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RAW WATER FROM J ~ PRETREATMENT (OPTIONAL)
POND/LAKE/CANAL [ ~-I STORAGE/SEDIMENTATION/
RIVER / STREAM ] 1 PRE FILTRATION

FIG. TREATMENT FLOWSHEET WITH SLOWSANO FILTRATION
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i~ SLOW SANfl FILTRATION

Drinking water should be bacteriologically safe, aesthetically accept-

able and free from excessive concentration of mineral saits of health

significance. Natural waters do not often satisfy all these require-

ments and therefore need treatment. Slow sand filtration is a simple

process for purifying polluted surface weters suoh as from village

ponds, lakes, canals, streams and rivers.

WHY SLOW SAND FiLTRATJON

Because it has several desirable features. These-are

Sirnplicity of design, construction, operation and-- maintenance; often

local materials and ekilis could be readily employed with the advantage

of cost reduction.

Efficiency - neer total removal of pathogens and viruees, highly effi-

cient in removal of turbidity and organic matter, little wastage of

water and low production of waste sludge.

Reliability Minimum of mechanical and electrice]. equipmenta that can go

wrong or need replacements and repairs.

Econoxny Lees energy intensive, no need for expensive chemicals which are

difficult to procure, dose and control.

Acceptability FUtered water less corrosive and more unUorm in quality

than that of a chetuically treated water. -

WHENTo ADOPT SLOW SAND FILTRATION

Purification by slow send filtration can be adopted when:

* The raw water turbidity is generally lees than 30 I4TU and exceeds this

limit only occasionally for short periode. U the suspended

J
—~ ~
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solide, especially turbidity or raw water is high, the

preceeded by a simple pre-treatment unit such as plain

tank/roughing filter/infiltration gallery etc. to reduce

to a level acceptable by 5SF.

BASIC ELENENTS OF A SLOWSAND FILTER

5fl hee -to be

sedimentation

the turbidity

o Au open box about 3.0 m deep, rectangular or circular in shape

made of concrete, masonry or ferro-cement.

o Supernatant water layer, usually 1.0 m. deep. Provides the driving

force for water to flow through the filter and to overcome frictional

resistance.

Allows improvement in water quality due to sedimentation, natural

flocculation, removal of biodegradable organic material and die-off of

bacteria.

o Eed of filter sand usually 80-100 cm initial depth. Provides a frame-

work for biological organisme to develop, multiply and to bring about

purification; also serves as a strainer for large suspended particles.

o Supporting gravel layers and underdrainage system Support~ the filter

medium, prevents it from entering and blocking the underdrains and

provides a free passage for filtered water.

1
1

* Land, labour and filter send are readily available and at low cost.

* Chemicals and equipments are difficult to procure.

* Skilled personnel for operation and maintenance are -not locally

available. 1

and 1

o Set of appurtenances for filter operation and control.
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8ASIC ELEMENTS OF A SLOW SAND FiLtER - (SCHËMAÎ$C)

~ tt~
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MECHANISK OF PIJRIFICATION IN 510W SAND FiLTER

Slow sand filtration is a combination of physical, chemical and biologi-

cal processes. The phenomena which occur in and above the filter bed

are quite complex. These are briefly described below

Straining Retention of particles which are too large to pass through 1
the pores of the filter sand grains.

Sedimentaiton The surface area of sand grains per unit volume is so

large, that a slow sand filter acts as an extremely effective sedimenta-

tion unit.

1
Adsorption Due to a combination of diffusion, mass and electrostatic

attraction and other mechanism even colloidal impurities adhere to the 1
surface of the sand grains.

Chemical and biological activities These play a major role in the

purification processes which occur on and within the filter bed.

1
The presence of sufticient oxygen in water to be treated is essential.

Biological oxidation of organic matter in qn aerobic environment contri-

butes to high performance of slow sand filter~

Algae play an important role. In the presence of sunlight they are able

to buildup cell material from simple minerals such as water, carbon

dioxide, nitrates and phosphates and in the process produce oxygen which

in turn facilitates biodegration of organic matter.

Although most of the bio-chemical purification occurs in the so called 1
“Schmutzdecke” (the top 10-20 mm of the filter bed) biological activi-

ties in the lower part of the filter bed (40-50 cm.) may be considerable. 1
1
1
-t
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EXPECTED PERFORNMffI OF A SLOWSAND FILTER.:

QUALITY PARANETER

Natural colour

Turb i dit y

E. coli

Gercariae

Vixftrses -

Organic matter (COD)

Fe & Mn

Heavy metals

DECREE OF PURIFICATION

30-100% -removal

To lees than 1 NTU

95-100% reduction

Virtually complete removal of

schistosoma cysts and ova

Virtually complete- removal

60-757~ reductien.

