9.6.1 SOURCES AND NATURE

Iron and manganese occur in certain underground waters and springs, alone or m
association with organic matrer, iron being generally predominant, when they are together.
They could also be found in surface waters occasionally, Tron and Manganese are found n
solution in water derived near the bottom of deep lakes, where reducing conditions develop.
These are usually scasonal. The presence of jron can also result due o the discharge of
certain industrial wastes ot mune dramage.

Tron and manganese in ground waters are attributed to the selution of rocks and mnerals
chiefly oxides, sulphides, carbonates and silicates of these metals, This dissolution s
enhanced by the presence of carbon dioxade present in groundwater.,

[rom exists i water i fwo levels of oxidation (5 as the bivalent, ferrous won (Fe' ') and
(i) as the trivalent, fersic ron (™), the latier occurring generally in the precipitated form.
Therefore in clear ground waters, the fron, +f present, 15 all ferrous iron. Manganese is also
found in water naturally in two oxide on stages, bivalent and quadrivalent, the latter being
very spatingly soluble.

fron forms complexes of hvdroxides and other morganic complexes in solution with
substantial amounts of bicarbonate, sulphate, phosphate, cyanide, or halides, Presence of
orgame substances induces the formation of organic complexes and chelates which increase
the solubility of iron and manganesc.

The terminology of wrganic won and manganese is used when difficulties in oxidation are
cncountered. There are no analytical technigues for determination of organic son or
f"i"!‘iﬂ“‘;‘ﬁ;}iﬂ(.‘?‘\{j,

Waters of high alkalinity have lower icon and manganese contents than waters of low
alkabinity, 1 water contams significant amounts of hydrogen sulphide, litle or no Jron or
manganese 15 found in solution as most of st 15 precipitated.

9.6.2 REMOVAL METHODS

Chemical analysis of water alone may not always provide a clue 1o the removal method to
be adopted. [ence @ s advisable that taboratory and priot plant studhes are made before any
particular method 1s used. Osidation by aeration or use of chemmcals ke chlonne, chioring
dioxide or potassium perrmunganate followed by filtration alone or by sertling and filtration
can bring about the precipitation of iron and manganese and thetr removal. Use of zeoltes as
well as caralytic oxdation also serve the purpose.

9.6.2.1 Precipitation

[ron or manganese in water in reduced form s converted o soluble fernic and mangan
compounds by oxidation and these are removed by tdtration ah)m‘ or by sechimentation ami
fliration. 1he reaction period is about 5 minutes ot less at a pH of 710 7.5 and 0. 14 mg of
onygen is needed to convert Tmg ferrous iron 1o fernic h}-df(?)éidﬁ as ndicated m:m\i.a

41t O, + mzm = 4 Fe(OIT), 4 +

4x 56 mg e’ = 2x 16 mg O,




Tmghe” = 0 14mg0,

The rate of oxidation of ferrous won by aeration 15 slow under condiions of low pH,
wicreasing 100% for every unit nise of pH. Increased aeration time would be necessary for
stripping the carbon dioxide, hydrogen sulphide ete. Addition of lime can also remove the
carbon dioxide o1 in case where there is mineral acidity it can accomplish the rasing of pi
Rates of precipitation and flocculation are accelesated in practice by contact and catalysis.
Water is allowed to trickle over coke or crushed stone. The deposition of hydeated oxides of
iron and manganese and bactetia on the contact media is believed to act as catalysts which
accelerate the oxidation of iron.

The contact beds for deferrisation are normally 2 to 3 m deep operating at a surface
loading of 40 to 70 m’/d/m® with the contact medium of sizes 50 to 150 min, Accumulation
of won and manganese  are flushed out by rapid drainage after flling the bed to near
overflow level Sedimentation before filtration will be necessary when the iron content
exceeds 10 mg/l. A settling period of two to three hours is adequate. The water has to Dass
through flters (gravity or pressure type) with 75 am depth of sand or sand and anthracite.
Filter rates are usually of 6 to 9 m®/h/e’

Oxidation of 1ton can be inhibited possibly due to the binding of ferrous iron by organic
substances and ammonia which behave in a manner similar to tannic, gallic or ascorbic acids.
All the organic material has to be oxidized before any perceptible oxidation of ron can be
eficcted. Chioination of many iton bearing waters can bring about the oxidation of the
organic matter and other reducing agents facilitating the oxidation of ferrous iron. Deeper
filter beds upto 2 1o 2.5 m with sand size of 0.6 mm have also been used with good results,
In many waters, especially containing orpanics, prechlotination ahead of coagulation,
sedimentation and, filtration at ot values between 6.7 and 8.4 usually will ensure removal to
acceptable limats.

