesc units. _ .

The attached table indicated the number of plants serveyced a
reflects the quality of raw and treated water. It is noted that
the suspended sblidg content as showm in the table 'table 1! is
rather high: This high content of solids is attributed to the
f£loods and rains as the invesfigation was carried during July, %
period Jyly=August montﬁs'is the seasonwof floods aqd rains in

~ this part of Sudan; Had the investigations been carried betwcen

N Septémber'and June then the suspended solids content would have

been lower,




(8

2. Description of the stsndsrd unit of the Gezira Roard:

The unit consihts of submerged intake from cansls to the
sedimentation tank. The sedimentation tank is éircular with ra-
d1ial flow, then from the sedimentation tank the settled water
Tlows to the slow-sand filter. The filéer is of a circular
cross-section with five meters diameter, £ rom there the water
flows to the deep clear water well, then through intermittent

purping to the elevated tower. (Drawing of the unit enclosed),

The flow through the sedimentation tank and the slow-gand
filter is by gravity. The flow rate is controlled by the level
of water in the clear water well, The performance of thc slowe
sapd in the Gozira is not really satisfactory. The reesons be-

ing:~

-,

1) Sedimentation tanke and filters are not regularly
o cleaned, as some of the serveyed plants have not
been cleaned for the last five years

’

141) sSand specifications is doubtful, and

N -

111) There is no specified program for the overall

_ treatment,
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‘EOs  PLANT o %o :‘i > VATUR QUALITY
ogﬂ :.‘:% css‘g afg
285 28 g B REY N AR RR CRITID W AR B R :

o 888 45 ,2‘§ Y TP EUT Gewe U XL FC Gowe ¢ Ca RS ARKS
1 la'tows 1972 4000 0,02 T.6 21 352900 G 7.6 8 380 L - N

2 L Touwr 2963 1975 1000 0.036 7.4 7 37000 G 7.2 Ll 21C0 L  0.018

3 ¥od Soroir 1963 = 2000 2 7 19 40300 O 6.8 9 25600 L X

4 EMELOWL 3060 1973 250 0.308 7.2 14 32000 G 7.2 NEZ 0200 L 0405

5 ADWIZUR 3956 1075 200 04055 7.8 13 31100 G 7.8 Il 1000 L 0,02

6  Afoba Block 1958 1975 150 0O.11 20 49700 @B 7.6 2  252¢0 L 0.025

7T B gi‘ggﬁ“' 1963 1974 200 0.0L 7e4 7 39500 & 7  nik 25500 L 0,015

8 dbu Bk ags0 1972 200 0.06 7 26300 6 8.2 IM1 12000 L 0,015

9  Abu Rwaichid 1962 2950 5000 4195 8,2 23 39500 G 8.2 10 30200 L I

10 Bl doara o 1975 500 o144 B.4 14 40000 G B.2 6 12500 L N

11 jox R gigﬁx 1953 1976 1700 w125 Ted T 40200 G Te4 N1l L6400 L 0,03

» o= Those 1053 150 028 T.4 6 24500 G Te2 MIL 15700 L 0,035

15 B Zend 3964 2974 200 0,06 7.4 10 32600 G 7.4 NEL 16000 I 0,05

i“ ”a‘f}?igc;;ﬂ“”i 1965 1975 1000 0.24 T8 20 55300 € 7.4 ML 13300 DL 0.05

Z Mats o 1064 1367 3000 0,02 7.6 13 51200 0 7.6 L 25500 L 0,03

16 R geazs 2975 £0CO .12 23 66500 €3 7.8 10 33200 % X

17  Eledreialt 1561 15000 o4 T2 9 T6U20 © 742 3 5G500 L I

13 Bad 4l Flol 1965 1975 23050 o235 T2 9 26300 ¢ Te2 N 15200 L 003
39 Bl Zovla 1963 1975 200 W11 6.4 26 34000 G Te6 4 12000 G U

20 Bil$ Vod Fadl 1971 500 412 7.2 9 12060 L Te2 2 6500 L X

.2 )
. ,@t ._A‘ .
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Regarding tho date of lzst maintononce, whore the date 18 not montioned, it mecans either +ho
unit kas not beon ropafred since the date of construction or there is no record of mintoennnce.

Flowe rofors to the average flow rate throush tho syoter basod on 24 hours JroceSSe

PC = ptends for plato couny por 100 ml.

Je3e = stands for suspondcd s0lids dn P.P.l.

0 ~ ptands for colour, and ¢ -« mcans groyish to groon colour, GB = @eyish b'"own and GG
gronish grey colour and L = moana colourless.

CL stants for chlorinztion and rosidual chilorino in Pe2.Hs as moeaswrocd at tho outlci~pipe

of the deop well while pumping to the olevalod storage tank; and N means no chlorination ia
provided.