Largely removed

30-90% reduction

DES-kON CONSIDERATIOMS

Decisions that have to be taken right at the design stage are as under

Design period~r Should be small (about 10 years)as

advantage in building large plants. This will help

Filtration Rate.

No. of Filter Units

Minimufa ui..t.aLeet UUU nlfl52tUflita ~ p~:td

irn Eacilitates biodegrat-ic,~ r - 2-ç~into tteT

Number can be increased to gein flexibility in operation and to

ôVeil.a~dingwwhe~çfoiI4 ~ot motéi~~unitd areTllïndeltJCJlEatt±UgE ;~t-

}‘mutLdecke” (the up 10-20 ni~ ut the filter bed) hiological att

0ptitU~ tiSbdtiNl ~ 1 r~&!‘5~ f ‘3~A- ~1 (40—50 cm.) may he uiTr

No need for standby.

A in sq.m.

. ~ ~ ~ ~ ~ -

there is no economic

optimise investment.

Normal operation

Maximum overload

0.1 m/hr.

0.2 m/hr.

reduce
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Depth of Filter box

2.5 to 3 m depending upon the type of underdrain.

Filter sand and grave1~

1
Effective Size

Uniformity Coefficient

0.25 - 0.35 nun.

Lees than 5

Preferably lees than 3

1

Hard broken gravel equally efficient as rounded gravel.

Mode of operation : As far as practical, filters should be designed to

run continuously. In rural areas where continuous pumping may not be

feasible, 24 hr. operation of filters can be ensured by providing a raw

water storage reservoir of adequate capacity to feed by gravity to the

filters during non-pumping hours.

SUMMARYDESIGN CRITERIA

Description

Design period

Filtration rate

Normal Operation

Maximum overload rate

No. of filter beds

Minimum

N = 0.5 2/A (A in m2)

Depth of supernatant water

Free board

Depth of filter send

Initial

Final (Mmm)

Recominended

Design Value

10 years

0.1 m/hr.

0.2 m/hr.

2

1.0 m.

0.2 m.

1.0 m.

0.4 m.

1

1:

1
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Size of sand

Effective Size (E.S.)

Uniformity Coefficient (u.C)

Gravel depth -

Top layer 0.7 mm - 1.4 mm

2nd layer 2 mm - 4 mm

3rd layer 6 mm - 12 mm

Bottom layer 18 mm - 36 mm

Total

Uriderdrains (made of bricks or

perforated pipes)

Depth of filter box

Effluent weir level above sand

DESIGN EXANPLE

Design Period

Present Population

Design Population (assuming 2.5 7~

increaselyear)

Design per-captia water supply

Total Water demand

Design Water demand (assuming 15 %

water losses)

Design hourly demand

Design rate of filtration

Total filter area required

No. of units

N = 0.5 A

= 1.44 Say2

Size of each unit

- 10- years

1000 persons

-1250 persons

40lpd

50 m3/day

- 57.5 m3/day

-2.4 m3/hr

0.1 m/hr

24 m2

2 nos.

(Rectangular

- with c
9mmon wall)

4mx 3m

piping/appur tenances /va lves

-- -~

-~ -:

0.2 - 0.3 mm

<5

0.3 m

6 cm

6 cm

6 cm

12 cm

30 cm

0.2 m

27 m

20-30 mm

The layout of filter along with details of

etc. are shown in the drawings. (Annexure)
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PLANT L.AYOUT

Local topography, placement of pump house and other facilities and

possible future expansion influence the plant layout.

Wherever topography permits, gravity flow of raw water to the plant

should be preferred, even if laying of additional pipe line is required.

This will cut down recurring energy costs and facilitate easy operation

and maintenance of the plant.

The layout of the treatment plant should be compact enough to facilitate

effective day-to-day operation and maintenance of the plant. 1
Filters may be circular or rectangular in shape. Circular filters are

not economical except for small installations. Rectangular filters

facilitate common wall construction, easy operation and maintenance.

CONSTRUCTION ASPECTS 1
The construction of slow sand filters should be based on sound enginee-

ring principles. The structural design, the oonstruction methods and

materials are governed by local conditions.

Aspects that need careful consideration are (1) the type of soil and 1
its bearing capacity; (ii) the ground water table and its fluctuation

and (iii) the availability and cost of construction materials and labour.

