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ABSTBACT

This study investigates the possibility of iran. reioovai’~

by a simple low cost tecriniguc ot filtEatlon, USifl9 CO~ES&~

sancl of effective size 3inm and proposes a si.nipie tiltering

unit to be constructed in conjunction witti handpumps in irori

prone areas. An attenipt is also oiaae to detCLmllIe the

possib]lity of backwasrting und~r low Zicads. The etticiency

of the unit with different loadiny concentration has also

been deteruiined.
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1 INTRODUCTION

1.1 Statement

Safe, adequate and accessible supplies of water

together with sanitation are recognized as the basic health

needs and essenti.al components of primary health cate.The

various sources tlaa� mnigtit be available are the sur±ace

waters, rairi water and ground water • For the extraction of

water,wells deep or sriallow with or without tianclpumps are

installed. Ground waters are preterable to surface waters

because of lesser contamination , lesser susceptibility for

seasonal variatiou and also can be witZi drawn long after

drought condition .The mnajor problem in ground water is the

iron and mnanganese concentration above the desired level.

This study however is limnited to remnoval of iron only. Iron

on the other hand is the necessary element for tne human

life. It is arm element required for the tormation of

haenioglobin which is neecieci in transporting oxygen from the

lungs to the tissuc cells.A normual human adult Eeguires 10

to 20 my of iron intake per aay. Deficiency of iron in human

-. body causes certain forms of anaemnia.The limajts ilmiposed on

the concentration of iron in drinking water by World Health

Organisation is based not trom physiologicai consideration

bii.-t from aesthetjc and taste consideration.Allowable limuit

of iron for potable water is O.lmg,’l and a maximum of

lzug/l.Excessive aniounts of iron may cause the following

troubles:

___~tI ~
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1. Large amounts of iron will give an astringent 0E ULetallic~

taste to the water. The threshold ot taste for iron is

1.Bmg/l. (COHEN 1960)

2. Discolouration of industrial products sucxn as paper, -

textiles leather ,ice etc.

3. klousehold utensils, glassware, dishes, fixtures

(porcelain basins nath tuns etc•) are stained.

4.Clothes are stained.

5.Iron favours the growth of iron bacteria. These cloy

pipelines meters, nozzies and other water handlingh

equipmnent, cutting clown flow rates and trequently breaking

loose in large clogging masses and imparts objectionanle

taste and odours to the water.

At present ground water extraction through handpumps is

being considered as the desirabie uieans for collectiny sale

water for domestic purposes in rural areas for various

reasons eg. economny, technology and social aspects. Various1,

researchers around the world have conducted studies with the

purpose of devising a ii anapuump that is simple and bv cost

such that it can be produced locally wjth the available

skill and level of technology, a handpump that can wittistand

heavy use and umisuse as well, and can be maintained and

repaired at least for mninor damnages by the users themaselves.

Rowever vhere welis with handpumps are th~ primary source of

water in rural areas, hiyh iron content in ground waters
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could make the water unsuitable for doniestic purposes.

Therefore developuient of art iron removal device trom

handpumup tubeweil is essential tot best utilisation of the

handpumpsin iron probleum areas. The attenipt in this study

is to design a simple 10w cost unit uhich could be

applicable for iron removal trom ground water in the rural

areas.

1.2 Obj~ctives of the St~j~

The nam objectives of the study are:

(i) to develop a simple treatuient urtit for the Eemoval of

iron trom ground water extracted with a hand pump.

(ii) to examine the efficiency of the treatment unit and

(iii) to determine the effect of backwashing under low

heads.

1.3 Sc~eof the St~

The preceeciing section has establishecl the need ±0E a

unit in conjunction with the tubeweli in order to make the

best utilization of the handpumups. The subject of study is

to find the efficient,iow cost treatument unit.The media used

shali be coarse sand of eitective size of about 3wm .The

ground water from the cleep well station of The Asian

Institute Of Technology will be used as the raw water

source. For higtier concentrations of iron, artiticial

samples will be prepared making use of ferrous suiphate.
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For backwashing purposes a torce pump could be used to

develop large heads but this attempt was proved unsuccesstul

for high initial cost or coustruction and mnaintenance

problemu of force pump.The onty alternative then would be the

consttuction of two filter units so ttiat uhen one is taken

out for washing , the other would be available for

operation. It simple uacx water overilow does not help ,

then this would be the only simple alternative available.
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II LITERATURE REVIEW

2.1 Çtiemistry~±Iton

Iron exists in soils and minerals in the forum of

jnsoluble ferric oude ana iron sulfide.It also occurs in

the form of ferrous carnonate which is slightly soiuble.

Iron in ground water comnmozlly exists in the soluble ferrous

state, usually ferrous carbonate. Appreciable amnounts of

ferrous carbonate may be dissolved by the reaction,

FeCO3+ COL+HLO F~ + 2HC03 ———(1)

becatise ground waters usually contain signiticant amnounts of

carbori dioxide.Thïs concentration resuits from bacterial

oxidation of organic watter with which the water has been in

contact and under the condjtions, the carbondioxide is not

free to escape to the atumosphete. Perric oxide gets reduced

to terrous oude possibly due to bacterial action and theit

dissolves carbondioxide to give terrous bicarbonate

according to the toilowing reaction,
2Fe~O~——-————--~ l4FeO + C0

2•, (2)

FeO + 2CO~+ 2H~O———— Fe(HCO3)2 + (3)

The removal process by oxidation is represented by the

reaction

Fe (IICO3)~2 ——Fe (Oh)2 + 2~o~ ———— (4)

4 Pc (OE1)2 + 02 ~
21~L0 4Pe(0ll)~ ——— (5~

The solubility of iron depencis upon tne concentration of

oxidizing agent and pil. Soluble iron exists mainly in

bivalent state. But souie trivalent ferr.c iron may also
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exist in solution if the pil is low. In alkaline water~

devoid of su~Lfides, pltosphates and organic compounds iron

will precipitate as ferrous hydroxides, ferrous carbonate,

terric hydroxide.Ttie solunility is reduced in any tom of

alkalinity

The basic eguation desciibing the oxidation of ferrous iron

by oxygen is

~1• +
t4fe + 10H2» ——————— 4fe (OH)3 + 6H ———— (b)

As seen above, in equation no.(b) , lmg/l of oxygen will

oxidize lmg/l of terrous iron.