.
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FIELD DIVESTIGATION = PHASE T

¢ PLATE CLUIT / 100 ml. TOTAL SYSPEIDID SOLID P.P.M
. Plant RAY W AT ER | TREATED WATER RAH WARER | ZIEAD.D
o Fean 3televe Fean Pptande.Dev, lean rican
1 18 (2.3 9 1.4 32000 1900
2 8 |3.2 - - 40000 1900
3 19 2.5 6 2,1 36000 16000
4 20 1.9 - | - 34000 | 20000
.o~ 5 15 1.3 & - 30000 11000
‘ 6 22 1.5 - - : 52000 20000
. 7 10 {4.2 - - 59000 26000
| . 8 8 |12 - - 25000 | 10000
’ 9 20 |3.2 6 1.6 40000 | 26000
' 10 14 |1.2 7 1.2 500C0 15000
1 g |1.2 - - ' 45000 26000
12 10 4.2 - - 35000 14000
' 13 12 5.1 - - 25000 14000
14 1 |2 - - 45000 16000
. ) 15 15 3.1 - - _ 50000 20000
16 30 W4’ 5 4.2 70C00 16000
17 {9 [.s 1 ‘342 70000 45000
18 9 .2 - - 30000 15000
- 19 20 p.5 6 2.2 - | 35000  |15500
‘® 20 9 ka3 |2 .9 20000 |4500

, The mecan and standaxd deviation are calculated for five runs..
" » at five differont days during July 19764

~Plant sorizl) nunbor refoers to table (1) o

, .
3 ’

Table (2)
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SLO7=SAND FILTZRATION PROJZCT
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PHASE I ~ EXPIRIBENTAL %ORK:

Some problems faced the installation of the experi-
mental unites. First of all a suitnble.site Bor the experi-
mental unit had to be secured in co-~operation with the Pu=
blic ﬁlectricity end Water Corporation and to have their
approvel of using their laboratory:ofacilties regarding the

monitoring of the raw water, water that is being treatsd

and trgatgd water quality (both bioclogical and chemical).

Having secured the site, the next step was to deaigﬁ

the unitas and to look for financing. The I.R.,C. provided

2000 U.S. dolars for phagse I ~ to be spent on the field ine

. vestigations and the construction of experimental units.

Regotiations are going on with the University to secure some
finanéial help. Only two weeks ago we got a letter from the
National Council for Research approving the sum of 600 Sudae

nese Pounda, The construction of the experimental units 1is

on the way now, . ' .

‘e

Details of the Expefimentél Unit:

. Four standards uhita;has been designed, the dismeter
of each unit is 1.5 meter, the walls of the filters are built
of bricks, total depth of the filter is 2.2 meters end the

thickness of the walls is 23 centimeters. These four units are

-

D e e
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. being built on a unified foundation with the dimen;ions
of 5.1 meter x 5,1 meter, and 20 centineters thick. A
central draih well with dianeter 2.5 n. and 5 n. depth has
been designed to collect the filteréd water. Experiments to
be carried ai‘c in accordence with the programme previously

subnmitted to T.R.Ce
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I INTRODUCTION

Recent developments in water treatment havg béen mainly in the area
of improving the rapid sand filtration method. However, it should be
realized that the older and unchangedAslow sand filtrqtion system does
have cert&in advantages and should be retained in the chain of development
of iow—cost technology for rural communities in developing countries. It
is a single process witﬁ the greatest range of effects on water properties
and caﬁ achieve good results by a ﬁethod that is simple to construct and
operate. Where suitable qualities of sand are not available it is possi-
ble to develop and use other local filtration materials, such as burnt rige
hﬁsk, coconut fibres, pea gravel, etc. Both burnt rice husks and coconut
fibres are generally available in many Asian counéries, burnt rice husks
available as.a waste product after combustion of the raw husk at rice mills,
and coconut fibres available as a ﬁaste material in markets and at coconut
industry factories.

Sinée the.advent of water filtration thé medium used in the process
has been sand of various sizes and uniformity coefficients. However, one
factor that hinders the maintenance of slow sand.filters in good working
condition is excessive turbidity (particularly inorganic turbidity) which
causes rapid ;logging of the filter surface, thus neceséitating frequent
cleaning. Where the raw water source contains high amounts of turbidity
and algae, prefilters (incorporating, for example, coconut fibres as
medium) can be used to remove gross turbidity and aigae before passing
through a slow sand filter (or burnt rice'husk filter) for polishing and
removal of the remaining impurities.

This report describes the progress of work on the following



investigations:
1. The performance of a slow sand filter and its ability to
-function in combination with a pre-filter (coconut fibre)
as an adequate biological filtration system (series-filter).
2. The performance of a burnt rice husk filter aﬁd its ability
to function in combination with a.pre-filter (coconut fibre)
" as an adequate biological filtration system (series-filter).
‘3. The performance of a dual-filter (coconut fibre and burnt
O - rice husk in the same filter box) to evaluate the advantages
and disadvantages of thié system compared with the series-
filter system.

