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I. INTRODUCTION

This Manual is for the use of \'WSDB Engineers in ¿assessing water

quality, identifying the need for water treatment,' art d in

planning, designing, rehabilitating and, to some extent,

operating water treatment facilities. It is a development of the

Design Manual on Small Community Water Supplies, prepared for

NWSDB with WHO assistance in 1982 (Ref.l), and includes all

relevant material from this earlier manual, which in some cases

has been reviewed or updated.

The Manual is substantially «ore comprehensive than the earlier

manual, and includes sections on water quality characteristics

and standards, water borne diseases, sampling and testing,

interpretation of chemical analyses, and other specific unit

processes not covered previously.

The manual was put together by G. A. Bridger, Environmental/

Sanitary Engineer, USAID Project fro» a variety of source

materials, .the most important of which are listed in the

References.

^ E t í f r . i i . ^ ;
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2. WATER QUALITY CHARACTERISTICS
AND STANDARDS

QU AL I.T

A potable water supply is essential for the prevention of
waterborne diseases. Water that is contam inate<l by
pathogenic (disease causing) organisms or thai. is
unacceptable aesthetically will need some kind of treatment
before being used. It is the engineer's responsibility to
provide an ample supply of pure and wholesome water, free
from:

o visible suspended matter;
o colour, taste and odour;
o objectionable dissolved matter?
o bacteria indicative of pollution; ór
o aggressive constituents.

In assessing potential water supplies it is the role of the
engineer to be able to identify and measure any water
quality problems which exist or may occur under certain
conditions, and to understand the impact of these problems
on the potability of the water. Subsequently, suitable
treatment methods must be provided, if necessary, to ensure
that a potable supply is delivered at all times. Such
treatment must be carefully designed to an appropriate
technological level to match the operating and maintenance
skills available, or the quality of water produced may fall
below acceptable standards.

2, 2 WATER_QUALITY_Ç_HARAÇ_TERISTIÇS

o Temperature — important for its effect on other
properties, such as speeding up chemical
reactions, changing solubility of gases,
amplifying tastes and odours, etc.

o Taste and
odour — due to dissolved

organic in nature,
piKtafophenols ;

impurities, often
e.g. pheno1s and

difficult to measure.

Colour - true colour is due to material in
solution, apparent colour due to
suspended matter. Natural yellow co; our
in upland catchment water is due to
organic acids and is harmless. Measured
in degrees Hazen.

-2-



o Turbidity — colloidal solids give water a cloudy
appearance , aesthet i cal ly uriattract. ive
a r í d possíbly harmful. May be due to to

o Solids —

o

e 1 a y a ri d silt p a r t i c les, sewage o r
industrial waste, or micro—organis»s.

may be organic/inorganic matter in
.suspension and/or solution. Total
dissolved solids (TDS) are due to
soluble «ateríais; suspended solids
(SS) are discrete particles which may be
filtered out. Settleabie solids are
those which settle out in a graduated
cone after standing for 2 hours (useful
for assessing sedimentation tank
performance).

Electrical
conductivity— depends on quantity of dissolved salts,

and approximately proportional to TDS
content,

Chemical Characteristics

o pH -

o Alkalinity —

Acidity —

o Hardness —

the intensity of acidity or alkalinity
of a sample, actually the concentration
of hydrogen ions present.

due to the presence of bicarbonate,
carbonate or hydroxide. It is useful as
it provides buffering to resist changes
in pH. Expressed in mg/L of CaCO-j,

CO2 acidity is in the pH range
8.2—4.5, and most natural waters are in
this range. Mineral acidity, below pH
4.5 due to H2SO4, HC1 or HNO3
would normally be due to industrial
wastes. Expressed in mg/L of CaCC>3.

the property which - prevents lather
formation with soap arid produces scale
in hot water systems. Due to metallic
ions of Ca, Mg, Fe, Sr.

-
| are two forms —
i) Carbonate hardness (metals

associated with HCO3) and

ii) Non—carbonate hardness (metals
associated with SO^t Cl,

Total hardness —
carbonate hardness

Expressed in mg/L of

-3-
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DissoIved
Oxygen<DO)

o Nitrogen —

required for naintaining higher torus oí:
biological life in water; the effect oí
a waste discharge on a river/strea» i*
largely determined by oxygen balance of
system. Solubility of oxygen varies
vf i th temperature :

DO mg/L
10
11.3

20 30
9. 1 7.6

of
exists in 4 wain for»s:

i) Organic nitrogen (in the form
proteins, a»ino acids and urea).

ii) Ammonia nitrogen (as
salts or free anwoni a ) ,

iii) Nitrite nitrogen (final oxidation
product). Analyses can give useful
indication of pollution of sample,
but bacteriological analysis is
«ore reliable.

Chloride —

iv) Nitrate nitrogen —
intermediate oxidation stage)

(an

gives a brackish taste and way be
indicator of sewage pollution due to
chloride content of urine. Detectable
at about 250 mg/L upwards.

Bacteriological analysis of water is the most sensitive
water quality parameter, since almost all organic wastes
contain large numbers of micro—organisms. Microorganisms
are important in water quality control in terms of self—
purification of rivers and stabilization of organic
wastes. They are, however, responsible for waterborne
diseases, tastes and odours, corrosion and microbial
growths in bodies of water. They may be broadly classified
as either

Plants — require soluble food which may be organic or
inorganic.

o Viruses — the smallest plants less than 0.3 um in
diameter, and can only live and reproduce
inside a specific host cell. Diseases such
as influenza and poliomyelitis are caused by
virus infections. Commonly found in large
numbers in sewage effluents, , they are
difficult to remove and iresistanti to normal
d isinfect ion
oxidation to

-4-
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Batter ia

Pungi -

o Algae —

basic units of plant Life, being sirigie
cell organisms of various shape» ranging
in size from 0.5 to 5. UBI. May be aerobic
or anaerobic, aad are responsible. í or
waterborne diseases. Important for waste
w a i e r s t a b i 1 i z a t i o n.

«i u 1 i i c e 11 u 1 a r a e r« b i c p i a rt t s , m o r e
tolerant of acid conditions and a drier
environment than bacteria. Exist in
polluted rivers, and responsible tor
tastes and odours.

Mult i—eellular photosyntnetic (energy
from sun1 i ght) piant s, incorporât i ng
chlorophyll. Are usually microscopic in
freshwater, and utilize inorganic
compounds such as CO9, NH3, PO4 to
produce wore cells and oxygen. Growth
of large algal blooms' in lakes can cause
severe taste and odour)problems.

An i ma1 s — require
form,

only organic food, usually in solid

o Protozoa — single cells 10—100 ijm long and live by
eating large quantities of bacteria, and
are important in ^biological waste
treatment.

o Rotifers — mult icellular animals ? which
conditions with high DO,

like stable
high DO, therefore

indicators of good quality water.

o Crustaceans — hardshelled multicelfular animals, an
important fish food, 4nd found in stable
conditions. Some may ; be seen with the
naked eye. r

o Worms and
Larvae — rot ifiers

deposits.
which scavenge in bottom

Measurement ojT bacteriological quality

It is noCf^r^etSfièmble to test the water for all organisms
it might contain, therefore bacteriological quality is
measured using certain specific types of bacteria which
are indicative of contamination, Coliform bacteria are the
prédominant organisms that are found in the intestinal
tract of man and other animals. The coliform group
includes faecal and non-faecal bacteria, such as are found
in soil. Presence in drinking water of significant
numbers oí coliform bacteria indicates that the source is
not adequately protected. E—coli (Escherchia poli) is a
specific typ>e of coliform organism which ' indicates
contamination by faecal matter. Generally, testi<ng is done
for the presence of col i forms and of E—coli.

-5-



The standards tor water quality in Sri Lanka are based on
the SLS 614, 1983 - Part 1 Physical and Chemical
Requirements, and Part 2, Bacteriological Requireidenis ,
which are similar to the WHO Standards (See Table 2.1,
2.2).

These standards should always be applied with. common
sense, particularly for small community and rural water
supplies where. the choice of source, and the opportunities
for treatment are limited.

The criteria should not in themselves be the basis for
rejection of a groundwater source having somewhat higher
values for iron, manganese, sulphates or* nitrates than in
the Table. Care must be exercised in respect of toxic-
substances such as heavy metals, which should be allowed
only after expert opinion of the health authorities has
been obtained.

For small supplies which frequently axe to be provided
from individual wells, boreholes or springs, the water-
quality criteria may have to be relaxed. Obviously, in
all instances, everything possible should- be done to limit
the hazards of contamination of water.j Using relatively
simple measures such as the lining and covering of a well,
it should be possible to reduce the bacterial content of
water (measured as coliform count) to less than 10 per 100
nL, even for water from a shallow well, persistent failure
to achieve this (particularly if E. doli is repeatedly
found) should as a general rule lead to condemnation of
the supply. \
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Table 2.1

SLS 614 (1963)

PART 1 - PHYSICAL AND CHEMICAL REQUIREMENTS

Characterist ie
Maximum Desirable

Level
Maximum Permissible

Level

PH
Colour
Odour
Taste
Turbidity
Elect.Conduct iv ity
Chloride (Cl)
Chlorine—Free resid(Cl'
Alkalinity (as CaCO

7.0 ~ 8.5 units
5 un its
Unobjectionable

rr

2-JTU
750 uS/cm
200 mg/L

200 "

&.5 - 9.0 units
30; units
Unobjectionable

8-ïJTU
35pO
1200

400

uS/em
mg/L

Ammon i a—Free
Ammon i a—A1bum ino id
Nitrate (as N)

{ Nitrite (as N>
Fluoride (as F)
Phosphates-Total (PO )
Total Solids
Hardness Total

(as Ca Co )
! Iron-Total (as Fe>
i Sulphate
| Calcium
| Magnesium
' Copper
' Manganese
i Zinc
, Aluminium
I Arsenic
| Cadmium
! Cyanide
\ Lead
I Mercury 'MÊÊÈÉÊ&Í

Chromium
Anionic Detergents
(as HBAS-LAS)
Phenolic Compounds

: (as Phenolic OH)
Oil & Grease

| Pesticide Residue
\ Chem. OKvsen Demand
! (COD)
i

_
-
-
-

0.6 "
—

500 "

250 "
0.3 "
200 "
100 "
30 to 150 *
0.05
0.05 "
5.0 •;

—
—
—
—

0.2 mg/L

0.001 "
-

(Refer to WHO &

0.06
0.Í15
10Î
O.Pl
1.5
2.-0
2000

60D

400
24b

- 15D
1,5
0.5
15>0
0.2
0.05
0 .i)05
0.Ò5
O.p5
o.poi
Ch '"tí 1
0.05

1.0

0.002
1.0

H

ti

«

ti

H

it

H

fi

H

H

ii

H

H

II

FAO requirements)

10 m8/L

• !

;

:

i
!

!
!
•

!

•

i
¡

Depending on sulphate content, i.e. for 250 me/h sulphate,
max Mg. is 30 mg/L; for less sulphate, wore Mg is allowed

-7-



Table 2.2

SLS 614 (1963)

PART 2 - BACTERIOLOGICAL REQUIREMENTS

2,

Pipe—borne water supplies:

o Throughout any year, 95 per cent of the samples shall
not contain any col i for» organists in 100 mL.

o None of the samples examined shall contain «tore than
10 coliforw organisms per 100 iL.

o Coliform organisms shall not be detectable in 100 mL
of any two consecutive samples.

o None of the samples examined shall contain E.coli in
100 mL. (Faecal coliform).

Individual or small community supplies:

o None of the samples examined shall contain more than
20 coliform organisms per 100 mL on repeated
exam i nat i on.

o No sample shall contain E. coli in 100 mL, (Faecal
coliform) •

NOTE: Individual or sinal1 community supplies include Wei Is „
bores and springs * :

:

1 •

Populat ion
Served

tnt erv a 1
piSuccessive
Samples

Minimum Number of
Samples;to be Taken
From Whole Distrib.
System Each Month

Less than 20,000
20,000 to 50,000
50,000 to 100,000
More than 100,000

1 Month
2 Weeks
A Days
1 Day

i • :

1 Sample-per 5000 popn.
1 - d o -

- do -
1 Sample per 10000 popn.

-8-



2.4 WATER RELATED DISEASES

Writer related diseases are tho.se traceable to water supply
and excreta disposal. The most important of these diseases
lav be classified as iollows;

Category Trans m i s s i on Specific Diseases

Water—s ite-
insect carried

Water contact

Water quality
microbiological

Sanitation—
! related/water
! hygiene

D i sease—carry i rtg
insects breed
near water.

•African tripanosomiasis
in or I (sleeping sickness)

SOnchocerciasis (river
! blindness)
¡Halaría :

!Arboviruses(yellow fever
land dengue)
JFilariasis (including

e1ephant i as i s)
Japanese eiíicephalit is

] Disease transmitted Schistosowiiasis
| by direct contact ' (hi lhar^ziasis )
I with water. ! • -,

Disease transmitted
by consumption of
m i crobio logically
cont am i nat ed
water.

Disease transmitted
by inadequate use
of water.

Cholera î
Typhoid fever
Diarrhea
Dy s ent ery _(amoeb i c,

bacillar;y)
Guinea worm

( dr acorit i a s i s )

Shigellosiis
( bac i 1 lary^ dysentery ) .,•
Trachoma and

conjuct iiy it is
Escarias i s (roundworm)
Scabies -

The

o

various categories are:

Water—site%in<s^iot- carried — where thei source or supply
site provides a breeding ground for insects such as
mosquitos, which transmit diseases by biting people —
it is not necessary for people to ,cose into contact
with the water. Transmission is complex, involving a
host (man or animal), a parasite that causes v.he
disease (protozoa or worm) and a carrier (insect, fly
or mosquito). Malaria, filariasis, dengue and Japanese
encephalitis carried by mosquitos. Piped water
supplies, and elimination of mosquito breeding places,
would help to control these diseases. ;

-9-



o Water contact. - where contact with water such as
swimming ¡w sufficient to produce infection in people,
usually through a disease-eausine orgím isn penetrating
the feet, legs, hands or other part of;the body.

o Water quality — microbiological — where consumption ot
«¿•ater causes disease by ingestion of a geriu, or toxic
substance. These diseases are endemic in areas where
excreta disposal is haphazard and can achieve? epidemic
proportions in serious cases of contamination.

o Sanitation-related water hygiene — infection is most
common due to faecal contamination of water, food, and
fingers and might have been eliminated through proper
washing or cleaning.

-10-



3. SAMPLING AND TESTING

A sanitary survey is essential for the adequate inter-
pretation of chemical and bacteriological analyses of
drinking water supplies. It consists of an extensive
field inspection and evaluation of local environmental arid
health conditions by assessing current and potential
hazards to the water supply or existing water system.

Sanitary surveys are important as backup information when
interpret ing the results of water analyses. If analyses
indicate contamination of the water supply, a sanitary
survey should be conducted to identify the source of the
contamination.

Sanitary surveys should be conducted for:

o development of new water sources; ""

o rehabii itat ion/inspect ion of existing schemes.

Simple observation is the major parti of all sanitary
surveys. Inspections of existing waiter supply systems
involve checking facilities and operational practices for
signs of contamination. For example, * «ater from a well
should be considered as possibly contaminated if the well
is uncovered or unprotected, or when the, collection vessel
is not kept clean. Leaking pipes «ay- draw in sewage or
other contamination from the soil? particularly in
intermittent systems. -,

If a sanitary survey reveals possible bacteriological
contamination, further investigation shoXild should be done
to determine the source and the level of contamination and
determine the treatment needed, or. steps taken to
eliminate the source of contamination^- \

Sanitary surveys of existing systems can reveal physical
and chemical impurities. Water that isfturbid may not be
safe or aesthetically acceptable. If pipelines, pumps or
other system components are corroded, thje water supply may
be chemica5Í|^^^pâ|ia»inated, Hard, scaly! deposits on pipes
or pumps ^ ̂ítffifiííSt̂  water with high mirteral content which
may be unsuitable for many domestic purposes. Hiñerais
can encrust pipes and pots. If red stains appear on
plumbing the water may be high in iron;. If the commun i ty
believ«s a water source is harmful even though
contamination is not évident, the water should be tested
for harmful toxic chemicals.

-11-



It. .i sanitary survey reveals possible physical or- chemical
contamination, a complete laboratory art.ilysis should be
done to verity conditions. It analysis reveals that the
water system is seriously contaminated either physical]y
or chemically, the problem should be solved iiuuted » ate-1 y or
another water source should be developed.

3 - 2 I£PES_OF_ANALYSI.S

The following types of analysis are listed in Reference 4
as being carried out by NWSDB Central Laboratory.

o Partial Analysis (Short)

The parameters assessed for a partial analysis
include: temperature (°C), residual chlorine (RCl)t
hardness (EDTA), alkalinity (ALK), : chloride <C1),
hydrogen ion concentration <pH.-> , electrical
conductivity (EC) t turbidity (NTU)t: and sometimes,
colour and ion. Other parameters may be included when
demanded — such as copper, sulphides, sulphates, and
nitrogen as ammonia and albuminoid, ;

o Complete Analysis (Major Constituents) ?

The traditional "Complete" analysis,- in addition to
the parameters measured for partial analysis,
includes: silica (S1O2), calcium, j(Ca) , magnesium
(Mg), sodium (Na) , potassium (K), sulphate (SO^),
chloride <C1), nitrate (NO3), fluoride (F) , boron
(B), and total filterable residue (TFjR) . Values to be
calculated from these measured Values include
carbonates (CO3), bicarbonates (HCO3), free carbon
dioxide (CG2), percent sodium (%Na>, ¡ total dissolved
solids <TDS), and the sulphate to •[chloride ratio
(SG^Cl), Ammonia nitrogen and albuminoid nitrogen
may require analysis as demanded by the nature of the
source water. -••- T

o Hinor and Trace Inorganic Analysis ' :
(Metals and Nonmetals)

The analyses J.».this group are scheduled on a rotating
basis .-^á^l^^^t^^f'inor and trace inorganic constituents
include:^ ̂ Ŝ WMTn'ítim (Al), arsenic (Ajs), barium (Ba) ,
beryIlium (Be), cadmium (Cd>, chromium (Cr), cobalt
(Co), copper (Cu), iron (Fe>, lithium <Li), lead (Pb),
manganese (Mn), mercury (Hg>, molybdenum <Mo), nickel
(Ni), selenium (Se), silver (Ag), strontium (Sr), and
zi ne (Zn)T

Nonmetal minor and trace inorganic constituents
incl ide sulphate (H2S), phosphates (PO4), nitrates
(NO2-ÍÍ), ammonia nitrogen (NH^—N) , and organic
nitrogen (Org.N). •

-12-



o Organic Analysis

Chemical. oxygen demand (COD), biological oxygen dewiand
(BOD), extractable oil arid grease, •and total organic
carbon (TOC) are included in this group,

o Microbiological Analysis

This analysis of water includes tests for col i form and
faecal col i for» organisms. In addition, special
straining techniques such as the gram stain are used
when applicable.

o Biological Analysis ;

This analysis of water from surface sources and
reservoirs includes the identification and enumeration
of observable organises, Included in the grouping are
the green and blue—green algae, and <̂ ther floral forms
such as submerged aquatics, and animate forms such as
the aquatic invertebrates.

o Reservoir and source water

These waters are monitored for
dissolved oxygen, pH, conductivity,

fluctuations in
and turbidity (or

an equivalent) as a function of location, depth and
time with the objective of obtaining improved water
quality through better reservoir management.

"i
•¿

Another analysis which is of interest' in design and
rehabilitation of schemes is: i

o Filter Media Cleanliness Déterminât ioij.

Designed to provide a quantitative evaluation of
filter media condition (cleanliness) and/or backwash
efficiency. This procedure can be used for
cleanliness determination on any type of filter media.
Media samples can be taken in depth increments for the
determination of accumulated solids^at any particular
layer, or a standard 300 mm core sample can be taken
for the determination of the total accumulated solids
remain ing j^r^tOfcAwme of filter media. ;

The results in g»/L are compared to those of a new
media placement or specially washed used media. A
filter bed should be investigated at least twice per
year to determine the condition of the media in order-
to advise on maintenance or to evaluate filtration
effectiveness. The need for this type of determination
can be observed in the monitoring of filter effluent
turbidit les,

I
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In addition, it should he noted that the Laboratory
conducts analyses to measure the characteristics oí
treatment chemicals and the characteristics of sludge.

3,3 SAMPL¿NG_PROCEDfJRES

Accurate analysis of a water sample depends on proper
collection of the sample. Samples must be taken from
several locations at different times so that they are
representative of the entire water supply. Samples for
specific analysis are those collected when a new water
source is being developed, when an outbreak of water-
related disea.se occurs, when a scheme is being rehabil-
itated, or when water pollution is suspected. Samples
collected regularly to monitor an existing water system
are for routine analysis.

Methods of sample collection depend on whether the
analysis to be made is bacteriological or physical and
chemical, and on whether the sampling and analysis are
routine or specific. The main considerations in sampling
are to collect representative samples; of the water and
transport them quickly to the laboratory. Where the
equipment is available, field testing m&y also be carried
out. I

\
Samples must be collected irt the correct volume, with the
right device and in the right container. They must be
marked properly showing the date, time |md exact location
of the sampling point, and be accompanied by &n analysis
request form showing the required tests. In addition,
samples should be adequately preserved^ if required, and
transported to the laboratory with a;minimum of delay.
Analyses only represent the water quality at the time of
sampling, and it will often be necessary to take a series
of samples at different times or seasons in order to
obtain a more complete picture of the water quality
variations. This is particularly true for bacteriological
samples — analysis of a single sample is not reliable.
For routine bacteriological sampling, i the frequency of
sampling is established in SLS 614. (See Table 2.2)

Samples fo^^feaet:eiráological analysis must be collected in
sterile. -^ia^-^Jliíles with sterile stoppers. A paper or
foil hood over the stopper and bottle neck is necessary.
Stoppers can be made of ground glass or rubber. Normally,
fre-steri 1 i sed s amp* le bottles are obtained from the
Central Laboratory. In an emergency, well—washed bottles
fan be sterilized in the field by boiling them for five
minutes. If sample bottles are not sterile, any bacteria
present on them will wake the analysis useless. The
sample bottle must be kept sealed, and the stoppers and
battle neck should be covered with parchment paper or thin
aluminium foil. The covering should be kept in place
after sampling. Each sample should be at leastf 100 mL in
order to perform all tests required for bacteriological
contamination, ,.



Sampler for physical and chemical aria lys is must be
collected in chie if¡ Í ca 1 ly clean plastic or f;lass bottles.
At least 2 litres of water need to be collected for a
complete physical and chemical analysis,

Samples drawn from a stream or river that is being
developed as a new source should not be collected too
close to the bank nor too deep under the surface. Areas
of stagnation should be avoided. Samples should not be
drawn from the same spot every time, but should be taken
f rom d i f fereiit po i nt s .

In piped water systems, samples should be collected at all
points where water enters the distribution system. In
addition, samples should be drawn from taps connected
directly to the water main and not from storage tanks.

Special samples need to be drawn from known problem areas,
such as areas with low pressure, areas with high leakage,
and areas far from the treatment plant,1 When collecting
bacteriological samples, great care must ïj>e taken to avoid
contamination of the sample by touching the inside of the
stopper or bottle neck or contamination from other sources
apart from the water being tested. Bottles should be
labelled immediately after sampling.

The following procedures should be used for sampling from
different sources: •

o Stream or river — collect fro» midstream, if possible,
holding base of bottle and scoop water in an upstream
direction beneath the surface,

o Lake or tank — collect from alternative intake
locations, plunging bottle neck down, into the water
and filling the bottle horizontally, beneath the
surface.

o Shallow well — use a weighted bottle and lower to
required depth, until full.

o Handpump well — pump to waste for at least 1 minute
before sampling.

o Tap — ̂ •^ÈÏ^SÊ'"^1^-'run to waste for at least 1 minute
before sampling.

Sample labels should give the following information:

o Sample number;
o Reason for sampling;
o Exact place of .sampling and type of source;
o Temperature of sample source;
o Date and time of sampling;
o Sample depth (if required) ; -,
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Additional ¡informai ion, as shown itt Table 3,1 should be.
kepi for each sample, to aid in the in.terprM.at ion of
results. It is also useful to sketch on the reverse side
of the. form the example location.

Storage of s£W>Eles Changes occur in the bacteriological
content of water when it is stored. To get an accurate
analysis, bacteriological testing of the water sample is
best begun within one hour of collection. Samples for
bacteriological analysis must, be tested within 24 hours of
collection. When a field kit is used to analyse samples,
testing within one hour of collection is possible. If
samples must be transported to another site, they must be
carefully stored and transported so they remain
representative of the water supply at the time the sample
was collected. Temperature of samples during storage
should remain as close as possible to the temperature of
the source from which they were drawn. The length and
temperature of storage of all samples .should be recorded
and considered in interpreting the analysis.

For physical and chemical samples, analysis should be done
as soon as possible, and should not be delayed, over 72
hours. Whenever possible, samples should be kept between
O°C and 10°C during storage and transportation.

Interpreting the results of a chemical analysis requires a
knowledge of three factors;

a) What is the water to be used for?

b) What are the values of the test results?

c) What are the consequences of using the water for its
intended use, taking into account the test results?

Some substances, although dangerous in excessive amounts,
may be tolerable in trace amounts. "Çhese among others
include lead, arsenic, fluoride, selenium, and hexavalent
chromium. They are not normally determined unless there
is reason to believe the elements are present, since they
seldom occu^^^j^^a^f^tj^r supply.

Engineers involved with interpretation of chemical
analysis of water should know, for instance, that nitrate
and sodium make water unfit only in specific cases;
chlorides and sulphates over 500 mg/L will give water a
salty taste; sulphates have a Laxative effect; iron causes
staining; and calcium and magnesium cause heavy use of
soap and leave residues.
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Table 3.1 Additional Sampling Data

e of person requesting sample: Sample No:

for sample: | [ Routine | for bacteriological
analysis

Specific (explain) | or physical/chemical

analysis

l.i.-jt.e and hour of sampling j [ for other analysis

Sample location:
Scheme/Project: , .

Simple source: | |Tap | | Cistern [ ) Stream | | Pond | [ Well

I ISprirnt CZl Rain catchment | lother (specify)

Source name, if any .....,,-..,. ,,. u. , •

Exact spot from where sample was drawn: ; i _̂  '••-.:.,••_•>. s p o t . r<ro

Is water treated? | )No 1 | Yes (If yes, specify type of treatment) . ,,-.-,i ,.,• . ",»

Does water quality change after heavy rains? 1 '"] Ho | | Yes If yes, explain : ^ -:,*"- - •;•<•.> ••:••
(odour, color, taste, turbidity) k .ír6<.:^r. WUJT- Las-u.-.