The gtaphs developed ny GHOSH ana U’CUNNER(l9bb) shows

the solubility characteristics of tertous iron in water~

devoid of catrmonate and sultides species and the soIuoll3.ty

characteristics of trivalent iron and also the

characteristjcs or terrous iromi in alkaline watems. (tigs

2.1, 2.2 and 2.3) The boundary of the shaded area detines

the maximum solubility. At ph of 9 the total soluble ferrous

-~4
iron in non carbonate bearing water is approximuately 10~

mol/ijtre (Fig 2.1) where as at the same pif in alkaline

waters the soiunility is 3.16x mol/litre.(Fig 2.2

Carbonate bearing water) In Pig 2.3 the solubility of terric

iron is 10
0mo1/litre at pH of 9 which means that terric~

hydroxide bas more tendency to precipitate than terrous iron

in carbonate bearing water.

In an investigation made by STtJMN and LEE (1961) on the~

oxygenation of the ferrous iron , they lound the rate af
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oxygenation to be a function ot terrous iron coacentration

and the partial pressure ot oxygen , p:

—d(Fe )/dt J’ (Pe ) p —--(7)

where, k’ is strongly dependent on pil. Their data indicated

a 100 fold increase in the rate ot oxiciation of ferrous iron

with an increase of one pil unit.

2.2 Filtration

Filtration is a process in which tne s~ispended

partjcles contained in ttie water is clatified while passing

through the ifiedia pores. The fluiu flow in the filter pores

is lauiinar, that is, fluid viscous forces predonilnate over

fluid inertia torces.Tne tiulu t].ow has some similarity with

Poiseui.Lle flow in a capiJlary ana there will be a velocity

gradient in each pore, witn zero velocity at the bouridary

witb the gram surface and a Lnaxi~auIn velocxty near tiie pore

cent re.

Wnen filtration nas to be accoinplisned at a greater rate

coarser sands are to be used. In rapid filtration the

particles to be reinoved are suialler tnan the pores. It

foliows that if particles foliowed the fluid streamlines,

many of theui would never touch a gram surtace and be

renioved. from the flow.Theretore mechanismns of transport have

to be considered which wo~e the particles across tne

streamlines, so that they arrive adjacent to a gram
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surface. When they arrive there, an attachnent mechanism has

to Lie considered.

The transport ouectianlsms are straining, interceptiou,~

inertia, sedimaentation, ditfusion, hydrodynaniic action.

orthokinetic t.Locculatiori and combined transport mechanisms.~

ives (1971) reported tnat tnere are several mechanisms.

availabie which all act simultaneously auriny

filtration.Ifowever, tz~eir relative importance depend on the

characteristics of the part~cles and the characteristics of

flow and charactemistics of the filter media.

Once the particles are in contact wilh the gmains then

attacl-iutent mechan±smu necu to be considered. Tjie attachnent

umechanisms are electricai. double layer interactions , Vander

Waals forces, Hydration and aiutuaï adsorption.

2.3 Past_Studies

A lot of womk has been aone on tiltration and also a

lot on remnoval of iron.WESTON(1914) determined the

possibility of removiny iron trom ground water without using

chemicals.Iron was induced to coagulate and the interterence

of organic matter was avoided by passing the water througti

submerged braken stones .Here the iron content was reduced

from O.9mg/l to 0.35uig/l.Tbe contact between water and

rouyh surface of the Stones effect the displacemeiit of

carbondioxicie by oxygen.The systemu consisted of a trickier
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tilled with broken stones tollowed by a subsidiary basin

filled with coke and then by sand filter. Analysis of the

media showed that iron reumoval beyan at once and was nearly

comuplete-before the filter unit was reached.

THANE! and OtJANO (1977) while doing their experimental

investigation om the etficiency of tiimnidity removal by the

horizontal prefilter using coarre uieaia tound that 56%

removal of iron was also achieved.

A community type of iron removal plant had been

constructed at Jikargacha and Narenuapur in Jessome,

(Bangladesh) which were in operation .(Farooque Ahmued,1981)

The plant consisteci 01 four units, aeration channel,

sedimentation, adsorption aiia tiltration chambers.The

aeration channel was made of 4 ~°VC pipe partially tilled

with brick khoa and is slotted at the top. Water discharge

through the mouth of the tubeweil passes over the khoa and~

gets sufficiently aerated and then drips in theH

sedimentation cham~er In the sedimentation chamber water

fails on the charcoal bed at the top, whicn provides turther

aeration. Soule portion of precipitated iran tlocs settie at

the bottom of the sedimuentation tank. Water trom the

sedimentation chamber enters into the adsorption chainber at

the bottomu through small holes and ilows upward. Small

precipitated iron flocs adhere to the surface of Xhoa in
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adsorption chaniner and assist turther removal of iron from

tubeweli water. Water trom the adsorption chamber ±lows over

a weir and enters into the filter bed where most of the

remnaining precipitated iran is strained by filter muatemials

and almost iron free water is discharged.