By addition of ime to mw or pre-acrated waters, catbon dioxide content can be brought
down to zero and the resulting high phl value will promote the flocculation of fron and
manganese. ‘the plants will require washing of filter medium. Necessity of washing 1s
ascertamned as and when there is overflow through the overflow pipe provided in the filrer
compartment of the units. The interval between successive washing varies and depends on
the mitial turbidity and iron content. Experience indicates a closer interval of one week for
turbidity around 40 mg/1 and 1-2 months for waters with low turbidities (less than 10 mg/1).
Washing of filter medium involves temoval of top 5 to 10 cms filter medium and washing it
manually with water to free o from sediment and replace the same in position. The coke
medium needs washing/replacement once in 6 to 24 months depending on the won content
i raw water.

fron removal is also concomitant at the high pH value reached in municipal softening
plants using lime.

Manganese removal requires a pH adjustraent upto 9.4 to 9.6, .29 mg of oxygen 1s
necded to convert 1 mg manganese

6 Ma® +O, + 6H,0 == 2 Mn, (O, +12 11"
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2 M, O, + 20, === § MnQO, (black)
6 Mn® +30,+ 6 HLO #fe==gp 6 MnO, +12 17
1 mg Mo® = 0.29 mg. O,

Prechlorination to free residual values upte 0.7 to 1.0 mg/1 will effect the oxidation and

precipitation of manganese.

§.6,2.2 Contact Bads

The purpose of contact beds s to facilitate oxidation of iron or manganese through the
catalytic action of previously precipitated oxides of these minerals on the gravel or ore
Superior results are claimed for the manganese ore, pyrolusie, which s an oxxle of
manganese. Usually upward flow at rates upto 9.6 m/h s preferred, but a lower rate may be
used. Bed depth should be 1.8 m or any greater depth found necessary by pilot-plant studies.
Provision must be made for the rapid draining of the beds, so s to wash excess oxides from
the gravel o ore, and for the use of a hose stteam for pertodic cleansing of the gravel or ore.
The beds are regenerated by backwashing with potassium permanganate soluton when

permanganate is not applied continuousty to the 1w water,

Contact beds of pyrolusite ore, for manganese removal without Wime or potassium
permanganate treatment, must be in closed structures to prevent the entrance of air, Uipward
flow, at rates established by pilot-plant tests, should be provided. A trial rate of 4.8 m/h with
a bed depth of 1.8 m s suggested giving a contact pesiod of 9 minutes, with a usual void
volume of 40%. The effluent from such beds should be aerated i a downward fow contact
led -actator constructed to facilitare passage of air. Final Gltration s needed as discussed

further.

Manganese zeolite, formed by treating sodwm zeolite with a solution of potassiam
permanganate, is an effective contact material that will remove by oxidation about 1.63 kg
manganese pet cubic meter of zeolite per cycle. Re-oxidation or regeneration of all material
in each cvele 18 secured by backwashing with a solution of potassium permanganatc
containing about 3.26 kg of this chemical for each cubic meter of zeolite. Incomplete
re-oxidation will result in the passage of maoganese through the contact bed. The need to
segenerate may be anticipated by computing the volume of the raw water which contains
1.63 kg manganese per cubic metre of zeolite. For example, a water with a content of | my/1

: . - L s
manganese will contain 1 kg/m’. Then a contact bed with a volume of say, 4 m would treat

4 x 1.6% % 1.0 = 652 m of this water before FEEENCIALON 15 NCCesSsary. A solution of
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potasstm permanganate such as 10 hg/m’, would be used 1o re-oxidize the bed. Then 1.3

m’ of this solution would be needed poer cvele: (3267 10y x4 = 1.3,

Chlonne dioxide and potassium permanganate which are strong oxidants are emploved
chiefly for manganese bearing waters. The pli range at which manganese dioxide is oxidized

capidly 1 quite broad,

9.6.2.% Zeolite

The method s applicable if the iton is present m the reduced state and ina soluble form
i the raw wafer. Such waters are encountered from the bottom strata of deep reservoirs or
ground waters. It 15 usual to limie the application of this process to water having not more
than I mg of ron or manganese for every 30 myg of hardness upto a maximum of Hmg/T of

PR OF ITANgancse.

The process consists of percolation of the water through the bed of the zenlite which
takes up the tron and manganese by a process of ion exch ange. The base exchanger may be
of the sliceous, carbonaceous of synthefic restn type. Air should be excluded from the
system to prevent deposition of colloidal oxides an the 1on exchange material. Therefore, air
lifts, open fanks or preumatic tanks should not be used preceding the jon eschanger. If the
water 15 to be softened also, then the zeolite process offers a very simple method of fron and
mangatiese removal as 1t can be carried out under pressure and therefore usually abwates the
ned

v for double pumping such as i required in most other processes. In fact, mMany
zeohite plants have been installed principally for iron and manganese removal, the softening
being of secondary importance. The removal of fron and manganese s almost complete, the
exhausted bed of on exchange material being regenerated with salt solution,