F o r _ v # e n _ s a m £ ¿ e , s p e c i f y : :;.¡ '¿-'-l! - - - -¿ i - ••••-•: '.-

D e p t h o f s a m p l i n g ¿ t 1 ; , ; •• : . . l i : : : :
Depth of well ___________ ; !'«.>• :-i-. ' i *=..•:':
Distance from water surface to ground level L ..•..:....- £>.••.••••... d
Whether well is covered or uncovered • í..c: -. -.mi , is. c..
Type of cover, materials, condition of cover ; ¿ ;,,.... ..r .......... =-.,
Whether well is newly constructed or recently altered or repaired h; -...:- •..••-!; i:-. ;v-
(explain) , ________™ - ! < • - • • ' • • • • • • < v , - ¡ )

Method of raising water (pump, rope and bucket, etc.) ______; >•*•••-i :i * Vl.-iv
Whether the well has a protective apron * U;V-ÍWT üt^ ttll r
Type, material, size and condition of apron: ': ; V : v &••' <.•.• .! .•-.;
Wel l l i n i n g m a t e r i a l
Possibly sources of contamination ; P :; ï , r,<. ¡.; s

Eí!E_SEtÍ!2a_2âSEÍÊí s p e c i f y : ••-;• r ; ; i i ? AC i< »

Whether sample is drawn directly from spring or collection box ___„_ %• ••.• . ¿

Construction material and condition of collection box f: r : :

For lake_or tank sample, specify:

How lake is supplied w , ;
Nature of catchment — conserved or not |v , , u r s O; ,.;,.,:
Nature and extent of xeed^grojKttijârií.al.sae , , . • ; ; ¡ , ¿r»-j «
Possible sources of o o W j ^ S S l

.,.-• •¿•S

For stream or river^sample. specify;

Depth at which sample was drawn
Whether sample was drawn from boat „ _
Possible sources of contamination
Whether water level was above or below normal

Length of time sample was stored before analysis

Temperature at which sample was stored
Remarks ~ 1

(eg. weather conditions or recent rainfall which may affect sample) I

Completed by Date
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When a chemical analysis is, required, en;;< ineers should be
aware of the objectives and the available tests, (refer to
Section 3.2) and be selective regarding tests to be
carried out, A #xiide to intepretat ion of cheinical
analyses is given in Table 3,2.

The "partial analysis" is designed to give enough basic
information about a proposed water supply to be able to
determine whether the supply is suitable as a potential
water supply. The tests are not too cumbersome, time
consulting or costly and include the following;

L'H ~

Values are given in units varying from O to 14, All pH
values below 7.0 denote acidity. Values above 7,0 denote
alkalinity. The closer the value is to 7,0 (neutral) the
more neutral is the substance, thus a pH value of 5.5
indicates a greater degree of acidity than a value of
6.7. Similarly 7.6 is slightly alkaline while 9,5
indicates a considerable degree of alkalinity. The
further one gets from 7.0 the mare seviere is the acidity
and alkalinity. '.

K pH of 6 is ten times the acidity of neutral water, a pH
of 5 is 100 times, a pH of 4 is 1000 times, and a pH of 3
is 10,000 times the acidity of neutral water. Below pH
6.5, corrosion and objectionable tastes may occur.

Colour — :

Colour in water is generally derived from leaves, peat,
logs and other similar organic substances. Sometimes it
is due to iron or manganese that has combined with organic
matter. Swamp water is the source ]of most coloured
water. Colour is not injurious to health but is
aesthetically objectionable.

True colour of water is due to material" in solution while
the apparent colour is due to the effect of' particles of
suspension. Only true colours are important, therefore
substances in suspension must be removed before colour
determination is Made. Water that is highly turbid is
seldom highly coloured because materials.causing turbidity
tend to absar^tUose. caus ing colour. ?

The unit of colour used as a standard is that produced by
1 »g of platinum in a litre of water. Colour should not
exceed 30 and preferably be less than 5. Colour of less
than 3 vmits will not be noticed, even in a filled bath
tub, whereas colour of 5 units, although scarcely
perceptible, will be noted by many.
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TabJ, G . : .it

N.~im<? o f T e s t Results <ng/L) R.it.ing

Pli

Colour

Turbidity

Electrical
Conductivity

Chloride

Alkalinity

Carbonate Alkalinity

Nitrates

Nitrites

Fluoride

Total Solids

Hardness

Iron (Fe)

Sulphates

Ca le iun/Magnes iurn

Copper

Zinc .v!

Arsenic

Lead

Sodiua

Silica

ABS

Phenols

BOD

7.0 to 8.5 units
5.0 to 7.0 .and 8.5 to 9.0

below 5.0 above 9.0

0 - 5 units
5-30 units

above 30 units

less than 1 unit

0-750 utt/c»
750 -3500 UB/C»

0 - 5 0
50-250

above 250

does not include hardness
by «tore than 35

120

0 to 10
10 to 30
above 30

0 - 0.1

0 to 0.6
0.6 to 1.5
above 1.5

0- 500
500-2000
over 2000

above 600

0 to 0.3
0.3 to 1.0
over 1.0

0 to 200
200 to 400
above 400

0-100

0 to 0.05
0.05 to 1.5

5 to Í5

0 to 0.05

0 to 0.05
0.05 to 0.1

above 100

20 to 30

0 to 0.2
0.2 to 1.0

0 to 0.001
abov<.< 0.001

up to 250
250 25000

Good
Fair
Bad

Good
Fair
Bad

Good
Fair

Good
Fair

Good
Fair
Bad

Fair

Fair

Good
Fair

Fair

Good
Fair
Bad

Good
Fair
Bad

Fair

Good
Fair
Bad

Good
Fair
Bad

Good

Good
Fair

Good
Fair

Good

Good
Fair

Bad

High

Good
Fair

Good
Bad

Good
Bad

Appearance

For »ost
industries

Salty taste

Danger to
Babies

Taste, industria
problems

For sodiui»-
free diet
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Water is turbid when i i carries in suspension so many
finely divided particles of clay,. loans, sand or
occasionally micro organisms that it presents a muddy
appearance. There is evidence that freedom from disease
organisms is associated with freedom fro» turbidity.
Turbidity may cause gastro-intest irial irritation, but is
pr i mar i 1 y ob j ect i onab 1 e i rom a s t atidpo i nt o f appearance.

Turbidity is «easured photometrically by determining the
percentage of light of a given intensity that is either
absorbed or scattered. Host turbidity meters work on the
scattering principle, although turbidity caused by dark
substances that absorb rather than reflect light should be
measured by the absorption technique., Fornazin is the
standard reference chemical with meter readings expressed
as formazin turbidity units (FTUs). The term nephelometry
turbidity units (NTUs) is used to indicate that the test
was carried out on the scattering principle. Turbidity of
a good water supply should not exceed 5 and it is
preferable to maintain it at 1 or lefes. At 10, slight
cloudiness can be observed in a glass' tumbler. At 500,
water is practically opaque, \

The specific conductance of a water is a measure of the
ability of the water to conduct an electric current. It
provides an accurate measurement of stream purity: pure
water is highly resistant to the passage of an electric
current and therefore has a low specific ¡resistance.

Chlorides are combinations of chlorine with other elements
and are usually found in natural waters.; Where the normal
chloride content of water is known, the determination of
chloride-s can be of value in judging the sanitary quality
of water. Chlorides in excess of the normal*"content may
be considered an indication of contamination by sewage,
since chloride is a constituent of urine, or intrusion of
salt water if the supply is located near the coast.
Chlorides increase the corrosive character of water.

Where conÉ^^^^^i^n is suspected, the source of chlorides
may be due €o sewage, manufacturing wastes, mineral
deposits, oil fuel wastes or salt water. The chloride
upper limit of 250 mg/L is not set for health reasons, and
water containing greater concentrât ions can be used
without harm.

Chlorides will impart a salty or brackish taste to water
which will be noticeable around 250 mg/L. At 500 to 1,000
mg/L content, water will be unpalatable. Water containing
more than 4,000 »g/L is unsafe. Chloride tesjts are not
essential in determining safe water supplies, put may be
used as a general indication and guide. *
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Water can be aeid, alkaline or neutral , Alkalinity i s
usually caused by the presence of alkaline salts in
water. Various degrees of alkalinity are typical with
di f f ei-ertt forms of the salts,

o Bicarbonate alkalinity is derived from bicarbonates of
calcium and magnesium.

o Carbonate alkalinity is derived from carbonates of
sodium, potassium, calcium and magnesium.

ò Hydroxide or caustic alkalinity is derived from
hydroxides of sodium, potassium., calcium and
magnesium.

Although some of these compounds can cause hardness, the
total amounts of alkalinity and hardness are the same
2Eíi^ when calcium and magnesium carbonates are present
alone. A criterion for minimum and maximum alkalinity in
a public water supply is related to the' relative amounts
of bicarbonate, carbonate and hydroxide alkalinity.
Generally alkalinity should not be less than 30 mg/L nor
higher than 400 mg/L - \

Albuminoid Nitrogen (called albuminoid ammonia) is
nitrogen present in organic matter before any
decomposition occurs. The formation of*ammonia nitrogen
or free nitrogen marks the first step in the decomposition
of organic matter. Ammonia combines with oxygen to form
nitrates ultimately.

—_N i_trat es — •

Nitrates in water should be regarded w^th suspicion, as
they may be due to pollution by organic wastes or due to
mineral deposits. The Nitrite ion is the substance
responsible for causing methemoglobinemia, a blood disease
in babies. Having considered this aspect, nitrates over
10 mg/L may be safe providing they are bacteriologically
safe. :

Spot testst^pïr- íretirâtes show whether 'or not there1 are
nitrates in the sample and give only a rough approximation
of the content. The purpose of this test, which is very
simple to perform, is to indicate the presence or absence
f>t nitrates, thus indicating whether further tests should
be carried out.

-21-
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The process of forming nitrafes is briefly aw follows;

Organic matter — (albmrt-inoid nitrogen, a Ibviia i no i d ammonia)
decomposes to ammonia nitrogen (free ammonia, free
nitrogen) then decomposes to unstable nitrites
(characteristic of fresh sewage) then oxidizes to
nitrates — a relatively stable form.

The relative amounts of various nitrogen compounds rather
than the actual amounts indicate the condition of the
contaminating material. When ammonia nitrogen is greater
than the albuminoid nitrogen, it is a fairly definite
indication that the water has been contaminated by sewage
and that decomposition has already commenced. If the
organic matter in the. water is old, nitrites will have
been changed to nitrates. It is seen therefore, that where
nitrites are found continuously, it may be concluded that:

there is continuous contamination in close proximity to
the sampling point, .

Additional tests may be required to give further specific
information for specific problems.

Fluoride occurs naturally in groundwaters in certain areas
of Sri Lanka. The element fluorine". may be found in
volcanic gases, fluorite or fluorspar in sedimentary
rocks, or triolite in igneous rocks.. Disfigurement or
mottling of teeth occurs when the fluoride content of a
potable water exceeds approximately 1.5 mg/L and becomes
pronounced when the content exceeds 3 to 6 mg/L.

However, fluoride in the range of 0.6 to 1.5 mg/L is
beneficial in prevention of tooth decay in children, and
is often added to water supplies when naturally absent.

Total solids in water is the weight of all mineral and
organic matter in the water — either in solution or
suspension. It is not a measure of any particular
ingredient but rather the sum of all the various elements
and compounds dissolved and suspended in the water. It
includes, .theggefãĵ ê _̂ ron and other chemical constituents.

The SLSI recommends the total solids content should not
exceed 2,000 mg/L and preferably should be below 500 mg/L.
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The suitability oí: a water for drinking purposes is
indicated in a general way by the sol id.s content. High
solids content indicates that a water is highly
contaminated or contains excessive amounts of mineral
matter.

Filtering a sample of water will remove all suspended
solids and a sample that is evaporated will leave behind
all total solids. The difference between total solids and
s us pended solids is the d i s s o1ved solids. If the to t a1
solids are burned and the resulting ash weighed, this is
an indication of the fixed solids.

Hardness —

Evidence of hardness in water can easily be detected in
the field. Water is hard if it requires m c h soap to
produce a lather and soft if it lathers freely. Hardness
is due to salts of calcium and magnesium, and is expressed
in mg/L of CaCO-j. Hardness is not dangerous to health.

The following are examples of mineral compounds related to
hardness in water: ?

o Calcium bicarbonate — solution of; CaCÛ3 in waters
containing CX>2- =

o Magnesium bicarbonate — together with above are the
main constituents of temporary or carbonate hardness.

o Calcium sulphate. ~

o Magnesium sulphate — permanent hardness or non-
carbonate hardness. Í

Also present sometimes are calcium and magnesium chloride,
and calcium and magnesium nitrate. *-•-

The objections to hardness are:

o It wastes soap and affects the skin. ;

. ¿aï», -gfej.^kiri..-- - • Ï

o Soaps àná Salt form a precipitate or curd which clings
to fabrics in laundry work and textile manufacturing.

o Hardness modifies colours in dying work.
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o Carbonate hardness forms boiler scale when heated that
adheres to the boiler shell reducing the capacity oí:
the boiler and causes tubes to leak or burn out.

o Calcium deposits choke water heaters.

Since hardness may be due to several different compounds,
results are normally expressed so that we can see at a
glance the relationship between different waters.
Hardness, ratings are;

0 - 50 mg/L - soft
50 - 100 - moderately soft
100 ~ 200 - moderaly hard
200 - 400 - hard
400 + over — very hard

Water can contain up to 800 wg/L and be satisfactory,
though over 200 mg/L softening may be considered. Some
wells, however, containing 5,000 mg/L hardness have been
used without harm.

Iron, although it has no bearing on health, is important
with respect to appearance, paiatability and suitability
for domestic and industrial use. It stains glass,
porcelain fixtures, clothes when laundered, and unites
with tanic acid in tea and coffee changing their flavour
and appearance. It may impart an inky or metallic taste
to water. Water which contains excessive amounts of iron
will develop a brown precipitate or finé brown suspension
due to iron oxide (iron rust) following exposure to air.
An iron content exceeding 0,05 »g/L may develop some
odour, stain fixtures or form precipitates.

The SLSI set limits of iron content at 0.3 mg/L. . This
limit was not set for reasons of health but rather taste,
odour, laundering, etc. Condemning a water because of
high iron content is therefore not justified for health
reasons although a water with higher iron content is not
readily accepted because of a reddish appearance and
staining characteristics.

Manganese in concentrations of a few hundredths milligrams
per 1 itr.ê . ,j3ggjá|LjLaf.fe;- cause a build up Î of coatings in
distribut ioîï ̂ q̂ p̂ ÏKJÉfli which slough off. It can cause
laundry staining or formation of precipitates.
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Sulphate content, is not too siguií icarit when assessing the
pot. ability of a dt inking water,

Excessive suiphat.es may;

o Cause bad taste
o Have a laxative effect when used for- the first titite.

The SLSI specifies that a potable water should not exceed
400 lag/L sulphates. Elsewhere, water with sulphates up to
6,000 »g/L is being consumed without any apparent harm.

Calcium and Magnesium are the constituents which produce
hardness in water. They waste soap, affect skin, are less
satisfactory for cooking and washing and for» scales in
boilers and pipes. Calcium and magnesium bicarbonates are
the main constituents of temporary hard water. The
sulphates and chlorides constitute permanent hardness, and
removal is more difficult, :

Calciui compounds cause hardness, alkalinity and salinity
in water and although their presence; in most natural
waters has no sanitary significance, they may have a
detrimental effect on the use of water for domestic and
industrial purposes.

Except for traces, copper salts do not occur in natural
waters. Their presence in potable water is attributable
to corrosive action on piping, 1

Concentrations large enough to be significant from a
health standpoint would render water supplies completely
unpalatable. However, there is little danger of copper
poisoning from this source. Tastes in the water supply
will occur with concentrations of 3 to íT mg/L.
Concetrations of 0.5 mg/L or less in some soft waters will
cause staining of porcelain.

The SLSI specifies a limit of 1.5 mg/L.

Zinc -

Zinc has been found
zinc mining areas.
limited to amounts
galvanized piping,
s i grt i i i c:nrice unt i 1
met allí c t as tes i n

in concentrations up to 50 mg/L in
However, zinc content is normally

incidental to corrosion of brass,
and thoMy amounts aré not of practical
the corrosion is sufficient to cause

water. The limit set by the SLSI is 15
mg/L. However 5
may a i d c orro s i on

mg/L may cause a disagreeable taste and
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Arse¡ri_i_c —

Arsenic may be present in water from hot springs or in the
wastes from softie industries. The maximum' limit set by the
SLSÏ is 0.05 Mg/L.

Lead ~

Lead is not present in natural waters and would not be
present if not for direct contamination.

Lead contamination results when corrosive waters are
allowed to stand for a length of time in lead piping or to
come in contact with lead bearing jointing compounds, and
the problem is considered limited. Lead poisoning usually
results from the cumulative toxic effect of lead after
protracted consumption of water containing significant
concentrations, rather than from occasional presence of
concentrât ions in excess of 0. 1 mg/L.

The limit set by SSI is 0,5 »g/L.

Sodium content of water may be deleterious to those
suffering from high blood pressure, where 200 mg/L of
sodium way be significant.

Sodium and potassium chloride can be tested. Sodium
content around 200 mg/L is reasonable except for sodium
free diet consumers where content above 100 mg/L is bad.

Silica -

Silica in water can be present in colloidal form or in
solution. Its presence has advantages such as assisting
coagulation with aluminium sulphate and helping build up a
good coating that protects iron from corrosion. Its
disadvantage is in high pressure boilers and turbines
where it forms a scale which is hard and troublesome.

ABS is short for Aklyl Benzene Sulphonate and it is a
surface active agent or surfactant, as they are called.
They are X̂JS&JJ.JfeQ:/-.. substances which, at usage concen-
trations, --"^^^IB^^inrfe ly lower the surface tension of
w a t e r . • • ~" ' •

The ease with which a surfactant is degraded or discharged
by biochemical weans is called biodegradab i 1ity, Those
resistant to biodegradability are called hard detergents
and conversely those detergents that contain surfactants
that are easily degraded are called soft detergents.
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When wash waters and w;.̂ t.p which contain synthetic
detergents go down the drain they will contain
approximately G.l£ to 0.5% of finishsd detergent product.
This is 1,000 mg/L to 5,000 mg/L respectively and is
equivalent to 200 rog/L to 1,000 isg/L of either ABS, LAS,
or other surfactant. This LAS is a linear .a Iky late which
when sulphonated becomes linear alky late sulphona+e hence
LAS.

When ABS goes down the drain into the sever it becomes
diluted by other wastes 100 times or so, so that raw
sewage contains typically about 10 mg/L ABS,

Traces of ABS which find their way into drinking water,
almost always come from sewage. ABS therefore is art index
of pollution of sewage origin.

While a level of 5 ng/L ABS might be encountered as an
unusually rare circumstance on a temporary basis, ABS
levels in drinking water are almost always below 1.0 rag/L
which is the recommended limit and are usually well under
0.2 mg/L.

Phenols —

Phenols result from oily or tarry wastes from coke ovens
and wood installation plants. The limit of .001 mg/L will
produce tastes with the addition of chlorine.

The amounts of phenols would not be significant if not for
the fact that objectionable tastes and odours result when
phenol bearing wastes are subjected to ehlorination, i

Biodegradeable organic matter in waste discharges is
broken down by aerobic microorganisms to provide food and
energy. The dissolved oxygen used by the microorganisms
in this metabolic process is referred to as the bio-
chemical oxygen demand (BOD).

The test for BOD is an important one for determining the
degree of pollution of streams and the oxygen requirement
of sewage and trade wastes,

The BOD ...,i:SL̂ |̂ ii6asure of the amount of organic matter
present oir^r^ihier" of the oxygen required to oxidize the
organic matter. In raw sewage the five day BOD is
generally above 100 mg/L and for industrial wastes the BOD
may range from 1,000 to 50,000 mg/L.
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This test should be included where there is the
possibility oí industrial- pollution or agricultural
runoff, since pesticides m;*y create health problems.
Refer to local WHO or FAO office for guidelines.

Hay cause tastes and odours alter chlorination.

3. 5 INÏIE£E§ÏAÏI9^_QE_iAÇTERI,OLgGIÇAL_ANALYSES

If the water samples taken do not meet the prescribed
standard, the source should be considered unsuitable for
use without treatment. If any col i form organisms are
found, further investigations way be necessary to
determine their source, if this is not evident.
Disinfected water supplies should be completely free of
any col i foras, however polluted the raw water may have
been.
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4, SELECTION OF TREATMENT PROCESSES

The object of water treatment is to obtain water of approved
quality standards. Treatment must be both economical and
reliable, requiring the least capital investment and operation
and maintenance. The. relative merits of sources requiring
treatment against the cost of long pipelines from a distant
source not receiving treatment should be weighed carefully in
view of the constant attention which would be required for the
operation and maintenance of a treatment, plant.

The methods of treatment depend on the nature of the source and
its quality. Treatment may comprise only fhlorination for
disinfection where raw water quality is within the recommended
limits or it may involve certain specific or full treatment
including aeration, sedimentation (either plain or flocculation
and coagulation), rapid or slow sand filtration followed by
chlorination. Ground waters generally require the least amount
of treatment, chlorination usually being sufficient. In the case
of surface water and iron—bearing ground waters, part or all of
the full treatment processes may be required. It is important*
therefore, that water quality of the source be thoroughly
evaluated to select, first of all, the source which requires the
least treatment and secondly, the most economical treatment
process (es). Data on design of the various unit processes are
given in Chapter 5.

For small community water supplies, complicated treatment schemes
are not suited and in such cases a better solution may be to
develop an alternative unpolluted source of water, even when this
can only be found at a greater distance.

Important design considerations are:

o Low cost
o Minimum use of mechanical equipment
o Avoidance of use of chemicals, when possible
o Ease of operation and maintenance.

The possible treatment stages including unit processes, chemical
dosing points, washwater recovery and sludge disposal are shown
in Figure 4.1. The effectiveness of treatment processes in
removal of various impurities is shown in Table 4.1.

Table 4.2 presenter^^Es¿p^Ípnt options in a slightly different
format with recoïiaendëâ™ processes for various levels of
undesirable characteristics. Both Tables 4.1 & 4.2 should be
used with caution since treatment effectiveness usually depends
on a combination of unit processes.

Figure 4.2 shows the approximate operational ranges of treatment
processes with respect to removal of particles of different
sizes, and Table 4.3 shows unit processes required for various
typical types of source waters.
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Table 4.1
Ef f eci i veni-s s o t: Water Treat Miont Fc-ij

v ing Various Impurities
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e 4.2 Recommended Treatment Processes5OTS

Water Quality
Characteristic
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Reduced

Floating debris

Algae

Turbidity:
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5 - 30 TU
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Colour:
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> 30 Hazen

T a s t e s & odours

Calcium carbonate
>200 mg/L
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> 1 »g/£.

Chlorides:
0-500 «g/1,
> 500 ag/L

Col iform bacteria,
HPN per 100 «L:

0- 20
20- 100

100-5000 ••
> 5000

Toxic Chemicals

M

a
S

R
aw

-

-

•4
11
R

|
—
-

-

-

-
-
-

-
-

-
-
- ; •

R
-!í

2
oto

i:

í1-
1

•

¡i
u

m

ee
n

i
pe

r

E

-

R
R
R
R

- R
R

_
-

-

-

-
-
-

-
-

-
-

-:

w
uo

1 COH
MSJ

R

R

_
_
-
-
-
-

_
-

-

-

-
-
-

-
—

• " ' • ' - ' •

-

-

c
0

•H

VI

-

-

_

_

-

-

-

-

-

-

R

-

R
R
E

-
—

-
-
-

•t " : Î

•H
OC

•-IO

?2sc
a.
-

R

_
—
-
-
-
-

-

R

-

R
-
E

-
—

l''~ *".:• O

-

• ^

a a
"g i
•H 4J
a *J
M 0
P- W

-

-

_

_

-

R

E

-

-

-

-

-
-
-

-
—

iff ï í,'t"!

-

•î'Rr:

tí

a a
o o
O -Ho u

-

- .

-
R
R
R
R
R

E

-

-
-
-

-
—

-

-
-

': :• r

U. H
D ¿1

(4
a tn
H -S

C
oa

an
d

S
et

-

E

R
E
E
E
E
E

E

-

-
E
E

-
—

: reat
-

r E

.3 E
,"! E ':

1 Ci«R ^
et! ^ : : *•

i.n r; <t

, c• o
•H4-*
Kt

•H H

K (u

-

E

R
E
E
E
E
E

E

-

-

E
E

-
—

a:: ut
-

: E !i
E i

i-5 -/H

S
lo fi
l

-

-

E
R
R
R

-

-
-

R

-

-
R
R

-

t'rc:;

r R

R
: % v.

O
•H

in
a

t

t ^
4J 0U 'H

s .-g
-
-

E
E
E
E
E
E

-

-

-

-

-
-
—

-

e a.r>-!ïf;

E

i ^"C
E,¡1
EË

• r |

OC 1
-H 03-H
OC OC
HOHO
GM OU
IDC0C

-

-

-

-

-

-
-

-

-

-

R

-

-
-
-

-

-

1 ^-.
• fi fri ...A

•0

o
V) Cn1 C

t) «

5?
a «-

-

-.
-
-
-

-

-
-

-

E

-
-
-

-
—

-

L % -
\ Vi Cri
'. ; c:

; c

•O

_> j

a s
-
-
_-----
--
R

-

-
-
-

-

-
! - ; •

-

] f
i J '

en
a•H

(B

D
es

,

-

-

-

-

-

-

-

-

-

-

-

-

-

—

-

-

• - • • _

-

; • " —

; i

Legend E » Éssént£áÍL7!
1 : Ht tf. i Oí



T a b l e
4-3 Treatment Systems foJ^^/ater from Various Sources
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To supply

High lift pumps

Dechlorination

Pure water tank

Chlorine

pH correction

Filters

Main settling basins

Flocculation

Mixing chamber

Coagulants

Pre—settling tanks

Pre—chlorination

Aeration

Microstrainers

Fine screens

Raw water storage

Raw Water pumps

Coarse

Source

LZ
Washwater

Sludge

Sludge

Washwder

Washwater

Supernatant)
Water i

F ; H

Hair

Pre -

Sluiige Treatment

Sludge

Í
jTo

Drying
Beds

Flow Diagram Showing Possible Treatment Stages

Source: Smethurst,G., 1979 "Basic water treatment for applicatior
worldwide". Thomas Telford, London. j

Figure A.1
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5. UNIT PROCESSES

5.1 AERATION

Aeration may be used on surface waters to help remove
tastes and odours due to dissolved gases, or on ground
water supplies to reduce or remove objectionable amounts
of carbon dioxide, hydrogen sulphide or wet harte and to
introduce oxygen to assist in iron and manganese removal.
In surface waters with a high organic content (such as
Kalatuwawa) aeration may also assist in colour removal.