FRANKEL, R.J.(1979) mentioned about an appropriate

technology type of water filter consisting of two stages ;

the first stage is made up of coconut tibres and the second

stage uses Dumnt rice Jiusks.It is nelieved that the guality

of effluent from the ptocess treatzuent is teasonar.Ly yood fo~

inost of the villages where investment in more expensive

water treatment piants simply cannot be atforded. The plant

was designed only for tumoidity removal but it is possinle

that even iron could be remnoved to certain extent.

JOHN Z1RSCIIK~ and LIISA CARLSON (1980) in their paper

have written overland t low as an effective process of iron

and manganese removal trom potable water.Iron and manganese

removal of efficiencies as high as 97 percent have been

tound with one systeui.Ttie ttieory lying benind is effective

aeratjoa and sedimentation and titration of the resulting

iron precipit~te. Pmoviding a large surface area for gas

transfer, overlana tiow promotes the oxiaation of peT~

Theometically sedimentation is optimised by shallow

sedimuentation and the overlarid flow slope itselt is a
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shallow sedimentatiorm basin. Pamticles need only settie a

short distance before intercepting the slope, thereby being

removed. First neither mechanical aeration mom chemicals

are required to oxidise iran, thereby reducing energy and

chemuical costs.Sedimentation basins are not reguired for

precipitatiori of iron.As the precipitate settied on the

slope is not removed, the volume of sludge generateci for

disposal is conslderdbly reduced.There are few mechanicaj.

systems which require maintenance, supervision, om energy

usage. I~emoval of the precipitate trom the surface of the

recharge basins is recjuitect on.Ly approximuately once a year,

and the medium in the recharge basin is replaced about every

two years.The only mnajor mecaanical components are tne

ground water and eftiuent pumping systems and the

disinfection system.The clisadvantages ot this system include

excessive land requirements for large systems and possible

negative public perception of the effectiveness of overland

fiow for water treatment.

2.L~ Other Methocis of Iron Removal

The technigue of oxidising ferrous iron to terric iron

by simple acration has long before been used priom to

filtration.LONGLEY J.~1. et al(19b2) tound in their

laboratory and field studies the removal of iron in the

aerator to be 0.1 to 44 percent.
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Manganese zeolite is also used in the filter and tnis

granular black uiaterial has the ability to serve as the

oxidising contact media as well as the ijiter medium. Wheri

the rated capacity of the manganese greensand (manganese

zeolite) is teacned, regeneration is accomplistied witki

potassiuma permnanganate. A layer of antnracite coal is

usually placeci above the manganese greensand media to li

capture suspended so.Lids and organic material. permuittiug

langer filter muns. The operation is always restricted to

pressure filtration.

The other metiiods inciude t~e use of various chemaicals

sucti as chiorine dioxicle potassium permanganate etc.The use

of YBF material as the tiltering media also eliminates

iron .it has been briefly descri bed in the tollowing

paragraphs.

Charme dioxide, oxidizes iron much more rapidly than

chiorine does. It is otten used in conjunction with

chlorination to ensure adequate chiorine residuals.But

chiorine - being relatively less expensive than chiorine

dioxide, it is usually applied. The efticiency and speed of

chiorine dioxide oxidation depend to a lamge degree on the

pa of water where best resuits are o..tained when the p~ is~

higher than 7.0.
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Removal of divalent iron by oxidation with potassium

permanganate Ras been successful.Permnanganate should be

applied prior to sedimuentation in a rapid mix opetation to

ensure adequate mjxing.Several products of potassium

permanganate have been comnmercialized under the name of

manganesesand, manganesechamotte etc. name of which can be

corisidemed a tinai product.

Now the technologists have completed an epoch—inaking

cleironizing agent YBF based om their experiences about

filter niaterials accuniulated over muany years.The strong

oxidative power of YbF readily converts terrous iron to

terric and adsorbs tne .iatter otf .It can completely remove

the single tormned terric hyciroxide oweing to the high

tiltering effect of clinoptirol type zeolite.The mnixeci

ferrjc hydroxide can also be renoved rapidly due to the hign

oxidative power and filtering effect of YBF.

YBF is the latest type or deironizing agent having both

the abilities of filtration and deimonization. Oraganic iran

(iron fuminate) can also be removed with it after an

appropriate pretr~atment.The material does not need

regeneration. Only a passage of water through the mnaterial

is enough.This materiaj can etticientiy treat raw waters of

concentrations lOmg/l om more. Approach velocity is as high

as 10 to 15 mn/h.The other advantages include sutfjcient
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effectiveness of contact and oxidation oweing to the unique

rhombic tomui. Void is readily formed in the filter layer so

that the deeper parts of the .Layer exaibits a deironizing

effect.A high water passage speed can be emuployea which

decreases the filter area. Clogging also is not a problemn in

this case.

Another method al iran removal is the sunterranean

treatment method. The method involves the pumping in of

oxidised water at a rate ot nomnial withdrawal.This creates a

zone of oxidised water around the dri.Lied well. During

normaal pumnping,the terrous iron beating water enters this

zone and maost probamly gets oxiclisea ana strained off within

the aguifer. The exact phenomenon is stili unexplained

The raw water containiny an iran concentratian of 4 mg/l Ras

succesfuily been reduced to water Og. concentration of .1

mg/l. The pumnping in af oxidised water has to be done ouce

in every two weeks wtien the iran concentration exeeds the

permaissible limit.
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III DESIGN AND EXPEBIMEt~iTAL IN’IESTlGATION (METHODOLOGÏ)

3.1 Design of Experiniental ~Jfl~

The minimum discharge of the handpump has to be 0.25~

1/s so that a container af 15 latres capacity gets tilled in

one mlnute.In order that discharge be obtained trom the

filter bottom as so~ as is pumuped, cer-tain approach

velocity or tiow mate through the filter unit has to be

considered. The assumpt 10fl hete is the gram size of 3 mm

aliows the approach veiocity of atleast 2.5 m/h 50 that the

flow would then be 2.5x0.bxü.b u~’h ie. 0.9n~’h per 0.36

area of the filter bottoni provided. The discharge is 0.25

1/s . This discharge can satisfy about 200 peoples rieed.