4., Comparison of the ébove mentioned filtration systems.

The imdependent variables considered were raw water quality and fil-
tration rates. Dependent variables were effluent quality (turbidity
removal), head loss across the filter and the length of filter run. The
effect on bacteriological characterisﬁics of the water was not considered

in this phase of the éfudy but will be emphasized in the next stage of

‘ this investigation.
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II EXPERIMENTAL INVESTIGATION

Filter Systems

The layout of the filter systems is shown in the flow diagram of
Figufe 1. Two systems of fiiters were designed for the experimental
study of seriés-filtration and dual-filtfation. The series-filtration
system consisted of two identical pre-filters (R; and R;) mounted on a
3.20 m-high wooden frame and packed with shredded coconut fibre. One of
these (R, ) was coupled with two sand filters (F, and F;) and the other (Ry)
with two burat-rice husk filters (F; and Fy), making 4 polishing filters
in total. Yhis arrangement allowed the study of Ewo different filtration
rates at the same time both in the sand filters and the burnt-rice husk

g , ,
filters. Three levels of raw water turbidity were investigated: 50 JTU
(Level 1), th JTU (Level II) and 150 JTU (Level III). Three runs were
carried out for each level covering filtration rates’ from 0.1 to 0.6v~
n®/n®-h. Table 1 includes the filtration rates'uséd during the three
stages of study. Filtration rates for the nige runs were randomized in
ordef to give a realistic picture of the performance of the filters.

The pre-filters (R; and Ry) were made of 0.32 cm-thick galvanized
iron sﬁeets and meaﬁured l1mx1lmx 2meach. The internal depth of
each box was the sum of thé following depths, starting ffom the.top:

Freeboard above supernatant water level 0.30 m

Swpernatant water : 0.80 m
Coconut fibre " 0.80 m _
Crushed stone underdrain - 0.10 m

The 4 polishing filters (F,, Fp, F3 and F,) were of the same confi-
guration, each being made of three 1 m—long,'1.54 m 1.D. concrete sewer

.
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Fig. 1
Table 1 ~ Operating Conditions for the Reported Study
Raw Water Filtration Rate, m°/m*-h
Run §Turbidity| Roughing | Rice|Rice |Roughing Coconut-
.evel No.‘ Average, Filter Husk [Husk| Filter Sand | Sand Rice Husk
1 1.5 0.2 0.1 1.5 0.2 0.1 0.1
I 2 50 4.5 0.6 | 0.4 4.5 " 0.6 0.4 0.5
3 3.5 0.5 1 0.3 3.5 0.5 0.3 0.3
1 1.5 0.2 } 0.1 1.5 0.2 0.1 0.1
I1 2 100 3.0 0.4 0.3 3.0 0.4 1 0.3 0.3
3 4.5 0.6 1 0.5 4.5 0.6 | 0.5 0.5
11 ‘ 4.5 0.6 0.5 4.5 0.6 0.5 0.5
I11 2 150 3.0 0.4} 0.3 3.0 0.4 |1 0.3 0.3
3 1.5 0.2 0.1 1.5 0.2 0.1 0.1
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pipes. The arrangement in each filter box was as follows:

Freeboard above supernatant water level 0.70 m

Sopernatant water 1.20 m
Sand/Burnt rice husk 0.80 m
Crushed stone underdrain v : 0.30 m -

The dual-filtration system consisted of one single filter box of the
same design as the other four polishing filters, and was filled with coco-
nut fibres overlaying burnt rice husks. The internal depth of the dual-
media filter was as follows:

Frecboard above supernatant water level 0.10 m

Supernatant water | 1.20 m
> cocon;t fibre . o 0.80 m
Burnt rice husk | 0:60 m
Crushed sténe undevdrain 0.30 m

Three filtration rates were investigated for the dhal-filtration system:
0.1, 0.3 and 0.5 u®/m®-h for all 3 phases.

Design details of filters are given in Figures Al, A2, A3 in the

Appendix.