9.6.2.4 Catalytic Method

This method 15 of lmited application but is of value if the content of iron and MAREAnese
i low and if it 1s desirable to treat the water under pressure. It s apphicable in the case of
clear deep well waters where the iron is held in solution by the carbon dioxide. In municipal
use, i 15 usial practice o restrict the use of this method o waters whaose content of 1won or
mangznese 1s not greater than 1 mg/l For household use or for the tather smaller plants, it
may be used with waters contaming upto 10 mg/1 iron or manganese. The removal of fron
and manganese is accomplished without affecting the hardness of the water as this process 1§
entirely one of oxidation and fltration and does not invelve base exchange. The method
consists of percolating the water through suitable contact materials which oxidize the iton
and the manganese. These contact matetials, which ate sold under various names, are made
by treating a siliceous base exchange material successively with solutions of MANEAnese
chlonde and potassium permanganate. Lhey may be housed in a separate filter or 2 layer of
this material may be sandwiched in the sand bed of a pressute filter, By percolation through
this bed, ron and manganese are oxidized and also fAltered out, At mtervals, the filter has to
be backwashed to remove the deposits. The backwash rates are generally of the order of 21
b/ When the bed loses its capacity for oxidation of iron and manganese, i can be
regenieraled by treatment with potassium permanganate solution.
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9.6.3 51MPLE TECHNIOUES FOR IRON BEMOVAL IN HURAL AREAS FOR BMALL
COMMUNITIES

For sroall communities o rural areas, where the density of population 15 low, piped
distribution 15 costly and tratned per ssonnel for the operation and taintenance not avalable;
a sirnple and inexpenstve treatment upit for the removal of won s suggested so that the
difficulties of operation and maintenance can also be mmimized. In a2 sl water supply
schemne to treat raw water confaining free carbon dioxide and dissolved iron, the umits
inchude, hand-pumps, tray-aetators, sedimentation basin and sand filters.

Where the source 1 a well or 4 sump and t?{u water consumption 1ate 1s in the order of 40
tped and where hand pump is used, a tray type acrator with two trays operated at an aeration
eate of 126 m’/m/hr are emnployed and the water aerated. Then the water is sertled m 2
sedimentation basin having a detention period of 3 hours and the clarified water passed
through a rapid sand filter having a depth of U3 m wgwmag"%{xi by gravel 3-6 min m size and
0.1 m deep. The effective size of sand 15 0.30-0.45 mm and s uniforoty :
Sand is cleaned by manual scraping. Provision couvld also be made for adding sodium
carbonate wherever essential. Reference may bu made to the tvpe design for won removal
plant givers in Appendix 9.2

9.6.3.1 Package Iron Removal Plants For Hand Pumyp

',! has designed package won rermoval plants having different capacities of 05w/
éw; P i

b, %f} i 1.5 mt/he md 2 m'/hr d{:pmgmw upon e remens of feeated water and
dzw;m:ﬁm of hand purp. The plants are designed m rect angular/circular shapes having
aeration chamber, collection tmm ber, settling chamber and filter. "The settling chamber 13
provided with p ate sertiing device to enhance settling and reduce the detes ntion time thereby
recucing the dimension of Miumg charber. The aeration chamber contains media of size
2.0-50 cm gravel/ stone chips 1o increase iha surface area of air-water interface. The ron
contams zmmd water trickles over aeration media {faacmg_ﬁz spraying device. The aerated water
flows through pores over baffle plate 1o collection chamber to setthing chamber to filter. The
fitrer bed of 2%} cin depth Li"&{li;‘éiﬂ‘ sand media of size 0.8-1.4 mm, supported by 5 o depth
gravel of swe 0.8-1.0 cm The teeated warer 18 maken out from fap attac hed o i flh:f
sedimentation chamber imvzzzgw a detenhion pr:iz‘é ad of one hour and s mumaiud wth two plﬁ'r{f
serders at 457 angles as shown in drawing of 1r/hr plang (Fig. 9.1). The fidter 1 cle ane o by
making backwash umm’miz{m with hand pump, ai,mpuw 54 ricl ’bs: i ﬂmmmi% and ppening the
studge scmmﬂg valve. The hand pump is operated with possible high speed till clean water
has accumulared over the sand bed

06,4 TrON REMOVAL PLANTS FOR LARGE COMMUNITIES

When the question of iron removal is under consideration for %’;I(‘)'E‘ffi'i"?"fa'Ll‘E“iﬁ,}-‘ water supply, o
15 important to decide ;‘mzj cover what othee treatment of the water, if any, 15 necessary or
desirable. Considerable free carbon dioxide and toxic substances are usually present
ferruginous waters. Hence, it is ot advisable to remove ron plone leaving the free corbon
dioxide which may cause corrosions of mains and i"!ij;“ﬁf 5. The means %tn, which wron, free
carbon dioxtde and other tosie substances are smover fmm Waler 11 COuTITY $ystemns
consists substantially of their oxidation and removal of free carbon dioxide, followed by
p%cag‘u ration and i separation by sedimnentation and/ or §m‘m tion. Acration may suffice for
the preliminary precipiiaton but may not be ;u%rs quate when concentraions are high and pH
correction may be required by ade idition of lime. The ¢ OmUTUTLY warer supply sc %uﬁ‘m makes
provision to meet these o gquirernents and mmpsm» raw water storage mzh, cascade teay
asrators, chemical dosers, sedimentation basin, fltration and disinfection.
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Tray aerators are commonly used for aerating water. The trays are designed for an
aeration rate of 1.26 m*/m?/hr and spaced at intervals of 1 m. Then the water 1s settled m a
sedimentation basin having a detention period of 2.5 hours. The clarified water is filtered
through a rapid sand filter having sand of effective size 0.6-0.8 mm and uniformity
coefficient 1.3 with an effective depth of 1.2 m. The head of water above sand is 1.35 m and
the rate of filtration 5 m’/m*/h, The minimum backwash rate is 35 m®/m?/h and the total
head required for filter wash is 12 m.