People normally use L~5 1 to 50 1 of water per day.The

cletailed calculation is snown in the appendix.

The experimuental unit consists of a sumpwell of capacity

of about 2ui3, a liandpump fixed over tnis tank (sumpwell).

The hand pump delivers raw water inta the first chamber from

where it overtlows into the tiltration chamber which is the

uiain unit and in actual tield construction this is the only

unit that is going to be provided in conjunction witli the~

handpump.For this study this tanlç has been caristmucted of
g

steel.. The dimension of the tank is 0.8 x 0.6 x 0.9m In

actual practice it shali be constructed of brick masonr-y,

stone masonry, om even concrete.The media depth provided is

0.6mn of coarse sani of effective size 3uim. This coarse
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aggregate is supported unaerneath by a perforated steel

plate which is pravicled with strainems. An undercirainage

has been provided to coilect the filtered water. The

filtered water is then collectea trirouyh the tap provided a

littie above the level of media. ~n overtiow pipe has been

provicied at the top as shown in the Fig 3.1

The water level is always Iuaintainea in the filter

media at the level oi the tap so that air pocitets will not

forma , thus eliminating negative heads aace jt has opemated.

Care must be taken at tne start. High ±10w mate has to be

maintained through the filter without atfecting its

efficiency of iron remaoval.The gradation of the material

should be such that water cali be collec-ted as soori as it is

pumped. For this reason coarse sanci of size 3mw has been

used. For low nead baciç.wash a head of 1.5w Ras been

niaintained.At the time of cleaning, the teeding line is

closed and the backwash line openea. In actualpractice clean

water is used for cleaniny purposes.flowever in this case

saaie tav water was used. Ttie object hete is to dislodge the

accumulated from particles and to wash ott.The washed water

overflows thmough the overilow provided.

3.2 Experimental_stag~s

The various steps of experimaentation were as tollows:

1.Betore starting the experiment chemicals necessary for

analysing various tormns of iron vete prepared. A

calibration curve was plotted for standerdising the





Fig. 3.1 — Filtration Chamber
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spectrophotomneter. (Fig. A2 in the Appendix) . Simailarly the,

curve in ~ig. Al is the curve for fixing the precietermined

tiow by adjusting the heigth of the tïoat of the rotanieter.

2.Preparatiori of tav water:

linchiorinated deepweil water of AlT was used and ferrous’~

sulphate added to It to obtain the desired concentration of

iron. Ground water actually contain iron in terrous state:

and are in dissolved forum . I3ut in raw water some of the’

terrous iran gets oxidised to terric state and as sucn

analysis of both states of irori has to be done for tav water

as well as the treaten water.

3.the sample analysis of iron in tav water (Fe~ Fe~~

4.The tav water was pumped trom the tank (sumupweli) by a

submersible pump instead of the handpumup.Flandpump sliali be

used oniy for bacKwastm purpases.An electric pumup is made use

of simply, to hasten the experiment so that the filter run

may be known quickly.

5.The samnple analysis of iran in the filter e±±luent.(Fe~

Fe

6.Filtration was aane for tav waters of concentration of 7~5

mg/l, 5mg/l,lOmg/l and lSmg/l. The assumtion hete was that

if the filter cloes not dag soon then filter conditions do

not change drastically and the efliciency of the media tot

various concentrations of may water can then be

visualized.In fact the filtering capacity deteriorates with

longer operation.
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7.Head loss measurement was also done.For this purpose a

piezoumeter had been installed at the Dattamn of the

outlet.(tap point) The samupliny points have been showu in

the Fig 3.2. The samimples vete collecteci at every thirtytive

minutes interval so that eacm~ run gave three sampliag times

and since the numher of samnpling points vete two, eacii run

yield six samples.





t-.

~ddition of iron solution to get the desired iron concentration

Sampling Point A

—~----

Alter Unit Sampling Point B

Fig. 3.2 — Schematic Diagram of Experimenlal Systern

( Not to Scale )

-D*- Valve

$Unchiormnated Ground Water Supply

Submersible
Pump

Raw Water Tank
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IV RESULTS AND DISCUSSIONS

14.1 Chara~teristics of Ground Water

The chemical analysis 0± ground water reveals that the

concentration of total iron ranges trom .05 to .2 aig/i and

the terrous iron trom .01 to 0.Obiug/1.

4.2 Removal of Ferrous iion

As tne raw water tanK was open, almost dli ferrous iron

was converted to ferric ~rori because of the aeration. due to

the recirculated puuipeu water. Tnus no conciusion could be

drawn regarding the reinoval of ferrous iron. The treated

water practically contdi.nea no terrous iron. The raw water

sampie when anaiy~ed after 15 minutes of operation indicated

a ferrous iron o~ 0.4 mg/l ano the effluent contained no

aetectable terrous iroa.This may be uue to the tact that the

rate of oxidation of ferrous itoti is propot-tional to the

terrous iron coaceutration and the partial pressure of

oxygen.The oxidation is also dependent on the concentration

of hydroxyl ion.