Source of Raw Water

The raw water source is a canal near the Regional Engineering
Experimenfal Research Centre of the Asian Institute of Technology, Bangkok.
The physical, chemical and bacteriological characteristics of this surface
vater are presented in Table 2, From this table, it can be seen that the

~ natural turbidity content of the water was relatively low so, for the pur-
pose of this study, an artificial intake system was designed. Raw water

was drawn from the canal by means of a 10-HP centrifugal pump. The pump
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Table 2 - Physical, Chemical and Bacteriological Characteristics of the’
Surface Water under Study 1/

Characteristic Date of Sampling Average
N12-4-75[20-4-75]28-4-75]6-5-75]13-5-75 [21-5-75| Values
Turbidity, JTU 8 17 7 28 18 25 17
pH 6.4 6.9 7.1 | 7.1 | 6.9 7.3 7.0
Alkalinity, mg/l as| 108 118 126 | 102 120 |. 120 116
CaC03
D.0., mg/l 6.6 6.9 6.9 | 7.0 7.1 6.6 6.9
cop, mg/1 38 42 - - 27 36
Hardness, mg/l as 143 150 139 135 135 115 136
CaCOg
O Fe, mg/1 . " o.78 | 0.52 | 0.92 - 1.1 |o.52 | 0.77
' Mn, mg/l ' 0.88 | 1.86 | 0.71 [o.41 1.6 1.0 | 1.08
Total Coliform 1100 1400 900 | 700 800 - 980
MPN Index per'IOO m]
Temperature 32 31 30 29 31 34 31

1/ Analytical procedures for the examination of water were from Standard
Methods for the Examination of Water and Wastewater, AWWA, WPCF (1971)

played a double role, both supplying'w;ter to the filters and returning a
portion of this water back to the intake area, creating turbulence and
scouring the muddy bottom to induce desired levels of turbidity in the

. experimental range. The intake system arrangement is shown in Figure A4

in the Appendix.

Filter Controls

Two 1.5 m x 1.5 m X 1 m galvanized-iron “réserve”'tanks were provided
to store raw water before delivery into the filters, as shown in Figure AS
in the Appendix. A}AO rpm-blade mixer wa; providéd in the first tank to
render raw.water homogeneous before discharge into the second tank from

. , A
which water was pumped directly to the dual-media filter (Fg) by a 0.5 HP-
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centrifugal pump, énd to the 2 roughing filters (R, and Ry) by a 2.5 HP-
piston pump. - | ; .

A distributor system was provided at the entrance of the ravw wvater
into fhe supernatant\water reservoir so that the medium-bed below was not
digturbed by turbulence. The constant water level above the media was
maintainéd by the use of an overflow pipe. Flow was controlled by rota-
meters and gate values located on the outlet side of the filter. Head loss

development was recorded by manometers.

Filter-Media Characteristics

Coconut fibres, before being packed into the roughing filters, were
soaked in watet for at least 24 hours and rinsed 3 or 4 times to remove
organic colour originating in the fibre structure. |

From the results of sievé analyses, presented in Figure 2, burnt rice
hugks were found to have a relat?Vely high non-uniformity coefficient
(U = 5.8) compared with sand (U = 2.3), but the effective size was almost
the same in both cases (E = 8.3 x 10."2 cm for sand and 9 x 1072 for burnt
rice husk). For the.purposes of this study, stock sand and ;tock bﬁrnt
rice husk were used so that the relativecly high expense of careful grading
was avoided. Burnt rice husk is composed of ab;ut 90% silicon dioxide,
6-7% oxides of magnesium, calcium and iron and the remaining 3-47 is

2/

organic matter =, 1Its specific gravity is approximately 2.3 and its

density is 7.45 to 7.61 kg/nd.

Under-Drainage System

The bottoms of the burnt rice husk filters (F, and F3), the sand

2/ WILLIAMS, F.H.P. and SOMPONG, S. (1971), Some Properties of Rice Husk
Ash, Geotechnical Engineering, Vol. 2: 75-81,

ot
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filters: (F3 and F;) and the dual-media filter (Fg) were designed with a .
1:25 slape providing easy flow for the treated water to leave the under-
side of the filters. Between the bottom of these filters and the filter

beds lay three 10 cm-layers of crushed stones with gradings of 6.4-12.7 mm,

©12.7-19.1 mm and 19.1-25.4 mm. This arrangement was provided to prevent

the filwerimg medium from entering and choking the drainage waterways.

The under-drainage system of the roughing filters (R, and R;) was made of

. a 10 em~layer of crushed stones with grading of 12.7 mm - 25.4 mm,

Filter Cleaning

A filtration run was interrupted when the bed resistance (sand and
burnt rice husk) had increased to such an extent that the outlet regulating

valve wzs fully open. The headloss measurement was also an indication of

blocking development and imminence of the end of a run. Another criterion

used to indicate termination of a filter run was the recording of deterio-
ration #n effluent quality, which was arbitrarily fixed at a mgximum of
25 JTU for the purpose of this preliminary investigation.

