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CHAPTER I INTRODUCTION.

Iron and menganese in drinking water are objectionable for
well-known reasons, they are: bitter taste, discoloration of rice,
stains in laundry, turbidity, decreased milkproduction of cows,
and serious problems in certain industries like dye-works,
laundries, breweries, textile-industries, canneries, paper-mills,
tanneries and photographic'industries.

WWhen suspended they occur as bvbivalent cations, or,
exceptionally as a ferric-hydroxide colloidal suspension,
stabilized by e.g. humic acids. In groundwater they dissolve
from minerals containing iron and manganese (e.g. FeCOS, MnCOB,
FeS, MnS). This dissolving is governed by certain conditions,
among'others, Oz—content, alkalinity, redox-value, pH and
sometimes acids reducing MnO2° The latter can often be found
in swamp-areas. '

The following list gives an indication of the range of
actual iron and manganese contents and limits given by W.H.O.
and V.B.WeIl.No&

ACCERTABLE ALLOWABLE
High value Wedo0o VeBeWolsllo VeH.0. VeBoilel,
lron mg/l 30 0,3 0,05 1,0 0,1
Manganese mg/1 3 0,1 0,01 0,5 0,05

It may be noted that even higher contents have been recorded
but they are exceptions like the manganese disaster in
Breslan (1906) when 30 mng Mn2+ /l was measured.

Whether removal of iron and menganese is & physico-chenmical

or biologicgl proces is rather difficult to determine., Thexe

are theories, bvased on biological observations tnat lead to a
mechanism of removal that would also be found if one had worked
from physico-chemical assumptions.,

Manganese removal can be Iully understood as a chnemical
proces; however mangansse-oxidizing bacteria probaoly play
an important role. Deferrisation can proceed in a sterilized
environment, but nitrification is most probably based in the
action of the bacteria Nitrosomonas and Nitrobacter.



Ales the aneclogy cannot be pursued further due to the limited
amount of literature available on biological removal of iron
and manganese., This is one of the reasons 1 shall concentrate
in this paper on removal by physico-chemical precipitation.

Deferrisation and manganese removal are two processes
that usuélly go together. The reason for this is undoubtly
that most groundwaters are anaerobic and contain both iron
and manganese. Furthermore, both iron and manganese occur as
bivalent cations, their solubility characteristics are simi-
lar and both need oxidizing to enable precipitation.

As to the removal mechanisms there are distinct differences.
Fe2+

can be oxidized and hydrolized at pil of 7 or higher and
be flocculated at a pl of 8.The water can be clarified (e.g.
flocculation and sedimentation) and subsequently filtered ;n
in a conventional rspid filter.

In contrast, manganese removal occurs through oxidation
in the filter after absorption to the filtering material. The
rate of of oxidation is mainly dependent on the catalytic ac-
tivity of the filter medium.

It eppears that the removal of iron and manganese are
two different processes; they can hardly proceed optimal in
one single filter.This great diflerence in renoval rmechanisn
leads me to deal with them in separate chzpters.

Dry-filtration and subterraneous deferrisation may bve
or become promising alterngtives. They represent theoretical
concepts which differ consideradly from the ones discussed
earlier, and they will be dealt with in & separate chapter.

One chepter will be dedicated to the problems ceaused
by iron and manganese in distribution systems. Finally 1
shall go into the possibilities and difficulties of removal
of Fe and Iin from groundwater in developing countries,com-
pleting the chapter with a summary of removal methods and
their merits.

To illustrate the practical application of the list
( and its shortcomings),l shall endeavour‘to design two
treatment plants, one for a village of 1300 inhabitants
(chapter VII) and one for a group of villages with together.
13,000 inhabitants (chapter VIII).



CHAPTER IT TRON RrrMOVAL

Oxidation and hydrolysis.

Disregarding special methods that will be discussed later,
iron removal basically is oxidation, hydrolysis, flocculation
and filtration. Oxidation can be achieved by aeration and by
chemicals like chlorine, permanganate and ozone. I shall first
concentrate on oxidation by ageration, a proccss widely used in
the Netherlands.

Oxidation:

47T 40, + 20,0 4Fe’t 4+ 400
Hydrolysis:
4Fe >t 4 4087 4 2(x+1)H,0 2Fe,04.xH,0 + g™
These equations clearly demonstrete that if the water has
insufficient buflfering cepecity, the pH would decline repidly
with corresponding decline of filtration-rate.

The pH is a very important factor in iron removal.

At a pH lower than 5, oxidetion onrly proceeds slowly, at a pH
of 7 or higher, the oxidation rate 1is aigh, provided sufficient
buffering capacity is present.

Tae quantity of oxygen supplied by aeration, in fact, is of
little interest to the oxidation rate. Tacoretically, oxygen-
saturated water (10 mg/l) can oxidize 70 ng/l of Fel™,

One should nowever zlways allow for the presence of ammonia in
groundwater. 1 mg NH4+ cen consume all the oxygen from the
aerated water. Considerable amounts of nitrogen may even demand
mulptiple aeration.

The oxidation of Fe2+ appears to be improved by previously
formed ferri-hydroxide flocs or deposits. When dealing with
dry-~-filtration we shall see the importance of the catalytic
activity of precipitates. The catalytic influence is readily
demonstrated when putting a new filterbed into use or a bed
tnat has been backwashed. It will take some time for the
oxidation rate to reach the desired level.

The eifect of other ions in groundwater on the velocify
of oxidation is that of a lower sensitivity to the residual
Fe2+ concentration. The oxidation proceeds slower than would

be expected from the reaction equation due to the presence

of sulphate, phosphate, ammonia and bicarbonate.



Coagulation

Vhat makes a solution a colloidal solution ? As we shall
see later on, this is an important question.
The hydrolysis of Fe(H20)6 3+ can ve regarded as a
hydrolysis in stepss
{Fe(H2O)é]3+ e (x O)SOOH)2+ + B =[re(1,0) . (0H) ] T+ 28% T
= (_’Fe(HQO)Bo(OH)7 + 3HT,
Next, polymerisation takes places
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The size of the colloidal particles formed usually is between
0,01 and 0,1/,4m° If we consider a rapidfilter with a particle
size of the filtering material of 0,4 mm, and thus a pore
diameter of 6OfAm, it will be clear that mechanical straining

is neglegible,

Filtration of a colloidal solution (an other removal mechanism)
is very well possible, but the efficiency is rather low. I shall
discuss this kind of filtration later.

Flocculation after oxidation and hydrolysis is of vital
importance in iron removal because coagulation determines
whether a colloidal or a flocculated suspension is to be filtered.
We have t¢o uvnderstand the factors of influence on flocculation,
with a view to control the process.

In a colloidal suspension between two particles 2 forces

R R R I S



are interactive. 4n attraction caused by VanderWaals-forces
and a repulsive duvue to similar surface charge of the colloidse
As long as the repulsive force prevails, the solution will be
stable, the particles will not coalesce and remain dispersed
by the Brown movenent. To achieve flocculation we must decresse
the repulsive forces, This can be done by establishing a pH
of 8. Experiments have demonstrated that the surface charge

of colloidal iron is positive below pH = 7,5 and negative
above pH = 8,5, pH = 7,5 ¢c... 8,5 1s the flocculation range
of a ferri-hydroxide colloidal solution, the iso-electric
point being about 8, which means that at pH=8, the surface
charge 1s zero.and the repulsive forces are minimal.