14.3 Reiuoval ot Total Iton

The percentage renioval of total iron at a concentration

of 2.Smg/l was tound to ne 42%~~,that tot Smg/i, 514%j2%:

For 10 mg/1,the removal is 60%~2~tand that for 15 iny/l ,

The iniluent and efiluent iron concentration has

been tabulated through Tabie 4.1 to 4.4 and the percentage

removal in Table 4.5.
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Table 4.1—Effluent conc. for Int.Luent cauc. of about Smg/l
F -I 1 t

1 1 1 1 1 1 1
L Sample t Head j Jicad IDischargel Iniluentl Etfluentt
t no. t loss 1 1 conc. conc. t
1 t cm~ 1 c1u*~ 1 1/s I nig/1 1 my/J. 1 ‘

1
t

1
I 1 1 10

—

1.5 t 0.25 1 2.b t 1.2
1 2 1 10 1 1.5 10.25 1 3.1 1 1.8 j

t 3 t 10 1 1.5 10.25 1 3.1 1.7 1
( 14 1 10 1 1.5 10.25 3.2 1 1.7 t
t I 10 t 1 .5 1 0.25 i 3.1 t 1.7 I
t t 10 t 1.5 t 0.25 I 3.1 t 1.8 I
1 7 t 10 1 1.5 10.25 I ~.1 1.5

S t 10 1 1.5 10.25 t 3.1 t 1.7 t
t 9 1 10 1.5 10.25 3.14 1.7
1 10 1 10 1.5 0.25 1 3.2 1.5 1
t 11 t 10 t 1.5 10.25 t 3.1 t 1.6 t
1 12 t 10 t 1.5 I 0.25 t 3.1 t 1.7 I
I 13 t 10 t 1.5 10.25 t 3.1 t 1.5 1

t 1’~ t 10 1 .5 1 0.25 2.8 j 1.7 (
t 15 1 10 t 1.5 l 0.25 t 2.8 t 1.7 1
t L

Table 4.2—Ef±uent conc. for
r T

t t t
t Samaple t Head 1 [-fead
1 no. t t loss

t cui* I ç~j**
1 —1

1 1 10 1 1.5
1 2 t 10 t 1.5
t 3 t 10 t 1.5
t 4 t 10 1.5

5 t 10 t 1.5
t 6 10 t 1.5
1 7 1 10 1 1.5
1 8 t 10 t 1.5
t 9 t 10 t 1.5
t 10 t 10 1 1.5
t 11 10 t 1.5
t 12 1 10 j 1.5
t 13 t 10 t 1.5
t 14 t 10 t 1.5
t 15 t 10 t 1.5
~---.-- ~-- -- &

1 ntluent couc. of about 5.Oamg/.L
-T ~

t t t t
tDiscriarget IntJ.uentt ~t±luentI

t coflC. conc.
t 1/s t mg/l t ng/i t

-I t t
t 0.25 t 5.1 t 2.4 t
t 0.25 1 ‘4.8 t 2.14 t
t 0.25 t LLS t 2.4 t
t 0.25 t t4~ t 2.4 t
t 0.25 L4~5 2.4 t
t 0.25 t ‘4.7 t 2.4 t
t 0.25 t 5.1 t 2.3 t
t 0.25 t 4.7 t 2.’4 t
t 0.25 t 4.5 t 2.14 t
t 0.25 t 4.4 l 1.5 t
1 0.25 t ‘4.5 t 2.0 1
1 0.25 t ‘4.5 t 2.0 t
t 0.25 t 5.2 t 2.4 t
t 0.25 I 5.1 t 2.14 t
t 0.25 t 5.1 t 2.14 t
1 —- —

* The head actually tiuctuated betweemi S to 12 cms.
** The head loss tiuctuatea between 1 to 2 cms.
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Table 4.3—Ettluent conc. for Intiucat conc. of about 10 mg/1,
t 1 t I

t t t t t t t’
t samuple neai 1 head Idischarget intluentt eftluentl

t no. 1 t Loss t t COliC. t conc. t
1 t

t
Cn1~

t
cm~ t i.ps t

t
mg/l t mg/1 t

t
~1 t 10 t 1.5 t 0.25 t 8.8 t 3.4

t 2 t 10 Ê 1.5 t 0.~5 t 8.7 t 3.4 t
t 3 t 10 t 1.5 1 0.25 t 8.b t .4 t
t ‘4 t 10 t 1.5 t u.25 t 8.2 t 3.~ t
t 5 t 10 t 1.5 t 0.25 1 8.3 t 3.14 t
t 6 t 10 t 1.5 tO.25 1 8.2 t 3.4 t~
t 7 t 10 t 1.5 t u.25 1 9.1 t J.b t,
t 8 t 10 t 1.5 t 0.25 t 9.3 t ‘4.0 t
t 9 t 10 t 1.5 t 0.25 t 9.3 t 4.0 t
t 10 1 10 t 1.5 t 0.25 t b.7 t 3.4 t
t 11 t 10 t 1.5 t 0.25 t 8.2 1 3.7 t
t 12 t 10 t 1.5 t 0.25 t 8.7 t 3.’1 t
t 13 t 10 t 1.5 t 0.25 t 8.7 t 2.9 t
t 14 t 10 1.5 t 0.25 t 8.8 t 2.9 t
t 15 t 10 1.5 t 0.25 t 8.8 t 3.2 t
1 1 1 1

Table LI~.L4—Eff1uertt conc. tot intj.uerit conc. of about 15 mg/i
(concentration about 15.U mg/i)