To clean the rouéhing filter beds, water was completely drained off
from the filter box and coconut fibres were manually removed and washed
in a tamk of-cleaned water. The used medium after washing could be reused
a second time and then discarded. An additional amount of coconut fibre
previously soaked in water for 24 hours was used to compensate for the
loss of fibres during the washing operation and.to maintain a constant
filter dlepth. 1In the'later stages of this study, it was realized that it
was preiferable to refill the roﬁghing filters with new coconut fibre stock

(withouwit affecting the performance of filters) for reasons of simplicity

of operation and elimination of the rewashing process. Similar operations

e
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were appiied for the handiing of coconut fibres in the dual-media filter.
The cleaning of sand and burnt rice husk fiiter beds was carried out
by manually scraping off the surface layef to a depth of 1-2 cm in the
case of sand and 2-3‘cm in the case of burnt rice husk since it was ob-
served that the suspended solids and colloidal matter were deposited to a
greater depth in the latter medium due to the porous nature of the burnt
rice husks. Cleaning of the sand bed-in.the dual-media filter was achieved
by scraping off ﬁhe biological layer to a depth of only 1 cm or less be-
cause the penetratioﬁ_of suspended particles in this type of filter was

less than in the other filter system.

SN o

!”"'T
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III EXPERIMENTAL RESULTS

General Remarks

This part of study covered three levels of raw water turbidity with

averages of 50, 100 and 150 JTU. Six flow rates ranging from 0.1 to 0.6

_mslmz?h were randomly applied at each level of turbidity in the case of

series—filtcrs, and three flow rateé.of 0.1, 0.2 and 0.5 m®/m®-hr in the
case of the dual-media filter. The quality of the final treated water
(turbidifj) and the head loss developed under all test conditions were
regularly recorded. Due to the wide range of flow rates under investiga-
tion, it may be Aoted.that filter runs were cut off either when the quality
of the treated.water abruptly deteri§rated or head loss development rapidly
increased. This experimental design was inteunded to provide an overall
picture of the performance of the filters over a wide range of flow rates

in an attempt to provide a rational approach in the selection of appropriate
operating flow rates for the next sfage of investigation. The results of

this first stage of study are presented in the form of graphs and discus-

sions of the different types of filter are separate.

Performance of Coconut Fibre Filters

Two identical tanks packed with coconut fibre were used to pre-treat
raw water to remove most of the gross turbidity. Figure 3, 6 and 9 show
the variatioﬁs of turbidity in the raw water and in the effluent from the
roughing filters. It was observed that the effluent turbidity from the
two roughing filters did not show significant differences and so average
values have been repo%ted herein for this study. It should also be men-

tioned that during the low raw water turbidity level study (at about 50
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JTU), the natural raw water was used, wifhout creating turbulence with
the pump, amd a wide range of turbidity was experienced. Fluctuations in
surface WACervturbidﬁty were pafticularly marked during rainy days when
runoff from the surrounding area carried silt and soil into the canal.
Under these conditions turbidity véiues ranged from 20 to 180 JTU, as can
be seen in Figure 3, but the overall-mean was approximately 50 JTU. For
that lével of raw water turbidity, the mean value of turbidity in the
effluent from the pre-filters was about 20 JTU, revealing a 60 percent
turbidity rémoval. The average raw water turbidity levels of iOO and 150
JTU were achieved by artificial st{rring of the muddy canal bottom using
the pump as described.” In these two casés, the raw water turbidity was
100 £ 25 amd 150 % 25 JTU and the respective mean values of turbidity in”
the effluents of the pre-filters were 35 and 40 JTU (65 and 70 percent
tﬁrbidity reﬁovals),'respeﬁtively.. HUISMAN and WOOD é/suggested that 50
JTU was the nmﬁimum raw water Fu;bidity which could be permitted 1if long
runs were t® be attained with slow sand filters. Using this criterion, it

may be anticipated that coconut fibre filters will be suitable as pre-

filters by providing a water with turbidity below 50 JTU for slow sand

filtration, up to a raw water turbidity averagiﬁé 150 JTU.

Three flow rates (1.5, 3.5 and 4.5 o®/n°-h) were maintained in the
pre-filters,'depen&iﬁg upon flow rates subsequently to be applied to the
polishing filters. It can be scen that turbidity removal increased with
decreasing flow rate and decreasing influent turbidity. An important
finding of zhis performance study is that- the coconut fibre filters exhi-

bited considerable potential to absorb raw water turbidity "shock-loadings"

3/ HUISMAN, L. and WOOD, W.E. (1974), Slow Sand Filtration, World Health
Organizztion, Geneva.
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and produce an effluent satisfactory for subsequent treatment by slow sand
and burnt-rice husk filters. It was also observed that head loss develop-
ment in these filters was negligeable during the period of this preliminary

.

study and the data will not be reported.