Then flocculation will occur rezdily.

Generally speaking we can state that a well flocculated
suspension can be formed if the pl after oxidation and A
hydrolysis 1s about 8. Once again we find that iron removal
is governed for a great deal by the pH.

The effect of other ions in groundwater on the
flocculation range can be summarized as follows:
~ phosphate shifts the whole range to lower pH-values
- ammonia and sulphate broaden the range to lower pl-values
~ bicarbonate gives aageneral broadening of the flocculation

range.
ang ‘yo,floes’h

-— 3 only FeZO3

+ PO 3-
3 r74+ 2“'
e § FeZO3 + Nn4 or SO4

Fe203 + HCOB_

— —— Fe2O

[ 1Y

VR Ao

Laboratory investigation of the water to be treated con-
stitutes an essential part of the overall investigation to find

an appropriate means of deferrisation. The iso-electric point

of Fe203 in a particular groundwater must be known for most methods,



Filtration of a colloidal F6293 suspvension.

This kind of filtration can only be achieved if the
filtering material carries a surface-~charge contrary to the
charge of the colloids. However, after a short time the grain
surface will be covered with colloids, and the effective charge
of the "grains" will change. IFrom then on, the other colloids
will be repelled. Thorough vackwashing will be required,.

Actually the cituation outlined above is rather unde-
sirable and only interesting from a scientific point of view.
In the framework of this paper 1t does not seem relevant to ne.

Piltraetion of a flocculated FeZO susvensione.

The theoretical approach of deepbed filtration ( the meche-
nism involved when {iltering a flocculated re,O3 suspension)
has made great progress in recent years thenxs to the worx of

sreatly improved, but

[

many investigators. The insight has
design from behind the desk still is not possible. Pilot pl at
research renains necessary to be able to work with the quality
of filtering material aveileble (grain size snd grain size
distrivution), smroundwaterguality, filterrun, quality of
effluent and so on.

Sone indications nay be piven of parameters that have
proved usefull in designing rapid Ifilters for removel of iron.
These indicetions are merely rules of thumbd end never are a
lant.

- Filtering materizl: apart from usually not available burned

substitute for a pilot P

dolomite and similar materials having catalyvtic activity,

the most suitable materiel is sand. Whatever material is chosen
for, it should be clean and durable, as nmuch as possible free
of clay and other 1mour1tleu, the size may vary between

0,6 and 2 mn.

- Rate of f{iltration: conventional rate for removing impurities
from surface water is about 5 m/h. When treating a well-
developed Fe203-floc the rate may be doubled so as to increase
turbulence in the filterbed.

- Backwashing: due to the rather large size of the grains of
the filtering material, achieving sandbed expansion may prove
difficult. VWith grains of 2 nmm diameter for instance, there is



likely to ve no expansion during backwash. Backwashing of
long duration will be required to obtain a clean filterbed.



CHAPTER ITI HMANGAKESE REMOVAL

Reactionmechanisn,.

While the pH plays a leading part in deferrisation,
catalytic activity is essential in manganese removal. While

2+

oxidation of Fe occurs spontaneously at pd 6,5 in water,

the oxidation of Mn2+ reguires a pH of 9 or 10,

If desired, oxidation of Mn®*

may also occur at pH = 7, but
then either chemicsals are to be applied or use must be made
of catalysis.
We can distinguish three mangenese removal methods:

1) MKanganese removal by catalytic activity
2) Use of lye, raising the pH to 9 = 10
3) Use of oxidants, potasulumpcrmangunotc, chlorine and ozone

have been applied. '
ad 1) Oxygen can be used as oxidant (aerial oxygen), the pH
between 7 and 8,5, it is an autocatalytic oxidation,
ad 2) By raising the pH to 10, the 0032“—concentration Will
increase and 0032" will precipitate as CabO (softening) and
as l‘.-'InCO3 (rhodocrosite). Afterwards the pH must be corrected.
ad %) Kl‘:an4 is a strong oxidant, the pi must be higher than 7,
chlorine can be dosed when chlorination would take place anyinow
for disinfection. Ozone oxidizes bivalenit mangsnous ions to the
septavalent permanganete, that transfers to tetravalent pyrolusitec
by filtration over activated carbon.

There 1s a fourth method, with ion-exchange. Application is
found in industry for removing residual concentrations of
manganesc.

I shall now concentrate on the most interesting method
thet in may cases also is the most econonical, namely manganese
removal in a slightly alkaline environment with aerial oxygen
as oxidant and auvtocatalysis as reactionaccelerator.

2+

Considering Mn“ " -oxidation purely as a chemical process,

we come to the following equation:
6in=" + 3(x-1)0, + 6(1+2)H,0 610, .2H,0 + 12H'.
Now, the oxidationdegree x appears to be of vital importance

for catalytic act1v1ty, the lower X (e.b. hn304) the higher

oxidation velocity,

o=



Consequently we find that in the filterbed with good manganese
removal performance the grains have a surface layer of Mn504o
This Mn304 however is thermo-dynamic unstable, it is urged

to proceed oxidation to a higher oxidation level (e.g. Hn0,).

We can distinguish two reactions, first the forming of manganese
oxide with a low oxidationdegree (Mn304) and next to it a conti-
nued oxidation of this I\'In304 to MnO2° The point at issue now
becomes to not let the second stage oxidation take place at

the surface, but deeper in the layer surrounding the grain.

Then the catalytic activity of the surface can be maintained

by continuous new forming of Mn304. A

One could imagine that the level oxidation degree

of the oxidation degree nay be 2‘ N\ .

related to the distance from the 7 \\‘“T

grain surface (see figure). f

The rule is: the lower the y

oxidaetion degree, the higher .é 5
the catalytic activity. distance fronm

grainsurface

Initiation.

To initiate mangancse removal by catalytic activity, a
layer of Mn304 should be formed as soon as possible.

This can be done by using filter media that already show somnme
catalytic activity (e.g. dolomite ores, magno and akdolite or
manganese containing sands). Should this not be available,
then initiation can be tried by covering the grains of the
filtersand with a catalyser.

Sand usually does not have catalytic activity, but on the
other hand it is a very suitable carrying medium. The grains
can be covered by an active material by ciculating a freshly
prepared Fe203 colloicdal suspension for some time at a pHa5,5.
The colloids have a positive charge and the grain surface is
negative., The catalytic activity of the deposited FeQO3 layer
is far less than that of Mn304, but 1t may be the beginning
of manganese removal.after FeZO -circulation, th;+pu is to .
be raised to 8,2 ..... 8,6 and the supply of kn must be
as great as possible to stimulate the formation of Mn304°



Performance.

The velocity of mangsnese removal appears to be almost
independent of the oxygen supply in a bed with good performence.
As long as the dissolved oxygen content remains between
1 and 20 mg/l, this content has no influence. Below 1,0 ng/l
there is a chance that the oxygen concentration is insufficient
for oxidation of all the manganese, above 20 mg/l continued
oxidation will occur at the surface of the catalytic active
layer, decreasing removal seriously.

Oxidation of manganous ion reduces the pH if no sufficient
buffering capacity is available (e.g. of bicarbonate).

We can generally state that both an increase of pH and HCQ%—
concentration have a stimulating influence on the

oxidation velocity. Usually the desired pi lies between 7 and 8,5,
A higher pil would cause oxidation in the homogenous waterphase,
which 1is troublesome because a colloidal Mn02—suspension will

be formed with the associated filtering difficulties.