Type designs for iron removal plants for 5, 10 and 15 m'/ht of flow are given in
Appendix 9.3 along with drawings.

The sand is supported over a gravel layer of depth 0.39 - 0.62 m, and it is arranged as
follows :

size depth
65-38mm | 13-20cm
38-20 mm 8w 13¢m

20-12 mm B—13cm
12-5 mm 5 -8Bem
5-2 mm 5~8 cm

Power shut-downs are frequent and rarely more than two hours supply is available in the
morning and evening in rural areas. Hence raw water pumping hours can be assumed to be 2
hours m the morning and 2 hours in the evening. During these 4 houts of pumping the total
daily requirements of water are to be pumped to the raw water elevated storage tank. The
treatment plant has therefore to be designed to operate under gravity from the raw water
storage tank taking these facts into account. To avoid extra cost for additional over-head
tank for filtered water, the filtered water from the pump-well could be directly pumped for
the distribution. The distribution of treated water would follow the same time schedule as for
pumping raw water. Backwashing of the sand filter would be carried out by using raw water
from the overhead tank.

9.7 DEFLUORIDATION OF WATER

Excessive fluorides in drinking water may cause mottling of teeth or dental fluorosis, a
condition resulting in the discoloration of the enamel, with chipping of the teeth in severe
cases, particularly in children. In Indian conditions where the temperatures are high, the
occurrence and seventy of mottling increases when the fluoride levels exceed 1.0 mg/l With
higher levels, skeletal or bone fluorosis with its crippling effects are observed. The chief
sources of fluorides in nature are (i) fluorapatite (phosphate rock), (if) fluotspar, (iii) cryolire
and (1v) igneous rocks containing fluorosilicates. Fluorides are present mostly in ground
waters and high concentrations have been found in parts of Andhra Pradesh, Bihar, Ciujarat,
Haryana, Karnataka, Kerala, Madhya Pradesh, Maharashtra, Punjab, Rajasthan and Tamil
Nadu m the country. While majority of values range from 1.5 to 6 mg/l some values as high
as 16 to 18 mg/1 and in one solitary instance, even 36 mg/1 have been reported,
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9.7.1 REMOVAL METHODS

-

The removal of excessive fluorides from public water supplies or individual water
supphes 1s justifiable solely on public health grounds. This is a problem particularly in rural
areas and hence the accent has to be on simplicity of operation, cheapness and applicability
to small water supplies. The methods use fluoride exchangers like tricalcium phosphate or
bone meal, amon exchangers, activated carbon, magnesium salts or aluminium salts,

9.7.1.1 Fluoride Exchangers

Degreased and alkali treated bones possess the ability to remove fucrides but have not
beern used on a plant scale. Bone charconl prepared by controlled combustion of bones
under ioited supply of air in the presence of catalysts when treated with alkali or phosphate
has been found to be useful.. One cubic metre of bone charcoal is capable of removing 1.1
kg of fluonde from a water with fluoride content upto 6.0 mg/l. The spent material can be
regenerated with mono or trisodium phosphate. Tricalcium phosphate m powdered form can
also be used but it has a lesser capacity of 0.7 kg of fluoride/m’. The spent material is
regenerated by treatment with 176 alkali solution and rinsed with dilute hydrochloric acud

9.7.1.2 Anion Exchangers

Fluordes can alse be removed by anton eschange resins-strongly basic formaldehyde
s quaternary ammontum type-in hydroxide or chiorde form. But their of ficiency ts
lowered 1 the presence of other anions like bicarbonates, hydroxides and sulphates in the
WRLOT

49.7.1.3 Activated Carbon

Activated carbons have alse been known to have the capacity for removal of fluorides,
An activated carbon for fluoride removal has been developed in India by carbonising paddy
husk or sawdust, digesting under pressure with alkalt and quenching it i 4 2% alum solution.
This could remove 320 mg of fluoride per kilogram of the dry muaterial. The spent material
could be regenerated by soaking it 1 2 2% alum solution for 14 hours. The aterition and
hydraulic properties of the carbon are however poor.