There has in the past been over—use of aeration in surface
water schemes in Sri Lanka. Where aeration is not
required for the above purposes, it adds to the cost of
pumping (usually 1—3 m head) and increases the oxygen
content making the water more corrosive. This adds to the
cost of treatment and makes for a more aggressive water
in the distribution system. Aeration should not,
therefore, be used unless required for: ,

o addition of oxygen to anaerobic waters;

o precipitation of iron and manganese in:solution; or

o removal of carbon dioxide, hydrogen sulphide or other
soluble organic and inorganic substances causing
tastes, odours and sometimes colour. •

Natural surface waters often contain dissolved complex
organic and inorganic substances which volatilise on
aeration and some oxidation of dissolved organic matter
also occurs. This exchange has the effect of removing or
reducing obnoxious tastes and odours and, with it, the
ultimate chlorine demand of the natural water. However,
aeration may not remove all tastes and odours caused by
less volatile substances. •

Dissolved ferrous and manganous compounds are oxidised by
aeration, and precipitated as insoluble ferric and
manganic oxide hydrates which may then be removed by
sedimentation or filtration. This process is likely to be
less effective in the presence of organic matter, which
may combiftCĴ f̂rfcfoĝ the iron and manganês^* to form complex
compounds wHich do not precipitate well¿ In such cases,
moderate rather than vigorous aeration may work better.

Groutidwaters will release a part of any dissolved gases
and aerate with atmospheric oxygen thus acquiring a more
desirable taste. The release of carbon dioxide increases
the pH and reduces the corrosivity of the water.

Reducing the carbon dioxide content, however, may shift
the carbonate—bicarbonate equilibrium in the water so that
deposits of calcium carbonate are formed which may cause
problems.
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The rate oí aeration is governed by the area of interface
between the air and liquid, the thickness of the
inter layers and the time of contact,

The type of aerators commonly used are:

Aerators*

These consist of" stationery nozzles, through which water
is sprayed into the air, at about 5-7»/sec. The nozzle
design is i«portant in achieving optimum dispersion.
Spray aerators are appealing, but are no more efficient
than other types which require less space.

Typical design criteria are;

Nozzle dia: 10-40 mm @ 0,5 — 3.0 » spacing

Nozzles to be tilted 3° — 5° to the vertical to avoid
interference due to falling water. They should be
enclosed by suitable windshields to prevent loss of
vf at er ;

Output per nozzle: 5—10L/s

Head required at nozzle: 2—9 m of water

Velocity of water in the aerator pipe: 1,0—1,5 «/sec.

Aerator area: 0,72 - 2.16 m 2/m 3/day of flow.

The ti«e of exposure of the droplets, the head required
and the flow fro» each nozzle can be calculated fro» the
following formulae;

V =

q = Cd a J2 gh

t = 2 C Y sin x 2h
g

h = total head of water at nozzle
8 = .. ̂ SEêàS.r^M>» due to gravity
V = ±ït3:ï^SlÀ^'felocity of drop emerging from nozzle
C — coefficient of velocity (0.9)
C = coefficient of discharge (0.9)
q = discharge per nozzle
a = croSS section area of nozzle opening
t = time of travel or exposure
x = angle <• f inclination of spray to horizontal
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These are simple, inexpensive and occupy little space (See
Fig 5.I(a). Water is dispersed evenly through perforated
pipes over the upper tray from where it trickles down,

Typi ca1 des i gn cr i teri a are :

Number of perforated trays = 3—5
Tray perforations = 10 mio dia, <? 50 mm centres.
Spacing between trays
Height of aerator
Size of media in trays
Depth of media
Flow rate

Tray area

30—50 cm
2—.3 »
A—7 cm
10-25 cm
0.01-0,02 m;3/s per m2 of

tray surface
1,0-2.0 m2/m3/min,

(3A-68 ft2/mgd)

Trays can be of any suitable non-corrosive material, and
for better dispersion may be filled with coarse gravel.
Coke way also be used, which acts as a catalyst to promote
the precipitation of iron from the water.

The principle is to spread the water as much as possible
and let it flow over obstructions to produce turbulence.
These are similar to tray aerators, but¡with a series of
steps or platforms over which the wa^er cascades (see
Fig.5.1(b),(c>>, Obstacles may be placed on the edge of
each step. Cascades aerators generally take up more space
than tray aerators, but the overall head loss is lower,
and Maintenance is minimal. Where ; space permits,
therefore, they are the preferred type of aerator.

Typical design criteria are:

Nuwber of drops = A—6
Height of drops = 30—60 cm
Overflow rate = 0.01 m^/s over m width of step.
Height of aerator = 2—3 m
Cascade., = 1.5—2,0 m^/m^/min

-
flow

(51-68 ft2/mgd>

An example of cascade aerator design is given in Annex A.
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FIGURE S.I
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5, 2 SCREENING

For river and lake intakes some form of protective boom or
coarse screen, about. 75 mm opening, should be used to
prevent large floating objects entering the intake. The
velocity of water through Lhe screen opening should not
exceed 0.5 m/ s »

are usually 5—20 mm opening, duplicateFine screens
screens being provided to allow the renoval of one screen
for cleaning manually. Alternatively, provision may be
made for cleaning by raking or water jetting. Maximum
velocity through the screening medium should not exceed
1 m/s. Mechanical screens may be necessary on larger

operated continuously or intermittently as
by the loss of head across the unit. For a
screen 15 mio/s would be a typical belt speed for
operation and drum and disc type units may

schemes,
controlled
belt type
continuous
rotate continuously at 0.2—2

The •icrostrainer is a development of the drum screen
using a fine stainless steel isesh supported on a coarser
material. Because of the small aperture size of the
fabric, clogging occurs rapidly and the fabric must be
continually cleaned by washwater jets'. The speed of
rotation of the drum depends on the diameter but in
general the maximum peripheral speed should not exceed 0.5
m/s. Filtering head is normally
operating head should not exceed 0
fabric are in general use: Hark
Mark I 35 micron aperture and Hark II

40—140 mm and maximum
25 m. Three types of
0 23 micron aperture,
65 micron aperture.

Straining rates are usually in the range 700—2300
iu /u^û and backwashing requires about 1% of the
influent water. Typical sizes and capacities are shown
below: :

MACHINE SIZE

EFFECTIVE WIDTH MOTOR
(kW>

CAPACITY RANGE
¡

0.4
0.6
1.5
3.0
4.0

230-2300
1360-6600
3620-16100
13600-45360
23000-66000
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5.3 COAGULATION

Colloidal particles and fine suspended material cannot be
removed by plain sedimentation because of their extremely
low settling velocities. It is therefore not normally
possible to remove particles of normal specific gravity
with diameters less than 50 aicron by sed intentât ion in
conventional tanks. Suitable chemicals can be added to
water to form bulky floe pai~ticl.es which will settle
readily removing most of the colloidal and suspended
constituents of the water.

The most commonly used chemical for coagulation of water
is aluminium sulphate (alum) AI2 (20^)3. IAH2O
the following chemicals may sometimes be used;

Ferrous sulphate (copperas) FeS0¿,. 7H2Û

Chlorinated copperas FeSO^TH^O + Cl 2

Ferric sulphate

Ferric chloride

The substances that frequently are to be removed by
coagulation and f ioeeulat iort are those that cause
turbidity and colour. Surface watets in Sri Lanka are
often turbid and contain colouring material. Turbidity
may result fro» soil erosion, algal growth or animal
debris carried by surface runoff. Colour may be imparted
by substances leached from decomposed organic matter,
leaves, or soil such as peat. Both turbidity and colour-
are mostly present as colloidal particles.

Generally, water treatment processes involving the use of
chemicals are not so suitable for small community water
supplies and should be avoided whenever possible. Chemical
coagulation and flocculation should only be used when the
required water quality cannot be achieved with another
treatment process using no chemicals. If the turbidity
and coloaĤ gcrfMsdbhe-- raw water are not much higher than is
per» issib^^^f*^'" drink ing water, it should be possible to
avoid chemical coagulation in the treatment of the water.
A process such as slow sand filtration would serve both to
reduce the turbidity and colour to acceptable levels, and
to improve the other water quality characteristics, in a
single unit. A roughing filter can serves to reduce the
turbidity load on the slow sand filter, if necessary.
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AlUM is by far the most widely used coagulant but iron
salts have advantages over alum in some circunstances, One
advantage is the broader pH range for good coagulation.
(For alun the pH zone for optimum coagulation is quite
narrow, ranging from about 6,55 to 7,5 whereas for ferric
sulphate it is considerably broader, about 5.5 to 9.0).
Thus, in the treatment of soft coloured waters where
colour removal is best obtained at low pH, iron salts aay
be preferred as coagulants. Iron salts should also be
considered for coagulation at high pH since ferric-
hydroxide is highly insoluble in contrast to aluminium
salts which for» soluble alumínate irons at high pH.
Synthetic organic poly-electrolytes have become available
as coagulants and coagulants aids, but are generally not
economical for small water supply systems, nor are they
readily available in Sri Lanka.

The coagulant must be added in the correct dose and mixed
thoroughly, for optimal coagulation. The optimal dose
should be determined periodically by carrying out a jar
test.

Dosing :

Chemicals are normally added to water as a solution or
suspension so that rap»id dispersion throughout the main
body of water becomes possible. For accurate continuous
dosing the chemical must be carefully measured and this
may be done by either dry or solution feeders.

Dry feeders draw finely ground chemical from agitated
storage hoppers, measurement being gravimetric or
volumetric. The measured chemical is usually delivered to
A solution pot for injection into the main supply as a
solution or a slurry.

With solution feeders the chemical is dissolved in large
storage vats holding 12—24 hours .supply of solution with
stirrers to a standard concentration (usually 3—7%) which
is then added via a constant head orifice or similar
measuring device.

In either ease"duplicate feed capacity must be provided in
case of breakdown and there should be at least one month's
chemical storage capacity adjacent to the feeders. Since
most of the concentrated chemical solutions are highly
corrosive, solution lines should be of rubber or plastic
and tanks should be lined with a plastic coating. A
typical arrangement is shown in Figure 5.2.

Problems have been reported with lime and alum dosing
equipment in treatment plants in Sri Lanka, from which the
following conclusions may be drawn;
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o

o

o

proportional feed dosing pumps have been commonly
used, but are unreliable!, and a gravity feed system
through pipes of steady gradient should be utilized
wherever poss i b1e;

the amount and concentration of the solution must be
known for optimum coagulation and economy of coagulant
use;

solution tanks are sometimes some distance from the
point of chemical dosing, requiring long feeding
pipes. Solution preparation, dosing and flocculation
should be as close together as possible.

The initial dispersion of the coagulant in the raw water
is of utmost importance, and to ensure even dispersion of
the chemical throughout the water some form of mixing is
essential. The desired degree of mixing may be
accomplished either by mechanical weans or by utilising
hydraulic turbulence.

Hydraulic methods include overflow weirs and baffled
channels as shown in Figure 5.3 or in the discharge piping
of a pump. 5—10 sec. mixing time should be adequate, if
it is really vigorous and continuous.

If a hydraulic jump is used for mixing, the velocity of
flow in the flume should be 3—4 m/s and the water leaving
the flume should mix with water moving at about 0.7 m/s,
the total mixing time being about 5 sec. The head loss
for such mixing is 0.25—0.50 m.

Mechanical rapid mixing may be achieved by high speed
(300—900 rev/mirt) propeller type mixers installed in a
small chamber; criteria to follow are;

Detention time of at least 30 s (commonly GO s)
Power requirement 2,5—5.0 kW/m3

Head I os sajú ..jya» .6- »
Ratio Vrf^^jdfk;í^ã to height 1-3

However, experience indicates that mechanical rapid mixing
is not as effective as well designed hydraulic mixing, and
Parshall flumes or weirs are preferred.

Dilution of t
should be car
water. The di
pH adjustment
to measure
coagulant. A
is shown in
across the flow

he coagulant, to •* solution of 0.5 to 1.0?
ried out immediately prior to dosing the raw
lut ion water should be filtered, but without
(before lime addition). It must be possible
the volumes of both dilution water and
suitable and simple type of diffuser system

Figure 5,A. The feeding point should be
at the point of maximum agitation,

-43-



COAGULANT AND
DILUTION WATER

SLOTTED PIPE
DIFFUSER

WEIR AND COAGULANT APPLICATION POINT

•

DILUTION WATER

SAMPLING POINT,,

f
DIFFUSER

SAWLÏNG

COAGULANT-

COAGULANT DIFFUSER WITH DILUTION LINE AND
SAMPLING TAP

FIGURE 5.4



F 1 occu I at ion

The size of t loe particles and their speed of formation
can be improved by creating velocity gradients in the

increase the chance of collision between
Such conditions can be provided by rectangular

flow tanks with slowly rotating paddles or with
or by vertical flow tanks with or without

water to
part icles,
horizontal
baffles,
mechanical stirring.

a)

Flocculators are generally of mechanical type in
larger plants and hydraulic or gravitional type in
smaller plants. For mechanical type, use the
following typical criteria:

Det ent i on per i od
Avg. velocity of flow
Paddle area
Speed
Max. per i phera1

velocity
Head loss
Depth of tank
Power requirement

20 to 30 minutes
0.3 m/s
10 to 25% of the area swept
2 rpm

0.15-,0.75 m/s
0. 15 m
l*í~2 paddle diameters
2,5-5,0 kW/m3/s. (design
for starting torque)

Operate as many paddles as possible from one shaft and
motor. Many methods of coagulation and floeculation
can be effective as long as the concept of plug flow
is maintained rather than uncontrolled or undirected
flow through large open basins. The very simplest
mechanically—driven flocculators, either horizontal or
vertical, can be effective if the tank is divided into
sections or cells requiring a series flow pattern.
Even if not provided in the original design, this can
often still be accomplished later by installing
ha f f 1 eAggĝ i_OT..-i::̂ ..ex i & t i n g tanks to create cells or

j_d_Ç6tttact¿Upf l.ow_SJ.udge_B 1.anket Ç¿ari. f¿

Most existing plants in Sri Lanka use J combination of
f1occu1at ion and settling within a single structure in
upflow sludge blanket type clarifiers. (see Fig. 5.5.>
These units operate; best under heavy turbidity
conditions so that a dense sludge blanket can be
formed; this is not the case in most oí the plants.
Furthermore, these basins do not take overloads well
and sharp changes in flow adversely affect their
performance. The sludge rises and overflows at the
slightest provocation.
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Most unreliable oí the existing units ar-e Lhe single
compartment f locculators which allow short circuiting
and short f locculat ion times. Since slow ¡agitation is
critical to the formation of sett le.i ble floe, this unit
is very important. The time of agitation and amount
oí energy input are important parameters. In upi'low
basins neither is well, controlled.

For the most part the loading of the basins is at the
limit of reasonable overflow rates, A.dd to this the
fact that flocculation times are close to or below
reasonable minimums, and it becomes clear that these
clarifier-flocculator units are not easily modified
and upgraded,

If more clarification capacity is needed in the future
at these plants, new flocculation and settling basins
will be required. There is, however, an alternative
solution: a light coagulant dosage and direct
filtration can probably produce excellent water
quality for most of the year and possibly even cope
with seasonally high turbidity waters (during the
rainy season) by more frecjuent filter washing.

c ) !jv _i ç or s

Baffled or hydraulic flocculation basins are simple,
economical
They have
mechanical
circuiting,
intensity

alternatives to mechanical flocculators.
the distinct advantage of being free from
equipment, O&M problems as well as short-

Their disadvantages are that mixing
is dependent on flow rate and that they

require more area.

The velocity gradient G (sec—-) for hydraulic
flocculators can be controlled by the spacing of the
baffles. G should be greater than 10 in order to
promote flocculation but less than 75 if dis-
integration of the floe by shear forces is to be
avoided. The value of G can be adjusted to floe size
growth requirements by providing a higher initial
value and decreasing it progressively. The initial G
value may be as high as 100 with the final values
dropped to as low as 10 (typical values would be in
the range 45-90).

basin should be at
mist be taken in
the sedimentation

The recommended
the sedimentation
and emphasis must

The minimum^detention time in the
least 20 win (1200 .sec). Care
introducing flocculated water into
tank to minimize floe disintegration
velocity in tho channel or pipe to
basin should be between 0.1—0.3 m/s
be placed on smoothness of flow.
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Two methods of prov;<ling tapered (i values are by
either varying the baf í l.i; spacing; in a basin, having a
fixed cross-section or by evenly spacing the baffles
a Ion g a v .-* r y ing c h a n n e 1 s e c t ion. An e >c a »n p i «
calculation for a fixed (.ross-.section channel, is g J ven
i n Annex B,

Typical sketches of horizontal and vertical flow
baffled channel ílocculators are shown in Figure 5.6.

Typical design criteria are as follows;

Ve 1oc i t y grad i ent,
Detention time,
Channel vel.
Head loss
No. of baffles

Velocity
gradient G —

G
t
V
H

sgH

u T

45-90 sec l

600-1800 sec.
0. 1-0.3 ta/sec.
0.5 m
12-20 with 100°
direction change and
well-rounded corners

where S = special gravity
H = headloss per baffle (<u)

- Viscosity of water (»*/
(0.90 x 10~6 »2/sec at 25°C)

T = detention time per baffle (sec)
g = gravity (9.81 l/sec')

There are many examples of older or smaller plants
without Mechanical equipment where good flocculation
has been accomplished simply by gravity flow through
baffled channels. These include both undei—and—over
and around—the—end baffle design. The particular
style or design does not seem to be important. What
is important is to keep in mind the objective of plug
flow and to approach that as closely as possible.

5.4 SEDIMENTATION

a>

a : -~xif clarification is the removal of
suspended matter from water through a process of
settling. In the process, particles heavier than
water settle to the bottom of an especially designed
tank. Further treatment mav be needed to renove fine
d a y and colloidal matter which have a very slow
.settling rate and are difficult to remove by plain
sedimentation. Horizontal flow settling tanks should
be used where water contains much suspended matter.
The tanks can be used alone, as a pre—treatment step
for a slow sand filter, or as an intermediate process
between chemical coagulation and rapid filtration.
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The most common design provides tor the water flowing
horizontally through the tank (Figure 5.7) but there
are also designs for vertical or radial flow (Figure
5.8). For si«aJ. I water treatment plants,
horizontal—flow, rectangular tanks generally are both
simple to construct and adequate.

Sedimentation tanks are designed to reduce the
velocity of water entering the tank so that it is
retained long enough to permit particles, to settle. A
sédimentation tank has four sections: the inlet zone,
the settling zone, the outlet zone, and the sludge
deposit zone. (See Figure 5,7)

o

o

The inlet zone is the area where water enters the
tank and is distributed evenly throughout its
entire width and depth.

A baffle or wall separates the inlet zone fro» the
settling zone. The work of the sedimentation tank
is done in the settling zone, Where the water is
held long enough to permit suspended particles to
settle. The efficiency of the settling process
will be improved if there is no turbulence or cross
ci rcu1at i on in the t ank.

o In the outlet
fro» the top
separated fro»
controls water
outlet zone.

zone, clarified Water is collected
layer of the tank. This area is
the settling zone by a weir which
flow out of the tank and into the

o Finally, the
settled from
zone should
drain.

sludge zone collects the material
the water. The floor in the sludge

have a minimum of 5% slope toward the

Sedimentation tank design is based on the assumption of
ideal conditions in the settling zone, such as:

o

o

A uniform
horizontally
zone;

set t --ËT

flow distribution vertically and
at the inlet and outlet to the settling

i d s concentration at the inlet to the
vert i ca 1 ly and hor i zont ally.

Consider a particle with settling velocity (Vo) which is
just removed <i.e, traverses the full depth (H) of the
tank in the detention t i m<3 (T).
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\'O = H =
'i

ta.' h r T = A^
Q

h r

Then Vo =
A i-l

= Q
A

A - s u r t..i ce ,st(;a o i t .iïikT m

Q = flow r a t e ia : i /hr

2

m/hr which is the sur-face overflow
or loading rate

Note that the tank depth, H, is therefore inmaterial.
Particles with settling velocity Vs of Vo or greater
should all be removed, but when Vs is lower than Vo:

\ they are removed, but if
1 1 1 I _ . . _T

p r o v i d e d H < V s T , ._n.*=j- •-*. >-• *. •-••• %<• • *--..., .^-i~

H > VsT, they are not removed.

Therefore proportion of removed particles is Vs
Vo

where Vo is design velocity.

Settling tank design should be based on a settling
column analysis of the raw water. Some typical settling
velocities are given below:

~ "- n

Material

• — " —

Partial Diameter

Coarse sand! 1.0
\ 0.5
i

Fine sand
i

Silt

!

F i ne c1ay

0.25

o.io
0.5
0.005

0.001
0.0001

— — i

Settling Velocity
(m/hr)

365
194

97.5
29.0

10.6
0. 14

0.005 (5mm/h)
0.00005 <0.05»m/h>

For plain sedimentation (without
chemical coagulation and flocculation), lower surface
loading rates should be used.

A typical tank layout is shown in Figure 5.9 and
suggested design criteria are as follows:
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Surface .load, ins rate (s«e table bei O K )
Tank depth 2.5-4,0
Length/width ratio 3:1. to ft : I

4-6 hrs
20 ; 1

D e t e ri t i o n p e r i o d
Length/depth rat i o
(for basins over 60m
Weir overflow rate <
Sludge storage (additional depth)
Diameter (circular tanks) <
Average velocity in basin <
Velocity in sludge drains >
Velocity in inlet pipe/channel

and out let

16 m3/m.b
0, 15-0.3m
60 MI
0,02 ro/s
1.4 m/s
0.15-0.4 m/s

Sedimentation after efficient chemical coagulation
should remove almost all of the colloidal and suspended
impurities in a water. Large floe particles have
settling velocities in the range 0,5—3.5 m/hr and for
alum floe 1.0 »/hr is commonly used for design purposes»

Recommended surface overflow rates are given below:

Q/A, » /day p e r TO

T y p e
| Normal ! Easy Very bad
! conditions I conditions ! conditions

No pretreatmerit !

;
With chemical !
coagulation i

With coagulant\
aids 1

¡

0.

0.

1.

5

75

13
1

1

1

\

,0

.0

.5

0,

0,

0.

1

4

75

For efficient design most, if not all, of the following
factors should be considered.

o number of tanks;
o dimensions;
o velocity of flow;
o detention time;
o sludge storage and removal;
o inlet and outlet arrangements;
o particle size of solids to be removed; and
o water temperature.

It is very difficult to take
factors, particularly since
upset by outside influences
view of this, most designs
judgement and experience.

into account all the above
the whole situation can be
such as wind action. In
are based principally on
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Outlet weirs should be designed to maintain suitable
.-settling velocities and to mininise short-circuit ing.
The rate of flow over an effluent weir should be
restricted to 18 m̂ /ai hr. Vee notch effluent weirs;
with not che.-* 50 turn deep at 75—150 nun spacing are
preferable to plates since the effect of subsidence on
the woir would be less acute. Submerged orifices may be
used as an alternative to overflow weirs,

For the inlet, distribution of water equally and at
uniform velocities requires an inlet arrangement such as
baffles with open or submerged ports. Simple inlet and
outlet arrangements are shown in Figure 5.10. Sludge
removal may be achieved by mechanical sludge collection
or by a hopper bottom with perforated pipes through
which sludge is removed under hydrostatic pressure.
Also rectangular tanks with reverse bottom slope are
used with high pressure hoses for manual cleaning.
'Minimum size of pipe to be used for desludging is 200 mm
dia. for non—mechanised units and 100—1.50 mm dia for
mechan i sed un its.

The following criteria should be used for sludge
removal ;

For manual cleaning : slope of 1 in 10, hopper

bottom 1,2 in 1 ~ 2 in 1

For mechanical scraping : 1 in 12 slope

Allowable head loss : 0,50 m •:
Power required : 0,15 - 20 kK/m3/d.

Rake speed : 0.3 m/min

Manual cleaning has the disadvantage that the tank has
to be taken out of service, but good plgnt design
normally provides more than one settling tank, even with
mechanical equipment. Where the solids load in the raw
water is small, a plant can be operated for months
between scheduled sludge removal. Small units can be
provided with hopper bottoms for even simpler cleaning.

Solids contact units are popular in developed countries
and combine in a single basin the various clarification
operations with flow in an upward vertical direction
through a layer <blanket) of flocculated suspended
matter. These are often used for combined softening and
c 1 ar i í i cat i or».
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Commonly used criteria are:

Surface load I tig ~ 1.23—2.5 m/ht-
Detention period = 2 hours (not usually used as a

cri ter ion)
Weir loading = < 215 m /ó/m of weir length.

These clarifiers require competent operation to maintain
an opiittun sludge blanket layer with suitable controls
of sludge withdrawal. The blanket is sensitive to the
coagulant dosage and to a number of other factors
including the prevailing difference between ambient
temperature and the influent te»perature.

Experience with this type of clarifier in Sri Lanka has
been wixed and often unsatisfactory, and they are not
therefore recommended for small water treatment plants,

et tiers

Tube settlers are now being incorporated in the design
of many new water and wastewater treatment plants. They
are also being used to increase settling capability of
existing plants. Much remains to be learned about the
design and performance of tube settlers, but experience
already indicates they can increase operating rates by
two to three tines above conventional design criteria
under proper conditions,

A recent development in high—rate sedimentation is the
plate settler. Plate settlers way be made of metal,
plastic, or water—proof plywood. Flow through the plate
settlers may be either vertical or. horizontal. The
design concept is similar to that of tube settlers but
is cheaper. The size of structures is kept to a
minimum. The basin overflow rates for plate settlers are
5—10 times those of conventional rectangular basins.

Tubes may be circular or square in .section, of about 5
cm size and inclined at 60° to the horizontal. Water is
passed up through the tubes, and sediment settles out
and trickles down, keeping the tubes clean. Tubes are
usually prefabricated in packs and,, made of PVC they
are l-i-gÍ|Í̂ jaŜ Jac|¿eap; pipes may also be used. Loading is
normally 9 j*~/tti* per m^ (m/hr) .