1 t t 1 1

t t t t t t t
t Samnple t flead t Head tDischargel Intluentt Etflueritl

t na. t t loss t t conc. 1 conc.
t
t
t

t
t

cm* cin** t 1/s t my/1 t mng/1 t
1

3.6 t1 t 10 t 1.5 0.25 t 12.8 t
t 2 t 10 t 1.5 t 0.25 t 12.8 t 14.0 t
t 3 t 10 t 1.5 1 0.25 t 12.3 t 3.7 t
t ‘~ 1 10 t 1.5 1 0.25 j 15.2 t 14.7 1
t 5 1 10 t 1.5 t 0.25 t 15.2 t 4.7 t
t 6 t 10 1.5 t 0.25 t 15.2 t 14.3 t

. t 7 1 10 t 1.5 t 0.25 t 15.6 t 4.7 t
t 8 t 10 t 1.5 1 0.25 t 15.4 t ‘4.5 t
t 9 t 10 t 1.5 t 0.25 t 15.6 t 14~7 ‘

t 10 t 10 t 1.5 0.25 t 15.5 1 ‘La t
t 11 1 10 t 1.5 t 0.25 t 15.5 L4_5
t 12 t 10 1 1.5 1 0.25 t 15.4 t 14.5 t ‘

t 13 10 1.5 t 0.25 t 15.5 t 4.b t ‘

t 114 t 10 t 1.5 t 0.25 t 15.5 t 14.5 t
t 15 10 1.5 t 0.25 15.5 t 4.5 t
t t t 1 1

* The head actually tiuctuated between S to 12 cms
** The head loss fiuctuatea between 1 to 2 cms.
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Table 4.5—The percentage rernoval of Iron at different
concentration

t Influent conc. t 1~±t1uent couc. t Percentage remnovdlt
t mg/1 t rng/1 t t

t — t
t 3.1 t 1.8 t ‘42
t 3.1 t 1.7 t [45 t
t 3.2 t 1.7 t 47

3.1 t 1.5 t ‘18 t,
t 5.1 t 2.14 t 53 t’
t 5.1 t 2.3 t 55 t

‘‘.4 t 2.0 t 5’~ t
t 4.5 t 2.0 t 55 t
t 8.8 t 3.14 t 61 t
t 8.7 t 3.’~ t bi t
t 8.8 t 3.2 t 64 t
t 9.3 t 14.0 t 57 t
t 12.8 t 3.6 t 72 t
t 15.2 t ‘4.3 t 72 t
t 15.b t 14.7 t 70 t
t 15.14 t “-.5 t 71 1

t _J

A graph has been litted to ciepict the treaci. or removal with

concentration.The grapl-i has been sI-iown in Pig. L4.1. A curve

of best fit founu was a geonietric curve tot the obtained

remnovals of iran . The relatioii ot best fit is,

Pej =

where Fe~iron an tfl~ lett hand sicie is the final iran

concentration in mg/1 and Fe7, on the right the initjal

concentra-tian in raw water. The va.Lues af constants a and b

were obtained as,

a = 0.817

b = 0.b39

Hence the equation is
V’C3~

Fej = 0.817 (F~’) (8)

The details of the regtession anai.ysis is shawn in Table

‘4.10
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4.14 TurbiditL~eniova1

The best line fitting the observations ‘was a linear

line far whicii the coefticient of correlation is 0.9414 and

the coetficient of determination of 0.892 The standard error

is 3.705 .For the geowetric curve the coefficient of

carrelation is 0.861 and coetficieut of detetmination of

.741.The standard error is .210. The curves have been shown i

in Fiy.14.2 and Fig. ‘4.3 .Tb.e tables of obset-vation have been

presented in tanles th’ough Tanle ~l.b to 4l~9 .Tkie details

of regression analysis aas been st~owri in Table ‘4.11 and 14.12

The lineat relatian taJ~es the fario as:

- 1 t —

t t t t t t
Samp.Le t Heaci t fledu tDlScllarget lfltiuefltt 1~tfluentt
no. I

t
t

cni*
t

t
t

loss
cmu**

t tTurbidltylTurbidityt
1/s t NTU t NTU t

t t t —-1
1 t 10 t 1.5 tO.25 t 35 t 15 t
2 t 10 t 1.5 tO.25 t 35 t 25 t
3 t 10 t 1.5 10.25 t 35 t 20 t
‘4 t 10 t 1.5 10.25 t ‘40 t 22 t
5 t 10 t 1.5 10.25 t 40 22 t
6 t 10 t 1.5 tO.25 t 35 t 20 t
7 t 10 t 1.5 t 0.25 t 40 t t
8 t 10 t 1.5 10.25 t 35 t 22 t
9 t 10 t 1.5 tO.25 t 35 t 20 t

10 t 10 t 1.5 t 0.25 t ‘40 t 25 t
11 t 10 t 1.5 t 0.25 t 40 t 25 t
12 t 10 t 1.5 tO.25 t 35 t 20 t
13 t 10 t 1.5 tO.25 t 35 t 20 t
14 t 10 t 1.5 t 0.25 t 140 t 22 t
15 t

t
10 t

t

1 .5 t 0.25 t 140 t 25 1
1

9.035 — (9)

the forma

— (10)

tot Intiunt canc. of 2.5 rng~l

0.299 (T~ç) +

The geometric relatioii taKes

- ‘/71.436

Table LL6—Turbidity reiuoval

1-

1~
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Table 4.7—Turbidity removai. for Intiunt conc. of 5.0 nig/1
f—____’—._________~ t t t

t t t t t t t
t Sample t ilead t Elead tDisckiarget IntJ_uentt Etfluentt
t no. t t loss t tTurbiditytTurbi~dityt
t t cin* t cui** t 1/s t N’TU t NTt~ t

t t
t 0.25 t 55 t 25 t

t
t 1 t 10 t 1.5
t 2 t 10 t 1.5 10.25 1 50 t 30 1
t 3 1 10 t 1.5 10.25 t 55 t 30 t
t 4 t 10 t 1.5 10.25 t 50 t 25 1
t 5 t 10 t 1.5 t 0.25 t 50 t 18 t