Filters may be constructed of reinforced concrete, masonry, brickwork or

ferrocement, or an excavated structure with protected sloping walis.

Filters with protected sloping walls are usually rectangular in shape.

Water-tight construction of the filter box should be guaranteed,

especially when the ground water table is high.

The top of the filter should be at least 0.5 m above the ground level in

order to keep away dust, children and animals.

1

--t
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1
The danger of short-circuiting of raw water along -the walla may

prevented by roughening the inner surface of side walis from bottom ii

the aand bed level. -

The inlet structure should be so designed and constru~ted as to cause

minimum disturbance to the sand bed by incoming raw water.

The outlet structure usually incorporates a means for measuring the

filter flow and for backfilling with ~léan water after the filter bas

been scraped. The cre~t of the out~et wetr ahould be located at or

slightly above the top of the sand bed to avoid occurrence of negative

head in the filter bed. -

A supernatant drain-öut chamber with its top~ jUSt above the sand level

should be provided to facilitate drainout of supernatant in short time.

An overfiow pipe/wel.r shou~.d be provLded tQ ~acilitate

surplus water entering the filter and floating acum.

drainage of

ECONOHICAND COSTASPECTS

The cost of a filter excluding pipes and va].ues is made up of two

components; the total coat for floor, underdrains, sand and gravel; and

the cost of wails c~the filter box.

This coat in general is : -

CKAA+KPP -

where A is the total filter bed area in m2, P the total wall length in

in, KA the coat per unit area of filter bed rn~4Kp the cost per unit

length of wall. -

For rectangtilar fi1te~garranged in a row with common walis the condi-

tion for minimum filter coat is i -

~ ~
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(2 A’~ 1/2
1=

(n+l)l 1
andb 2n

where n is the number of filters, b is the breadth and 1 is the filter

length.

CAPITAL COST — 1
The general expression for the minimum coat is t 1

CKAA+2Kp (/~(n+1) ) - 1
A general cost model (Nagpur 1986 prices) for filter bed works out to

C = 2000 A0~869 (A in m2)

Detailed cost analysis indicates that SSF are coat effective for plant

capacities upto 8 mid in comparison to conventional rapid gravity

filters. - -- - -

-~ 4~ 1
TREATMENT COST

The coat of treatment by SSF ranges from 0.5 to 1 Re/m3.

STARTING UP A NEW FILTER : -

1
While commisioning, a newly constructed filter is charged with water

from bottom through the outlet chamber till the water level rises 10-15

cm above the sand be. This ensures expulsion of entrapped air in the

filter bed and the underdrain. The filter is then filled with raw water

from top to the normal working level (MWL) by opening the inlet valve.

Initially, the rate of filling should be low to prevent scouring of sand

around the inlet. The filter is put into operation by opening the

outlet valve and gradually increasing the rate to the design value over

a period of 4 to 6 hours. The filter is run continously to allow the
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active biological fjjm to be formed and get established on the-sand’~bfl~/

This initial ripening or maturation of the filter may take 3-5

fl11 then,,’ the fil.trate is run to waste or put ii~tasuPp1y only after

adequate chlorination. The ending of the ripenifl perioh’ ‘it~de~&rmined

by the bacteriological quality of altered w~ter~*hieh’é1tÖtild’i~ieet the

preacribed specification. - yr~

ROUTINE OPERATION

For best results a-matore filter should’run-coi4tinuôÛèly’~at the design

filtration rate. The rate control is achieved either at the inlet or at

the outlet of the filter.

In an inlet-controlled filter, the filtration rate is set at the inlet

weir chambe-r -by tcsgnlafing the iftlet valve. Prequent manipulation of

tha valve is ratsly re4uir-ed. At first the water tev’èi o-vèr ‘the-filter

will be 1ow-~bu~t gtadually it will rise to compensat*tot~ the increas±ng

resistance -of the -filter bed. Once the level bas reached the overflow

outln, the -filter hasto be taken out for clean-in. ‘ - -

Inlet reve controFmirtimises the routine work- of the opbrator. The rate

- of filtration will be- tiearly constant with this- method tnd the ‘btiild-up

o~e-sintance in the filter is direotly visible. - Uti the’ other hartd, liie

influent water is not retained for long et thtbegtnhirig of the ‘filt’ër

run, which may reduce the efficiency of treatment.