A granular ron-exchange material Defluoron 2, which is a sulphonated coal operatmg on
the alumunium cycle has been developed in the country, The capucity of the materal is
estimated to be 500 gm of fluorides/m® with test water containing 5 mg /1 and 150 mg/]
alkalinity. The regeneration is carried out by means of & 2.5% alum solution, with
replacement of two bed volumes. A flow rate of 4.8 m'/ m/hr of bed area is adopted. The
rinse water tequirements after regeneration arc 9-12 m’/ m™/he for a maximum duration of
10 minutes. The medium has a life of three years.

High alkalinity of the water considerably lowers the capacity as well as the efficiency of
the bed. Hydroxyl alkalinity beyond 5 mg/1 has a deleterious effect on the removal efficiency
of the medium. The efficiency of the medium falls down by 30% when hydroxyl alkalinity
becomes 25 mg/1.

Treatment cost using Defluoron-2 varies from Rs. 1.0 to Rs. 5.0 per 1000 litres of water
treated, depending upon the initial fluotide concentration and the alkalinity of water.
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9.7.1.4 Magnesiam Salts

Excess hme treatment for softening effects removal of fuotide due to its adsorption by
the magnesium hydroxide floc. The {luoride reduction is given by the followmng expression

- . . S ) i ; 4
Fluoride reduction = 7% initial fluoride cone. » +/magnesium removed .1

sizeable fluoride removals are possible only when magnesium s present m large
quantities which may not always be the case and magnesium have to be supplemented 1 the.
form of salts. The process is suitable only when the water is being soltened,

Magnesia and caleinared magnetite have also been used for removal of fluoride from
water. “The study established the following empitical relationships for amounts of MgC
which are required to obtam 1 or 2 myg F/bin reared water.

(a) Mg required to obtain 1 mg 1/ in treated water (F, > 2 mg F/])
y d . .
=] 7H12.3 3}(1 - }:i__ J + 160 x baswetry of raw water {me/1)  (9.2)

by MgO required to r“z%:améai 2mgF 1;2; mtreated water (I > 3 mg F/1)
3
= L7U13. 53}@ - gmj w120 x basicity of raw water (me/1) (9.3)

g

i

Fo represents the fluoride concentration in the raw water. The pH of the treated water
was always beyond 10 and its correction by acidification was essential, adding to the
comnplexity of operations and control,

9.7.1.5 Aluminium Salts

Aluminsum salts hike filter alum and activated aluminium and alum treated cation
exchangers have shown beneficial effects. Filter alum during coagulation brings about some
removal of fluorides from water. The removal efficiency is improved when used along with a
coagulant aid-like activated silica and clay. 300 to 500 mg/1 of alum is required to bring down
flvoride from 4.0 mg/1 to 1.0 mg/! while with coagulant aid, the fluorides were reported to
be reduced from 6.0 mg/l to 1.0 mg/1 with alum dose of only 100 mg/1.

Alum treated polystryene cation exchangers and sulphonated coals have also been used
successfully. A cation exchanger prepared from extract of Avaram bark and formaldehyde
when soaked in alum solution has been found to have good fluoride removal capacity (800
mg/kg).

Calcinated or activated alumina in granular form can be used for fluoride removal and the
spent matertal regenerated with alkali, acid or by both alternately (removal efficiently 1.2 kg
of fluotide/m’). A dilute solution of aluminium sulphate used as the regenerate for the spent
material makes the alumina four times more cfficient.
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Q7.2 SIMPLE METHOD OF DEFLUGRIDATION

Diefluoridation is achieved either by fixed bed media which could be regenerated or by
the process of precipitation and formation of complexes. A simple method of defluondation
is emploved m the Nalgonda Technigue. It mvolves the use of aluminium salts for the
removal of fluonide. The Nalgonda Technique emplovs either the sequence of precipitation,
setthing and fliration or preciprtation, foatason and filiraton and can be used for domestic
as well as commumty water supply schemes.

(i} Domestic Treatment-Precipitation, Settling and Filtration

Treatment can be carted our in a contamer (bucket) of 401 capacity with a tap 3-5 cm
above the bottom of the container for the withdrawal of treated water after precipitation and
settling (Fig. 9.2). The raw water raken i the contaner, & mixed with adequate amount of
hme or sodium carbonate, bleaching powder and alummium sulphate solution, depending
upon its alkalinty and fluoride content. Lime or sodium carbonate solution is added first and
muxed well with water.