When used for upgrading existing sed imentat i or. tanks,
improved surface loading rates of 4—5 times may be
obtained, and it is important also to upgrade thf sludge
removal facilities to deal with the extra volume of
sludge. A typical layout of a plate clarifier is shown
in Figure 5.11,
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Rapid filtration is recommended only tor medium or
larger schemes where skilled operators «ill be-
available. Filtration can be considered as the final
polishing operation in water treatment. If the
proceeding units are operating correctly, about 95^ of
the impurity load will have been removed from the water
before it reaches the filters. Although overall
purification resulting from the filters is small the
process does ensure that the clarity of the treated
water is to a high standard ,

For filtration the choice is between slow sand filters
for (gravity operation) and rapid sand filter (gravity
or pressure filters). Rapid filters must be provided
with efficient coagulation and sedimentation
pretreatment (for water with turbidity in excess of
10-20 units).

A comparison of characteristics of the main types of
filters is shown in Table 5.1 and Figure 5.12 shows the
main features. A. typical design layout is shown in
Figure 5.13,

Common criteria for rapid gravity filters are:

At least 2 filters to be provided.
Influent turbidity 20 units after pretreatment
Unit area Up to 140 m 2

Filtration rate 120-3G0 m3/m2d
Head loss • Up to 2.5 m
Filter run 1—7 days
Washwater consumption 1—(>% ot filtered water
Depth of filter 0^,3-0.6m gravel, 0,6-1.0m stratified

sand
Gravel graded from 2—50mm over depth of layer.
Sand specification;

0.4-1.2 mm Effective Size <ES>
1.5-2.0 mm Uniformity Coefficient (UC)

or pa^i^^^pwesh <lmm>
reta i tied ̂30 mesh (0. 5mm )

Minimum depth of water when operating — lm
Maximum inlet velocity — 0.6 m/s
Minimum ratio underdrain area to filter area - 0.003
Backwash velocity — 5—10 mm/s
Minimuta backwash time — 5 min.

Wash water tank Provide for 2 or minimum of 1
filter washes of 10 mins each.
Should be capable Î of being
refilled in 60 min. j
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RAPID FILTER
CHARACTERISTIC SLOW FILTER ¡GRAVITY PRESSURE

'F iltration rate
!

I Size of bed

Depth of bed

Effective size
of sand

Uniformity
coefficient
I
¡Head loss

^ W Length of run

Method of cleaning

Wash water
consumption

Penetration of
suspended solids

Pretreatwent by
Coagulation

Direct on main use

Eas ily extended

Covered
construction

Visible operation

Capital cost
I
¡Operating cost

Large (2000 mz)

300mm gravel, lm
sand unstratified

0.35 mm

2.5

Up to 1 m

20-90 days

Scraping off top
layer and washing

0.2-0.62: filtered
water

Superficial

No

No

No

No

Yes

Higher

Low

120-360 »3/mZd

Small (100 mz)

500mm grave1, O.7-1.0m
sand s t rat i f i ed

0.4-1.2 mm

1.7

Up to 3 »

1-7 days

Backwash with air
or mechanical scour

filtered water

Deep

Yes Yes-

No

No

Optional

Yes

High

High

Yes

Yes

Yes

No

Medium

Higher
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A u >; i 3 i a r y s e o u r - 1 e c 1 i .-i 11 i e a 1
rev/ Hiin.

before
20-35 kX'/ro

r.:* k e i n s a n d 1 -1 0
25

for several.
backw.nshing,

Surface

minutes
pressure
wash by

additional 1 — 20 mm/s jetted onto
surface of sand at 150—450
kN/»2,

Head loss in wash water syste» 8—15 HI

Wash water troughs— Should be clear of expanded .sand
with maximum horizontal spacing
of 2m. Top of troughs should be
level and dimensions such that
maximum flow can be carried with
50 HIMI free board.

Velocity in washwater
outlet -2.4-3.6 m/s

Length/width ratio -1.25-1.33
Minimum depth
Controls

—2,5 m
sampling taps
loss of head gauge
rate of flow cjontrol
rate indication for
line
sand expansion gauge.

washwater

Should consist of a central manifold with laterals
either perforated on their underside or having umbrella
type strainers on top (also other types such as porous
plate may be used). Typical criteria, are as follows:

Minimum dia, of
underdrains
Dia. of perforations

— 20 cm
— 6 to 12mm (staggered at a

slight angle to vertical
axis of pipe)

fF Îpërïbration along laterals:
— 7,5 cm for

6mm ; 20cm
of 12mm

perforation of
for perforation

Ratio of total area of perforation to total cross
sectional area of laterals; 0.25 for 6 mm size;

0,50 for 12 mm size.

Ratio of total
filter area: .

area of perforation to the entire
- 0,003 *
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Length/d * tiiiieter ratio oí i aterá i
-60: 1

Max. spacing of laterals: 30 cm
Cross sectional area of manifold: 1.5 to 2.0 times

the t ota 1 a r e a o t"
latera Is

Velocity of filtered water outlet: 1,0 to 1,8 m/s

1 er s

Until recent years, most rapid sand filters were
designed for a rate of 120 m /d/m*. Some health
authorities were convinced that unnecessary risk was
involved in exceeding this rate. Now, rates two or
three times as high are becoming quite common. In some
cases, successful experience has been demonstrated with
rates far higher than that. There are a number of
reasons for such a great difference. Most important is
perhaps the change in filter media. However, better
preparation of the water ahead of filtration, including
the use of chemical polymers, is another important
reason.

Where the capacity of the piping, channels, and other
structures in the plant has made it hydraulically
possible, many older plants have been substantially
increased in capacity simply by rebuilding the filters
to take advantage of new technology. Although this
usually means complete rebuilding starting with the
underdrain system, it can often be done entirely with
local materials and labour and therefore costs much less
than building an addition to the plant. One important-
lesson here is to design new facilities with plenty of
extra hydraulic capacity in order to take advantage of
such advances in technology.

The conventional
an effective size
of 1,5—2.0. This
after backwashing,
the top and the
filter bed. Thi
effective use of
this problem of
been proposed, no
filters, and <ii)
fi Iters.

rapid filter generally uses sand with
of 0,6 mm and a uniformity coefficient
results in stratification of the media.

medium remains at
the bottom of the
will restrict the
bed. To overcome

in which the fine
coarse medium at

s sand arrangement
entire filterthe

gradation, two alternative media have
tably (i) dual—media and multi—media

coarse .size, narrowly graded media
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I.rk m li 1t i — m cí>:j í a filtration lhe arrarigeiiiunt oí" different
sizes of ara íns is reversed, by use oí atedia oí
different sizes and different specific gravity; the
lighter acid coarser Material at the top arid ihe heavier
arid í iner material at the. bottom. Generally a coarse
«a ed i u m ot low density such as anthracite (specific
gravity = 1,35 to 1,70) over a fine bat heavier mediu»,
like sand (spécifie gravity = 2.65 to 2.70) is used. On
backwash Í rig in an upward direction, the coarse and
lighter grains remain over the fine and heavier vediun.
This wakes the penetration and renova 1 of impurities
take place throughout the entire bed.

The size of the media roust be carefully selected so that
the water used for fluidizing and re-stratify ing the bed
does not cause severe intermixing. Opt inun conditions
for minimizing the intermixing exist, depending on the
media type, specific gravity and size involved. As an
alternative to anthracite, polystyrene beads, coconut
shell charcoal, or natural coke «nay be used. Other
possible materials are crushed coconut husks or pumice.
Heavier materials such as garnet sand, ilmenite or
magnetite may be used as the lower medium.

For small—size rap»id filters it is common to use only
two materials in combination; 0.3—0,5 m of sand with an
effective size of 0.4—0.7 mm as the undei—layer, topped
by 0,5—0.7 m of anthracite, pumice or crushed coconut
husks with an effective size of 1.0—1,6 mm.

Pilot testing in Sri Lanka using a layer of 50—60 c»
coconut charcoal (specific gravity 1.42) of 0.63—1,4 mm
size over a 25 cm layer of sand (0.5—1,4mm) has shown
good results.

In coarse media filtration, narrowly graded coarse sand
with an effective size of 2mm and placed to a greater
depth can be used instead of sand with smaller effective
size (0,45—0,5.5) and a large- uniformity coefficient
(about 1.5), The 'filter can be operated at a higher
rate, and the deeper penetration and higher storage
capacities in the narrowly graded coarse medium leads to
longer filter runs. However, due to greater particle
deposition throughout the filter, backwashing
requirements are higher. Generally, a i r—
backwashing is necessary in coarse—medium f i
these requirements are higher than for conventional
filters, and the underdrain system may also require
mod i f i cat i on,

When dual media filters are installed in plants it will
be important to provide a high pressure ho.;e line to jet
into the expanded charcoal during backwash. Hud balls
form quickly in the light charcoal media. They must be
broken up and washed out or problems will quickly
develop. A high pressure jet stream directed into the
expanded bed throughout the wash will do the job.
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in water treatment plant* of a generation ago, high
technology was usually represented by automatic rate
controllers which were designed to maintain a constant
filter rate throughout the run. They were costly, not
very reliable, and difficult to maintain properly. This
has been another element of great change, since most
filter designs now do not use rate controllers;
depending on the viewpoint, this is either new or old
t e'c tmo log y .

In this method, incoming flow is supplied to all
operating filters on a free—flow basis to meet their
individual operating rates. There are no effluent
controllers. The only control is the effluent overflow
level in the clear well. Figure 5.14 shows the general
arrangement for declining rate operation.

The method of operation is as follows:

The filter influent enters below the low water level of
the filters. The water level is essentially the same in
all operating filters at all times. This is achieved by
providing a relatively large influent header to serve
all the filters and a relatively large influent valve or
gate to each individual filter. Thus,, head losses along
the header or through the influent valve are small and
do not restrict the flow to each filler. The header and
influent valve will be able to deliver whatever flow
each individual filter is taking at thd moment.

All of the filters in the bank of filters served by the
common influent header get dirty; thus, the flow through
the dirtiest tends to decrease the most rapidly. This
causes the flow to redistribute itself automatically so
the cleaner filters pick up the capacity lost by the
dirtier filters. The. water level rises slightly in the
redistribution of flow to provide the additional head
needed by the cleaner filters to pick up the decreased
flow of the dirtier filters. The cleanest filter
accepts^^,hf ^. greatest flow increase in this
redist̂ lTJsaft'ïon. " As the water level rises, it partially
offsets the decreased flow through the dirtier filters;
as a result, the flow rate does not decrease as much or
as rapidly as expected.

This method of operation causes & gradually declir. inf
rate towards the end of a filter run. The rate
increases which do occur always do so on the cleaner
filters in the filter bank, where they will have the
least effect on filter effluent quality. These rate
changes, both upward and downward, occur sradually and
smoothly without any automatic control equipment.
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There are many advantages to this scheme in terms of
better filtration and simpler operation and maintenance.
However, another very important 'advantage is that many
existing plants can easily be adapted to this process.
The needed modification can often be done with local
resources. (See also Section 5,5 (g>, Upgrading Existing
F i iters)

d

In this process, raw water is fed at the bottom in an
upward flow direction and coarse—to—fine Media
filtration is achieved with a single medium in the

use of the
filtration
of the bed
which time

direction of filtration, which makes better
entire filter bed. The problem with upflow
arises when the head loss exceeds the weight
after a certain period of filter run, at
partial fluidization of the medium occurs. This can be
overcome by placing a grid, with a spacing of 100 times
the sand grain diameter, just below) the top» of the sand
bed,

Upflow filters have been used successfully in Singapore
and Western Europe for some years. They may in some
cases be useful as a pretreatment for rapid or slow sand
filtration but are suitable only for water with low or
medium turbidity << 60 units), or they will be subject
to short filter runs and restricted flow rates, due to
high head losses. \

e) Direct ̂ ^¿trat ¿on

Direct filtration. is filtration without prior
sedimentation. This has been recommended (Refs 2,3) as
suitable for many treatment plants in Sri Lanka, since
surface water sources are, in general, quite clear for
«tost of the year'. It is reported to be suitable for
turbidities up to 40 units, (

A very light
coagulant is

dose of either alum or ferric chloride
required to destabilize the low turbidity

it can be readily írapped on or in the
f i lter "'Serrai™ Tîiis would require less use of coagulant,
and increased filter loading rates, with an increase in
filter washing during times of high turbidity. A
contact time of 30 to 60 minutes is desirable prior to
filtration if coagulants are used.

In the right conditions a properly designed filter can
handle a relatively turbid water by direct filtration.
Dual and mixed media are preferred. The main advantages
over conventional filtration are:

i
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- savings in chemical costs;
— reduced sludge handling;
— less land area required;
— reduced construct ion cost;

simpler O&M;
— less liable to upsets in coagulation process.

Disadvantages are:

- more frequent backwashing with wore water;
- less reliability in effluent quality (bacterio-

1 o g ica 1 and t ur b i d i t y ) ;
- wore operator vigilance required to maintain

quality.

The suitability of a raw water for direct filtration may
be investigated using the filter paper test, see Annex

In this method, a gravity filter may be backwashed by
the effluent from the adjoining filter units. To obtain
stiff cient head, the depth of the: filter box must be
greater by 1.5 to 2.5 m than for conventional filters,
and filter bottoms must be designed for lower headlosses
(20-30 cm instead of 1-1.4 m). It requires a minimum of
4 filter units. {

Using restricted declining rate mode, the filter units
are connected by common inlet and outlet channels.
Three gate valves control the backwash process, as shown
in Figure 5.15. Typical details of the layout and
bottom are given in Figure 5.16.

g) LÍEBÍ^álSS-Exist ing_F^l.ters -

When converting existing filters to dual media, the
filter box and washwater trough 'must be carefully
examined to be sure that there is enough depth to
accommodate the filter media. The bottom gravel support
requireg^^pughly 35 to 40cm, the sand 25cm and the
charcïw^H)*^tór 60 cm. This makes 'a layer of fro» 1.10
to 1,20 m in depth. Another 50 cm is required for bed
expansion and a margin of safety to the backwash
overflow level, so that at least 1.7) m of filter box is
required below th<; washwater overflow weir level.

The increase in filter loading will be limited by the
hydraulic constraints more than the capacity of the
filter and filter media. In all existing plants,
however, the inlet channels appear to have ample
capacity. The filtered water outlet is probably more
critical but it is short so thai twice the present
filter rate may be possible. t
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Filter' rates should be determined for ail. the filters in
th« plant. This work can be done at the same time the
raw water pumping tests are made. The procedure is quite
s ¿ l

1,, Fill the filter box to the normal water level with
the filter outlet valve closed,

2. Close filter inlet valve.
3. Open filtered water outlet valve,
4. Measure the drop in water level in the filter- box by

timing a drop of 15 to 20 cm, fhe timing should be
started only when the outlet valve is completely
open,

5. Knowing the area of the filter box the volume is
easily calculated and the filter rate can be
determined.

This information is important as an indicator of the
maximum filter rate possible with the existing bed and
existing losses in the outlet valves and piping. If the
rate is higher than advisable an orifice plate can ,i>e
installed in the outlet system to introduce a headless
which will reduce the filter rate to anything the
designer desires, (See Annex C). ]

Filter backwash rates should also be determined. This
will be just the opposite procedure to the above.

',
1. Close inlet valve. -
2. Filter the water down to a point about 10 cm above the

bed,
3. Close filter outlet valve,
4. Start backwash. '-•
5. When wash is on full force measure the rise in the

water level before it reaches =the bottom of the
overflow drains. This distance is sometimes very
short so that the available distance may be small.

A good backwash rate is 500 to GOOL/min per m . The
backwash rates in all existing plants are probably all

••• •••••\-r^r^ffl^ss^T3E^Tsse;-*??jj!5\' ;

Most operators are reluctant to wash filters often. This
is understandable because (a) it requires work to open
and close several valves; (b) it uses a large amount of
water, and (c) it takes a part of the íilter capacity out
of service. It is necessary to understand the importance
of operating filters at a high loading; it is far more
economical to increase the filter rate even though the
washing frequency goes up. Below is a calculation of
production per vt of filter bed at 'lGQm/day and
234m/day. \
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F i 11 er Rat e : F i 11 er ' F i 11. er
) 'Run

!

'Wash
'Rate
n'{n'/ n>̂  ti* i n ) : per day

•Wash 'Filtered
!Waterr ! Water
! Cons umed! Lo st from

i Down Titee
lof 30 min/
! wash

Total. •! Net Water [
Water ! Produced '
Lost per day
<«.>irí> ! (u3/day/m) '

100

234

72

6

0,5

0.5

1.67

15.00

2.37 97.63

29,60 ! 204.40

Even though one filter is washed 9 times as often, the
higher rate pays big dividends in production per m ,

For conversion of filters to direct filtration, testing
is required, with a low coagulant dose determined in the
laboratory with filter paper (see Annex D), The filter
performance should be monitored for turbidity and
headloss. If performance is good at the plant rate, cut
out one unit and increase, the lo^d °n the others,
continuing until the runs are reduced to less than 12
hours, or the effluent turbidity rises above 4.5 units.
This will indicate the increase, in filter loading
possible without any modifications. j

A simple filter head loss gauge is shown in Figure 5.17.

These are based on the same principle as rapid gravity
sand filters, but water is passed through the filter
under pressure. They usually consist of a prefabricated
steel or cast—iron tank placed vertically or
horizontally. '

Pressure filters are commonly used in s
is desired to take advantage of a £>a
gr ad i ewfejSffgffii&̂ 4n such case the us~e
sett ling "•..••"•-"/.tanks is not possible,
therefore be added directly to the prt
they build up floe in the filte
consequent rapid choking of the fill*
frequent backwash inft.

ituations where it
rticular hydraulic
of free surface
Coagulants must

ssure filter where
ring med i um w i t h
r and the need f»r

There is economy by
type of filter but
among which are the
replace the media
chemicals. They are
and swimming pools.
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FIGURE 5.17
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a)

Slow s a rid filtration (SSF^ has. befen used as a basic
method of treatment in Europe ¡and N. America for many
years and is particularly appropriate for application
in developing countries by virtue of its simplicity of
«les i .g ri and construction and ease of operation and
maintenance. Experience with the several existing
plants in Sri Lanka, however, haw been mixed, and
there is a need to pay more attention to raw water
quality, pretreatment and operation and maintenance
aspects. A programme of monitoring existing SSF
plants in Sri Lanka is necessary to provide evaluation
arid feed—back to assist designers in overcoming the
present problems*.

Water is purified in a SSF by slow percolation through
a bed of fine sand. Pretreatment is necessary with
raw waters having an average turbidity of 25 TU or
more, but should be considered also for less turbid
raw waters 5 to 25 TIÎ) to improve effluent quality and
reduce frequency of cleaning.

SSF is also useful for treating groundwater containing
solids in suspension, e.g. ferric and manganic
compounds converted by aeration from;the soluble state
of the salts, i

The advantages of SSF «ay be summarised as follows:

o high quality of treated water — physical, chemical
& bacteriological; :

o ease of construction — local material and skills;
little special pipe work or equipment required;

o low cost and ease of operation^— no chemicals or
energy"; ~ only manual cleaning of filter beds;

o conservation of water — no wastage; water passed
through a filter during the 'ripening' process can
be returned to source OJT diverted to another

o ease of-"siiidge disposal — being handled in a dry
state there is no pollution of watercourse.

The 1 imitât ions/disadvantages are;

•::t land requirement — SSF requires more land than
rapid filters;

As of November 1988 a research project is unqerway with
this objective. !
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b )

o chuugi.nw v.;'ií.í.-r quality, concentrât i or; oí colloids
arid toxic substances affect bioiogic.il í" i Itrat i an
adversely;

o algae - r:ertain types of algae ¡niertere with the
working oí" SSF causing premature clogging.
Prêtreatment or covering of filter beds means
add i t i o n a 1 c api t a 1 cost,

Slow .sand filtration is capable of producing a safe
drinking water from a polluted surface source, at
relatively low cost and with O&K by trained operators
fro» the local community with a minimum requirement of
technical knowledge, or backup. Treatment efficiency
is high in a properly operated plant, with 9 8 % +
removal of bacteria, E—eoli and virus reduced by a
factor of 1,000 more, and efficient removal of
parasites, thus providing substantial public health
benef its T

A combination of different processes act in SSF to
achieve removal of impurities from the raw water.
During several hours of storage above the sand bed,
flocculation and sedimentation of large particles take
place. Daytime exposure to sunlight also has a
bactericidal effect. In the sand bed straining,
adsorption and biochemical and microbial action take
place, with most activity in the top layer of the
filter surface, called the "schmutzdecke."

This surface layer strains out bacteria, algae,
protozoa, rotifers and other micro—organisms which,
through tremendous biological activity, break down the
organic matter in the raw water. As flow continues
downward through the filter bed, this process is
continued by adsorption onto a sticky layer of organic
material around the sand grains and degradable organic-
matter, bacteria and viruses are gradually broken into
inorganic compounds such as nitrates, carbon dioxide,
sulphates and phosphates. Most biological activity
takes place near the surface (0.5—2 cm) but the
process continues to a depth of 40—60 cm into the sand
bed. Bed thickness should therefore not be reduced to
less than 70 cm. "Hy

Efficiency is restored by scrapting off the surface
layer of sand at intervals of from two months to
several months. After cleaning, the filter does not
become fully effective far 1 or- 2 days, until the
growth of biological activity develops fully.
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c)

Th*:; ma i n tfi.í'.ures oí a SSF are shown in Figure 5.18.
These are;

o a head of water above the sand bed to produce the
design flow under maximum head—loss conditions;

o a til ter bed oí uniform material;

o an under-drainage syste» designed to maintain a
uniform filtration rate over the whole filter area;

o regulation and control devices to maintain head of
water during operation, drain for cleaning, and
reft 11 ; and

o scum removal, flow and head loss measurement and
aerati on devi ces.

d ) ¡?es_i gn

As far as possible, design factors! should be based on
experience obtained fro» existing SSF plants in Sri
Lanka, using similar types of raw water, and it is
hoped, that such information will be available from
research projects ongoing during 19881

In the absence of specific design factors, however, the
following basic criteria should be followed;

Depth of water above sand 1 — 1.5 *

Freeboard above water level 0.2 — 0.3 m

Height of walls above ground surface > 0.8 m

Depth of media 1.0 - 1.4 »

Grading of sand — effective size 0.15^— 0.35 nia
— uniformity coeff. 2 — 3 (preferably

< 3)

F i 1 trat-jjQja ratte ( V ) =0.1 (average) —0.2 (maximum) m/h

Gravel filter support 0.3 — 0.5 » depth

Depth of under—dra inatje sytem 0.3 — 0,> ta

Area (A) per filter bc-d 10 - 100 « 2

A = Q/V where Q = flow (m3/h)
V = filtration rate (irt/h)

Effluent weir level above sand 30 — 40 mm >'
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Provido. 2, preferably 3 or A i i 1 ter units (max. rate
with 1 tilter being cleaned should not exceed 0.2 vc/h)

Provide space tor additional fi U.er units

To Minimise K . Ï U length (L), width <Wi = L <^_+_l}
where \' is number of filter units 2 N

The filter media may consist of sand, building sand, or
other material such as crushed coral or burnt
rice—husk. The media should be clean, rounded and free
from clay, loam or organic matter. Details of .sand
preparation are given in Annex E.

Controls are necessary for the following operations;

o delivery of raw water;

o removal of scum from surface;

o draining supernatant < f row above filter);

o lowering head of water over filter;

o controlling flow rate;

o avoiding negative pressure on bed by provision of
weir in effluent line;

o delivery of filtered water to clear wel 1/wStorage;

o delivery of filtered or raw water to waste during
filter 'ripening' period; and

o filling' of bed from below initially and after
cleaning.

Consideration should be given to the following aspects
of design:

o raw water quality and necessity for pre—treatment
and/or aerat i on;

o nfí*}lW\!^*zZ^^T chlorination and clear water storage,
pumping^oiSti el i s t r i but i on ;

o site location, foundation conditions, space for
expansion and pretreatient;

o availability of source of filter media, and
construct ion materials ;

o office, chlorination room, operator wash room/
toilets and other quarters;

I
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o i «-"rue i ïsj;-; ai'fd s e c t î r i t y ;

o p c a v i s- i oíi v .•.•:!•• Í.. ! e.jii ¡ n g / w a s h in¡-; «Í>:KÍ i a --.;ii .ï r <"-;xu í -xt

bas i s ;

o high ground Kat.er levels producing upl i ft ; and

o mode oí operai, ion — con I, i raiou* over 24 hours or
declining rate over 1 or 2 shifts {(i or 16 hours | .

Declining rate filtration is when the operator closes
the raw water inlet valve and shuts down the raw water
pumps (if any) at the end of h i .s shift, but keeps the
filter outlet valve open. The supernatant water will
continue to pass through the filter at a declining
rate. The longer the period of declining rate
filtration, the larger will be the required filter bed
area. The required filter bed area (A) may be
calculated from the following formula (Ref 14):

Q
0 , la -f b

where,

Q = water demand <»^/d>

a = no, of hours per day at normal operation (at
rate of 0,1 m/h)

b — 0.5 for 8 hours declining rate filtration

or b = 0.7 for 16 hours declining rate filtration.

Depending on the method of construction to be adopted,
such as :

o reinforced concrete, mass concrete;

o stone masonry;

o brick wall and plaster lining; or

o masonry on puddled clay enbankwent.,

measures should be taker to prevent short—circuit ing
down the walls oí the filter box, e,f.:. for a reinforced
concrete box, the inner walls should be roughened over
the filter bed depth.
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V a r ious t y f>e s o t 1 i 1t er bo 1 t o m s a r o po ssib 1, e , h a v i r» g
the objectives oí: support ing the filter »edi.i and
draining o i. i t: he filtered water. The openings should
be fine enough to prevent escape of the filter 'media,
but not too fine to resist passage of the filtered
water and cause too much head loss. Figure 5,10 shows
some typical types and sizes tor the gravel support and
t i tkd e r •—d r a i ri s y s t e m ,

For systems using pre—fabricated concrete slabs, bricks
or porous concrete, it is generally unnecessary to
calculate the hydraulic characteristics, since the area
of free flow is relatively large (i.e. resistance is
small). Detailed calculations for under—drain systems
are given in Annex F, For systems using perforated
pipes or grave,I/broken stones, the following criteria
may be used:

Perforated pipes;

— wax. velocity in laterals and manifold 0,3 m/s

— spacing of laterals 1,5 m (1 — 2 m)

— size of holes in laterals 3 mm (2 — 4 mm)

— spacing of holes in laterals 0,15 K (.1 — .3 w)

Gravel or broken stones;

— height of layer 0,15 i

— size of gravel 25 — .50 m

Typical inlet and outlet arrangements are shown in
Figure 5.20.