6 t 10 t 1.5 tO.25 55 t 20 t;
t 7 t 10 t 1.5 t 0.25 t 55 t 25 t
t 8 t 10 t 1.5 t 0.25 t 50 t 20 t
t 9 t 10 1.5 10.25 1 50 t 20 t’
t 10 t 10 t 1.5 t 0.25 t 63 t 22 t
t 11 t 10 t 1.5 t 0.25 t 60 t 25 t
t 12 t 10 t 1.5 t 0.25 t 60 t 25 t
t 13 1 10 t 1.5 t 0.25 t 60 t 25 t
t 114 t 10 t 1.5 t 0.25 t 60 t 25 t
t 15 t 10 t 1.5 t 0.25 t 60 t 25 t

t t

Table ‘4.8—Turbiciity reinoval
-

for Infiunt canc. of 10.0 mng/1
1 t t

t t t t t t t ‘

t Saumple t Head t Head tiascharget Intluentt Etfiuentt
t no. t t loss t tTurbiditytTurbi~dityl

t cma*
t -t

t cmn**
t

t 1/s t NTU t ~TU t
1 t t —~1

t 1 t 10 t 1.5 t 0.25 t 110 1 ‘45 t
t 2 t 10 t 1.5 t 0.25 t 110 t ‘45 t
t 3 t 10 t 1.5 0.25 t 110 t 40 t
t ‘4 10 t 1.5 t 0.25 t 110 t 40 t
t 5 t 10 t 1.5 t 0.25 t 110 t 45 t
t 6 t 10 t 1.5 t 0.25 t 110 t ‘45 t
t 7 t 10 t 1.5 t 0.25 t 100 t 40 t ,
t 8 t 10 t 1.5 10.25 t 110 t ‘45 t
t 9 1 10 t 1.5 t 0.25 t 110 t ‘45 t
t 10 t 10 t 1.5 0.25 t 110 t ‘45 t
t 11 t 10 t 1.5 t 0.25 t 110 t 45 t :
t 12 t 10 t 1.5 t 0.25 t 110 t 45 t
t 13 t 10 t 1.5 t 0.25 t 110 t 45 t
t 14 t 10 t 1.5 t 0.25 t 110 t 45 t

15 10 1 1.5 10.25 110 ‘40
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Table ‘4.9—Tutbidity remov’al far Intiunt conc. of 15.0 mg/l

t t
l Sample t
t no. t
t t

t 1 t
t 2 t
t 3 t
t 4 t
t 5 t
t b t
t 7 t
t 8 t
t 9 t
t 10 t
t 11 t
t 12 t
t 13 t
t 114 t
t 15 t
t 1

Head t Ucad
t loss

cm* t cm**

10 1 1.5
10 t 1.5
10 t 1.5
10 t 1.5
10 t 1.5
10 t 1.5
10 t 1.5
•lu t 1.5
10 t 1.5
10 t 1.5
10 t 1.5
10 t 1.5
10 t 1.5
10 t 1.5
10 t 1.5

* The head fluctuated between 8 to 12 cms

** The head loss tiuctuated between. 1 to 2 cins

Table ‘4.10 Resuits of Regression Analysis of the Total Iran

R

Reductian with tac Coricentration of the Raw water.

= 0.971

= 0.9’4’4R squared

Standard error = 0.095

Analysis of Variance

i i i i
t Source t Sum of ttie t aF t Nean Sguare F £(atiot
t t t t t t
t t Squates t t t t
t
t—

t
t

t
t

t
t

t
—t

t
t

t , t t t t t
t Regression t d.7Y2 t 1 t 8.792 t 972.39t
t t t t t t
t Residuaj. t 0.5214 t 58 J .0090 t t
t t t 1 t II
I_____ t t t 1

1 -— 1 t

t t t t
tDisch~.rgeI Intluentt Etfiuentt
t lTurbiditYtTurbidi~tYI
t 1/s t NTU t NTU t
t t t -~

t 0.25 t 120 t 40 t
t 0.25 t 120 t ‘42 t
t 0.25 t 120 t ‘40 t
t 0.25 t 120 t ‘40 t
t 0.25 t 120 t 45 t
t 0.25 t 120 t 45 t
t 0.25 t 120 t ‘45 t
t 0.25 t 120 t ‘40 t
t 0.25 t 120 t ‘45 t
t 0.25 t 120 t 50 t
t 0.25 t 120 t 45 t
t 0.25 t 120 t 45 t
t 0.25 t 120 t 45 t
t 0.25 t 120 t 40 t
t 0.25 t 120 t ‘45 t
t 1 1 t

1,



2’
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Table ‘4.11 Resuits of Regression Analysis of the Turbidity

Beductian with the Change in influent Turbidity

A

8

R

= 0.299

= 9.035

= 0.9’4’4

R squared = 0.892

Standard error = 3.705

Analysis of Variance

t t
t Source t
t t
t t
t t
t- +
t t
t Regression t
t t
t Residual t

t, t

t 1

t t t
t Nean Square t F Ratiot
t t t,
t t t
t t t
+ + -t

t t 1
t t 147ts.30t
t t t
t t t
t t t
1 1 t

5bb .33

13.73

dPSuni of tne

Square s

+

65bb. .jJ

79b. 25

1

58
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Table 4.12 Resuits of Regression Analysis of the Turbidity

iteduction witli the Change in in±luent Turbidity

A = 0.717

B = 1.43b

B = 0.~3b1

R sguared = 0.7’41

Standard error = 0.210

Analysis of Variance

1 1 1 1 1 1
1 Source 1 Surn of the 1 dF 1 Nean Square P Batio(
1 t 1 t t t

1 Squares
t t t t 1

t t. t t ~1 t
1 Regression 1 7.Ji 1 1 7.3i 165.591
t t 1 t t t
1 Residual 1 2.57 i 5~ 0.014 t
t t 1 t t