Alum solution s then added and the watrer stirred slowly for 10 mumutes and allowed o
settle for nearly one hour. The supernatant which contains permussible amount of fluonde 1s
withdrawn through the tap for consumption. The settled sludge is discarded. The amount of
alum i ml to be added in 40 htres of water at various alkalinuy and fluonde levels s given m

Table 9.5.
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TABLE 9.5
ALUM DOSE FOR DIFFERENT FLUORIDES AND ALKALINITY LEVELS

Test Test water Alkalinity, mg CaCO,/1
water
Fluonide i
mg F/1 125 [200 300 |400 |500 3 600 800 i 1000
2 60 90 110 120 140 160 190 210
3 90 120 | 140 1160 205 210 235 310 %
4 160 165 | 190 225 240 275 375
5 205 | 240 275 200 ; 355 405
6 245 | 285 | 315 i 375 | 425 485 i
8 E 395 | 450 520 570 1
| 1 i
10 605 675 ]

(i)  Fill and Draw Type for small community

“This is also a batch method for communities upto 200 population. The plant comprises 2
hopper bottom cylindrical tank with a depth of 2 m equipped with a hand operated or powet
driven stirring mechanism (Fig. 9.3). Raw water s pumped or poured into the tank and the
required amounts of bleaching powder, e or sodium carbonate and alum added with
stirring, 'L 'he contents are stirred slowly for ten mmute and allow to settle for two hours. The
defluoridated supernatant water is withdrawn o be supplied through standposts and the
sctiled sludge s discarded,

The notable features are

(a) With a pump of adequate capacity the entire operation is completed m 2-3 hours and a
number of batches of defluoridated water can be obtaned m a day.

(b) The accessories needed are few and these are easdly avalable (these include 16 1
buckets for dissolving alum, preparation of lime slurry or sodium carbonate solution,
bleaching powder and a weighing balance).

(c) The plant can be located in the open with precautions to cover the motor.
(d) Semi-skilled labour can perform the function mdependently.

(iii) Fill and draw type (electrically operated)

The Fill and Draw type vertical unit comprses cylindrical tank of 10 m’ capacity with
dished bottom, inlet, outlet and sludge drain. The cyhndrical tank will have sturdy railings,
Yee. Tach tank is fitted with an agitator assembly consisting of (i) 5 HP drip proof clecine
motor; 3 phasc; 50 Hz; 1440 RPM with 415 V 6% voltage fluctuation, and (1) gear box for
1440 RPM input speed with reduction ratio G0:1 to attain an output speed of 24 RPM,
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complete with downward shift to hold the agitator paddles. The agitator is fixed to the
bottom of the vessel by sturdy, suitable stainless steel supporting bushings.

The scheme comprses tanks of 10 m’ capacity each, a sump well and an overhead
reservorr. Typial layout for system with two uoits in parallel for treating water for 1500
population at 40 Iped is shown in Fig. 9.4, Raw water is pumped nto the units and treated by
Nalgonda Technique. The treated water collected w a sump s pumped to an overhead tank,
from where the water is supphied through stand posts,

Approximate alum doses (mg/l) required to obtain permissible it (1 mg F/l) of
fAuoride in water at vanious alkalinity and fluoride levels are given in Table 9.6,

TABLE 9.6
ALUM DOSE FOR DIFFERENT FLUGRIZ®S AND ALKALINITY LEVELS
Test Test water Alkalinity, mg CaCO,/I
water
Fluoride
mgF/1 |125 200 [300 400 500|600 800 | 1000
2143 |22t 273 312 (351 (403 468 | 520
30122t 229 (351 (403 (507 520 585|767
4 403 416468 |550 1598 1689 936
5 507 |sos  leso |75 sse 1010
6 61t 1715|780 |936  |1066 | 1209
8 988 1118|1300 | 1430
10 | 1508 | 1690

Note : *1o be treated after increasing the alkalinity with lime or sodium carbonate.
(iv) Precipitation, Floatation and Filtration

Domestic treatrnent is achieved using a 100 1 capacity batch type dissolved air floatation
cell with hand operated pressure pump. The pump and cell form a compact dissolved air
floatation defluoridation system.

Raw water in the cell 15 mixed with alkali and aluminium salts. A small quantity of
arr-water mix from the pressure pumgp is allowed into the cell. The precipitate with fluornide
lifts to the top and floats. The treated water is collected in a bucket filtered through a sand
filter. Using this cell, 100 1 water is available for use in 20 minutes (Fye 9.5)

The same principle of floatation is extended to a 500 | capacity dissolved air floatation cell
to obtain nearly 1 m’ treated water per hour for small communities.
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9.7.2.1 Mechanism Of Defluoridation by Nalgond a Technique

The chemical reactions involving fluorides and aluminium species are complex. It is a
combination of polyhydroxy aluminium species complexation with fluoride and their
adsorption on polymeric alumino hydroxides flocs. Besides fuotides, turbidity, colout,
odour, pesticides and organics are also removed. The bacterial load is also teduced
significantly. All these occur by adsorption on the floc sutface. Lime or sodium carbonate
msures adequate alkalinity for effective hydrolysis of aluminium salts so that residual
aluminium does not remain in the treated water, Simultaneously disinfection is achieved with
bleaching powder and this keeps the systems free from undesirable biological growth.