As to other ions: phospheate shows a light reduction of the
manganese removal rate, other constituents have no

appreciable influence.

Termination,

Termination of catalytic activty can in principle have
two causes:
1) covering of Mn304 by other materials like MnCO3 or Fe03
colloids that managed to pass deferrisation. The latter reduces
manganese removal capacity and raises the Tilterresistance
due to the bulky condition of Fe203.H200
2) Second stage oxidation. of Mn304 at the surface of the active
layer to InO,. M0, has considerebly less catalytic effect
on oxidation,
Second stage oxidation can be caused by stronger oxidants than
aerial oxygen (more than say 10 mg/l), and Ffinally by a
pH higher than 9.

Experience has demonstrated that termination can also be
caused by letting the filter stand dry for an extended time
(so continuous operation is required), by backwashing too
vigorously, or by backwashing with air.



CHAPTZR IV DRY FILTRATION AND SUSTERRANDOUS REVOVAL

Introduction,

Before dealing with other methods of iron and mangsnese re-
noval in chapterVI, I shall first pay attention to two special
methods of removal, dry filtration and subterraneous removal.
These two have specific characteristics that mzy stimulate their
~application more and more in future. I handle them separately bve-
cause the theory on which they are based is different from the
theories discussed sofar.

Dry filtration resembles rapid filtration ( in this context
also rcferred to as wet filtration) . As to grain size, grain
sige distribution, filterdepth, filterrate and backwash mechanism
the resemblence is even high.The characteristic difference is
that rapid filters are submerged and dry filters are not.
Together with water, air is drawn into the filterbed.

Theory of dry filtretion.

Dry filtration was applied for the first time about a cen-
tury ago, the theory of their function however dates Ifrom the
fifties. Zspecially the names of Lerk, Linn and Boorsma nmust be
mentioned here in this context,

Linn and Boorsma both took the view that iron and manganese re-
basad on contact-catalysis and on the action of the elec-

1
(o)
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T oif turbuleance. Boorsiia replaced
by the suri ction phenonmenon. In the fo
cepts shel

The t

formance, the grezter part of the molecules to be removed , musd

discussed.
heory of contact-catalysis implies that for good per~
o

be contacted with the catalytic active surface layer of the sand-
grains.
The theory on the electro-statical double-layer is important in
cases where the reaction time is so short that no colloids may
be formed that caen pass the filterbed vnimpeded. This means that
the water should be contacted with air as short as possible be-
fore the bed or in the bed. »

With laminary flow , only a small part of the molecules
to be removed come close to the catalytic active surface layer.
hen the flow is turbulent , then more molecules approach
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the grzins. Turbulence can be increased by raising the
filtration ratey, but it does not disturb a laminary layer on
the grein surface. Dry filtration means that water and air
simultaneously pass the bed. Witn 2ir in the pores, the water
trickles down along the grains in extremely thin and turbulent
layers. Research on this subject is being done at the Delft
University of Technologye.

The surface activity phenomenon was denmonstrated by Lerk,
I+t implies that a concentration increase occurs of ferri-hydroxzide
at the intermediate surface of air and water. This acts stinu-
lating to oxidation (catalysis) and flocculation. The specific
intermediate surface air-water has impressive dimensions in
dry filters. This is the reason for applying filter material
with a grain size as small as possible, dbut large enough vo .

allow a reasonable filterrun and resistance of the clean bed.

Avoplicetion of dry filters,

Dry filtretion has two advantages compared to rapid fillrstion.
1) During the whole "detention btime" the water is in contact
with air, so depletion of oxyszen can hardly occurs.
2) The veolcity of water in thin sheets along the grainé can
reach high valuves. .
The first advantage is evident when the water requires much
oxygen (for example when it contains ammonia). The second is
important for all the catalyticel and biological proccedingse.
Sometimes an additional advsntage of dry filtration is
mentioned: the iron precinitate is more compact than iron deposits
in rapid filters. It is dubdious whether this is an advantage,
becguse the lenght of filterrun is increased, but more vigorous
backwashing is required. .The necessity of vigorous backwashing
renders dry filters less suitable for manganese removal as
this may destroy the active layer. The catalytic asctive layer’

will be washed away by the energetic backwash.

Desipgn of drv filters.

Air-supply: in the open, with filter rates low enough (less
than 5 m/h), natural azerstion generally is sufficient in open
constructions for oxygen supply. idigrer rates may cause clogging,
noticeable by puddles on the bed. Of course this problem will

present itself more readily when the last backwash is longer ago.

fe28
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Avove 5 m/h fans or compressors shall have to be applied in a
closed structure. As to aefation one has to take care that the
air will reach all parts of the bed.

It is essential that the water to be treated is aerated
as short as possible before the bed in order to prevent
premature oxidation due to prolonged reaction time.
Negatively charged I*‘e203 colloids might occur, that pass the
bed unhinderd. .

If sprayers are used for aeration, then cleaning must
take place on a routine scaeuule tc prevent clogging.
Wnether the iron and manganese deposits are of biological or
physico-chemical origin is not completely understood.
For design however it is not important to know, as both require
a large specific surface., The electro-statical potential of
broken material and the electro-kinetical potential of sharp
material make these preferable, but simple clean sand with a
grein size of about 1,0 mm too shows good results.
Because of the backwash expansion of the bed, the uniformity
coefficient of Allan Hazen should be at most 1,5,
Blast~furnace slags and anthracite have also been applied,
but one must always be aware of the possibility that worns and
larvae find their way to the filtering material.

Due to depositioﬁs that cannot easily be washed away,
(e g FeCO
may grow in size during 2 - 3 years. Even the most vigorous

and MnCOB) the grains of the filtering material

backwash cannot remove these deposits and the filtering material
shall have to be replaced. Furthermore, it means that the
backwash rate will have to be flexible to be able to give v
the desired expension, also after 2 - 3 years. In the design
stage this must be born in mind.
The backwash usually is the same as for rapid filters.
Differences are the additional air-wash (20 - 50 m/h), and
the prolonged and more vigorous water backwash.
Rule of thumb: rate 30 - 60 m/h, duration up to half an hour.
The air-wash makes clear that iron and manganese removal
cannot both proceed well in one dry filter. Air-wash terminates
the catalytic activity of the surface layer necessary for manga-
nese removal., It might be taken into consideration to operate
two separate dry filters for groundwaiver containing both iron

and manganese. The first one could operate for iron renoval
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and be backwashed vigorously every 2 days, the second would
remnove manganese and backwashing would only have to occur
rather gquietly every 4 -« 7 days.

Theory of subterrancous rcmoval.

With conventional iron removal, adsorption follows oxidation,
with dry filtration they occur almost simultaneously and with
subterraneous deferrisation and menganese removal, adsorption
is followed by oxidation., The principle has been applied in
two processes, Vyredox and Subterra.

The principle is oxidation of iron and manganese in the aquifer,
iron and manganese free water is extracted after injection

of a smeller amount of oxygen saturated water, '

The designers themselves give as explanation for the good
performance the activity of aerobe iron and manganese oxidizing
micro-organisms. They gather this from the adeptation time

that elapses before optimal operation. Apart from the fact

that there isn't very much known yet about these bacteria,

the explanation is not very satisfying.

_ Van Beek and Vaessen give a more plausible explanation,
bascd on physico-chemical data from literature.