1 4 __J

4.5 head loss and Filter bacJ~wash

Regarding head iosses,the filter unit operated with a

head of l0cms of supernatant water and the head loss

fluctuated within 1 and 2 cnis. The purpose of baciwash is

to flujdise the filter bed and dislodge the accunulated

particles.The head of 1.5w Was insutticient to tluidise the

heavy sand bed of 0.b in deep.Thete was simple overfiow of

water. No doubt certain cleansing effect is de±initely

possible but the method is not that ettective.The filter did

not dag during the opelatioli and ther~ was no appreciable

head loss as well and as such it was not possible to

determine the tiltet run.
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The guantity estimate of the extra unit that nas to be

constructed. in additiort to nandpuuip is giveri below:

Table 14.13—Quan.tity estijitate of the ~iiter Unit
1 —i t,

tDescriPtion t t t t 1 t
of wor~ t no. t L (~~)t ~ (m) t 1~(“)t Quantity t

1 t t -~- 1~
lEarthwork 1 t 1.0 t 1.3 1 0.3 0.39 t
~Brickso1ing t 1 1.0 t 1.3 i 0.3 t 0.39 t
tBrickwor)~ t 1 t 1.1 o.~ t o.i t 0.09 t
ILong wall t 2 t 1.1 t 0.1 t 0.9 t 0.20 F
tshort wall t 3 t 0.~ t 0.1 t 0.9 t ~ t
tTotal t t t t t 0.45 t’
tPlastering t b t 0.b t —— t 0.9 t 3.214 t
t (inside) t 2 t 0.2 t —— t 0.9 t 0.36 t
IBottam t 1 U.b t 0.b t —— t 0.36 t
tBattOln t 1 t 0.2 t 0.6 t —— t ~ t
tTotal t t t t 1 4.08 t
tPlastering t 2 t 1.3 t —— t 1.0 t 2.60 t
t (outside) t 2 t 0.6 t —— f 1.0 t 1.20 t
t t 2 t 1.3 t 0.1 t —— t 0.26 t
t t 3 t 0.6 t 0.1 t —— t Q~J~ t
iTotaJ- t t t t t 4.24 t

1 t __j 1,

Table tI.14—Cast estimate of the Filter Unit
t t ~1’

t Description of tVuantity tunit Costt Total cost t
t the worlç in 8 t, t in ~W’ t in W t

t —t t
t Eartriworlç. t 0.39 ‘~I 20/nt t 7.80 t
t Bric)~ soljng t 0.39 11 40/ni t 15.60 t
t Brick inasonry t 0.145 ~n~t1200/ta t 540.00 t
t Plastering t ‘4.08 lnLt 200/nt t 816.00 t
t Plasteriny t ‘4.24 ‘~1~~t180/in t 7t,3.aQ t
t Total Cost t t t 2142.60 t
t t

The brick masonLy snail be constructed in 1:3 cement

mortar. Plasterinq snail be in 1:2 content ntortar with 2%

water proafiny canpound tot inside plastering and witnout

wat~r proafing cauipouna for outside plastering.
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V CONCLUSIONS

1.A series of tiltering units is necessary to proa.uce an

eifluent of iron concentration less than lmg/l , the number

of units depending on the raw water iron concentratlon.

2.The percentage removaJ. of iron incteases with the increase

in the concentration of tae raw water.

3.For washing purposes two chambers in one unit is riecessary

so that when one is tai~en Out for cleaniny, the other would

be available for operation. Filter baclwashing under law

heads is nat passible in case of sana media.
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VI REC0t~t1J~.NDATI0t~5

The study had been cojiducted for a disctiarge of 0.25

1/s and for a saud media of depth of 0.6m .Besides the raw

water ferrous iron content was negligible due to the

oxidation of the terrous state of iron in the raw water tank

due to the recirculated puuiped water. The tollowing studies

are recotumended which has been listed below:

1. The filter performance vitti the cnange in depth of media

should be consinered and to estimate the optiinuui depth for a’

particular tiow rate.

2. The effect of the tiltration rates on the filter

performance shoul~i be consiciered. Furttiermore, the optimuui~

filtration rate should also be determjned.

3. The study on the efticiency of tne unit with other filter

medium.

4~ The study on DacKwasing under 10w heads tot llghter

filter medium such as YBF

5. The efficiency of aeration in vatious filter medium.

6. The filter run should also be determined. For this a long

period of study is necessary.

7. The teasibility of usiriy two or wore than two units to

obtain the effluent of desireci concentratiori.
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CALCULATIONS FOR FIXING THE DI~1ENSIUNSOF ThE FILTER

IJNIT

Assuming the per capita water demand to be ~5 1/d,’

200 peopie will require

200 x 145 = 9000 litres per day.

Assuwing water deuiand to be satisfied within 12 hrs,

the discharge requireci is,

9000/(12 x J600)0.2 1/s

Hete a discharge of 0.25 1/s ‘s taken tot design. The

filtration assuinea is, 2.5m/h or 2.5 Ii. Tflus the

area required is,

0.25 x 10 x 3600 / 2.5 = 0.36

Hence a scjuare bottom of side 0.o m has been provided.
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