9.7.2.2 Rural Water Supply Using Precipitation, Settling, Filtration
Scheme Of Nalgonda Technique-Continuous Gperation

This scheme intends to treat the raw water for villages and includes channel mixer, pebble
bed flocculation, sedimentation tank and constant rate sand filters. The designs of entire
water facilities are available for 500, 1000, 2000 and 5000 populations. The scheme is gravity
operated except the filling of the ovethead tank and delivery from treated water sump,
Channel mixer 15 provided for mixing lime slurry or sodium carbonate solution and
alumintum salts with the raw water. Pebble bed flocculation is used in place of conventional
flocculation m order to avoid the dependence on electric power supply. The scheme
envisages power supply for 2 hours each during morning and evening for filling the over
head tank and for supply of treated water. The basis of design of various units are given
below:

() Water consumiption 70 Iped
(i) Flash mixing-detention period, relocity fo be 30 secs.
matntatned
(i1)  Pebbte bed floceniator
detention period (considering 50 % voids) 30 minutes
stze of media 20-40mm
depth of media 1.2m
rate of backwash 0.5m/min
(iv)  Sedimentation
liquid depth 3m
weit loading rate < 300 m/m/d
sutface ovetloading rate <20 m’/ m*/d
(v)  Sand gravity filter
depth of water over sand 2m
rate of filtration 5m’/ m’/h
head required for backwashing filter 12m
minimum backwash rate 36m/h
gravel depth (.45m
effective size of sand (.6mm to 0. 8mm
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The size of all units, viz., overhead tank, channel mixer, pebble bed floceulator,
sedimentation tank, sand filter and underground treated water storage tank are based on
these design considerations for populations 500,1000,2000 and 5000 Layout plan and
seetional elevation for treatment plant of Nalgonda Technique are given in Fig, 9.6

Nalgonda T'echnique has several advantages over the fixed bed ion-exchange processes. It
docs not mvolve regeneration of media and cmploys chemicals which are readily available
and casy to operate and maintain using local skills. Colour, odour, turbidity, bacteria and
organic contaminants also get removed simultancously. The sludge generated is convertible
to alum for use in removal of excess turbidity of surface waters.

9.8 DEMINERALISATION OF WATER

Conventional methods of water treatment do not matertally change the mineral content
of water. Base exchange softening merely converts the calcium and magnesium salts to the
corresponding sodium salts. Lime softening causes a slight decrease in the contents of total
solids but does not bring about any dectease in the content of sodium chloride or sulphate.
Hence these methods are not effective in converting brackish water into a potable one. For

providing a potable supply in brackish water area, the least mineralized water source could be
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prospected. When potable water is unavailable some method of treatment has to be adopted.
Thus ships on the high seas as well as lifeboats are provided with stlls for manufacturing
distilled water. Distillation of seawater has also been adopted during the war in isolated atolls
which had to be occupted.

9.8.1 DISTILLATION

Of the processes of removing water from saline solutions, distillation 1s the oldest and m
terms of established plants, the most productve. It differs from the other processes by s
passage of water through the vapour phase. The plant design is directed o tapping the most
economic source of heat energy and exploiting the most efficient processes of heat transfer,

While relatively small quantities of water are to be distlied, swaight or smgle-etfect
distillation s preferred because of the simplicity of operation and the lower captal cost of the
installation, With larger outputs improvement in efficiency acquires much greater impottance
because of the much higher rates of evaporation involved and the need for the highly efficient
heat transfer systems. Problems of scale formation also play a significant role.

Performance of an evaporator plant is measuved by the spectfic heat consumpuon, ve. the
number of kilocalories required to produce one kilogram of distillate. Distllation plants are
generally better for lower values of specific heat consumption. The wtroduction of the flash
evaporator has helped in better econormucs of heat recoveries and more efficient plants can be
built more cheaply. It is only in such stuations where natural gas or fuel 15 avatdable cheaply that
low thermal performance evaporators can be used with the resultant saving in capital cost.

9.8.1.1 Solar Stills

Solar energy can be harnessed by the use of a system of mircors following the path of the
sun to focus the sunlight on sheets of water. In one of the popular methods, the salt water
trickles down to trays mounted on an inchined compartment provided with glass sides and a
heat insulated back which screens the condensing chamber from the sun. Since the focussing
mirrors form an important element in the cost of the stills, the development of cheaper
non-focussing types of mirrors and use of inexpensive materials of construction have been
resorted to. In basin solar stills, a commonly used design, salt water tanks, filled either by
gravity or by stainless steel impeller pumps, feed the solar still whose cover s at a shallow
angle of 10° to 18> with the glass panes tightly sealed to the holding frame and the joints
between the still cover and the vertical walls perfectly tight. The rate of feed to still should be
such that for each 7.6 litres of salt water, 3.7 litres of fresh water 18 obtained and 3.7 litres of
brine is discarded. The collecting troughs at the foot of the still cover must be constructed so
that water will drain freely to the pipe which carries the distillate to the fresh water tank but
preventing the entry of any contaminated water either from the roof ot the ground in which
it is constructed. In addition to the fresh water tank, it is good practice to construct
additional distilled water storage so as to balance out the fluctuations between production
and demand.