By injecting oxygen—saturated water in an aquifer tne anaerobve
groundwater is forced baeck, leaving behind the constituents
absorbed on the greins. Thereupon these constituents (a.o.

Fe?" and Mn2+) are oxidized by the oxygen of the injected

water and }3‘820.j and nz0, (or Mn203, MnOz) is been formed

on the grains.

These oxides on their turn have absorbing properties for the
Fe2+ and Mn2+

when extraction is resumed.

that pass the "oxidized" part of the aquifer,

All the F62+ and Mn2+ approaching the well will be retained

until the absorbtion-sites are spent, then the iron and manganese
will reach the well and be extracted.

Then the time has come to inject new oxygen-rich, degassed

water into the well and the same proces 1is repeated.

We find that this explanation does not speak of adaptation

period, rather of a breaking-in period.
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Operation of Vvredox and Subterra.

A great advantage of the Vyredox system is that in principle

every well can rather simply be made suitable for suvterrancous

deferrisation. The
iron and manganese
if necessary, into
Water frec of iron

cycle is started by injecting oxygen-rich,
free, degassed water into the well and,

some surrounding satelite-wells,

and manganese may be withdrawn for some tine,

but after a few weeks (depending on operation conditions) the

concentration of iron in the groundwater recovered surpasses

a set limit. Extraction is then stopped and treated water

is injected anews

A possibility of management is injecting for 24 hours with

such a pressure that iron free water can be recovered for one

monthe
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CHAPTER V Fe AND iIn IN THAE DISTRIBUTION SYSTEL.

Fe and Mn are sometimes mentioned as objectional in
drinking water due to the possible preciptation and
‘accumulation in the distribution system. Clozgging can be the
ultimate result. Usually the problem becomes manifest by red-
brownish water leaving the tap. This is caused by the sloughing-
off of previously formed iron and manganese deposits stirred
up by hign velocities, in particular during rflow reversals.
These deposits can have two origins:

1) the water itself as it is brought into the system.

2) corrosion of the distribution system.

The first source can be reduced in the purification plant .by
improved iron and manganese removal. It is rather difficult

to give an indication of the concentrations 'at wnich no distur-
bances have to be expected. 1t depends on & variety of factors
e.g. pH, 02-content, alkalinity and velocity of flow,

A very vague line can be drawn at 1 mg/l, but this is merely

an indication with wide variation.

The second source too is dependent on many circunstances.

The rate of solution of iron from the pipe surface is dinversely
proportional to the alkalinity, hardness and pH-value of the
water and is directly proportional to the content of dissolved
oxygen and carvon dioxide, the temperature, velocity of flow
and the dissolved salt content, in particular chloride.

There are many other factors however that complicate the
problen and eare less well undzrstood. For exzmple, corrosion
is stinulated by the activitg@f sulphur-reducing bacteria in
dead ends of the system. The role of iron-oxidizing bacteria
as Crenothrix and Leptothrix still is not completely understood.
It is an established fact that chlorination of the water before
it enters the system reduces corrosion considerably.

The factors of influence on corrosion give the direction of

action to be taken to prevent the such.

1) Removal of dissolved oxygen, only applied industrially

when water has to be heated.

2) Removal of free carbon dioxide, aeration (gasstripping)

however is not sufficient, besides, it increases the oxygen content,
3) Abandoning the use of cast iron piping in favour of P.V.C.-tubes.

4) Chlorination reduces, as stated, biological activity.
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5) Prevention by mecans of a coating of, for example, cement,
sodium ‘silicate and calcium carbonate.

Facing consumer complaints about red-brownish water,
threc actions may be taken, flushing, sviabbing or mechanical
cleaninge. |
Flushing is a well-known means to remove light deposits in
dead ends. An attractive way to economize on the amount of water
required is by entraining eir into tihne pipe to be flushed,

The water is thus forced to move along the bottom of the tube,
increasing. the velocity of flow.
Water

ﬁ<_en(\'a'-necl air ﬁ
7 .

3
&

to ckalﬂ
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It nmust however be born in mind that the cause of the complaints

is fought, but the cause of accumulation is not. Should deposits

only occur in dead ends, then consideration must be given to

relining with a smaller diameter.

Swabbing and mechanical cleaning will prove necessary with

heavily encrusted mains. Foam swabs, pigs and all kinds of

scrapers have been developed and for further information I

would prefer to refer to the manufacturers directions of use.
Finally o few gencral remarks: '

It appears likely that nature of iron and manganese deposit

is dependent on the characteristics, both chemical and biologiczl

of the source. Thus, in very general terms, the type of deposit

in mains receiving a surface derived source is very different

from that in a distribution system receiving treated groundwater.

This accounts for the fact that manganese deposits are rarely

found in systems receiving groundwater.

As a sumnmary of this chapter we can state that red-brownish

water can only partly be prevented by iron and manganese removal.
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CHAPTER VI TREATHEHT HITHODS.

Introduction.

At the end of this chapter a survey is given oIl a number
of iron and manganese removal methods. The advantage of a list
is overview, the disadvantage is incompleteness. For sake of com-
pleteness, of every removal method a short explanation is added
with a literature reference.lioreover,l shall first discuss the
meaning of the headings of the columns.

In this chapter too,I shall try to define which methods are

suitable for application in developingzg countries. This is a very

important item, however as it involves a variety oi decision cri-
teria, I cannot deal with the subject extensively. Of course I
cannot simoly pass the subject, stating that the matter is too
complex to deal with in the context of this paper. The selection
criteria are not listed here as a whole, instezd they are woven
into the discussion of the headings. Adding to these contemplations
a bit of my own philosophy on intermediate technology, we cone

to the heading of the last column. A warning nmust be added here
concerning the survey. The 1list is part of this chapter and should
not be used out of its context. '

Size of powulation.

f

act

This 1s probably the most important selection critericn
a treatment method, the iten that is first checked. It is in
the basis of tne other criteria. To meke clear that this neading
is meant in generel terms, I shall give some exanples: it is not
probable that a village of 200 inhabitants can be regularly sup-
plied with chemnicals. Then there is the problen of payment of
the chemicals. Generally it is better to try and construct an
‘installation that can do without chemicals. Another example: if
a facility requires-skilled personnel, then that would only be
feasible for a village of 5000 inhsbitants or more. One can also
take for granted that a village of less than 1000 will lack elec-
tricity and one can assume that there will be no nmoney available
for a large number of nhouse-connections as these house-connections
require a relatively high investment.

The nunber of house-connections is of vital imgortence as it
constitutes a regular source of funds, while the collection of fee



for standpost facilities proves difiicult.

FPinally it must be mentioned that the size of the population
that can be supplied of water free of iron and menganese also
depends on the ingenuity of the designer to make use orf local
circunstances like topography and naterials.

The sunerificieality of theege examdles demonstrates that the
sizes of population given in the list should be regarded as an

indication.

Electricity reguired”

First of 2ll it must be stipulated thatl the guestion is zn
ebreviation of the question whether non-human cnergy is avail-
able for the iron and manganese removal pazrt of the purifying
plant. 5o by "electricity" I also understand energy aerived from

diesel-engins, wind-encrgy and SO Onl.

Almost every treatnent mentioned in the list can be run with-

out electricity, if only enough pressure hezd is available. This

can often be found in mountaneous areas with high-situated sunrings.

()

In pleins however one is more commonly faced with a well with
waterlevel verying between a few meters and a few dozen meters
below groundlevel. “hen the latter constitutes the water supply
of a village of a few thousands of inhgbitants, then non-hunan
energy will Dbe necessafy anyhow to pump the quantity of water
reqguired.