Study of Slow Filtration Study at Raw Water Turbidity Level 50 JTU

It has been already mentioned that four filter boxes of the same con-
figuration were built, two for burnt-rice husk and two for sand. Each
type of filter was'operated at two flow rates run simultaneously and varied
over the range 0.1 to 0.6 m®/m®-h distributed randomly in 3 runs. The dual-
média filter (coconuf fibre and burnt-rice husk in the samé box) was fed
with raw water-at filtration rates of 0.1) 0.3 and 0.5 u?/n?-h. Figure 3
shows that raw water turbidity.removal in the pre-filters was flow rate
dependent and increased with decreasing flow rate. The turbidity of the
effluent from the pre-filters was approximately 10 ,JTU (except when raw
water turbidity was abnormally high), 15 and 25 JTU when flow rates were
1.5, 3.5 and 4.5 o®/m°-h, rQSpcctiveiy. .Vafiations in turbidities of the
effluent from the pre;filters (influent to the bgrnt-rice husk and sand
filteré) were small and, for purposes of comparison, it is reasonable to
assume that the polishing filters received the ;ame quality of water in
respect of turbidi}y content. With this assumption, it is appfopriate to
report the résults of filtration studies on #he same graph for each type

of filter and to compare its performances at different flow rates.

1. Burnt Rice Husk Filter

In the course of filtration, impurities from the influent are:
deposited in and upon the surface layer of the- filter medium, reduce the

pore space available and increase the resistance to filtration. As the

e e et 4 ke et ia smee b o =y e o+t e —— e+«
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bed begins to clog, the head loss rate becomes greater and the head loss
curves steeper. Figure 4a shows the increase in head loss across the
Burnt-rice husk bed at different flow rétes as time progressed, It'éan be
seen that at a filtr;tion rate of 0.1 n®/m®-h, the developmént of head
loss was slow and almost linear. If linear’extrapoiation is applied, a
head loss rate of 1 cm/day occurred. For a head loss limit of 1.2 m, the
interval between cleanings would 5e of the order of 4 months at this fil-
tration rate applied continuously. At a filtration rate of 0.2 m®/m?-h,

the head loss development was still slow, averaging 2 cm/day, suggesting

a continuous filter run of about 2 months, Tests at flow rates of 0.3 and

0.4 n®/m®-h were of too short duration to formulate any valid conclusions

and there is a'need for further investigation at these rates. Finally,
it can be seen in Figure 4a that head loss development was very rapid at
flow rates of 0.5 and 6.6 o /m°-h. It is likely that these filtration
rates will not be suitable for tﬂe purposes of viliage community water
supply because of the need for frequent cleanings and the inconvenience
of short filter runs.. These conclusions are based solely on turbidity
and head loss criteria ;nd further study is necessary to determine the

bacteriological acceptability of the water at the different filtration

) rates.

The quality éf filtered water depends on three main factors: the
quality of the raw water, the filtration rate and the filter-bed composi-
tion. It has already been mentioned that the turbidity of the effluent
from the roughing filters was genérally in the range 10 to 25 JTU, provid-
ing appropriate conditions for slow filtration. Figure 5a illustrates the
quality of treated waters in tefms of turbidity. It can be seen that

effluent turbidity appeared to be indepéndent of filtration rate and the
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quality of rhe filtered water (2 to 10 JTU) was in an acceptable range for
village supply at all flow rates. With this connection the rapid occurrence

of maximum head loss at high flow rates was the criterion for the choice

of lower flow rates of 0.1 to 0.2 uF/nF-h. It is also well known that the

effective size of slow-filter medium should be small enough to ensure a
good quality effluent and this effective diameter usually lies in the range
0.15 to 0.35 mm. Burnt-rice husk inrthis study denoted an effective size
of 0.9 mm amd yet was found to work satisfactorily and this was due great-

ly to the assisﬁance brought on by pre-filters.

2. Samd Filter

Figure 4b illustrates the head loss across the sand filter at
different f£low rates. In general, it can be seen that the sand bed dev-
eloped more fesisténce than the burnt-rice husk filter and, as a result,
filter runs would be shorter. At flow rates of 0.1 and 0.2 m®/n®-h, head
loss development in the sand was relatively slow and both curves followed
a similar path. Head loss averaged 0.3 ¢m/déy which give a filter run of
approximately 40 days-of continuous filter operation. On the other hand,
at higher flow rates (from 0.3 to 0.6 m®/m°-h), head loss curves were
steep by comparison with those at the léwer flow rates. It can be con-
cluded from this observation‘thatvfiltration rates highér than 0.2 n?/n?—h
are not suitable for slow filltration using sand if long filter runs are-
contemplated.

Io terms of treated water quality, the sand gave a similar per-
formance to burnt-rice husk. TFigure 5b iilustrates the éffluent turbidity
from the samd filter and it can be seen that the quality of the filtered

watexr was relatively good (2 to 8 JTU) at all flow rates under investiga-
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tion, except at 0.4-0.6 m®/m®-h where it rapidly deteriorated after a few
days of operation. Although effluent quality seems to be independent of
flow rate, it is advisable to adopt low filtration rates for a slow sand

filters (0.1-0.2 n®/m°-h) in order to achieve a reasonable length of fil-

ter run.