In an outlet-controlled filter, which is more common, the rèté of

filtration is set with the outlet valve. Daily or every two days this

valve has to be opened a bit to compertsate for the inerease in rési-

stance in the filter. The disadvantâge of this niethodis thatthe outkt

v~lve has to be manipulated on a regular basis. ~The operator hés to

visit the plant atleast every day, otheru~ise, the ont~ût will fali. the

water is retained for Live to ten times as long a~ in the iiilet-

controlled filter at the beginning of the filte-r-nnt~ which may make

purification more efficient. Removal of scum will also be much simpler

than with inletecontrolled filtration. In many situations electricity

~ ~ ~
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ai~d diesel fuel are nqt.avaj1abJ~ allthe time, ‘sö existing SSF plants 1
sometime~ function oply~ for ,part of,; the day. In such cases either a raw

water stora~e, reservoir which can~feed water to the filtérs -under

gravi~y supply shouldbebuilt, or ‘declining rate filtration’ should be

used to ensqre satisfactory filtrate quality. That is, when the i~aw

water pumping is stopped all vflves remain in the same position and

filtration continues at a declining rate as the water level in the

filter falls. When the raw water supply is restored,’fle~~r~tâh8~ng

over the sand bed will rise to its earlier level. Where declining rate

Çiltration,js used,,a la~ger:filter areais needed.

FILTER CLEANING

When the filter has attainecj,the’ma,ximum permissible headlass, it ‘‘is

Çaken out of servi,ce jfqç ,clea~ning. The inlet is cldsed :and t-hè~’sû’pWr-

natant is drained out or,4j.lqw~ecLkta filter- .th-rough-~so. as to-expose the

sand bed,., The water lev&l, is Jo&~ered 10-15 cm below the ‘topo’f ‘the~-~and

bed by opening the scour valve.~ Without allowing the bed to’ dry up,’ the

filter is cleaned manually by removing the top layer of 2-3 cm of sand

alpng, with th~ fi1te~r akin. ~~ÇThecfilter is returned - to

admitting through , botto~ ti4tare&water~ from the’ ad-j’acerit ~fïlte’r td ‘a

level a few centimeters abo-v~ f.r~mb’top~ The removed sand’ ir gashèd,

dried and, stond for f~it~re use., -‘ ~- ‘ ‘ ‘ - ‘ ‘- ‘ -

-, t
RESANDING - , -

Due toperiodic cleaning, 1wben. t-hq~sand ‘depth is ~reduced to a minimum-of

30-40 :cm~~it isnec,essar.y t~ make~ups’t-he--sand depthto the’ -ot~iflÂ~l

level. This is done byrep~enj~hing .with acfresh’’lot~ of sèitd taking

care to see that the ~emai~ningM1d sand is placed os top ‘f ~Eh~~new

sand. T1~is avoidsacpumulatjon ct-dirt -in th~ deeper l~yers’df fflter

be4 and he]~,ps in qçick ripening after -resanding.’ : ‘L~’~’. ‘;~ -

j ~ ‘ ‘~‘t 1 — 1

I
1
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DAILY OPERATION ROUTINE

Act ivity

1. Regulation of supernatant

water level

2. Removal of scum and

floating matter

3. Checking the filtration

rate

4. Regulation of filtration

rate

5. Shutting-off the filter

Procedure

Manipulate inlet valve (A) to main-

tam a constant supernatant Water

level and to avoid overflow

Allow temporarily the supernatant

with the scum to overflow or manually

remove using long handled wire net.

Observe flow mndicator and note the

rate.

Manipulate filter outlet valve (E)

to maintain desired constant rate.

Cleaning is necessary when the

filter outlet valve (E) is fully

opened but desired rate is not

achieved.

- ~ - ~ -a~
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SCHEDULE OF ACTIVITIES FOR CARETAKER 1
Daily 1
• check the raw water intake (some intakes may be visited less frequently). 1
• visit the slow sand filters.

check and adjust the rate of filtration.

check water level in the filter.

check level in the dear water well.

sample and check water quality.

• check all pumps

e maintain the logbook of the plant. 1
Weekly 1
• check and grease all pumps and moving parts.

~ check the stock of fuel and order, if needed.

• check distribution network and taps and arrange repairs, if necessary.

• communicate with user public for problems if any in water supply.

S keep the plant-site clean. 1
?4onthly or less frequently j

o scrape the filter beds (s) as and when necessary. 1
o wash the scrapings, dry and store the washed sand.

Yearly or less frequently

o clean and disinfect the dear water well

e check the filter and the dear well for water-tightness.

Every two years or less frequent

t resand filter unit(s) as may be necessary.

1
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ANNEXURE

ENGINEERING DRAWINGS

Design Population - 1000

Per-Capita Supply - 40 lpd
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