BExcluding diesel-engins and windmills as energy devices has
a good reeson. The number of reports describing the state of
diesel-engins in developing countries all over the world as a
failure one year after their installation iz great. It is an es-
tablished fact that maintenance, if any, is irfular to say ‘the
least. The use of diesel-engins can often provide en ideal solu-
tion in rural perts of developing countries if no maintenance
were reguired. Alas this exactly is often lacking in these parts.
Apart from maintenance, a diesel-engin needs fuel and here we
have a second problem, as a constant flow of funds is required
to keep the engins going.

As to windmills there is an enalogy with diesel~-engins con-
cerning the maintenance. It requires less skills to take care
"of the windmill, but then again there is the statistical problem

of the wind speeds required, making reservoirs necessary.

[4N
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Chemicals required?

In my opinion,the overall approach should be that the use
of chemicals must be avoided as far as possible. It should first
be checked winether no alternatives are possible that reuire no
chemicals. ,

Drawbacks of chemicals are: supply over usuclly large dis-—
tances, the necessity of dosing-cquipment, a reliable distribution
system must be set up if not presentv, the chance of errors and
accidents, trained oersonnel reguired and finally paymnent vrovlens.

Mow there are weter qualities that meke the use of chemicals
inevitedle, just imagine water containing organically bound iron
and nmenganese, or water with stabilizing humic acids taalt nein-
tains a suvspension of iron colloids. These "difficult" waters
can most of all be expected nesr (old) sweamps. In c
source 1s aveailable, the use of chemicals is indic

One does often have the choice what chemicals will be applied.
The availability and price depend strongly on the presence of
certain industries. and the infrastructure. The frequent use of
lime and chlorine reported in literature gives the impression
that they are readily aveilable all iover the world but I would
like to refer to an investigation in the rurel parts of Ihdia
that showed that 905 of the dosing equipnment was inoperative.

N

Personnel reqguired?

Here the same problem arises as we nad with electricity.

We can simply state that whatever treatment method is chosen,main-
tenance shall always be necessary, be it only routinc work of a
few hours per week.

I fiad it rather difficultto define to what extent one could
trust on seli-help for maintenance. Some authors claim thet main-
tenance based on self-help is en illusion, others argue that it
depends amoung other things on circumstances, on the land and
community. The latter opinion seems nost agreeable to me; if a
community is motivated and responsibility for its water supplies
then simple maintenance should be possible on a volunteer basis.

Are we however dealing with a more or less labourintensive
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treatment method, then we can hardly get away without a
permanent staff, certainly not when pumps and chemicals are
applieds. That brings us upon the next question: how well
trained should the staff be ? ‘
This seems more readily answerable. If one uses locally available
materials to build an easy operable plant, then simple maintenance
could be performed by one of the artisans that helped building
the facilitye. Shouvld there however be pumps running, then an
engineer should at least be available on short terms.

We find that the answer yes or no to the guestion whether
personnel is required poses other questions. Thus it seems
wise to state the following: "no" does not mean that maintenance
isn't necessary, it means that no permanent staff is required
and that occasional maintenance can be performed by the local
population. "Yes" means that at least one person is engaged
to be present at working hours and to do all the maintenance,
He must be instructed how to act at irregularities,

A last remark: under personnel should be understood the
personnel required for the iron and manganese removal part
of the purifying plant, so administration personnel for example
is not included,
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1) Aeration, sedimentation.

This is the most essential part of deferrisation. The plant
can be as simple and as extensive as possible or necessary,
according to available funds or gquantity desired.

Aeration can be achieved by gravity (e.g. cascades, discs),
by spraying or by aspired air (venturi-aeration), dependent
on wnat 1s avellable or reguired.

When planning a sedimentation tank, a detention time of 3 - 4
hours can be held as sufficient when no further treatment
follows. Only aeration and sedimentation however is not very

effective, it shouls be regarded as merely a part of the treat-
ment method. Removal of manganese can only occur to very small

extent 1f a catalytic active layer is formed on the means of
aeration e.g. tower cascades,

No good result at all is to be anticipated when the iron is
organically bound. Furthermore, the pH after aeration must
be + 8 for else no settleable flocs will be formedo,

Lit.: Coxe.

2) Aeration, sedimentation, filtration.

This is a great improvement compared to the method mentioned

above. llere too we can expend at will. A small installation

is the roof-tank, a very compact plant for small communities.,
ee picture),
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Water for hundreds of thousands in the same sequence
aeration-sedimentation-filtration isbproduced by the
Waterleidingbedrijf lMidden Nederlend in Linschoten and at

the Eastbourn Waterworks Companyn

The water to be treated may now also contain manganesej; it can
take some time before removal gets started, it can also be
initiated.

As filtering matericl a variety of materials is available.

llost commonly spplied is sand (grain size 0,6 ceoos 2,0 mm)

or coal of the same dimensions or anthracite. In many countries
research is done to the suitability of locally available materials.
In very special cases they may be useful, but in most cases,
'simple sand 1s the best solution.

As to the filtering rate, when large quantities (say more

than 100 persons) are required, then the filter must be operated
as a rapid filter, allowing for a numver of extra appendages

and backwash facilities. When treating smzall quantities, a slow
sand filter may be teken into considefation, allowing for a
larger area, but facilitating maintenance, clegning and costise.
Lit.: Cox, Geofge, Practical Solutions.

%) Aeration, pH-correction, sedimentation, filtration.

Iron and manganese that are not too strongly bound to organic
constituents cen be removed by tais procedure. Bven aumic acidgs
that stabilize a solution of colloidal iron loose their dis—
persing effect,

Here we can clearly see the difference between iron and manganese
removal. Iron needs a pH of 8 - 8,5 for flocculation .
(iso-electric point) while mangsncse needs a pd of 9 - 10 for
oxidation if removal does not get started in the filterbed.

For the pH-correction, well-known agents are lime, sodiumhydroxide
or sodiumcarbonate. The drawvacks of applying chemicals have

been discussed previously.

Lit.: Cox.

4) Aeration, flocculation, sedimentation, filtration.

By using coagulants a nigher efficiency can be achieved.

The dosing has to be followed by flash-mixing and a flocculation
phase to enable a settleavle floc to be formed,
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As coagulants can be used soluble A15+ and F93+ combinations
and poly-electrolytes, in some countries clay and calciumcar-
bonate are applied. An interesting development is the adding
of wood—-ash to iron-containing laterite runoff. So far, it
has only proved suitable for a linited recmoval to 1 ng Fe/1,
but further reseerch nignt be able to give better resulis.
Adding ash also raises the pH to such values that manganese
oxidation should be possible.

Lit.s Cox, Egbuniwe,

5) Aeration, chemical oxidation, filtration.

Organically bound iron and manganese can be oxidized by strong
oxidants like chlorine and potassiumpermaenganate if aeration
alone is insufficient. Especially the latter is rataner expensive
and not always availsble, while chlorine is more easily obtainable
in many countries as it also is used as disinfectant,

Originally the method is meant to remove manganese, but iron

too is oxidized as we have seen in chapter II.

Lit.s Greene, Cox.