3. Dual-Media Tilter

The dual-media filter conéisting of 80 cm of coconut fibre over-
laying 60 cm of burnt rice husk was fed with raw water at filtration rates
of 0.1, 0.3 and 0.5 r®/u®-h. Figufe 4c shows the head loss build-up in
this filter as tiﬁe progreSseé and it can be seen that head loss develop-

ment increased-with increasing flow rates. The head loss curves at 0.3

. and 0.5 e /m® -h were steep, dictating short filter runs. However, at a

filtration rate of 0.1 ﬁa/m?-h, the dual-media filter gave slow head loss
development, averaging 1 cm/day,iénd if linear extrapolation and a maximum
head loss of 1.20 m is applied in this situation, a continuous filter run
of 4 months duration could be expected. - It may be observed that the
series-filter (coconut fibre - burnt rice husk) and the dual-media filter
performed similarly. However, each system has its own advantages and dis-
advéﬁtages in terms of cleaning simplicity and power requiyement. The
series-filter is easier to clean without disturbing the whole system since

g

the filtering media are in separate boxes, but needs more power for pumping

| water to a higher level. The dual-media filter needs less pumping power

but requires more labour for the cleaning operation., It has the disadvan-
tage of inﬁerruption of the filtration process during cleaning since the
two filtering media are integrating parts in the same box.

Figure 5c illustrates the quality of treated water from the dual-

media filter. Effluent turbidity, ranging 1 to 6 JTU, was found to be
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slightly dependent on filtration rate for the range under investigation. -
It is appareant that low filtration rates (0.1—0.2 m° /m®-h) should be used

since high flow rates accelerated head loss buiid-up'and would give short

filter runs.

Results of Slow Filtration Study at Raw Water Turbidity Levels 100 and
150 JTU

The general findings of thevfilters performance study at raw water
tufbidity level 50 JTU applied at the higher raw water turbidity levels.
From Figure 6 and 9 it can be secen that the raw water turbidity was 100 %
25 and 150 % 25 JTU, and the respective mean values of turbidity in.the

effluent from the pre-filters were 35 and 40 JTU.

1. Burnt-Rice-Husk Filter

Figure 7a and 10a show the head loss build-up in the burnt-rice
husk filter at different flow rates when average raw water turbidity was
100 and 150 JTU, respectively. It can be seen that resistance across the
medium increased with increasing filtfation rate. Head loss development
was found to be slighély dependent on raw water turbidity, approximately
1 cm/day at flow rate of 0.1 ms/mg—h_and 0.2 cm/day at the same flow rate
for average raw water turbidities of 100 and 150‘JTU, respectively. This
point was also observed in the study at average raw water turbidity 50 JTU.

At a filtration rate of 0.2 m®/m®-h, the head loss rate was higher, but

still considered acceptable and water quality was acceptable as shown in

‘ Figure 8a and 1la. Flow rates of 0.3 and 0.4 n®/m°-h produced relatively

slow head loss rates and merit more investigation before any conclusions
can be drawn. It is advisable to avoid using flow rates higher than 0.4

m®/m®-h if reasonably long filter runms are expected.

R i R P

St A .
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Figure 8a and 1lla illustrate the quality of treated water in terms
of turbidity at different flow rateé for average raw water turbidity levels
of 100 and 3150 JTU.'\It cén be seen that the effluent turbidity was always
suitable for village water supply, being lower than 20 JTU except at high
filtration xzrates. On the basis of this obscrvation, it can be concluded
that effluemt turbidity is independent of filtration rate in the range

under investigation, and only head loss rate dictates the length of filter

run.

2, Samad Filter

Comatrary to experience with the burnt-rice husk filter, the sand
filter showead trapid head loss developmeqt at flow rates higher than 0.3
o /m°-h. Im Figufe 7b and 10b it can be scen that only at filtrétion rates
of 0.1 and 0?2 m®/m®-h, the head loss build-up was relatively slow, provid-
ing reliable conditions for longéf filter runs at dverage raw water turbi-
dities of 00 and 150 JTU. This was also obsefvcd during the study at a
raw water turbidity' level averaging 50 JTU;.

Figure 8b and 1lb shows once again that effluent turbidity was
indep?ndent of filtration rates and, to a certain extent, of raw water
quality. ¥n this case, if will be advisable to operate a sand filter aﬁ
the low’filtration'ratés of 0.1 and 0.2 n®/n®-h in ordef to obtain good

quality filtered water over an extended period.