Some aspects of design which are often overlooked are
as follows:

o inappropriate or missing flow rate control devices,
filter overloaded or operated at frequent flow rate

o water level in effluent line lower than top level
of sand bed — possibility of negative pressures in
bed, air release arid additional filter resistance.

o no provision to fill the sand bed from bottom to
top, causing air binding in bed resulting in high
filter resistance initially,

o inappropriate sand size or bed depth; leading to
poor effluent quality (coarse sand, smal'l depth) or
short filter runs requiring frequent filter
cleaning (sand too fine),
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As previously uoled, pi~e—treatinstil, of: the raw Kaief Is
often required to prevent rapid clojïgirig and i. requerí.
c lean ing (i.e. more of'teti than on.ee every 2 — 3
months). Various methods are as- follows:

o Infiltration gallery or trench;

o Sed i.went.at ion tank/lagoon;

o Horizontal—flow roughing filtration; and

o Aeration (for standing waters).

The objective should be to reduce the turbidity of the
raw water to an average value of 5 TU or less, and/or
to remove high algae populations.

A SSF way be operated continuously for 24 hours/day or
in declining rate mode for a period of say, 8 or at
most, 16 hours per day. Intermittent operation is NOT
recommended and the water level should never be drawn
down below the media surface, except for cleaning.

Initial charging of the filter bed (and also subsequent
refilling) must be done from bottom to top, preferably
with clean water to drive out air bubbles. When the
water level is far enough above the sand bed to avoid
scouring, raw water may be allowed to enter through the
inlet. When the design water level is reached, the
drain valve is opened and water run to waste, regulated
to about h normal filtration rate, for a period of a
week or two, to allow formation of the " smutzdecke,"
During this period, water quality testing is done
periodically, and the flow rate gradually increased to
design rate, until such time as the testing confirms
that the filter is operating satisfactorily. The drain
valve is then closed, and water passed to the clear
water tank. ^¿aâiu

After a period of operation, as the filter resistance
increases it is necessary to gradually open the
regulating valve, to maintain the flow rate, as measured
by the discharge V—notch weir or flowieter. When the
valve is fully open, and the required flow raie cannot
be maintained, cleaning of th*.-. bed is necessary ai.d the
filter musí: fc>« taken out of service, temporarily. The
raw water inlet valve is closed, and filtration
continued until the water level has dropped nearly to
the sand surface; then the treated water outlet valve
is closed, and the water level drained down to about 20
cm below the sand surface, to permit walking in the
sand.
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Cleaning cutisists oí" scraping off, with fiai s hovel.s,
the top iay«-r oi: t il ter surface, ; about. 1.Ü — 2.5 cm
thick, .•>••'• dirty sand. The scrnped- of f material is
piled it» ridge-s or henps, and cart fed away in wheel
barrows/ hand (.-arts wheeled over wooden planks. The
dirty sand may Lwi> c learníd by washing soon aí ter removal
or discarded. The filter is then recharged from bottom
to top, and allowed to run to vaste for 1 — 2 days
while the " smut zdecke" regains, its biological activity.

When many such cleanings have been done and the minimum
bed thickness (0.7 m) has been reached, the sand bed
mu«t be raised to its original thickness by bringing in
new sand. However, the top 0.3 — 0.5 m of old sand
should be removed, arid replaced on top of the new sand,
to accelerate the re—ripening process i

When one filter is temporarily out of operation for
cleaning or rescinding the filtration rate of the. other
filter units should be increased to take the additional
loading, although the maximum rate should not exceed 0.3

g ) Exj>er_i ençe_ j.n_ Ĵ ^

Common operational problems are as follows:

o turbidity and suspended solids concentration in the
raw water too high for SSF application. Pre—
treatment is necessary in such cases.

o missing maintenance equipment 'such as shovels,
wheel—barrows, tools and \ sand washing
installations. Failing to clean and replace the
sand will lead to exhaustion and failure.

o untrained caretakers who do not understand the SSF
process and are not motivated to operate the plant
properly, leading to inadequate conditioning.,-
clogging, uncontrolled filtration rate, ineffective
bacteria removal etc. <

o problems due to algae ~ in minor cases this can be
dealt with by pre—treatment.

o insufficient use of comparative physical and
bacteriological testing of raw and filtered water
to evaluate filter performance.

Provision should be made for flow measurement at each
filter, and for discharge of filtered water from the
whole plant. Regular water quality testing, physical,
chemical and bacteriological, of raw water and filtered
water, must be carried out to ensure that the filter is
operating satisfactorily. Complete records should be
kept of flow rates and cleaning/resanding operations on
each filter unit, so the long—term evaluation can be
carried out. -86-



This t.yp*> oí t ¡ Lier has beet, devulofted. and promoted in
the past few years by Martin We ye I. in, a Swiss sanitary
engineer, as a pre-treatment to slow sand filtration
(SSF), being an alternative to conventional f locou—
lat ion/sed itaent at i oil , One oi' the problems encountered
with .SSF is that rapid clogging can occur when raw
w a t e r t u r b i d i t y i n c r e a s e s s u b s t an t i a 1 1. y for s h o r t
periods during heavy rains*. In other cases, a SSF way
clog frequently when the turbidity and suspended solids
concentration in the raw water is too high for SSF
application. For SSF operation, influent turbidity/SSF
should preferably be lower than 10 turbidity un its/2—5
mg/L, and in most cases some form of pre-treatnent will.
be required to achieve this. Laboratory and field
testing in Switzerland, Tanzania and Thailand has shown
that HRF provides a simple pre- treatment .solution,
appropriate for rural and small urban schemes.

In Sri Lanka, the process is currently being evaluated
in the Ukuwela plant in Mátale District (the first HRF/
SSF plant in Sri Lanka), designed by Kampsax—Kruger and
completed in 1987; design engineers should refer to the
Monitoring/evaluating report on this plant prepared by
Kautpsax-Kruger in 1968, in addition to the references
cited.

The technology of HRF is still under development and
filter efficiency for different raw water character-
istics has yet to be established. Experience to date
indicates that the filter is effective with raw water
turbidities normally between 50 and 200 turbidity
units, although indications are that much higher
turibidities, up to 1,000 turbidity units, can be
effectively handled for short periods, corresponding to
short—term high turbidity periods experiertced in many
small streams in Sri Lanka.

If the bacteriological quality of the raw water is
satisfactory, it is feasible for HRF to be used on its
own, without SSF.

EAAlr.ï*£.i.o_2_!ie.Îïhaï!i£ïïs. .--•••-•.

The wain process is sedimentation, with horizontal flow
and gravitational downward drift, causing particles, of
silt to collect on the upper surfaces of the media. As
heaps of particles accumulate, they slip down and drift
towards the filter bottom, at.d over a period of . ime
the filter will fill from bottom to top with separated
sol ids.
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The filter box cowprisKS 2 to 4 compartments filled
with gravei media of different sizes, coarsest in the
first compartment where the bulk of solids will be
retained, to finest in the last compartment which acts
as as polisher, removing the last traces of solids.

The raw water enters via an inlet channel across the
filter width and falls over a weir into an inlet
chamber which allows for settlement of coarse solids
and separation of floating material. Water passes into
the first and subsequent filter compartments through
openings in the separation walls. Treated water is
collected in an outlet chamber and discharged over a
weii- (for flow measurement) to an outlet channel and
then to the SSF.

The length of the filter box depends on raw water
quality, hydraulic loading and media size. Height
should be limited to about 1,5 m to allow for easy
removal of media for manual cleaning. The width
depends on the required filter capacity. A minimum of
2 HRF units should be provided, to allow for one being
out of service for cleaning, and an adjacent area for
gravel c1ean ing s hou1d be provi ded,

A layout of a typical HRF is shown in Figure 5.21,

d > Design ]

Input requirements:

o characteristics of the raw water quality in the dry
and rainy seasons;

— turbidity;
— suspended solids or f i ltrvafoi 1 ity ;
— E - Col i ;

o daily water demand (present & future);

o raw water intake site location, elevation, high/low
íc£âã--áÊÉêâS&Eià water levels; \

o tr«a1:m!#|ÉtP^--plant site, elevation, foundation
conditions;

o hours of operation of intake, HRF, SSF and distri—
but ion;

o availability of raw materials — gravel, sand, rock;

o requirements for pre-sedimentat ion with or without
combined raw water balancing tank. »
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D e s i.gii c r i t . ú r i . i : !

F i. i t r.:*t ion t a í . e (i«/h> b a s e d on N—sect io ï ia 1 a r e a o i'
f i l t e r ) ; .•

Filter box; —

length 9-12 u.
— he ight 1 -1 .5 w
— width 2—5 tn per uni t

Media size: —

— coarsest 35—40 mm ::

— finest 4 mm;

Length of coipartnents (see Table 5.2)

Required effluent quality for SSF; i

10 turbidity units
2-5 mg/L SS; !

Openings in coipart«ent walls; 1G-2G& of X~ sectional
area, evenly distributed.

Other criteria, such as expected ^ffieiency °f SS
retoval, length of filter runs, required maximum head
loss, etc, may be estiisated by weans of a nonogran
(Reference 17), if necessary. i

To allow for head loss across the filter, which builds
up as the length of filter run increases and the filter
loads up with silt} the outlet weir level should be
30—40 cm below the top level of filter material (s"ee
Figure 5.22).

Filter media may be an inert material such as: - -

o grave1;

o broken stones/rocks;

o W^eãtt^iirnt bricks; *

o burnt charcoal; (prior testing at pilot
o coconut fibre plant level is necessary)
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Tabli? 5.2

Tentative Design Guidelines Fat-

Maximum suspenc3ed solids
concentration in
presettled water (mg/L)

Filtration rate m/h

Filter length (m) for
medium size (rnn)

20 mm

15 iim

10 mm

5 mm

Maximum suspended solids
concentration in
HRF effluent (mg/L)

> 300

high

0.5

3 - 5

2 - 5

2 - 4

1 - 2

5

300 - 100

iredium

0.75 - 1

3*

2 - 4

2 - 3

1 - 2

2 - 3

100

low

1 - 1.5

3*

2 - 3

2

1

2

* this gravel size can possibly be omitted.
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FIG.5.22
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Typical in let/out, let arrangements are shown in Figure
5.22 and drainage arrangements in Figure 5.23.
Adequate provision of drainage is necessary for filter
regeneration (by rapid drawdown at 60—90 m/h, and for
emptying for cleaning purposes. Discharge should be to
an open drain and arrangements for safe disposal should
be provided to avoid erosion and scour. Typical
wechanical devices to ensure a constant outflow rate
are shown, in Figure 5.24.

Owing to the fact that a HRF requires continuous
operation, the HRS should also be. operated in
continuous mode, although the physical nature of the
process does not require it. When a SSF is operated»
say,
for
shifts) then the HRF is required to work
intermittently. Consideration should be given to
providing raw water balancing storage to allow 24—hour
plant operation, and therefore smaller HRF and SSF
units (see Figure 5.25).

for 8 hours overnight in declining rate mode (due,
example, to raw water pumping for 16 h/day in 2

Adequate arrangements should be provided
for monitoring/evaluation of flow and
(see Section 5.7 <f)).

in the design
water quality

e) 0 ion

Each gravel compartment gradually becomes loaded with
deposits, until filter efficiency is exhausted, which,
under ideal HRF design should occur in each compartment
at the same time.

Occasional lowering
increase efficiency
drainage, particle
filter media grains
the filter bottom.

of the water table by drainage will
and prolong filter runs. During
accumulations on the top "of the
tend to collapse and get flushed to
Rapid drainage, if possible, should

also flush some accumulated matter from the fitter.

Drainage should start at the drain nearest the inlet
side, to prevent the bulk of deposited material being
drawn into the finer media, thereby clogging it. When
the washwater is still turbid after drainage, the'
drain should be operated again, after <*l̂ V:
until the washwater is relatively clear. Thep
drain fro» the inlet should be operated, and so On.
is important that refilling, after drainage, is slow so
as to avoid stirring up settled material.

A HRF should not be kept dry, unless the media is
thoroughly cleaned.
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FLOOR OF FILTER BOX

DRMNAGE POINTS SPACING ISO-200cm
a) LOCATION OF DRAINS
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SPACING 100mm
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,300 mm

c)SEMJ COVERED TROUGH WITH
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,500mm j
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•150 mm

b) PERFORATED PIPE-WITH - VALVE d ) PRE FABRICATED CULVERT; WIT»
' -SUDE GATE

DRAINAGE SYSTEMS : j
IFIG.5.23

FILTER
j BALL

FLOATING EFFLUENT
WEIR

3;

il
FLOATING EFFLUENT

ORIFICE

MECHANICAL FLOW FWTE DEVICES
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Sed. Tank
Res. (raw)

HRF 5SF Res.
(clear)

GRAVITY SCHEME
Continuous operation 2khrsld

8 52 50

PUMPED SCHEME WITHOUT
RAW WATER TANK
* intermittent

operabon

8hPs/d

contm. operohon fchrs.
declining « I6hrs.

I
25 125 •T09 50

PUMPED SCHEME WITH
WATER TANKn ,zcentiruous operation 2Ahrs/day

52 50

HRF SSF

Total
Volume

152 rr?

309rr?

211ñf

assumptions Sed. Tank

EFFECT OF INTERMITTENT OPERATION ON SIZE OF FILTERS

FIG.5.25
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Filter' runs n¡ay las*. 6 months or- more, depending on ihe
opera*, ing «joudif. ions and design, and when i:h«-
et. f ¡cioncy cati no longer he rcist.ored tay drainage,
cleaning must be done. The media must, be excavated,
washed, and returned to the filter box. This HI a y be
done by hand, using locally hired labour, and a media
cleaning area should be provided adjacent to the
filter. A typical gravel cleaning unit is shown in
Figure 5.26. Equipment used in the construction stage,
such as wheel—barrows, shovels, etc,, should be
retained at the plant for media washing purposes during
operati on,

Any new HRFs designed by or- for MWSDB should be
equipped with adequate flow leasuring devices for each
filter and a comprehensive program to monitor/evaluate,
performance over the first year of operation .should be
carried out.

This should involve the. following measurements:

Frequency Ideal Minimum

Turbidity

Suspended Solids

Faecal Col iforms

Total Col i forms

Twice/day

Twice/month

Twice/wonth

Twice/month

Once/day

Once/month

Once/month

Once/month

at the following collection points (see Figure 5,27)

1.

2,

3.

A,

Inlet

Outlet (each filter)

Combined outlet

Turbidity; SS, FC, TC;

Turbidity, FC, TC,

Turbidity, SS; and

Turbidity, SS, FC, TC.

Arrangements should be made to enable this samp]ing/
monitoring to be done by the plant OIC with R< /RSC
Chemist assistance.
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washwater cleaning
supply box

400

SECTION

drainage storage
channel place

60

60

20

20"

15*
f 60 .151 60 [151

CROSS SECTION

( a ) WASHING

1 box for primary cleaning

t box for final cleaning

approx. dimensions in cm.

stirring with
s novel

drilled steel
plates as
selves

wooden logs
as support

mim %.
Ë

xmmmm

fixed seive
installation

wooden frame
work

seivinn onse lying
chains.

installation

( b) SEIVING

TYPICAL GRAVEL WASHING AND SEIVING INSTALLATIONS.

FÎG.5.26
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j VA pipe, stop cock,
flexible tube &f

I flexible tube,
: resistant to

Teat and
sunlight >

' .uu.tr

manent
nstaiiatJon

provisional
installation

WATER SAMPLING POINTS

FIG.5.27

-98-



5, a DISINFECTION

Chlorine is usually the most satisíacíory d i sinfec:tant toi
water supplies, although in situations. where cheap
electricity is available, ozone treatment may be coapet i I. i ve
particularly if colour renoval ¡s also required.

Chlorine is a gas at normal temperatures arid pressures but is
normally supplied as a liquid under pressure of 330—1000
KN/m in cylinders or drums. The rate of withdrawal of
chlorine gas is limited by the heat available for evaporation
of the liquid.

Solubility of chlorine gas in water varies with temperature:

Temperature °C Chlorine Solubility 1

O
20
33

14 600 rag/L
7 000

The physiological effects of chlorine gas are su<n»arized
below:

Concentration |
by Volume in <Vir j Physiological Effect

«g/L !

3.5
30
40-60

1000

! Just detectable by odour '
\ Produces coughing \
! Dangerous for 30 min exposure !

Rapidly fatal (

Hypochlorite solution may be useful for small installations
since it avoids the use of toxic gas. It is available as:

o High test hypochlorite Ca<0Ci>2

o Bleaching powder CaOCl2

Hypochlorite
in times of
operating.

tablets way be used for emergency disinfection
disaster when normal water treatment is not

The wain purpose of disinfection by chlorine is to prote . t
health by destroying pathogens in the water and to maintain •••:»
minimum chlorine residual in the distribution sytem to
provide some additional protection against subsequent
Contamination, The following minimum free chlorine residuais
are recommended at different locations in the water system:

Clear water/chlorine contact tank
Standposts
Distribution dead—ends

-99-
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Oilier uses oí. chlorine are shown in Table 5.3 and include
oxidation of iron, manganese and hydrogen sulphide.
destruction of tuste and odour causing compounds, and control
of algae and s lime growth at t r*?i:itme.nt plants .

The reqy i red
capacity oí: the chloririator will vary Kith the chlorine
dosage needed for disinfection and the amount of residual to
be maintained in the distribui, ion system. Dosage will vary
with the chemical and physical characteristics of the water
(i.e. temperature, pH, turbidity, and mineral constituents
such as iron and mangariese ) . It also varies with the nature
and concentration of pathogens in the water and the length of
contact tine. For design purposes, a chlorine dosage of 2
mg/L may be used for clear water (i.e. turbidity < 1.0 TU
containing little organic and suspended matter, and with iron
and manganese concentrations of less than 0.3 mg/L. The
total chlorine requirements, recognizing all the above
variables, can and should be determined by performing a
chlorine demand test as a part of the predesign investi-
gations. A. minimum contact time of 20 minutes should be
provided either in the pump sump, reservoir and/or in the
pipeline before reaching the first consumer,

ÜÍ-£Ín£í: Rapid mixing of chlorine at the point of application
is important. Chlorine should be added with a large amount of
dilution water through a full channel or pipe diameter
diffuser submerged to the maximum depth available.

Chlorine applied prior to a weir will only be driven off by
the aeration effect of the hydraulic jump. Chlorine added to
the suction side of a pump or the upstream side of a valve
can cause severe corrosion problems to brass unless applied a
sufficient distance upstream to obtain fuii dissolution.

Gas £ e ê ^ í â : Chlorination with gas feeders may be by direct-
feed pressure injection of gas metered under a constant
positive pressure or by .solution feed in which the gas is
metered through an orifice or rotameter under vacuum by an
ejector drawing gas through the feeder into the solution
1 i ne.

The water supply to operate the injector should have adequate
pressure and flow. The chlorinator manufacturer's injection
curves sh^aijJL J»e consulted. Gas chlorinators have practical
limit at i-owS^f^S'^^t oíVm i m i mum feed rates. Consistent with good
accuracy iff ietering and minimum maintenance, the minimum
feed rate is about 0.25 kg/day. However, chlorinators with
rotameters can be obtained with as low a capacity as 0.05
kg/day. Normally for chlorinators up to 4.5 kg/day capacity,
injectors require water at a minimum pressure oi: C.íí-1.33
kg/cm2 above the pressure at the p>oint of application with
a minimum flow rate of 9 - 22.5 L/m. Water from the pulping
main or from a storage tank can usually be used to operate
injectors. Booster pumps for injector supply are required
when chlorine solution has to be injected into a pressure
main. '

t
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Table 5.3
Chlorine Use for Various Treatment

Other than Disinfection

¡ i .•.•il.nyrit

1.AMMONIA REMOVAL

..i. Monochlorraine
fot Ki.it- ion

h. DichLorraine
ioin.it i on

2.1 \STE & ODOUR
O iNTROl

.4. Pheno 1
destruction

3.HYDROGEN SULPHIDE
REWAL

.j.üSdation to

sulphur

t>. Ox id at ion to
sulphate

4.MANGANESE
REMOVAL

5.iRON_REHOVAL

G.AUiAt: CONTROL

7.S!IME CONTROL

K I K J R SULPHUR
BACTERIA CONTROL

3.COAGULAKT AID
a. Chlorinated

Copperas

Dosage

5 tines
NH3<as mg/L)

10 tines
NH3(as ng/L)

10 tUes
HH3(as Hg/L>
plus 1 to 5«g/L

6 to 20 tines
phenol content

2.2 tines
H^S content

6.5 tines
HiS content

1.3 tine*
Hn content

0.64 tines
Fe content

1-10

.1-10

1-10

1 part per 7.8
parts of

ferrous sulphate

Contact
Time

> 20 nin

> 20 nin

> 20 «in

1.5 to
5 hours
(stepwise)

Instant

Instant

up to 3 hr
(Variable)

Instant

Variable

Maintain
residual
throughout
distribution
system

-do-

pH
Range

> 6.5

> 4.4-5.0

7.0

5-9

<9 optinu»)

6.5-9

(9 optimal)

7-10
<10 optinun)

4-10
(> 7.7
optinu»)

Chlorine Residual

Recoaaended

Type

Free

Free

Free

Fre«s

Free
or

combined

Free
or

coabined

Free

Free
or

combined

Free

Free

Free

(B8/L)

0.1

0.1

1.0

Variable

0.1

0.5

0.1

> 0.5

0.5

1.0

Amount of Alkalinity
Consumed as Ca3

1.22 per ng/L Cl 2

1.22 per ng/L Cl 2

2.6 per ng/L H2S

10 per *g/L H2S

3.4 per ng/L Nn
oxidized

0.9 per *g/L Fe
oxidized

....;•:• m

Source - "Water Treatment Plant Design" AWIÍA pages 15Ô-1S9
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The following point.s .should be corisidered when designing g.uw
chlor iriat ion sy stess :

o In order to save space and ior ease of maintenance, wall
mounted chlorintitors are recomiBerifieij, Two units should
be installed to provide standby capacity, and to maintain
flow during changeover of cylinders or drums.

o A weighing balance should be provided in the chlorinator
roo» for checking the quantity of gas used.

o The chlorinator room should be separate with no inter-
connecting doors to any adjacent room. The floor level
should be at or below the other floors of the plant to
minimize the effects of gas leaks.

o Air outlets from the room shall be near the floor and air
inlets near the ceiling. Where this is not possible,
mechanical ventilation with a capacity of one complete
air change per minute should be installed. Fan and light-
switches should be located outside the room. Doors
should open to the exterior of the building. Careful
attention should be paid to location.of windows and doors
to keep cylinders out of the sun,

o The chlorination room should contain only the connected
cylinders. Separate cylinder storage facilities should
be provided. All cylinders, connected or stored, should
be protected fro» direct sunlight, rain or other water
and be properly restrained to prevent tipping, falling,
or any excessive movement, especially the connected
cylinders. A. guide to cylinder requirements and storage
is given in Table 5.4.

o Chlorine gas and chlorine solutions are highly corrosive
and should be conveyed in plastic pipelines.

o Gas masks must be provided adjacent to the chlorinator
room door, :. •

o A neutralizing chemical for chlorine absorption should be
stored at the plant. Table 5.5 shovts possible chemicals
which could be used with the amount of water required to
make a neutralizing solution. A pool for the disposal of
leaking cylinders should be located adjacent to the
ch 1 or i i

For small installations a drip feed from a constant head
bottle may be satisfactory but for larger supplies, wore
accurate metering must be provided either by an orifice with
a gravity feed tank or by a positive displacement pro-
portioning pump.
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Ch 1 or irifj
(Minimum Supply

y 1 i rider Inventory
for 30 days for 2 mg/L

Anticipated Daily
Chlorine Use

(kg/day)

0.50
1.00
2.00
4.00
6.00
8.00
10.00

Volume of Water
Treated Daily

(*3)

250
500
1000
2000
3000
4000
5000

|
No * of chlor ine cy1inders

30 kg size

In Use

1
1
1
1(2*)
1(2*)
1(3*)
1(3*)

Reserve

1
1
1
3(2*)
5(4*)
7(5*)
9(7*)

67 kg size

In Use

1
1
1
1
1
K2*)
1(2*)

!
Reserve I

i
!

i i
1 !
l I
1
2 !
3(2*) !
4(3*)

(*) For a hrsVday operation

Table 5.5

Chemicals and Water Requirements for

Cylinder
Capacity

30 kg
67 kg

1003Ï Caustic
Soda
(kg)

40
65

Water
<L)

150
225

Soda Ash
(kg)

96
205

Water
(L)

265
565

Hydrated
Lime
(kg)

40
65

Water
(L)

34t) "
720
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A] t. hough bleaching powder (chloride of litpe.) normally
contains 25-33?; available eh lor trie, for design purposes the
lower figure is recommended. Solutions up to 5ig may be
prepared biit -i l'Z solv»t¡.on is, recommended to ai inimize
problems caused by sediment .arid clogging oí the delivery
system, A separate «nixing tank should be providod with only
the supernatant transferred to the feed tank. Feeding
equipment, geni-rslly of the constant head gravity drip feed
type, should be readily dismantLeable for cleaning purposes.
In general, it can be considered that the practical limit for
hypochlorination is up to about 900 L/m of gravity or pumped
supply. For greater flows, gas chlorinafcion is appropriate,
Sufficient shelf space should be provided to store bleaching
powder containers.

A practical guide for disinfection by bleaching powder
produced by CEA, is given in Annex G, Table 5.6 gives'
bleaching powder requirements for disinfection of mains and
storage tanks..

nfect i on, a eh1or ine
er clear well) must be
ion. The tank should

To provide sufficient time for disi
contact tank (which may be the filt
provided to give at least 20 min detent;
be baffled to prevent short circuiting.

Chlorine solution should be added through a diffuser at the
inlet preferably in turbulent conditions.

The purposes are as follows:

to reduce taste and odour producing substances;

to prevent algal growth in raw water;

o

o

o for oxidation of iron, manganese and hydrogen sulphide;
and

o to aid coagulation when high algal counts exists.

To minimise post chlorination dosage, the total dosage
(usually 2 =t.o 5 »g/L depending on the degree* of pollution) is
applied ••^:õ''-Z§lS^y « ;£"0 '•> 2 to 0.5 mg/L free; residual chlorine in

lthe final delivered water.

For- further information» see Reference 19,
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Table 5.6

Bleaching Powder Requirements
for Disinfection of Mains and Storage Tanks

1. EÍE21

55

50

65

80

100

150

200

2. Storage Tanks

A.wount of Bleaching Powder Required

kg¿1000_»

0.5

0.8

1.2

1.9

A.3

7-4

2.A kg/10»3
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6. CHEMICAL FEEDING

The chemicals commonly vised in iviiter treatment are for:

••:> C o a g u l a t i o n ;

o Disinfection and algal control;

o pH adjustment; and

o Special chemical treatment e.g. softening, fluoridation.