6) Ozonizing, asctivated carbon filtration,

Properly speaking, this metaod is essentielly the same as the
previous. Groundwater is contected with ozone with a dose of

1,5 mg 03/1 at most, contact-time 5 minutes, followed by an
intermediate contact tank where the excess ozone is liberated.
The ogone oxidizes the iron and the manganese (to permanganate)
before the water is filtered through activated carbon filters.
The activated carbon absorbs the iron and reduces Mn04- to'MnOZo
The latter is a redox reaction, simultaneously the activated
carbon is oxidized to carbondioxide.

In Dusseldorf the ‘method is practised for the treatment of
bank-infiltrated water of the River Rhine. Here a double layer
activated carbon filter was installed, the first for iron and
mangsnese removal, filterrun 2 - 5 days, the second to eliminate
taste and odour problenms. Thls second layer can be backwashed
separately Iron the first and this is only done every 4 - 8 weckse.
It goes without saying that an oxidizing agent as strong as
ozone 1s capable of oxidizing almost every constituent in
groundwater. As disadvantages must be mentioned the highly
gualified personnel requirec and the great capital investment.

Lit.s Greecne,
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7) Dry filtration.

This is an exceptional method to remove organically bound
iron and manganese without the use ol chemicals. Especially
suitable if ammonia prevails in tie groundwater. Because of
the relatively high frequency of vigorous backwashing, dry
filtration is only applicable for deferrisation and
nitrification.

Lit.: Greene, Sybrandi.

8) Dry filtration, rapid filtration.

Not only a better result can be obtained concerning iron
removal, but also water containing organic constituents can
‘be treated. lioreover, manganese is removed to a large extent,
this however is dependent on redox-value and the form in which
manganese 1s present.

A small scale application of this method is the Richardson

and Cruddas Package Plant. Should a larger installation be re-
quired then the same firm can deliver a procedure according

to the same principle, v

The small scale design supplies up to 100 1/h, the big one

can serve 500 - 1000 persons.

Lit.: Alagarsemy, Sybraandi, Greene..

9) Contact-filtration, rapid filtration,.

Oxygen (air) is entrained by a venturi-aerator, a small pressure
head is sufficient (i 50 cm). Usually upward fldw at rates up
to 10 m/h is preferred, but a2 lower rate may be used. Superior
results are cleimed for pyrolusite as filtering material

which is a2 manganese oxide. This filtration is usually followed
by rapid filtration. The treatment is suitable for water
containing manganese and little iron or ammonia. Disadvantage
is that a closed structure is required to prevent entrance of
air. Provision must be made for rapid draining of the bed so

as to wash away the excess oxides from the grains and for the
use of a hose stream for periodic cleansihg.

Lit.: Coxe

10) Dry filtration, permanganate dosing, rapid filtration.
With the treatment: aeration (spraying), dry filtration, aeration,
(N0, ~dosing and rapid filtration even the most"difficult"
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groundwater can be handled. Even strong organically bound I'e and
in can be oxidized, yet relatively small amounts of permanganate
are necessary as the dry filtration has already done all

the possible oxidizing and removing. The system has been

applied in St. Jansxloosters

Litos Greene.

1) Ion-exchange by manganese zeoliteo
Mangenese zeolite is an ion-exchanging materisl that is made
by treating glauconite (a hydrated combination of silicatcs
with Fa©, Kt and Pe?’), with a im°*-salt, thus exchanging
the monovalent cations with mangé%us ionse.
Finel treatment with permangenate as oxidant produces the
nmanganese greensand.
If we refer to the zeolite as 4, then the preparation goes
as followss :
Z(3nY) + 6K 210, + 4HCO,” S= 2(5Mn0,.6K") + 4C0, + 2H,0.
Ilanganese remcvals
2(5Hn0,.6K") + 3n“" T 2(51m0,.3M") + 6k,
Regeneration proceeds by tne first equation. Tnis regeneration
can teke place periodically; in the U.S.4., continuous dosing
of a slight‘excess KE;En'O4 is practised. Bearing the price of
KI:InO4 in mind, only water with smaller quantities than 15 mg/1
of Fe or-lin can be treated this way.

Lit.: Greene, Kleyne

12) Sludge-blanket filtration., .
This method enables reduction of tne demand of Mnozo
After zeration, pH-correction (to 7,8) and a contact-time
of about 30 minutes, {I-.-InO4 is dosed, about 10% of what would
be required theoretically according to the rcaction:

21in0,” + 3in®" + 4OH™ —> 51n0, + 2H,0.
The water is then led through an upward flow conical sedinen-
tation tank with a detention time of 24 hours. Here a catalytic
active sludge-blanket is formed that also retains what has not
been oxidized. The trcatment is finished with rapid filtration.
It is an elegant method but it makes rather stringent demands
as to pilot-plant research and td management. Only suitable

for larger quantities of iron and mangenese for else the
detention time would be too long to enable a blanket to be formed.

Lit.: Greeneo
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13) Softening by ion-exchange.

Actually removal of Fe and kn is a side-effect of this indus-
trially applicable method. The water to be treated this way

has to satisfy a few conditionss

- anaerobic water;

- Fe and IIn must be bivalents

-~ less than 10 mg/l of Fe and Mn;

- hardness must be 34 times as large as the content of Fe and ln.
Regeneration is simple with NaCl~solutione.

Lito.s Co0Xo

14) Subterraneous precipitation,

2+

and Mn2+;

Seems ideal for water containing most of all Fe
if beside these constituents alsoc gases occur, then after
subterraneous deferrisation and manganese removal, gas-stripping
will have to take placeo 4

It still is a rather new method with a few items that have

not yet been examined as far as I know, like the suitability

for organiceally bound Fe and in.

Lits Hellberg, Beeke
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CﬁAPTER VII A TREATHENT PLANT 1'OR BORUJWARA.

Borujwara is a small village in liczharashtra (India) with
a present population of 670 inhébitants and an expected
population of 1300 inhabitantse. The estimate for the
weterconsumption is 70 le.c.do and the capacity of the plant
will have to be 5,75 ma/h, using a peakfactor of 1,5 .
Fictive data: - iron content 4 mg/1

- manganese content 1 mg/l, both looSly organically
bound. |

Here and now a warning is to be given concerning the use
of the survey of chapter VI, The list gives the impression
that one could simply select the correct removal method by
examining the list and the own data. Th following will make
clear that one has to be cautious.

According to the list, the alternatives are:
4) aeration, flocculation, sedimentation, filtration.
7) dry filtration.
8) dry filtration, wet filtration.
We can state that dry filtration and wet filtration will
give the best resuits, that flocculation (process 4) will be
insufficient as we are dealing with orgenically dound iron
en menganese and thet dry filtration alone might give insurffi-
cient removal of nangesnese. Nevertheless 1 would like to
propose dry filtretion, the more so as it represents a cheap
and simple solution that should ove avle to iind a wide field
of applicetion in developing countries.