3. Dwal-Media Filter

Figure 7c and 10c illustrate the head loss development in the
dual-media filter at flow rates of 0.1, 0.3 and 0.5 m®/m®-h for average

raw water turbidities of 100 and 150 JTU, respéctively. At these two levels

: .
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Figure 8a and 1lla illustrate the quality of treated water in terms
of turbidity at different flow rateé for average raw water turbidity levels
of 100 and 150 JTU. \it cén be seen that the effluent turbidity was always
suitable for village water supply, being lower than 20 JTU except at high
filtration rates. On the basis of this observation, it can be concluded
that effluent turbidity is independent of filtration rate in the range

under investigation, and only head loss rate dictates the length of filter

run.

2., Saund TFilter

Contrary to experience with the burant-rice husk filter, the sand
filtér showed rapid head loss deve10pmeqt at flow rates higher than 0.3
m® /m°~h. In Figure 7b and 10b it can be seen that only at filtrétion rates
of 0.1 and 0.2 u®/m®~h, the head loss build-up was relatively slow, provid-
ing reliable conditions for 1ongéf filter runs at averagé raw water turbi-
dities of 100 and 150 JTU. This was also obse?ved during the study at a
raw water turbidity' level averaging 50 JTU.

Figure 8b and 11b shows once again that effluent turbidity was
indepéndent of filtration rates and, to a certain extent, of raw water
quality. In this case, if will be advisable to operate a sand filter at
the low filtrationvraﬁés of 0.1 and 0.2 n©/m°-h in.order to obtain good

quality filtered water over an extended period.

3. Dual-Media Filter

Figure 7c¢ and 10c illustrate the head loss development in the
dual-media filter at flow rates of 0.1, 0.3 and 0.5 m®/nm°-h for average

raw water turbidities of 100 and 150 JTU, respecctively. At these two levels
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of turbidity, the head loss rate was low at the beginning and then the
curves rose gradually at a flow rate of 0.1 m®/m®-h but steeply at flow

rates of 0.3 and 0.5 m®/m®-hr, announcing very short filter runs. The

' quality of the filtered water in terms of turbidity was good at a flow

rate of 0.1 m®/m®-h, as shown in Figure 8c and llc. At other filtration

rates, effluent turbidity was still acceptable but head loss development

was fast forcing the early conclusion of a filter run.

Conclusions from the Exploratory Filfration Study

This preliminary study was intended to determine the range of rea-
sonable operating conditions for the next stage of study of the different
filter.systemsl The main conclusions of the study are:

1. The coconut fibre pre-filter removed sufficient turbidity from
raw - watefs with average turbidities of 50, 100 and 150 JTU, to produce
an effluent acceptable for subseqﬁent treatment by.sand and burnt-rice
husk filtexrs. The head loss build—up in the ﬁre-fiiter was insignificant
and the duration of filter run was relativeiy long.

2. Xt was observed that the final treated water turbidity was rela-
tively independent of raw water Eurbidity and f%ow rates in the ranges
studied but head loss development increased with increasing raw water
turbidity 2nd filtration rates. This was the case for burnt-rice husk,
sand .and dwal-media filters. The head loss rate can be considered the
main pafameter controlling the length of filter runs.

3. The quality of the final water in terms of turbidity was consi-
deréd acceptable for village nceds and more emphasis on the microbiologi—

cal aspects will be given during the next stage of the study.
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4. In general, the burnt-rice husk‘filter and the duvual-media
(coconut—ripe) filter performed well at filtration rates of 0.1 and 0.2
m3/n® -hr and seemed to work satisfactorily at higher flow rates, but the

~

results obtained showed no consistency. It is considered advisable to

operate these filters in the range 0.1-0.2 m®/w®-h. On the other hand,

the sand filter éould not tolerate filtration rates higher than 0.2 of® /o -h
without a very rapid increase in the rate of head loss. An acceptably
long filter run duration as well as acceptable effluent turbidity resulted
when the sand filter was operated at 0.1 and 0.2 m° /w?-h filtration rate.

5. The series-filcration system and the dual-media system have their
own advantages and disadvaﬁtages. More power is needed to pump raw water
to a higher heéé in the case of the series filter but the cleaning p?oéess
can be carried out separately in the roughing filter and polishing filter
without d{sturbing the whole system. 1In the dual-media filter, the coco-
nut fibre has to be removed from the filter box,befo;e the burnt rice husk
can be cleaned. This is achieved by superficial scraping of the surface
of the medium (about 2'cm), which is time.consﬁming and requires labour.
However, the advantage of the dual-media filter is that less power is used
in pumping raw water to the filter. Both systems are likely to have appli-
cation depending upon the local conditions in villages.

6. The study has confirmed the potential of the filtration systems
being investigated for the treatment of turbid tropical surface waters.
Further study of the biological effectiveness of the treatment and the

bacteriological quality of the filtered water is justif{ed.
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