The types of feeding devices- are:

o Dry feed; or

o Solution feed

The strength of solution used for manual feed generally is less than
5% and for mechanical feed it is not greater than

Alum, usually in lump form, is the most common coagulant. The
dosage is in the range of 20—100mg/L. Lime" is added when pH and
alkalinity are low. The. required dosages are determined through jar
tests. The density of alum and lime are 960 kg/»"-* and 670 kg/m^
respectively. ¿

6 . 1 ÇHEMXÇAL_PREPARATION
i-

It is essential to know the strength of the chemical solution
in order to know the dosage being applied. All chemical
preparation tanks therefore should be carefully measured and
volumes calculated, A measuring stick can be used to give
the volume at any depth.

For the preparation of coagulant solution, for example, the
exact amount of dry alum cake or ferric chloride and the
exact amount of water should be known. In most plants a 105S
solution in the day tanks will be satisfactory. Day tanks are
those which supply the originally mixed chemical and water.
A 10? solution requires lOOgm of chemical and 900 gm of water
(10& of the total is chemical). The strength then is 100,000
Kg of coaMçujffitnt-̂ jn each litre of solution, which is a
relat ively ¿Wsl^bn^^solut ion and very stable. The material is
weighed at the desired rate into a solution tank where it is
dissolved by the stirring action of propeller type mixing.
The alum solution is slightly acidic.

It is important that the dilution water have the lowest pH
possible so if lime is being added, this water should be
pumped from tue filter outlet before the addition of lime.
Water from the clear well after addition of lime has a higher
P H t • ,

Ferric chloride is a highly acidic compound and must be
shipped, stored and dosed in corros ion—résistant 'equipment.
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li i >, con v en i enl. to have each tank supply enough cKewical for
24 hours . This makes S.he operation simpler eacii day a tank
of c Vi *:MH i c :!i .1 is; prepared,

6 . 2 ÇHEH!ÇAL

Once the chemical solution has been prepared i i i s necessary
to pipe it to the point of application, .such as a weir or a
Parsha 11 flume.

Dilution of the stock solution from the day tanks should be
done as near as possible to the diffuser. The strength of
the solution being applied to the raw water should be about
1% or as low as 0.5X. To reduce the 10% solution to 1%
requires 100 inL of the stock solution and 900mL of water to
wake up one litre.

The dosage may be based on the amount of the 10S strength
stock solution. If the raw water flow is 10»J/Biin and the
required dose is 10mg/L (or IGppm) it is necessary to apply
100g of chemical to the water each minute. In a 10% strength
solution this weans one litre of stock solution per minute.

The total solution dosed, however, is much more. If for
example, lOOmL of stock coagulant is diluted with 900mL of
water just before application then the amount applied is 10
L/min at a strength of X% which is satisfactory for good
coagulâti on,

The system at each plant should be to M I X stock solution of 2
to 103S strength and dilute to X% or less at the diffuser.
This will give good coagulation and economize on coagulant.

A frequent problem is that of getting a known amount of stock
solution into the raw water. Most existing plants have some
kind of dosing pumps which are not usually working properly.
It- is strongly recommended that if possible the chemicals be
applied by gravity through a constant head tank, controlled
by a float valve. The system should be reasonably accurate
and it should be easy to set a constant dosing rate.

Such dosing systems exist on the market, but it would be
preferable for NWSDB to fabricate its own with valves and
small tanks purchased specifically for the purpose, : SSr

The chemical transport from the day tanks to the point of
application should provide a constant dosing flow, preferably
by a gravity feed system.
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7, OTHER PROCESSES

Iron and manganèse are both undesirable constituents oí

water, caus ing the following effects:

o staining of clothes, plumbing fixtures;

o causing objectionable metallic tastes;

o impart ing colour and turbidity; and

o leaving deposits in pipelines, :

The problems of iron and manganese are usually confined to
ground waters, though they are sometimes present in anerobic
surface waters or where industrial wastes are discharged.

Iron and manganese are natural constituents of soil and
rocks. Normally present in highly insoluble forms, they are
brought into solution when anaerobic conditions prevail and
carbon dioxible is present, such as in a deep well or the
bottom of a reservoir. Troublesome conditions are likely to
occur when the following concentrations are exceeded;

0,3 mg/L iron
0,1 mg/L manganese •

Iron exists in solution in the ferrous state, usually as
ferrous bicarbonate. It can only remain in solution in the
absence of oxygen, and generally where the pH is below 6.5.
Exposure of the water to air results in the oxidation of
soluble ferrous bicarbonate to insoluble ferric hydroxide.
Thus, for example, a deep well sample, on exposure to the
atmosphere, may become opalescent and discoloured due to
oxidation of the soluble salt to insoluble form, and a
deposit formed.

Even small traces of iron and manganese can lead to
accumulation of deposits in wells, distribution mains and
reservoirsyzIL drthi-etg|ajmay be troublesome.; and objectionable.
Under such:: cSlriol̂ t̂ ohs, particularly where organic matter is
present, iron bacteria may develop which will accentuate the
problem and lead to complaints of discoloured, turbid and
unpalatable water. Sometimes, sulphides are produced,
causing an offensive odour.
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It iron is not, f:; esfit.i in the source water, i ». is visually
.•iCipiir»r<] í:-> so un? extf-'n'. t ro«i contact w 11. K iron pipes or
fittings. -To fist.'ïhl. s sh whether a deep well water, f. or
exaiftp le, is ijcqu i Ï i iifj, iron t ht O'lgh the (;uœf!, or cas iag, >'• ¿ •>
necessary to obtain a series oí satnftl.es over several hours of
pumping at max intuid capacity. Should the iron contení.
decrease significantly as pumping proceeds, it is an indi-
cation that iron is being acquired.

Manganese occurs in a similar way to iron, and they may both
be present at the same time. Deposits and discolouration due
to manganese are black rather than rust—coloured as for
iron, and the deposits are of higher density and are less
easily flushed out. Manganese oxidises less readily than
iron and therefore is more difficult to remove.

Problems due to iron and manganese may be minimised by:

o treatment for removal;

o protection of iron/steel mains with bituminous linings,
or use of non—corrosive, materials;

o avoiding dead end mains;

o av o i d i rig d i s t ur bance s i n wat er f 1 ow ;

o periodic flushing.

When iron removal treatment is considered, it is necessary to
decide what other treatment is required, since this may have
a bearing on the method of iron removal. For example:

o Iron is usually accompanied by considerable free carbon
dioxide — it is inadvisable to remove the iron, yet leave
the free CO2 to cause corrosion of pipes and mains.

o . Lime—softening, if required to remove hardness, will also
be effective for removal of iron .and carbon dioxide.

o If organic/bacterial purification is necessary,
chlorination may be required, which will also assist with
removal of iron and manganese.

Methods for iron/manganese removal are as follows: - ..=§-

\s noted in Section 5.1, aeration assists in dissipation
of free carbon dioxide, and oxidation and precipitation
of iron. Free <O2 should be reduced to lass than 10
mg/L to remove corrosive properties. Hydrogen sulphide,
if present, should also be dissipated. Generally, if
only iron is present (with minimal amounts of manganese),
simple aeration followed by filtration should be
effective. Oxidation is rapid with a pH of over 7.5. pH
adjustment may be necessary to increase the removal
e f f i c i eney.
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Aeration foi lowed by sedimentai:, ion and rapid filtration is
required when the amount of iron is high or when manganese is
present. Somei i. nies the addition of chemicals is necessavy
tor removal oí high carbon dioxide levels, or it" large?
amounts oí soluble components of iron or «anganese are
present.

Slow sand 1 i iters are et feet ive in removing small
concentrations ot iron, but will clog rapidly in the presence
of large amounts.

This is the most efficient and economical chemical for
manganese,
result in a
filtration,
the water,
to assist

removal of

removal of free carbon dioxide, iron and
particularly after aeration. The dose should
final pH of 7,5 to 8.5 after settlement and
The lime must be thoroughly mixed with
Aluminium sulphate (alum) may . be used
flocculation and sedimentation. For
manganese, the pH should be higher, above 9.

c) OtherMethods I

Potassium permanganate is an effective oxidising agent,
particularly for manganese which yill precipitate when
the pH is above 6,5. Application should be followed by
filtration by sand, anthracite or; a catalytic filter
containing iron or manganese oxides. Pilot plant testing
i s adv i s ed. i

i"

Prechlorination is useful for removing growths of iron
bacteria,
manganese
preferred,
treatment
values of
iron,

and may be used for oxidation of iron and
instead of aeration, ", but aeration is

Prechlori— nation ahead of conventional
(coagulation, sedimentation, filtration) at pH
6,7 — 8.A should provide adequate removal of

7• 2

Contact beds are useful for smaller; quantities of water,
with pumice as a medium, ''

REMOVAL_AND_FLUORIDATION

Fluoride in water has been found to*; be beneficial in the
prevention of tooth decay in children, and is commonly added
to water supplies in Europe, North America and many other
countries.
Fluoridation
since dental
concentrations
occurs, and
des irabie.

About 1-1,5 mg/L is the optimum dose,
is not commonly practised in developing cour.'ies

decay is not a widespread problesi.
above 3-5 mg/L, however, mottling of t

a reduction in the level of fluorides

In
eth
is

Fluorides can be removed by various granular insoluble media
which remove fluoride as the water percolates through them
and which are periodically regenerated by chemical
treatment. Suitable media are:
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o t r i o." •.« L i'..- iuxu p h o s p h a t e ;

o bone char;

o Activated alumina: probably best for large scale
removal, water- percolates through a bed oí granular media
of grain size 0,3—0.5 mm. Bed regeneration is necessary
w i t h weak causti e soda, foilowed by neutra 1 i zati on.

Since these processes are difficult arid expensive, the
best solution, where alternatives exist, would be to
abandon the source.

These characteristics are often the cause of a majority of
consumer complaints about water quality.

Colour in water is usually due to:

o organic matter;

o biological growths and algae;

o colloidal iron/ianganese;

True colour is that imparted to water by soluble matter. It
is measured against standard solutions of a platinum salt in
distilled water. Apparent colour is due to suspended matter
such as ferric hydroxide (red or yellow) or algae (green).

Tastes and odours »ay be caused by:

o hydrogen sulphide in the water (mostly odour);

o contact with bituminous surfaces of mains or tanks;

o contamination by organic matter;

o contamination by chemicals;

o growths of algae, etc,

o treatment processes, e.g. chlorination, which- may
accentuate some tastes and odours, particularly in the
presence of phenols.

Odour is measured by threshhold odour number (TON) which
indicates the intensity of the odour in «ater. It is the
dilution, with odoui—free water, required to dilute the
odourous water to the point where the odour is just
detectable.
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Prevention of testes and odours occur i rig is the best
s o 1 il t i on;

o preveni pollution of source by sewage, trade wastes, etc;

o control biological growths in reservoirs, tanks and
f i 11 ers , e.g. a 1 gae , f urig i ;

o careful ch 1 or iriat ion, arid use of ammonia or
dechlorination agents if necessary;

o cover distribution reservoirs;

o avoid dead—ends in distribution, flush mains regularly;

o use material linings and protective paints of good
qual ity,

Methods of removal are as follows:

a )

Not particularly effective in removing tastes and odours
due to organic- natter, biological growths or chlorinat ion
since substances causing such problems usually have low
volatility. Aeration is effective in reducing free
carbon dioxide and hydrogen sulphide.

This is a specially processed form of charcoal which may
be either in powder or granular for»» and is relatively
pure carbon which has a highly porous structure with an
extensive surface area in relation to its volume — it
therefore is effective in removing taste and odour
producing substances by adsorption; ordinary charcoal may
be used but is not as efficient as activated carbon.

Powdered activated carbon is more effective and efficient
for removing tastes and odours than the granular form.
It is mixed into a slurry and fed at a constant rate to
the water. Contact time should be a minimum of 15
minutes to 1 hour. Removal is usually on the bed of
rapid or slow^sand filters. In rapid filters, the carbon
is wastiesct SEpssirSfaste in the backwash ing process; in slow
sand filters, the material accumulates on the bed, and
should not effect the length of filter rua. Maximum
efficiency is obtained when the carbon is applied to
clarified water, normal doses being in the range of 5—20
»g/L. Efficiency of removal of tastes and odours is much
better at lower pH values.

For slow sand filters, a larger initial dose of 40—50
mg/L could be applied to build up an effective
concentration throughout the water on tfye filter, and
then reduced to a nominal amount of say 5 mg/L.

-112-



Tastes and odours are normally a seasonal phenomenon, and
therefore the required dose is likely to be intermittent
and var i able,

The application point may be at the plant inlet, or after
clarification, or both. Sufficient contact time »ust be
allowed prior to coagulation, when the efficiency of
adsorption will reduce due to sealing of the carbon
surface, as it binds with the coagulant.

Granular activated carbon is usually used for renoval oí"
free chlorine, by passing water through a bed of the
substance, at a similar flow rate to that of rapid sand
filtration - the units are therefore of similar size. In
this case the carbon requires periodic regeneration.

Powdered activated carbon requires special care in
handling, storage and feeding due to its highly corrosive
nature in the presence of water; it is also combustible
and should be stored separately fro» other chemicals, and
equipment for handling the dry material should be sealed
to confine the dust. See Ref.6 for additional
information on this subject.

These are often effective against tastes and odours.
Chlorine is the most common, but has the disadvantage,
along with potassium permanganate, that excess oxidant
must be removed. Chlorine dioxide is also very
effective, being a more powerful oxidant than chlorine,
and should only be considered in severe cases of tastes
and odours y or when phenolic compounds are a problem.

It should be noted that when using chlorine for this
purpose, there is a danger of" forming new taste and odour
causing compounds which may aggravate the problem.
Sufficient oxidant must be used, therefore, to eliminate
the original taste and odour'causing conpounds,

Ozone is probably the most effective taste and odour
oxidant available but suffers from high cost and is
therefore seldom used.
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Algae are ¡a common problem in the surface water sources oí
Sri Lankat where they affect the dissolved oxygen balance,
and cause clogging of filters and taste and odour problems.

The preferred solution is to control the algae at source, by
use. of chemical or biological, methods to eliminate the algae
in the body of water. Copper sulphate is the most commonly
used algicide. Reported dosage varies fro» 0.5 mg/L to 2,0
mg/L, depending on the type of algae concerned, the
application being made by towing a sack of copper sulphate
crystals behind a boat. It may also be added by solution
feed at the entry to a reservoir, Tests should be made to
ensure that the proposed dose is not toxic to any fish in the
body of water. ;

Powdered activated carbon has also been used at a dosage of
5-35 kg per 100 m3. Utilizing the fact that sunlight is
essential for growth of algae (as for most other plants), the
powdered activated carbon acts as a blackout to reduce the
penetration of light into the water. It may be suitable in
shallow areas of limited extent.

For spring and borehole supplies algae may usually be
prevented by the. exclusion of light. In sjurface waters, this
is not usually possible; waters with higher turbidity are
less susceptible to algae growths than clear water, due to
light penetration.

Unit processes for removal of algae include prechlorination,
microstraining, sedimentation and filtration, and the success
of these various methods depends on the types and sizes of
algae to be removed, and other less well defined variables,

Microstraining with a fabric aperture of 23 micrometres may
be suitable if the algae are large, but some are too small to
be retained.

Prechlorination with a free chlorine dose of 0.25—2.0 mg/L
should be effective in reducing algae. Care must be taken
not to apply chlorinated water to slow sand filters —
improved initial performance nay be followed by clogging due
to an imperjteajhje_̂ j.âiyer induced by the effect of chlorine on
algae. " T ~ir^r^ri~2:

7.5 DESALINATION

Desalination ¡s a very expensive process which should only be
considered as. a last resort, if no other soiree is
available. Methods are multi-stage flash distillation,
reverse osmos i ?i and elect rod i a lys i s .

The multistage flash distillation process has remained for
sometime thra most popular and economic system for the
production of large quantities of low saïinity water.
Preheated water is fed into a series of chambers each of
which is held at a slightly lower pressure than the preceding
one. -114-



Revei-se osmosis works ou the principle thai, certaiii membranes
will per «i it the passage of fresh watf.T whilst provint i ng or
restricting the transport of salts. Thus if a semi i—per«.¡eahi «
me id bra ne is used as a barrier between a salt solution and
fresh water the solvent (i.e. the water) will, flow through
the membrane to equalize the salt concentrations on either
side. The pressure exerted by dissolved salts is known as
the osmotic pressure and the action of osmosis is to balance
the osmotic pressures on either side of the nenbrane. If the
salt solution is- subjected to a pressure greater than its
osmotic pressure, water will pass through the membrane into
the other compartment,

Recently, with developments in membrane technology, the
process is becoming more viable for small desalination
systems. Membranes are reported to have a useful life of 5
years.

In the process of electrodialysis, in which electrical
potentials are used to transport ions through selectively
permeable membranes, it is possible to reduce dissolved
solids in water quite effectively. Many plants using this
electrodialysis principle are in use in various parts of the
world with capacities up to 0.12 m^/s. The process is
suitable for industrial applications, such as for soft
drinks,

For several up—to—date articles on desalination, see Ref.fi
pages 159-189.

7.6 SOFTENING

In certain cases treatment may be required for the removal of
hardness. Since hardness is not a health hazard, this form
of treatment may only be necessary in Sri Lanka for
specialised industrial uses where scaling may be a problem
(i.e, in high pressure boilers). Hardness may be removed
either by chemical precipitation or by ion exchange.
Generally, ion exchange is the more suitable method, being
simpler in operation and maintenance.

Certain natural materials, such as zeolites (complex sodium
alumino—si Iicates) and greensands have the property-" o-fc-
exchanging one ion in their structure for another ion in
solution. Thus natural zeolities will exchange their sodium
ions with calcium and magnesium ions in water, thus softening
the water completely. The finished water is high in sodium,
but unless it was originally a very hard water, the sod i urn
level is not harmful.

The ion exchange material can be regenerated with a strong
solution of sodium ions, such as common salt solution.
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Since ion exchange Lreatweni. produces effluent with
hardness it is- usually sufficient. for douesi. ic
fturposfís to treat a portion of the water- only which can than
be blended with unsoftened Mater to produce a final hardness
oí 20-50 mg/L.

To allow production of satisfactory softened water by sodium
cycle treatment the water should have a composition such that,
after treatment the water does not contain more than 900 mg/L
sodium. To prevent damage to the ion exchange Material the
raw water should not contain more than 1.5 mg/L iron and
manganese, nor more than 5 units turbidity unless suitable
pretreatment can be provided.

Ion exchange beds may be gravity or pressure typo, and are
operated in much the same way as a rapid filter.

Common design criteria are;

Rate of flow
Depth of bed of resin
Depth of supporting gravel
Backwash rate
Undex-drairt area
Freeboard above bed
Length of run

120-480 m;Vm2d
At least .0.75 m
At least 0.3 m (graded)
350-600 «3/M2d
0.16% of bed area
50% of bed depth
Depends on hardness of
water.

raw

Further details of design and
plants are given in Reference 6.

operation of ion exchange
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8. CORROSION CONTROL

QSION

Corrosion of metals due to the presence oí aggressive waters
and soils is a continuing cause of breakdowns, problems and
expense in water schemes. Affecting pipelines, plant and
equipment, it can be responsible for the following effects:

o widespread deterioration of wains due to aggressive water
and/or soils, causing weakening and subsequent pipe
bursts ;

o localised deterioration of pipes resulting in leakage;

o complete or partial blockage of pipes by corrosion
products ;

o dissolution of metals causing possible toxicity, or other
water quality problems;

o discolouration of water due to corrosion products;

o failure of equipment due to weakening or corrosion
product s,

To understand these effects and to design suitable protective
Measures, some understanding of the processes of corrosion is
necessary,

8 -2 EEQÇESSES_OF_ÇORROSION

Corrosion of iron is an oxidation process requiring the
presence of water and oxygen. Two reactions take place as
corrosion proceeds, the first being reduction of dissolved
oxygen (the cathodic reaction). The .second involves
electrons being removed from the metal surface and replaced
by the anodic reaction which results in the oxidation of
metallic iron to ferrous ions. The two reactions proceed
together and are often termed a corrosion cell.

The overall rate of reaction is sensitive to the rate oï
transfer of oxygen to the metal surface in the cathodic
region. In the absence of oxygen, corrosion is normally
inhibited completely, but in the presence of oxygen corrosion
products limit the. rate of reaction by reducing the rate of
transfer of ox\ge;i to the metal surface. In non-aggressive
soils a completely unprotected pipe would suffer from general
corrosion which would start at a high rate but would
eventually decline. The rate of internal corrosion would be
expected to be hifïh as the flowing water maintains a high
concentration of oxygen. Fortunately the corrosion products
inhibit the transfer of oxygen to the pipe surface and so
tend to reduce the rate of dilapidation.
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Other 1actors could also help to inhibit corrosion. For
example, during the corrosion process local increases in pH
can cause precipitation of calcium carbonate frou> water
saturated with calcium carbonate; under suitable conditions
this will for» a scale on the pipe surface and inhibit oxygen
transfer. However, serious profolews usually occur when
localised corrosion proceeds under special conditions. More
often than not such problems are usually associated with
damage to the oxide film which is naturally produced on the
pipe wall at the manufacturing stage. Damage at a particular
point leads to the establishment of a localised corrosion
cell and is accompanied by a concentrated attack on the small
anodic site, which leads to a localised corrosion pit.

Corrosion cells can also be established under a variety of
special conditions involving galvanic | action, differential
cells, stress corrosion, microbial ¿corrosion and stray
electric currents, ,

I
j

Galvanic or bimetallic corrosion arises from the contact of
metals with very different electrochemical potentials. The
electropositive metal is cathodic to ? the electronegative
metal and promotes its corrosion, For¡ example, graphite is
cathodic to cast iron and is presentías inclusions in cast
iron pipe. Galvanic corrosion promotes the dissolution of
the iron leaving the graphite as ithe only structural
material. Table 8,1 shows the electjrochemical series for
metals in sea water. The more noble tfetals and alloys more
resistant to corrosion are at the. top of the list.
Generally, if two metals widely separated on this list are
used in contact with one another the iless noble may suffer
accelerated corrosion, and reduce the? rate of corrosion of
the more noble. I

Different permeabilities of soils in trenches or where debris
is present inside pipelines can cause differences in oxygen
concentration. Localised differences :' in dissolved oxygen
near the metal surface can then establish corrosion cells and
lead to localised corrosion.

Anodic reaction can arise in the presence of sulphate
reducing bacteria. This type of corrosion is common in
water—logged soils where oxygen diffusion is poor. Black
ferrous gMighide^ is precipitated and> is an indication of
microbiaiLfrs^D^Wfoh. Similar reactions can occur on the
internal surfaces of pipes but require anaerobic conditions
for sulphate reducing bacteria to survive. This is unlikely
under reasonable water quality and flow conditions but c&n
arise in certain circumstances. Bacterial slimes or other
growths on the interior surface can also cause these
condit ions,

Induced direct currents can cause external pipe corrosion at
the point where the current leaves the pipes. , These should
only cause concern in special limited circumstances but can
be aggravated when metal service pipes are vused to earth
domestic electrical appliances. '
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Ï - l . e c t i ' o c h e i i i i c.i 1 S e r i e s t o r Common
in Sea Water

Metals and Aliovs

More
Resistant
to
Corrosion

Less
Resistant
to
Corrosion

P lat i nun
Gold
(Graphite)
Silver
Austenitic stainless steel (passive)
Ferritic stainless steel (passive)
Nickel (passive)
Silver solder
Hone 1
Copper—nickel alloys
Bronzes
Copper
Brasses
Nickel (active)
Tin
Lead
Lead—tin solders
Austenitic stainless steel (active)
Ferrit ic
Cast iron
Steel
Cadmium
Aluminium
Zinc
Magnesium
Magnesium

stainless steel (active)

alloys

The more noble metals and alloys, more resistant
to corrosion, are at the ,head of the list. In general, if
two metals widely separated in this list are used in contact
with one another the less noble may suffer accelerated
corrosion and reduce the rate of corrosion of the more
noble.
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ô • 3 ASSESSI.NG_ÇORROSIVITY_OF_ttA.TER '

The main character i st i es which affect the corrosive tendency
of water are pH, hardness arid alkalinity. Chlorides, by
increasing conductivity, facilitate the corrosion process;
dissolved oxygen is necessary for the cathodic process.
Chlorination, practised normallyr should not contribute to
corrosion. Manganese, in excess of 0.03 mg/L can stimulate
corrosion of copper pipes in hot water systems.

Waters with pH below 7 will dissolve most «étals to an
appreciable extent, and are generally ;'unlikely to deposit
protective scales of calcium carbonate; on the metal. The
ability of water to dissolve or to deposit ealciuw» carbonate
is used as a guide to the water's corrosive tendency and is
measured by the Langelier Saturation Index (L)

L = pH - pHs I

Where pHs is the pH of the water at the s$me temperature wheti.
saturated with

pHs way be obtained from the formula:

pHs = <9

using the values in Table 8.2 -

A. negative Langelier Index indicates thatithe water will tend
to dissolve calcium carbonate and a positive Index indicates
that it will tend to deposit calcium carbonate.

8.4 ASSESSING_CORROSIVITY_OF_SOIL í

The resistivity of a soil is dependent on the dissolved
chemicals, type of soil, moisture content; etc. and therefore
is an excellent indicator of the amount of corrosion to be
expected in any given situation. Thus metals buried in high
resistivity soils will suffer relatively-1ittie corrosion as
compared to metals in low resistivity soils where the
elctrochemieal action may progress at fast-rates.

In addit ioliS^^^^^f||||iòirrosivity at any one location as
indicated by the soil resistivity, much corrosion is due to
change in soil along the pipe line. The greater and more
abrupt the change, the greater the corrosivity in the low
resistance soil immediately adjacent to the high resistivity
so i 1.