We know by now that dry filtration can only be avplied
in a continuous process. Capacity 5,75 ma/h; supposing a
filtration rate of 4 m/h, then natural aeration can be sufficient
for oxygen-supply. The surface area of the filter is 5,75/4 =
1,44 m2° The depth being 1,5 m, the volume of the sand will
be 2,16 m3° With the assumption that the porosity is 407,
the total volume of the pores is 864 liters.
Supposing that clogging will occur when 10% of the top half
of the filter pores is filled, we find a.volume of 43%,2 liters
to be filled before backwashing is required.
Deposits taking 20 1/kg Fe give a possibility of storing
2 kg of iron depvosits. Capacity 5,75 m3/h, contents 4 g Fe/m3;'

hence maximal deposition of 2% g/h. The lenght of filterrun
thus is approxinately 4 days.,



Grein size clean sand $¢ 1,2 mm
Pore volumes 0,4 backwash rate 30 mj/mz.h

Temperature: 20 °c A

Expansion sand bed: 10% ‘

Lenght of backwash is 15 minutes, so we need 12 to 13 m3 of
backwashwater,

Dividing the dry filter into 2 eguzl rilters with & surface
area of 0,75‘m2 each, halves the quantity of backwashwater
required each time. This dividing is attractive anyhow for
reasons of management, flexibility of operation and possibility
of repairs. So we need 6 m3 of backwashwater in 15 minutes,
meaning a pump with a capacity of 24 m3/h, or a reservoir of 6 m3°
‘This reservoir must then be filled every two days for back-
washing one of the two filters. For reasons of reliability
and cost, & reservoir seems tne most attractive alternative.

With a view to the population sigze, a peak in the water
demand is to be expected; so & reservoir is to be built anyhowe.
It will then bve depending on thne local topography whether a
separate reservoir for backwashwater is to be bullt or that
the water can be dravn from the municipal reservoire.

Should a separate reservoir be built, then we sinould try

to further decrease the amount of water reguired.

This can be acaieved by:

1) Closing the effluent gate directly before backwashing.
The filter is filled with untrecated water before backwash

3

starts. This may give a reduvction of 1 m” of reservoir-volune.
2)Extra agitation during backwash by means of rakes. The
lenght of filtration may be shortened to 10 minutes this way.
It remains to be seen whether such a reservoir at a height.
of 3 meters above the backwash troughs can be filled by
handpower. If not, then a small diesel-engine with low capacity
will have to be installed.

As to the functioning of the filter, the following can be said:
1) Iron removal should not give any trouole.
2) lHanganese removal mizat cause some troubles because the
violent backwash may rub off the catalytic active deposits
of 1‘=:‘In304 on the sandgrains. However, we know that manganese
removal can also be initiated by iron deposits. With a view

to the rather small amount of manganese in the grouandwater (1,0 mg/1

)
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conpared to the WoHeO0. standard of allowable content (0,5 mg/l),
we may expect that manganese removal (notwithstanding the low
efficiency) will satisfy that standard.

To ameliorate the efficiency it could be considered to agitate
with rakes in the top half of the filter, where we may expect

to find iron deposits, leaving the lower half of the filter

less disturbed, allowing for mangenese removal. Whether this
agitating is.very benificial is dubiousy, bu it may be tried.

We shall now discuss the separate elements of the dry filter.
1) Aeration. 4s stated above, with a filtration rate of 4 m3/m2°h,
natural aeration is sufficient. The water must however be
‘divided equally over the filter surface. 4 sinmple cascade
consisting of horigontal trays should satisfy this demand.
For a good and ecual division of the water, these trays must
be placed perfectly horizontale
The supply can consist of a

tube reaching over the filter — §6ﬁk
‘with the top half sawn off to /C
allow the water to trickle A -

dovn. The tube caen be nade

of P.V.Co. .

To establish a draught through
the filter, the filter will
have to have some ventilation

holes undernecath the drainage

system. Simple holes however

would have to be plugged
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during backwash, I prefer
to make a few ventilation
tubes either reaching as high as the backwashwater reservoir
or fitted with valves to be closed during backwasine

2) Washwater troughs.

In order to maintain a vertical flow as much as possible,
preference should be given to two washwater troughs. These
tubes must be savm open in such a way that the top side ( the
discharge level) is horizontal and the

bottom side has a slight slope to ensure .

rzpid flow to waste. & diameter of i —
5 cm 1s sufficient.
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3) The sand. I choose sand with an average grain size of 1,2 mm.
With this diemeter expansiocn of 10% can be achieved and still
result in & lenght of filterrun .of 2 days. The specific

surface (important in dry filtration) is svfficient. The

Allen Hazen cocificient of uniformity should at mos+t be 1,5

and preferably less than 1,3 to prevent stratification after
backwash.

4) The underdrainage system. Dependent on the available materials
and know-how, this can consist of a variety of constructions.
The whole filterbox can be made of reinforced concrete in

which cese the false bottom may simply be constructed by leaving
.some openings in the hardening concrete with small pleces

of P.VsCos tube. If these openings

have a diameter of 1 cm, then ' .
per n® of false bottom 50 holes | _ ﬁ :
must be left open to ensure i X
a good dispersion of the L

backwashwater. .

Above this false bottom, subsequentlys

15 em gravel $ = 16 ce0o 23 mm
10 em fine gravel ¢ = 5,6 ... 8 nm
15 c¢m coarse sand ¢ = 2 .iee 2,8 mm

Underneath the false bottom a space of 20 cm for supply of
washwater, for discharge of effluent and for ventilation
openingse.

5) Pilterbox. This can be made of reinforced concrete or
masonry with corner clasps. Rectangular, inside dimensions
85 x 85 cm.

Total height: bottom space -3 20 cm
false bottom ' ¢ 10 cm
underdrainage ¢ 40 cm
filter sand ¢ 150 cm
expansion 10% $ 15 cm

frgeboard under discharge: 25 cm
freeboard above discharge: 40 cm
300 cm
When made of reinforced concrete, the wall must be 10 cm thick.
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6) Backwash facilities.
Total resistance during backwash consists of
- height of filtersand = 1,50 m
- resistance underdrainage = 0,50 m
- resistance pipelines =~ 0,50 m

2,50 m
One should however allow for an increcase or decrease of the
resistance caused by the filter sand, as the grains will
avgnent their size due to deposits that aren't sufficiently
washed away. Dependent on the specific weight of the deposits,
the resistance may increase or decrecase. It seems judicious
to allow for a margin of 0,5 me. Hence, we must situate the
backwashwgtler reservoir at an zltitude of 3 m above the

washwater trougnhs,.

e . . o
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CHAPTER VIII A TREATIIENT FOR ABUBSHAHAR.

Abubshahar is a group of villazes in Hayana (Indiz)
with a present population of 9000 inhabitants and an expected
population of 13,000 inhabitants. Water consumption is esti-
mated at 45 l.p.d.y; the capacity of the plant will have to be
30 m°/h.
Fictive data are:s Iron content 4 mg/l

Manganese content 1 mg/l.

Both are loosely organically bounds.

Treatment alternatives according to the list of chapter VI are:
'3) heration, pl-correction, sedimentation, filtration.
4) Aeration, flocculation, sedimentation, filtration.
'5) Aeration, chemical oxidation, sedimentation, filtration.
8) Dry filtration, wet filtration.
10) Dry filtration, chemical oxidation, filtration.
14) Subterraneous oxidatione
All these methods nave their pros and cons, which shall bve
discussed shortly in order to make a rational choice.
3) pH-correction is appropriate to increase flocculation-
properties of the particles, it may however be expected that
the oxidation will be ‘insufficient as the iron and manganese
are organically bound, meaning that this method in this case
could merely be an additional treatment.
4) Here, the same drawback is valid, rfurthernore, it makes
stringent demands on tae quality of the flocculating agent
so as to prevent deteriorating of the (for the rest) excellent
quality of groundwatber.
5) Hay be considercd.
6) liay be considered.
10) Excellent treatment, but the groundwater quzlity we are
dealing with now does not warrant the rather large expenses,
The water isn't "difficult" enough.
14) This method is up to now only known as ready made Ifrom
the manufacturer. There remain many questicns unanswered,
naking a design benhind the desk a rather hazardous operation.