By their very nature, still covers are ideal for collection of run off of rain water and every
advantage should be taken of the available rainfall by diverting in to the fresh water tank
after disinfection. Such an addition can be substantial in areas, as for example, where annual
rainfall is of the order of 30 cm and a still 1s so arranged as to recover 70% of it. The increase
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pet square metre of still area is about 200 liters per year. The efficiency of a solar distiller 1s
the condensed water actually produced divided by the water which could theoretically be
evaporated by all the solar energy reaching the outer cover.

In general, wherever skies are generally clear, solar distillation s feasible upto 407 latitude,
where 1000 kW/ m® of energy from the sun in cach year can be available, the solar radition
being more important than the mean ambient temperatures and the wind factors being
negligible except as they relate to stresses upon solar distillation structures. The production
of water by stiil varies from month to month and even day to day depending upon the solar
radiation available. The size of stil is often to be designed on the basis of the least
productive month. Yields of about 1 m*/ m’/year have been adopted for some of the bigger
stills constructed and used successfully. The still area needed is given by the expression:

Q=6008x107x S (9.4)
Where

Q = Qutput per square metre of still area in ipd and

5 = Insolation or solar radiation in calories/ cm®/ day

Values typical for Inda for various latitudes are given in Appendix 9.4

The best sttuations for the use of solar distillation are the isolated areas and certam
regions where fresh water ts unobtamable, solar intensities are high, fuel resources are
meager and industrial development is poor.

9.8.1.2 Single-Effect Distillation

The sea water is boiled in a vessel, using steam as the heating medum. The vapour is
condensed by heat extraction to a cooling supply of sea water, part of which forms the feed
to the plant.

It is not useful to install liquid/liquid heat exchangers to recover heat from the exit brine
and exit distillate. The vapor produced has to be condensed. Any recovery of heat could only
be used to heat the feed water, and if this were done, the circulating water supply to the
condenser would nieed to be increased.

9.8.1.3 Multiple-Effect Evaporation

Fach component unit of a multiple-effect evaporator is maintained in series at slightly
lower pressure and temperature in order to permit the steam produced in one effect to serve
as the source of heat in the next. Weight for weight, the amount of product water then
approximates the number of effects. It has been computed that the quantity of water that
can be evaporated by one kg of steam in single double and triple effect evaporations are 1n
the ratio of 0.9, 1.7 and 2.5 respecnvely.

(@) Multi-Stage Flash Evaporation

This is also accomplished at successively lower pressure and temperatures. The multistage
flash systems is logically related to the multiple effect system by extending the preheaters to
full condensation duties and omitting all evaporation heating surface entirely, so that all
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vapout 15 obtained by flashing. The incoming water is warmed by the heat of condensation
and only a small amount of heat encigy is required to flash the preheated water m the
reduced-pressure stage into steam. Specific heat consumption values as high as 110 are
possible.

(6} Low Temperature Flash Evaporation

This method has for its object, the exploration of the possibility of utilizing the energy in
streams of warm water from power plant, oil refineries and industrial plants as well as from
naturally occurring sources. The studies show that this method for warm saline waters is
theoretically sound and technically feasible.

(¢} Vapour Compression Process

This process relies on mechanical comptession of the vapout {0 boost its temperature
high enough fo supply through its own condensation the heat necessary to evaporate the
feed water. Once started, this process does not draw upon further heat energy but only upon
mechanical energy.

Stean at 100° C is compressed so that its temperature 1s raised to abour 105 °C and this
compressed sieam is used to raise the temperature of the feed water to the botling point.
Vapour compression distillation improves the efficiency of the reuse of the latent heat of
stearn. Heat is required only for the initial production of vapour. Thereafter the heat derived
from the mechanical energy developed by the motor that drives the compressor may supply
all the needs of energy. This method has been found to be remarkably efficient. Heat transfer
coefficients can further be improved 4 to 6 times by making a thin film of the water pass
rapidly over a rotating surface. The rotor surface showed no scale or corrosion and
mechanisim appears to be self-cleaning,

Because of high cost of the compsessor, the expected over-all heochit of vapour
compression as far as cost is concerned is not good. However, there are many special
applications, particulady in small capacity plants, where considerations other than cost
determine that the vapour corpression process 18 most suitable and conventent.

() Critical Pressure Distillation

The principle of this method is that by apesating at pressures in excess of 250 kg/ m? and
temperatures greater than 370°C, the density difference berween the hquid and vapour
phases is made relatively small so that the size of the vapour handling equipment can be
greatly reduced. The man difficulties in this process are the rapid building up of scale and
the need for developing materials of construction which can withstand these elevated
temiperatures and pressures.

(e) Vapour Reheat Distillation

This process is similar, in several respects, to multi-stage flash evaposation. In this system
deaerated sea water enters the system and passes through a heat exchanger counter-current
to hot fresh water. The temperature is then raised with heat from an external source (the
prime energy supply). The hot sea water then cascades through a series of flash chambers
countet current to a stream of fresh water flowing in open channels. In cach stage, some sea
water flashes to form steam, which condenses in the stream of fresh water. As a result, sea
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