A relatively simple soil resistivity survey over the route oí
any pipeline will indicate all areas likely to be corrosive
ir< accordance with the following guide:
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1 . J tJ . •';• . J

Values for Determination of Langelier Index

Total
Solids
(mg/L)

50- 300
400-1000

Tempera-
ture °C

0- 1
2- 6
7- 9
10-13
14-17
18-21
22-27
26-31
32-37
38-43
44-50
51-56
57-63
64-71
72-81

A

0.1
0.2

B

2.6
2.5
2.4
2.3
2.2
2.1
2.0
1.9
1.8
1.7
1.6
1.5
1.4
1.3
1.2

Calcium
Hardness
(wg/L
CaC0¿)

10- 11
12- 13
14- 17
18- 22
23- 27
28- 34
35- 43
44 55
56- 69
70- 67
88- 110
111- 138
139- 174
175- 220
230- 270
280- 340
350- 430
440- 550
560- 690
700- 670
680-1000

(1) Obtain values of A,B,C
(2) pHs = <9.2
(3) Saturation

Í + A + B) - <
i index - pH -

C

0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.6
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6

and D
C + D)
-PHs

Methyl Orange
Alkalinity
(mg/L
CaCC>3 )

10- 11
12- 13
14- 17
18- 22
23- 27
28- 35
36- 44
45- 55
56- 69
70- 88
89- 110
111- 139
140- 176
177- 220 t
230- 270
280- 350
360- 440
450- 550
560- 690
700- 680
890-1000

D

1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2,6
2.7
2.6
2.9
3.0

from above table

•
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o Values below 2000 oh»—cm are usually corrosive except,
when they lie between areas of lower value, or when
they comprise the highest values in a long section of
line. Values below 1000 are sure to be corrosive;
below 500 severe and rapid corrosion is almost
inevitable.

o Values above 12,000 oh»—cm are almost never corrosive,
except occasionally when a short section lies between
much higher resistivity soil, but even then the
corrosion is usually wild.

o Values between 2000 and 12,000 ohp-c» nust be assessed
for corrosivity by comparison with adjacent sections;
relatively low areas will tend toi be corrosive as will
areas of rapid and large changed in soil resistivity;
again, the areas of low resistivity will be the
corrosive areas. j

Further details on assessing soil conditions are given in
Reference 9. |

P£ëYJENTION_OF_ÇQRROSION Í

Where tests and observations indicate'; that corrosion is or
•ay be a problem, steps must be taken to reduce or eliminate
its effects. Corrosion control systems commonly used for
pipelines and steel structures are| coatings, cathodic
protection, polyethylene sleeving, and| use of corrosion r"
resistant materials. At the treatment stage a corrosion
inhibitor, such as sodium silicate, couldïibe applied.

Coatings must be properly applied to; dry, corrosion free
metal, and must be free from pinho les or damage to be
effective. They should bond with the metal and give
insulation against electrical current." Common materials
available are:

o Cement mortar — suitable for internal lining of ductile,
cast iron and galvanised steel pipe;

Epoxy :,iiaaÉ̂ aiJfeÃĝ
t \y resistant, durable and suitable for

^ES^ext e m a 1 us e ; "

Polyethylene sleeving — required external protection for
ductile pipe in the US}

Zine coating (galvanising) — commonly applied as
protection for steel and ductile pipe at manufacturing
stage.
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o Bitumen and coal tar — commonly used for internal and
external coatings, protective paints and sheathing; care
must be taken to ensure that internal use will not result
in object tollable tastes;

o Wrapping tapes — these are available in a variety of
materials arid forms for factory or site application.

Care must be taken to ensure that any damage to protective
coatings or linings during transport or installation is
thoroughly repaired to the specified standard. Particular
attention should be paid to pipe joints.

Steel pipes tend to be of large diameter and are usually of
strategic importance and bitumen sheathed. It is essential
for the sheathing to be thick and continuous in order to
afford adequate protection but where soils are corrosive an
added safeguard is introduced in the form of cathodic
protection which would continue to give shielding in the
event of the sheathing becoming damaged. This will
inevitably set up a galvanic cell with the bare metal forming
an anode at which localised pitting would develop,

"Long—line" corrosion cells can also occur where sections of
the pipeline run through aggressive low—resistivity soils
which form anodic areas relative to parts of the pipeline
passing through soils of higher resistivity.

There are two methods of applying cathodic protection, namely
by installing sacrificial anodes or by introducing an
impressed current to the pipeline. The sacrificial anode is
made of a metal with greater negative potential than that of
the pipeline. It is submerged in electrolyte and connected
externally to the pipelines to form a galvanic cell under
which the protective or 'sacrificial" anode corrodes in
preference to the cathodic pipeline. Specially formulated
alloys of magnesium, zinc or aluminium are used for making
sacrificial anodes.

In the case of the impressed current system, the protective
current is not derived from the potential difference between
dissimilar metals. Instead, protective anodes are energised
by DC power, usually fed from rectified AC power supply^ and
current flows from these anodes though the e lectro ly tê É|lp€ÍÉe
pipeline and thence through an external connection""to" the
negative terminal of the DC power source.

Deciding which type of protective system to adopt depends on
many factors. Size and complexity of structure, nature of
the electrolyte and the environment, availability of power
supply, proximity of "foreign" structures which may affect or
be affected by the flow of current etc. all figure in the
decision. A detailed technical evaluation should be carried
out.
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Further* detailed information on eat hod ici protection is given
in Reference 9,

Corrosivity, as measured by negative values of Langelier
Index, is common in groundwaters in Sri Lanka and it nay be
necessary in so«e cases to stabilise these waters by the
adjustment of pH and alkalinity to achieve calcium carbonate
equilibrium. Treatment could comprise aeration to remove
excess CO2 and exposure to a bed of calcium carbonate.
Normally, for minor schemes, such treatment would not be
cost-effective, but pilot studies could be initiated in
special cases.

» •
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9. PLANT DESIGN AND LAYOUTS

ÇENERAL_ÇgNSIDERATIONS

Water treatment plants should in general be low in capital
cast and easy and economical to operate. Haxivui use of
gravity and hydraulic energy in the treatment process and
use of labour instead of équipaient in plant operation
result in the most effective and economical treatment
p1ant.

Fundamental design principles to be adopted are;

o maximise use of gravity (e.g. for chemical feed);

conserve head loss throughout the plant and system;o

o

o

o

utilise staged construction in 5—10 year stages to
minimise capital costs;

allow for losses through
capacity should be 5—1Q&
output of plant.

plant, e.g. raw water pump
greater than treated water

adopt design innovations such as declining—rate
filtration control, higher filter rates, direct
filtration, inter—filter backwashing, high—rate
settling in plates and tubes ;

define required treated water quality, and design for
specific characteristics of available raw water after
thorough sampling and testing programme, :

where the design is far an extension to an existing
works the need to maintain the operational status of
the works during construction should be addressed.

maximise use of hydraulic means for mixing, floccu—
lation and filter rate controls;

minimise use of equipment such as pumps, motors, and
chemical feed equipment.

provide adequate facilities for parallel
(i.e. duplication of tanks) and standby (including
emergency generators),

maxi»ise use of hydraulic means
flocculation and filter rate controls;

for

provide adequate facilities for chemical
storage, mixing, including day tanks,
dilution water connections and dosing.
storage for 6 months chemical requirements.

mixing

handling,
flushing/
Provide
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o provide 2 hours storage in cLear well.

An example of typical design criteria for a full treatment
works is given in Table 9.1

9.2 SITE_LAYOUT

Careful selection of site arid plant layout can «take a big
difference in capital costs and ease of O&M. Take into
cons iderat ion:

o eleva t i on;
o • flood levels;
o area required for future extensions; '
o cost of clearing, earthworks, embankments;
o site drainage and wastewater disposalf
o foundation conditions;
o security of site;
o access and roads, particularly access to intake site

which should preferably be close by to allow ease of
monitoring and supervision.

In particular:

o utilise variations in site topography to match the
required hydraulic profile of plant;

o site chemical building high enough so that coagulants
and lime can be fed by gravity from d3>' tanks on upper
level, as close as possible to points¿of application;

o use ramps or elevators to raise chemicals to required
storage level; V

o avoid excessive differences in head between units,
e.g. locate clear water tank alongside filters rather
than below them; head loss through the plant should
not exced 2 mt without aeration,- Aeration, if
necessary, will add 1,5 — 2,0 m.

o minimise head losses in pipes and channels, e.g. avoid
90° channel turns;

carry out ^adequate soil investigations for foundation
d i i ^ S S i î t i l pits, boreholes..

o administration facilities should be provided as
required for offices/laboratory» reception area,
scheme level stores, staff room, toilet and a small
workshop. A control room may be required for larger
works. Provide adéquate lighting and ventilation.

Some typical plant profiles and flow schematics are given
in Figs. 9.1 - 9.7.
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TABLE 9.1

TYPICAL DESIGN CRITERIA FOR A
46 ML/d WATER TREATMENT WORKS

Criteria

Intake Capacity
Design flor for treatment

grit Renoval
Number of channels
Width (each)
Length
River level
Velocity (horizontal #555 L/s)
Velocity (setting # 555 L/s)
Detention time (@555 L/s)

avel 1ingiScreens*
Nuaber
Width
'River Level
Velocity

Plant Capacity
Design flow, raw water in

Design flow, treated water out

Wet Well
Nuaber
Voluae
River level
Detention tiae .,_

Raw Water Puaps
Number
Type
Capacity (each)
Speed
Power

Raw Water Metering
Number
Size
Type
Capacity

555 L/s (48000 a3/d)

2
3.5 a
22.0 a
3.0 a above MSL
0.16 n/s
7.2 m/s
2.3 «in

2
2.0 m
3.0 •
0.45 n/s

555 L/s (4.7% allowance for loss

through works)
530 L/s (46000 «3/d)

1
69.5
3.0
2.09

above MSL
in

3 <1 standby)
Split case centrifugal
276 L/s at 20 m TDH
1460 rpa
93 kW

1
500 aa
Venturi tube*
220 to 800 L/s
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I te«

Cheaical Mixing Basin
Number
Detention tiae
Volume
Mixer
G

Flocculation Basins
Number
Width (each)
Length (each)
Volume (each)
Detention tiae

Settling Basins
Number
Width (each)
Length (each)
Side water depth (each)
Up flow rate
Detention tiae
Weir overflow rate
Weir length (each basin)

Filters
Number
Type
Flow (each)
Filtration rate
Surface area (each)
Width (each)
Length (each)
Headloss
Backwash rate
Surface wash rate *•'•'-

Treated Water Reservoir
Nunber
Capacity

L e n g t h /."'Ua-iiririiTiiiji iiiisaBy T * ¿

Side water depth ^ í ^ p ^ ^ ^ - í -
Detention tiae . ñ

Criteria ;

1
20 s
11.2 a3

15 kW
1000 s"1

2
3.962 a
81,65 a /:
333,6 a3 Í
23 Bin :

2
13.9 a
45.0 a V
2.438 a
1.6 B/h :
1.5 h
2.89 L/s/a
96 a I

i • • .,
Î-

Fí

8 .]
Gravity sand downflow
69,3 L/s ;
7.3 a/h V
34.4 aa I
4.3 a
8.0 a
1.8 to 2.5 a
35 to 50 a/h r

5 to 10 a/h

> •

l ;
4600 B 3 ',

25 a 4
40 B '
4.6 B
2.41 hr

}.f.î-s
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Item

Treated Water Pumps
Number
Type
Capacity (each)
Speed
Power

Chemical Systems:

Chlorine
Type
Dosage range

Maximum feed rate

Chlorinators (1 duty,
(1 standby)

Chlorine storage (average use)

Alum
Type
Dosage range
Day tanks

Volume (each)
Area
Side water depth
Mixers per tank
Feed pumps (positive
displacement duplex)"1

Feed pumps (positive
displacement simplex*)

Capacity (5% solution)
•

Lime storage (average use)

* Not recommended, included as example

Criteria

3 (1 standby)
Vertical turbine
265 L/s at 146 « TDH
1460 rpm
634 kW

900 kg cylinders
1-5 mg/L prechlorintion
1-2 mg/L postchlorination
225 kg/d prechlorination
90 kg/d postchlorination
1-225 M prechlorination
1- 90 " prechlorination
90 d

Granular in bags
10-60 mg/L
2
12.96 m3

4.32 m2

3 »
1 vertical paddle
2 (1 standby) prelime

2 (1 standby) postlime

1135 L/h prelime
1135 L/h postlime
90 d
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9.3

Address the. following points when siting and designing the
raw water intake;

o normal, high and low water levels; calculate wet well
volune at low water level,

o intrusion of salinity in tidal reaches;

o protection of raw water pumps fro» abrasion —
provision of grit channels, gates and screens;

o provision for cleaning intake channel;

o access for Maintenance and renoval of .intake pumps and
Motors, including overhead crane if necessary.

o allow for minimUM of 2 duty pumps arid 1 standby, and
roo» for expansion if required, ;

o in dry wells, provide a sump and pump for drainage.

9.4 ELQW_ÜEASUREMENT i

There are Many examples in existing plants of
non—functioning differential pressure type flow meters,
such as Dali or Venturi tubes. In some cases breakdown is
due to damaged electronics, probably caused by voltage
fluctuations and surges, and in other cases is simply due
to lack of maintenance. ;

For this reason it is recommended that P^rshall flumes or
weirs be used in place of Dal1/Venturi tubes on raw water
lines from rivers. Parshall flumes or weirs have the
advantage that they are self—cleaning, need minimal
maintenance and are sufficiently accurate for Board
requirements. They also provide ideal locations for
efficient coagulant mixing.

Where use of differential pressure meters cannot be
avoided, the electrical interface should be eliminated and
a direct pressure recording instrument installed,

counter read-out of tiotal flow.

On exlStiiigr^^lãKts' where the meters are not working or
suspect, flow is often incorrectly assessed by using the
pumping rate of the installed pumps fro» the nameplate
details. Incorrect assessment of raw water flow obviously
leads to a lack of control of dosing rates oí chemicals.
Measurement of the pumping rate in plants may be made using
the following procedure:
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t. Stop raw water pumping.

2. Continue filtration until clarifier level is down to A
point where it is easy to measure the rise in water
level in the basin,

3. Close the outlet valve fro» clarifier to filters,

4. Close valves on all filters. At this point the plant
is completely out of service with the clarifier at a
relatively low level, .say 1,0 to 1.5 m below normal.

5. Start one raw water pump.

6. With a stop watch record the tine required +,o raise
the level 0.5 or 1.0». Carefully lark these levels
prior to starting the pump.

7. If there are two or more pumps run a test for each.

8. Calulate the puiaping rate based on the time and known
volume.

9. If two or more pumps are operated together, run a test
for each combination of pumps used.

INSTRUMENTATION_AND_ÇONTROL

Instrumentation required for control of the process is as
follows:

o Measurement of rate of flow and total flow of water,

o Measurement of filter head loss,

o ' Measurement of chlorine dosage.

Details are given below:
• - • -

a) Parshall flume or similar device with float operated
flow rate indicator and totaliser, but not a chart
recorder, for measuring the inflow. Units should be
cubic metres per hour, and cubic metres.

b) Propeller meters with flow rate indicators and
totaliser for measuring wash water and for measuring
outflow, either before or after the clear water
reservoir as (a);

c) Staff gauges for Measuring the water level in each
filter. Units should be metres.

d) Manometer tubes tapped through the filter wall for
measuring the head loss in each filter. Units should
be metres.
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e) Chlorinators, either Wallace & ¡Tiernan oi~ Fisher
Porter, for post chlorination f arid also pre—
chlorination if applicable in fthe process, with
duplicate chlorinatõrs in each instance, for standby.
Units should be kg/h.

See also Design Manual 5, Mechanical, Electrical and
Instrumentation Aspects of Design, Section 4,
Instrumentât ton.

9,6 FAC£L£TY_OF_QPERATION

Consideration mist be given to making "it he operator's work
easier by properly designing all necessary access to all
parts of the plant which require itj, such as chemical
application points, f locculation, settljing basin overflow,
filters during washing, recorders and,* gauges. Provide
walkways, handrails, ladders and wanholes].

If operators encounter difficulties; of access the
inevitable result will be poor pliant operation and
maintenance. j;

Í
-A

As a check, have experienced OfitM stafif review the design
drawings with this in mind, prior to f inaj. izat ion.

In addition, the design and specification should provide
for a plant which will be straightforward to construct and
erect, with robust equipment, simple to; operate, requiring
a minimum of skilled workers for operation and maintenance.

9.7 LABORATORY

A small laboratory will normally be; required at the
treatment works to monitor the treatment process. The
physical and chemical determinations "performed in the
laboratory will present evidence whether:,¿

o the water has been properly pre-conditioned for each
operation of the treatment process; ; '

o each unit process is functioning as it should;
• • *

o the f̂cli&iMÉpÉfeiftyoduct is clear, free* from objectionable

tastê"-:"''.:;'"í'.ã.tid ' ' ' ' odour, chemically stable, and
bacteriologically safe for human consumption.

The design of the laboratory should : be based upon the
quality assurance testing programme recommended for the
treatment works and will include at least the following
déterminât ions :

Daily pumping — hourly, daily rates. Hours of
operat ion.
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Raw water turbidity

Set tled water turbIdÍ ty —

F i 11ered wat er t urb i di t y —

pH — raw water

pH — finished water

Colour

Alkalinity

Iron & Manganese

Coagulant dose

LiMe dose

Water stability

Daily if thfj raw water is
stable, every 3 hours if the
turbidity is changing,

3 times daily at the same
hours, 6,1.6, 24 hours for
example.

Each filter 3 times per day,
(same as above).

Once per day if raw water is
stable, every - 3 hours if raw
water is changing.

After post lime
times each day.!

add i t i on 3

Where colour i^ a problem — raw
water once per day when stable
or 3 tines per day when colour
is changing, j Finished water
once per day .}

Twice per month when raw water
is stable. Each day when raw
water is changing.

Where known tt> be low — raw
water content once per month.
Where it is |i problem — once
per week when >ater is stable —
raw and finished water. Once
per day when changing — raw and
finished water.j

Rate of application in mg/L
Total coagulant consumed per
day. Record rate changes.

Rate of application
Total used per day.

ig/L.

Hardness

— There is no direct test except
the Lange1ierJIndex which is a
good indicator.•Once per week.

— Once per month.

The laboratory should be designed with the various
functions allocated to different sections of the room.
Bacteriological examination (which includes glassware
washing, media preparation, sterilisation, innoculation and
incubation), general chemistry, and special analyses will
be performed in their specified areas. A fume hood should
be provided for work involving obnoxiovis fumes.
Distillation apparatus may also be required. '
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The furnishings should prov idt storage arid bench space for
instruments, equipment, and work area. Utilities necessary
are hot and cold water," compressed air, vacuuM, propane,
and electrical outlets. The laboratory requirements should
be checked with the O&M Department and process control
section early in the design stage.

9-ô L§SSONS_FROM_EXISTiNG_PLANTS

In planning and designing a water treatment plant, it can
be advantageous to be aware of the various operating
problems which are currently occurring at existing plants.
The following is a summary of comments wade by Wagner, UNDP
advisor, who surveyed a number of plants in 1983: (Ref.2)

o The raw water during most of the year in most of the
localities is low in both turbidity and colour.

o Basic information on water quality is generally not
available due to lack of laboratory equipment and
supplies. Trained personnel are needed (Note that

mv this aspect is being improved under the USAID Project)

o Although most plants were producing a satisfactory
water, plant control is precarious and undoubtedly
there are times when the quality standards are not
being met.

o All but two plants visited have vertical flow, contact
sludge blanket type ciarifiers. All the operators
reported relatively frequent problems of floe clouds
rising to the surface and flowing to the filters;
relatively rapid filter clogging results,

o Most of the vertical flow clarifiera were loaded to
the maximum or overloaded both for floceulation and

. settling. When flows and turbidities were relatively
constant these basins performed satisfactorily^

a Filters in all plants were underloaded with two

» except ions where they were operating in the

conventional range of filtration rate; all will take a
much higher load: the constraints will be hydraulic,. >
Low dosage, relatively high rate direct f i ltrat icmJÉÊÉÉËla
possible in most plants during a good part ^
year. (This was confirmed by pilot filter testing). '

o The locally produced charcoal with a specific gravity
of 1.42 proved to be a good filter media. Many of the
plant filters can be changed to dual media without
great structural complications. When required,
therefore, filter rates can normally be substantially
increased.
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More pilot filter work needs to be done to refine the
wed i a specif ieai íotis both in particle size and depth.
Pilot filters should be constructed to operate at all

eiB plants arid at other" selected plants.

o Mediocre to very poor coagulant dosing and dispersion
(rapid mixing) was encountered in all but one plant.
Because of the unusual feature of all plants having
aeration it was relatively easy to correct this
problem (by constructing a weir in the channel from
aerator to clarifier, and installing a coagulant
diffuser at this point),

o Future designs should incorporate maxima» use of
hydraulic means for Mixing, flocculation and filter
rate control. Also the flocculation and settling
basins should be horizontal flow to provide good
process control.

On the basis of his surveys, Wagner wade the following
specific recommendations relating to plant design;

o Equip all plants with basic laboratory instruments and
supplies which will make possible the collection of
basic data on raw and treated water quality as well as
the treatment process.

o Provide day tanks for the preparation of stock
solutions of coagulants and gravity systems for
dosing;

o Provide hydraulic mixing of the coagulant solutions
with the raw water at weirs or flumes. These provide
excellent mixing;

o Provide hydraulic flocculation in well designed
baffled basins. These include easily cleaned units
and a design based on experience with the raw water to
be treated. These basins are separate from settling
to provide independent control of the floccuiation
process; (

o Provide horizontal flow settling basins with a
properly designed entrance baffle to assure plug flow.
The setiblaAaatadber take—off system should cover a large
port i on :™i^~^i ' ;: out let end of the basin to reduce
upflow currents to a minimum;

o Utilize dual or single media filters designed with
declining rate control and a box depth to accommodate
a relatively deep media bed. The hydraulic design
would allow for high rate filtration without future'
piping changes. It should have a backwash capacity to
assure complete washing in 5 to 6 minutes. Install
simple filter headloss gauges.
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9 . 9

o ?..' tili 7. e i r 1t e r — f i l.ter b a ckwashing,

o UtiLize direct filtration wherever possible.

The specification for a water treatment works way be
e i t her ;

a) A deitai led specification closely defining the process
and equipment which the Board believes will produce
the required performance.

b) A performance specification which leaves the choice of
process and equipment to the tenderer.

It is recommended that type (a) be used on normal NWSDB
schemes. However, for larger schemes or* in particular
circumstances type (b) may be preferred.

Annex H lists information which needs to be included in a
detailed specification, whereas Reference 11 goes
thoroughly into the subject of performance specifications.

Various aspects of commissioning need to be addressed at
this stage:

o Testing of equipment.

o Responsibility for plant operations and decisions
during commissioning — usually the contractor will be
responsible but this should be stated and it should
also be specified that Board operators will be closely
involved.

o Responsibility for supply and payment of chemicals
• during commissioning.

o Supply of water for testing purposes.

o Simulation of alarm conditions to test full
operational efficiency and familiarize staff with
procedures.

o Provision for training, manuals, and the nature of
acceptance trials.

See also Reference 11 and Procedure Manual P3, Commis-
sioning Guidelines.
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9•1° E9ST_Z_PROJEÇT_APPRAISAL

Once the works is in operation, its performance should be
monitored, to ensure that it is operating irt the most
efficient mariner, according to the original design. If
defects in design go unreported, they will continue to be
built into future works and the quality of works will not
improve. It is recommended that a post project appraisal
report be prepared by DGM (O&M) after the scheme has been
in operation for 1 year, for providing feed back to
Planning, Design and Construction.
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A NA'EX A

DESIGN1 EXAMPLE - CASCADE AERATOR

Design for removal of iron from groundwater pumped at rate of
4000 »3/d. (2.78 io3/iBiri).

Assune cascade area
Area required

= 2.0 M.Z/m3/min of flow
= 2 x 2.7e = 5.56 m2

Diam. of lower step

and say d2

= /(5.56 x 4)
= 2.7 m

= 1.9 »

= 1.1»

(Step width should not be less than
400 wtt to aake sure that water
does jump the step) . "~

<b

Provide 3 concrete steps, each of height 50 c*. Total height of
drop, including inlet pipe

^ength of lower step, = 7T D
f Overflow rate = 2.78

60 x 8.48

(Recommended laxiiuw overflow
rate 0.1 m3/».win)

For inlet pipe, assume vel
Required area = Q/V

= 2.0

= 8.48 »

= 0.005, therefore OK

=1.5 «/s.
= 2.76

= 0.0309

Rise of jet h = V

60 x 1.5
therefore d = 200 MM.

1.5

2.(9.81)
= 0.115 m
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AXNEX

Flow = 26 L/

Total basin length = 16,8 » Water temperature = 25 °C

Depth of water in basin = 1.4» Viscosity of
of waterU = 0.90xl0~fa «2/sec

Basin width = 0.84 m

Assume 0.15m ainimun baffle spacing at basin entrance.

Velocity between baffles, V = Q = 0^028 _ = 0,222 m/sec

A 7 7 \
2 Z

Headless around baffle, H = 3.3 V = 3^3^0^2222 =0.0083 m
2g 2x9.81 ;

Detention time around baffle, T = Llj.I^ííStb_2Í_ttaX5Í = 2^8 =12,6 sec
V, velocity 0,222

VelAiA i t y gradient, G =/sSH = /I12^êli.l• 00832' = 84.7 sec" (OK)
\//¿T VÕ,90xl0- 5 x 12,6

Assune 0,46m maximum baffle spacing at basin exit

Therefore, V = ^028 = 0.0725 «/sec
(0.46X0.84)

T = _2.8_ — 38.6 sec
.0725

2 = 0.0009
2 (9.61)

G = / 119^.8121. Q0092 = 15.9 sec"1 (0K>= 15.9 sec"1

(0.90 xlO"^)(38.6)

Total detention time in flocculator basin = Basî n volute
flow rate

lotaaT T = 11^4210^842116^82 = 706 sec = 11.8 win (A bit short)

^L = (D-W) + W + <D-W) Where D = depth of water
2 2

W = baffle spacing
- = 2 D

B-l



¿ume baffle spacing
trements leaving the
i i merit at i on bas i n
:l.er to be able to
ff le boards 12mm
Lo grooves wade

to vary from 0.15 to 0.45 m in 0.075 m
last. 1,2 m as a transition section into the

(.see Figure B.I). Baffles should be removable in
adjust the spacing for best flocculation. Wooden
thick about 100 to 150 HUB wide could be installed
in the concrete wall. After final adjustment, the

se of the baffles could be filleted with grout to prevent solid
>osits (a gap should be left in the grouting for drainage
"poses), Basins should be designed to drain easily.

of Headloss and G Values

jHtber & Spacing
>f Baffles

1

Velocity
in Baffle
(«/see)

Headloss
per Baffle

!

Total !
Headloss JG*(sec'

> <a o. 15
': @ 0.23
3 @ 0.30
í @ 0.38
-, @£46

0
0
0
0

222
145
111
088

0.073

,0083
.0035
.0021
.0013
,0009

.158

.049

.017

.012

.005

84.7
47.0
31.3
21.5
16.0

Total headloss - 0.241 in

'eiocity gradient, G at the start of each section.
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INLET

ítli

4

D=1.6S
d-1.37

W=0.1S
20 BAFFLES

2.85

DO.30
d«i .H
W-0.225

H_ BAFFLES
3.15

D*': .2.2
d'1.07
W=0.30

JJA.FFLES
1.50» 1 ! 1.3751

I j DRAIN.
l i I VAÜ

r
i i i I _

! 1

\J,2
6 BAFFLES

I OUTLET TO
1 SEDIMENTATION

TANK

2.7
D-1.07
d=0.91
W-0.45

9 BAFFLES

PLAN

3.375
D-1.14
d'0.99
W-0. 375

m, 2.85

W - BAFFLE OPENING;
O - BAFfLE OEPTH (FROM JSURFACE}
d - 4 *•

- i * 'REMOVABLE WOODEN BAFFLES - t J -

SECT1ON • A A

-fi
-et

0 - 1 .
d=1.07

1 •!