Remaining alternatives are thus chemical oxidation and
dry filtration followed by wet filtration. The principles

of dry filtration have been discussed in the preceeding chapter,
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reason for me to give attention to chemical oxidation.

By which I do not mean to say that this method is preferable
under the circumstances. The circumstances include the results
of laboratory investigation on the groundwater. Especially

for chemical oxidation, laboratory invectigation is of utmost
importance.

For the chemical oxidation of iron and manganese, three
agents are widely applied, namely chlorine, permanganate-ion
and ozone. The latter requires a prohibitive capital investment
and very well trained personnel, so it may be considerecd as
unsuitable. Permanganate-solutions or grains are rather
expensive and only available in rather prosperous countrics,
Furthermore, permanganate-solutions have to be freshly made
every day and be kept in dark containers of glass to prevent
weakening. All together, chlorine seems most suitable to ne
as chemical oxidante. ‘

My proposition of the separate elements of the trcatment
are gs follows:

1) Dosing of 1lye.

2) Aeration by cascades,

3) Dosing of chloride of lime.

4) Hydraulic flash-mix,

5) Reaction-time of 10 ninutes in a hydraulically mixed tank.
6) Sedimentation and filtration in one. .
These elements will be discussed underneath with their merits.
1) Dosing of lye. iny kind of lye can be used. It is meant to
raise the »H to about 8 in order to reduce the reaction-tine
of the following chlorine dosing, and to reach the iso-electric
point of iron-flocs. It is dosed before the cascedes to make
the use of the turbulence in the cascades as mixer.

2) By aeration one can save on the amount of chloride of lime
becavse it will then only be necessary for that part of the.
iron and neanganese that is organically bound.

Laboratory research shall have to determine which part of the
iron and manganese can ve oxidized by eeration and how nuch
will then be necessary to oxidize the rest with chlorine.

To economize on the amount of lye to be used, 1t seems attrac—
tive to reduce the amount of 002 as much as possible, thus
raising the pH. Cascades however have low efficiency in
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002—stripping so it is unlikely >
that aeration by cascades
would ever render lye super- L
fluous. The minor efficiency N

of cascades can be improved

by using trays instead of

pails and by arranging the
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trays at short distance from
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one another (say 15 - 20 cm)o

%) I prefer chloride of lime dosing as it is the form most
widely applied in rural areas, making it more iikely to be
~obtainable. It does have somes advantages compared to chlorine

gas. 1t requires ratner large volunmes (in our case no problem).

The stabilizers applied to prevent weakening (giving a high pH
may cause clogging in dosing equipnent due 1o CaCO,_j—o‘_epositso
By apolying dosing equipment with simple maintenance a regular
cleaning is possible and the latter drawback 100 is overcome.

H)

To determine the dose required we must do some assuvmptions

that otherwise would have cone from the laboratory.

We assume that after aeration 2 mg Fe 2+/l and 0,5 mg Mn2+/l
are left to be oxidized.

2+

¢a(C10), + 4Peet 4 10HCO0,,” 2017 + 4Pe(OH)5 + 1000, + Ca

2 mg Fe?t/1 require 1,4 mg Ca(ClO)zo

0a(C10), + 2im®* + 6HCO,™ 2Mn0, +2C17 + 6C0, + 4H,0

0,5 mg Mn°*/1 requires another 0,7 mg Ca(CLl0), /1.

Ve need about 2,1 .mg Ca(ClO)2/l for oxidatione

Although we are treating bacteriologically safe groundwater,

a small amount of excess chlorine would not be harmful bearing
the quality of the average rural distribution system in mind.
lMoreover, the slight excess could prevent the growth of iron
and manganese oxidizing bacteria in the pipelines.
Summarizing, a dose of 3 mg Ca(ClO)2/l seems judiciouse



3
b
For the dosing use can be made .
of a variety of equipment ranging
from a coconut shell chlorinator to Galct0),-
a hydro-ejector with rotameter. solution
The cost of the equipment should .
not be too heavily pounded on, the Eﬁ;:buk ;bm?
first selection criterion being I
=

reliability.
Therefor I choose for a system that

R
fubbet stoppes.

— tube toith
caen be made and maintained by local q glass tube

calibration.

craftsmen. It is a combination of
Practical Solutions 360,01 and
360.1%, The vertical tube in

the cork is adjustable in height,
regulating the doses,

4) Hydraulic flash mix. This element is of vital importance

for a good and fast dispersion of the chlorine througnout the
body of water. 41l nmechanical mixers have the drawback that
they are driven by engines and all engines require maintenaince
from trained persomnel. Hydraulic mixers don't have this disede
vantage. Furtiaermnore, they give equally good or better results,
if only they are prOpérly designed. Some extra attention

during the construction saves a lot of headache caused by
breaxdowns of nechaaical nixers. .

4 round tank with a tangential entrance of the weter and a

few small bafiles should give sufficient mixing.

L

- NN
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5) For the reaction time of chloride of lime with the iron
and manganese, we must know the pH of the water immediately
after dosing. The reaction-time required is strongly related
to the pH. Supposing a pH of 8 (laboratory !) with some
buffering capacity, a reaction-time of about 10 minutes

should be sufficient,

With a flow of 30 m°/h, we  inlel [T T e

- g3 4 . L
n;ed aatagi w%th a Zol:?e ) *3bmm. \\\thkagn
of 5 m”. osing a depth of 0o, baf{les
1,0 neter, we obtain a . ¥
surface ‘area of 5 m2. LA
I propose a bassin of 2 x 50em. —tsoutlet
2,5 m, with baffles &

& 050 com —_—

arranged as in the picture,

6) Designing a sedimentation tank for a flow as small as

30 m°/h and a minimal depth of say 2 meters is a rather
akward affair, the more so as we should prefer 2 tanks,
Combining sedimentation end filtration in a rapid filter
with & thick layer of supernatant water (1,5 m) and a normal
filtration rate (6 m3/m2oh), the result will be a rather short
detention time (15 min.) dut presumably enough to allow the
flocs to reach dimensions retainsble by the filter.

This way we can pass a separate sedimentation tank with a
probably small efficiency, we have no cleaning problens

and fluctuations in the supply are more easily worked oute.
Flow: 30 m2/h; filtration rate 6 mB/mz.h, hence

surface area 5 m2, to be divided into two filters with a

2 each,

surface area of 2,5 m
A sand layer of 1 meter, grain size 0,8 mm. Larger grains
can very well be applied if a larger filtration rate is desired.
In this case a small grein size is chosen for for reasons of
cleaning with small amounts of backwash water. Grain size
distribution saould according to the uniformity index of
Allan Hazen be less than 1,5.
Porosity 0,4
Graln size 0,8 mm backwash rate 40 ma/mz.h.
Temperature 20°¢
Sand bed expansion 3%0%
surface area 2,5 m2, backwash time 5 minutes, hence we need
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a reservoir for backwash water with a volune of 8,5 m”7.
Furthermore there is not much to say about the filter, except
that I prefer the system of declining rates, as it is one

of the systems that does not require much filter equipment

like floaters and valves.

I have designed a filter applying as nmuch as possible the

same materials in order to reduce the amount of spare parts.
Further infofmation can be found in the picture on the next peageo

Hi
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