SLOTS FOR BAFFLES TO
XTEND TO CHANNEL FLOOR

X
(DIMENSIONS IN METRES)

TANK CORNERS ROUNDED
FOR SMOOTH FLOW

CTION - B B

HYDRAULIC FLOCCULATOR
(CONCEPTUAL DESIGN)

FIGURE B.1
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ANKEX C

DESIGJLIXAMPLE^J3RIFIÇE PUTE_FQR METERlNG^ÇOÎfTROL OF
R A P I D " G R Ã V I T V ~ F I L T E R WITH DECLÏNÏiiG~RATE FLÕÍ~~

An orifice plate control is to be designed for a rapid sand filter with
the following information;

o
o

o

o

Sand nedia: depth =• 0.6»; E.S. = 0.55 nn; U.C. = 1.5 (see Fig.C.l)
Gravel underdrain section; 100 •• layer 25—50 »» gravel

50 ran layer 12—25 ran gravel
50 nn layer
100 nn layer
50 nn layer

6-12 mm gravel
3— 6 nn gravel
6—12 mm gravel

50 KM layer 12-25 nn gravel
125 nn layer 25-50 nn gravel

50 nm P.V.C. laterals with 10 Ho.12 mm holes/per lateral.

Average filtration rate = 100

' Haxiaui filtration rate required = 150 w /n^d.

, Area of each filter = 26.8 n 2

. • • • % • ' .

Calculate Headloss During Filtration

: ' • • • . ; • • / • . . •

V-V.J'.,
^ ^ 1 1 ^ V <1-E)f 6 Jti__ <Kozeny Equation)

- 0.75 (shape factor for angular «ateríai>
= depth of sand media or gravel layer

,E = porosity of sand nédia or gravel layer = 0.40
j!)* viscosity e 20°C = 1*009 centistoke

i filtration rate Q 1S0Í of design = 1.74 «/sec.

'A'..,
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Sand

d (Passing)) d (Retained)jGeometric
(m») (mm) Mean S i ze

Fraction '
Between '
Sieves !

H I
X:

d i
Í
[ 0.420
! 0.595.
! 0.707

0.841
S 1 . 0 0 0

1.410
1.680

0.292
0.420
0, 595
0.707
0.641
1.000
1.410

0.35
0.50
0,65
0.77
0.92
1.19
1.54

0.01
0.-16
0.20
0.25
Q.£l
0.16
o.bi

T

= TTpõ

* i

0.082 !
0.650 ¡
0.473 I
0.422 i
0.248 !
0.113
0.004

!
= 1.982

Grave1

3.18
6.35

12.70
25.40
50.80

2.00
3.16
6.35

12.70
25.40

2.52
4.49
8.98

17.96
35.92

1 i
1 i
1 -'
1 •

1 í

0.157
0, 500
0.012
0.003
0.008

1

1 . tie.£d.J.oss_in_Sand_Medj.a (depth 1 = 0.6») ?•

(1.982)
9810

= 0.638

h ~ (0.638) 0.6 = 0,383

2 .

(1.74) 11-0
ffiÉfei • • (0 .40>

- (0.322)

i = l
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Por 3—6 rara gravel layer 100 EÍIT. thick

h = 0 . 1 (0.322X0.50) = 0.0161 ra

For 6—12 rail gravel layer 100 as thick

h = 0.1 (0.322X0,012) = 0.0004 a

For other layers headloss is obviously negligible

Total head loss in sand arid gravel layer = 0.363 + 0.017 = 0^40_»

3. Headloss in_ lateraIs

No, of holes per lateral

No, of laterals per filter

Total No, of holes

No, of holes per u2

•
q/hole

Entrance loss i* hole = h

h =/ 72.6 x 10

10 x area of hole = 1,131 CM 2

64

640

640 = 23,9 holes per »2

26?Ô »a

= 0-0726 L/s per hole
23.9
(q/CA)a _i_ (Orifice equation)

^0.6(1.131)xl0

Losses in laterals

2 (9.81) =

q/lateraI = 0.0726 x 10 = 0.726 = L/s

= 0.00196 m*

= 0.726x10"

A, area of 50B» lateral

V, velocity in lateral

Headloss in lateral

For 50 •• PVC pipe, C

headloss in lateral

.ÕÕ196
= 0.37 »/s

= 1/3 total headloss over
lateral - 1/3 SL

= 140, V = 0.37 «/s, S = 3.7/1000
L = 1.83 m

= l/3(0.<J037)(l.Ô3) = ,0023 m
(negligible)
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E n t r a n c e i o s ^ M t e e 0 mart i t o I d ( s e e s k e t c h ) = 0 . 0 V̂ _

Exit loss into manifold =1.0 _V2

2g

Total loss = 1.6 J £ say _2V̂

• V = = 210^726x10 "' ¿
~.Õ0196

= 0.74 o/s @ Tee

Lateral

Manifold

Manifold entrance & exit losses = 2)P_
~2g

= 0.056o

Headioss along aartifold channel is negligible-tsince i t is
designed to carry backwash flow. J

Total headloss in l a t e r a l s & manifold = 0.056 |+ 0.056 = O l̂lAm

5.

FILHR

I-í £IyÊQt_£!ÍE!Ê_í:o.sses }

Q = 150 m3/a2d = 1.736 L/s x 26.8 = 46.53 L/sf

Velocity in 225 mm dia pipe =1.17 »/s _V£

Velocity in 380 mm dia pipe = 0.41 m/s f

= 0.0696 m

= 0.0086 m

in™

HW.»

onns «.ATt

C l t M W1HR
TANK

Headloss thru pipe ̂ fittings (see sketch)

360 mm dia entrance = (0.5)^0.0086) = -0043
380 mo run of tee's(2) = (2)(0.6)(0.0086)= .0103
380 ma to 225nn reducer =(0].25)(0.0698) = .0175
225 mm gate valve = (0.20)(ft.0698) = .0140
225 nm mediuo elbows (2)=(à(0.3)(0.0698)= .0419

Headlos.s in piping (for 225nn dia pipe only; 360 ran dia losses
negligible)

<•? C = 110, h F = _8.4 (7.32 n) - 0.061 n
10ÕÕ :T

Total piping headloss = 0,068 + 0.061 = 0.149a



Assume lovf water level in filter is set at 1.22 m
above outlet, of pipe at clear water tank (design setting)

Required orifice Qeter loss = 1.22 m - losses in filter and
outlet piping

= 1.22 - (0.40 + .U4> - 0.149

= 0.557 ia say OJïôja

Overall orifice plate loss 60S of meter headloss (see "Applied
Hydraulics", H. Addison P.643)

Total neter loss ~ OJ56 ~ 0.93m
0.6"

T
O.«ro

056m

F J|H«id RtCffvered-O.ÎTm

•ORIFICE PLATE

Area of orifice aeter required, A ~

C

Where Q = 46.53 L/s, h = 0.93, C = 0.6

A = 161.5 cna

Orifice diaaeter, D
/14ÍÍ18L

/ IT
- 152 BB d ia .

d orifice/d pipe < 0.8
-152/225 = 0.66 < 0.8 therefore OK

Orifice plate thickness = d_£Í£»e = 225 = 4.5 ora

~ 50 "SO

See Fig.C.2 for orifice plate details
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Calculate Losses'jnderMínimum Flow Condition

Min. flow = 50 Rt3/ia2d = 15.51 L/s

Loss i n . f i l t e r bed & gravel, h où Q = 15^51 x 0.40 = 0,133ra
46.53

loss in lateral k nanifold, h t» Qa =/15 i5l\ ix ,114 = 0.013a
146.53/

Total loss, filter & underdrain = 0.146 ra

Headloss in 225 mut piping (neglect losses in 360 nn dia.pipe);

V = 0.39 w/s V2/2g = 0.0078 n '

Losses in fittings, h = k V^ =1.05 (.0076) = .0062

2g !

Losses in pipe = 1.12_(7.32> = .0082 m.

1Õ00 i

Losses in fittings & pipe = .0082 +.0082 = 0.0164

Orifice plate loss , _5

@ 15.51 L/s (Q/CA /5gT> =/ lS.Slxlo" \ a= 0.103 a

W Q . 6 ) < 0 . 0 1 8 1 5 > < 4 . 4 3 > ]

Overall headless over orifice plate = 60$ (0,103) ~ 0,062

Total losses in filter,

piping & orifice = 0.146 + 0.016 +0,062 =f 0.224 u

Fig.C,3 is a plot of the above calculated data. It is seen that
without orifice plate control, the. filtration rate when the filter
is clean (at nininun headloss in the aedia) could reach 370
• /• d. By inducing additional head loss, the, orifice plate
reduces the «aximun filtration rate to any desired lower rate.
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I)
FILTER PAPER TEST

The filter paper test is to determine the filterability of raw water
treated with various doses of" neta H i e coagulant or cat ionic polymer.
This is quit*? different fron the standard jar test to determine
<; 1 ar if icat tort.

The filterabiiity depends on the characteristics of the turbidity in the
raw water and the coagulant added. In Sri Lanka the coagulants which «ay
be used are locally produced ferric chloride and imported aluminium
sulphate. Polymers, while very effective, are also imported and are not
very practical for this country because of their high cost.

The first step in this test is to filter the raw water with no coagulant
added. This gives a good indication of the size of the turbidity
particles. If the turbidity is substantially reduced with filter paper
only, then the water is a good candidate for direct filtration. The paper
used is Whatman Ko.40, The results obtained from this paper are
comparable to that of a plant filter.

The second step is to dose a series of one litre jars with Various dosages
of coagulant beginning with very low dosages and working up to higher
ones. Mix these with the jar test mixing machine. Add the dose with the
machine at maximum rotation. Good, quick coagulant "dispersion is
essential. Apply the coagulant at a dilution of lmg/L. Por example in a
four-jar series the first trial might be 0.5, 1.0, 1.5 and 2.0mg/L
respectively in the jars. After 20 or 30 seconds of maximum rotation it
is reduced to about 40 rpm for 2 or 3 more minutes. A sample at each jar
then is filtered through the No,40 paper and turbidity read. :

An example of a test on Ambalantota water is shown in Fig; D.I, The raw
water had a turbidity of 25 MTU but when filtered without coagulant the
turbidity was reduced to 5, This indicated that the water was an excellent
candidate for direct filtration. Testing was continued with polymer,
FeCl3 and A ^ Í S G ^ ^ , The results are clear; the polymer is most
effective but FeCia is also very good. Alum was the least effective.

Fig, D.2 shows the results of a test at Matara. The results are quite
different than those at Ambalantota. In this case FeCl3 was not very
effective while 5 to 6 mg/L of alum gave a satisfactory result. Again the
polymer was most effective. Here alum is the preferred coagulant.

It is important that-^^^^.:3p^^âant dose be relatively low for direct
filtration. High dosages of alum or iron coagulant produce large amounts
of floe which quickly clog the filter. If more than 10 to 12mg/L is
required to obtain déstabilisation then it is doubtful that direct
filtration is possible,

O«ce the filter paper test is completed and the results analysed, the next
step is to further test with a pilot filter. This would be those cases
where there is a good possibility of success with direct filtration.
Galle, Matara, Ambalantota, Kandy, Kegalie and Kurunegala are all good
candidates. j
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FILTER PAPER TEST- AMBALANTOTA WATER SUPPLY

Row Wotef *Turb\dfty 25MTU.
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FILTER PAPER TEST
( MATARA WATER SUPPLY )

10 Row Woter

Raw W a t e r Filterered through WhotmonS40

3&-I

3 A
Coagulant Dos* mg/L.

6
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ANNEX 3

PREPARATION OF SAND 1OR FILTERS
i

Basic Principles:

Natural sands and crushed materials normally used an filter mud la

differ in size and size distribution, in shape, shape variation and

in density and chemical conposltion. Proportles ol flow through

filtering materials and resulting purification are related to thi»

parameters of grain size and size distribution.

Grain Size and Size Distribution:

Grain size is commonly determined by sieve separation of a represen-

tative sample through calibrated sieves. The sample is shaken through

a vertical stack of successively finer sieves, the weights of sand

held between sieves are added in sequence and cumulative weights

are obtained. After conversion into percentage by weight, a suimatlon

curve can be plotted. Plotting of the values on logarithmic probabi-

lity paper traces an almost straight, line (Fig. E.I, B.2). By inter-

polation, the geometric mean size and variance may then be determined

to define the sample. Commonly used parameters are the effective

size (ES m d10) and uniformity coefficient (UC = d g 0/d 1 0).

Preparation of Sand:

Natural sand may be too coarse or too fine for filtration. If filter

sand is specified in ES and UC and a sieve analysis of the stock

sand has been made, the "too coarse" and "too fine" portions to b&

wasted from the stock can be determined.

The percentage of usable sand, Pu = 2 (P6f) - P1Q) where P6Q and P1Q

are the percentages corresponding to d,.n and d1ft.
• . . • .. ...,a

The percentage of sand below which the stock sand is too fine to~
use is : P{ = P 1 0 - 0.1 P

1.2 Pl0 - 0.2 P60

The percentage of sand above which the stock sand is too co^rso to

0.4 Pu

0.4x2 (P 6 0-P 1 0)

use is : g - P 6 0 • 0.4



From the cumulative size frequency' curve, the sizes of stock san-,

corresponding to Pf and Pc are determined (df and d Q). Tne size;

below d, and above d,, will have to be separated out from the stock
i c

sand to bring it to the desired specification.

The percentage of sand which is too coarse is screened out and was led.

In practice, it seldom pays to remove or waste more than 10% of fino

sand or more than 50% of coarse sand (nor to use sand coarsnr th.m

2mn). The percentage of sand which is too fine can be washed nut

through a grit or sand washer (similar to an upflow settling tank).

An example is given below; i

Filter Sand Stock Sand \
Desired (imp Available (inn)

ES (d.n) = 0.30 0.28 )
10 ) í

dKn = 0.75 0.95 ) Fig,E,lou \ -

UC (d60/d10) =
 2-50 3-40 > ]

% of usable sand Pu = 2(Pg0 - P1Q) •

= 2(48 - 12 ) ;
7.

= 72% :

% of too fine sand Pf = 1.2 P 1 Q - 0.2 P6Q
(below which should
be wasted. df) = 1.2 x 12 - 0.2 x 48

4.8 % ( df = 0.20 nm)

% of too coarse sand Pc= 1.8 P g 0 - 0.8 P1Q

(size above which

should be^wafited d ) = 1.8 x 48 - 0.8 x 12 r
_ ^ ™ ~ ^ ^ ¿ ^ ) ^ K | 5 ? » 76.8% {á « 1.4d nm)

The following formula (by THazen) for 75% removal of particles by

washing relates the washing rate to particle size removed:
D (nm) = 0.318 . f . S

A

where. f is 3.0 for ordinary boxes.

S = overflow rate (spill) in L/min.

A = box area in m2

or
D(rmi) = 0.0065. f. | where S in

Ain ft2

• • • • • • • • • ' ' • • " • ' • • • " ; • • " • • ' E - 2



4. Speciflcatlos for Filter Sand

Characteristics

° avoid too great a uniformity of small size.

° sand to be hardened resistant quartz or quarizlto, frci¡

of clay, fine or soft particles,

° ingition loss not greater than 0.7% by weight.

° soluble portion in HCL not greater than 5% by weight.

° silica content not less than 99.8%

° specific gravity - 2.55 to 2.65

As a thumb rule, the limits of size of filter sand may be assumud

as:

Rapid Sand Filter : ES = 0.35 - 0.5 mn

ÜC = 1.3 - 1.7

Standard British Sieve numbers and sizes between

16 (1.003 mm) and 52 (0.295 mm)

Slow Sand Filter : Preferred Possible

ES = 0.25 - 0.35 nin (.15 - 0.35 inn)

UC = 2 - 3 ( 2 - 5 )

Standard British Sieve numbers and sizes between

14 (1.204 nrn) and 100 (0;152 ran)
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¡IÏ1HAMUCS OK UNUER-UKAIN SYSTb\E¿_

The undo,1 <ir.iin system of gravel layers, laterals and manifold should be designed to ensure oven

filtration over the entire filter bed. This is achieved by keeping the total resistance in the

under-dra:;i system, H to about 25% of the resistance through a clean filter bed, H at its

minimum i :pth of 0.7 m during the design filtration rate V (filtration rate with one filter out

of operati.m ).

H. = Vd, where k = permeability coefficient (m/h) ( D a r c y i s

d = min. depth of filter sand(0.7m) ( Law

The above requirement^ is that: -

. Hu . < 0.25 Hb !

The folio» ing table shows the allowable under-drain resistances for sand© having different' values

of ES 8 U<;.

ES

UC

k*

H b
V :

0.

2

(m/h) 3

(mm)(@ max.

= 0 . 2 m / h ) 4 0 .

25

0

0.

3
4 .

28,

25

3

,0

0
2
5

20.

.35

.8

7

0.
3
8.

14.

35

5

1

(k* values § 20°C) ;

In other words, the coarser the media and the more non-uniform Its size,, the larger the laterals

and manifold and the smaller the lateral spacing has to be to ensure uniform filtration over the

entire bed. f .

The total imder-drain resistance, Hu » resistance in gravel layers. H
8

a) Resistance in

Thickness of
(mm)

100

100
100
200

gravel

layer

7:7: d^;::-

* resistance in ialierais, 1
+ resistance In manifold,

layers (typical)

Passing Retained
(mm) (mm)

1 1.4
4 5.6

^~~Ëi&~r 34.0
^z^z&SW so.o :

Total

Say

k
(m/h)

30
250

7.700
18.800

1
Hm

Resistance H
9 0.2 m/h 8

0.7

negligible
R V

m

0.7

1.0 mm

(mm)
60.5

1

0

m/h

.7

.2

negligible
n

1,

2.

.9

0 mm

o) Resistance In laterals H.

Pipe friction loss = 1/3 L . S

Where: S, « slope of hydraulic gradient of laterals (

- 10.2 Q2n2/ri5-33 (See Table F.I for 10.2 n2/d5*33 factor^

L. « Length of lateral (m)

,'d «diameter <>i lateral (m)

Q • flow in lateral (m»/^)

n " roughness coefficient. (0.01 for PVC)
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Velocity head = 2 ( ' / 2g) * V,

where V. * velocity in lateral (m/s)

g = 9.81 m/s2

Total resistance in lateral, = 1/3

c ) Resistance in manifold, Hra

Manifold conduit friction loss = 1/3 L . S
mm

Where S = slope of hydraulic gradient of manifold *

= V 2 (n / R 2 / 3 ) 2 (see Table F.2 for (n / R 2 / 3 ) 2 factor)
m

m

m

velocity manifold (m/s)

length of manifold (m)

R • hydraulic radius of manifold J

» area of manifold X-sectlon ¡'
wetted perimeter i

n = roughness coefficient, (n - 0.013 for concrete)

Vm
2/gVelocity head » 2 (Vm

2/2 )

Total resistance in manifold H = 1/3 L S + V 2 /g
m m m m

For i preliminary layout of laterals and manifold system, if L s length of filter bed, use

latera length

shown above.
1/4 I and manifold length Lm = L, and check ynder-drain resistance as

m

Example

Assume : Q « 336 mVd J 14 ma/h = . 0039 m3/s

V » 0.1 m/h (normal) 0.2 m/h (maximum)

Filter media E S = 0.25 mm U C = 2

Calculate: length, width and underdrain lateral and manifold sizes

Solution: Total area 140 m3

No. of filters, N =• 2
Area of each filter, A = 70 m*
if L » length of filter

w ~

A «

70 *

L e

T M J^ 1Lt IM * 1

2 ~Ñ~

L. 3/4L

3/4L*

10m .'. W =

_ L
" 2

3/4 (1

3
2

0) . 7m

3/4

F.2



a) Cneck lateral size:

Size of lateral used

Length of lateral

Width of lateral drainage

Total no. of laterals

= 50 mm (PVC Pipe)

= 1/2 W = 3.5 m

= 1.5 m (spacing]

= 2_L = 2 (10) „
1-5 1.5 s a y

Q l =

Vl =

Q = 0.0039 = 0.0003 m3/s
no. of l a t e r a l s 14

-w*7m-

Area of 50 mm lateral
= 0.0003

0.002

/g = 0.002 m = 2 mm (vel. head loss)

= 10.2 n2/d 5 ' 3 3

.. U s i n g p T á b l f & É , X/i [•?•• -••.--

S,; ~ (0.0003)*) (8772) 0.0008
•"'* 4 ;-:-:>'.

=^(1/3) (3.5).(0.0008) + 0.002 m ,

ÃÍ ¿0.002

m/s

-—3.5 —

"••& . .

;1 .:f • ' ' . .

„ 3.5 H

; - • • • • • . • - . V : ; • • « • . í . - :

: ^ . ^ • • • • • •

$£;>§?£.; ;:...•

•":••; • . í i í i i ' * ' ! T" • • ? : • •• ' i

c) Tot

0.0004

^.0029

•••*;'. "s;--i$y
•'•-: i . . .¿",-^i¿-V¿;.j .j^

for E S •= 0.2S mm arid U C - 2

H i. W»-

' • # t'Vî- ' •"*!, "

: • • • / • • • •

40 mm, therefore;
• Í

S 1.5 m spacing'



Check with longer laterals 6 side manifold

Q = .0039 = 0.0006 ».Vs

Vj = 0.28 m/s (0.3 m/s is OK)

V. 2/g » 0.008 m = 8 mm (vel. head loss)

1

"l

1.10m
= (0.0006)* (8772) - 0.0032

=• (1/3) (7) (0.0032) + 0.008

= 0.0075 • 0.008

= 0.0155 * 15.5 mm

H » 1.0 • 15.5 «• 4.2 mm

a 19.7 say 20 mm :> 25% of 40 mm

Therefore, 50 mm lateral 7 m long Is not good 0 1.5 m spacing.

w»7m

—laterals

manifold

Calculation Tables

Table - F.I

Lateral Diameter , a
(mm)

50
80

100

Cross Sectional
Area (m> j

0.002
0.005
0.008

10.2n2/d5>33

8.772
716
218

Value of Qmax*
(mVs)

0.0006
0.0015
0.0024

* Based on velocity in lateral = 0.3 m/s (n = 0.01 for PVC)

Table - F,-2
Channel Size
(height 8 width)

(mm x mm)

150 x 150
150 x 200
150 x 250
150 x 300
200 x 200
200 x 250
200 x 300
250 x 250
250 x 300
300 x 300
300 x 350
300 x 400

Cross
Sectional
Area

(m»)

0.0225|
0.0300;
0.0375
0.0450
0.0400
0.050Ò
0.0600
0.0625
0.0750
0.0900
0.1050
0.1200

Hydraulic
Radius

(R)

0.038
0.043
0.047
0.050
0.050
0.056
0.060
0.063
0.068
0.075
0.081
0.086

32/3

0.113
0.123.
0.130
0.136
0.136
0.146
0.153
0.158
0.167
0.178
0.187
0.195

0.013
0.Q11
0.010
0.009
0.009
0.008
0.007
0.007
0.006
0.005
0.005
0.004

Qmax

0.009
0.011
0.014
0.012
0.015
0.018
0.019
0.023
0.027
0.032
0.036

* Based un velocity in manifold = 0.3 m/s ( n = 0.013 for Concreto),
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ANNEX G

1-.

PRACTICAL GUIDE FOR DOSAGE OF BLEACHING POWDER IN
DISINFECTION OF PUBLIC DRINKING WATER SUPPLIES

The Table below gives the Unit Dosage Rate and Unit

Quantities of Watey so that the user can work out multiples

of these quantities to meet individual needs.

A minimum of (h_3 to j ^ ppm*Residual Chlorine after a contact

period of 30 minutes of more, should be the basic cr i ter ion an

individual water supply scheme should aim at. I f a contact

period of 30 minutes is not physically feasible under existing

situations, a higher rate of dosage may be desirable to

safeguard those concerned. Consumers should also be educated

to be able to accept a higher chlorine content in *heir water

and to use i t for consumption only after a suff icient contact

period. ' •

t

Unit Quantity Bleaching Powder** To make a4% Standard

(Flow Rate) required to make Strength Solution,

a dosage of 2 ppm dissolve in

1000 0.08 lb or 0.2 gallon or

gallons 36 to 40 gms. 0.9 l i t re '

(about 2 heaped of water .

tablespoonsfuïl). '

* 1 ppm = one part fer,null ion or ! lb Cl2 per mil]ion lb of water

* * Quantitiesl^calcufated on the basis of 25% available

chlorine.

Note :

(i) Always use fresh bleaching powder. Preferably within .
a week from the date the sealed drum jŝ  opened. The
chlorine content in bleaching powder (strength)
drops very rapidly with time. (Fresh bleaching powder
contains 25 to 37% chlorine content)

ling ¿ov

(ii) Quantity of bleaching powder and/or dosage rate of
solution will need to be increased according to its

;
I
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l i fe and strength, controlled by the test results of

residual chlorine after 30 minute contact period.

( i i i ) If there is no equipment to measure the residual

chlorine readily available, the dosage rate should

be such that there i s a slight but distinctly

detectable smell of chlorine in the water after the

30 minute contact period.

1 heaped tablespoonfull of bleaching powder weigh* about 25 gms.

1 heaped cupfull (standard S.L. teacup) weighs: about 160 gms.

I f a coconut shell scoop is used, standardize its capacity.

1 pound weight = 453.6.--gnams

1 gallon(Imp.) = 4.546 -litres and weighs 10 lbs or 4.546 Kg.

1 cubic metre = 1000 l i tres

1000. gallonsûinpi)= 4.546"CÜ61Ó metres

( i ) Drip-feeders are usually used to' ensure a regulated
dose of chlorine (bleaching powder solution) into
water supplies.

( i i ) usually 1-2 % solution of available chlorine is

used for drip^feeding purposes. Some of the NWS & OB

schemes use up to SX strength, depending on the size

of the scheme.

( i i i ) Estimate the daily requirement of bleaching powder at
about 2 ppm dosage rate or more to begin with and
dissolve this quantity in water to get a concentrated
solution of about \t in a convenient container.
(For every 0.08 lb. or 40 gm. or 2 heaped tablespoons-

. ful l of bleaching powder, use one f i f th of a gallon of
water. See Table.) Make sure that the bleaching
powder is properly dissolved in water without leaving
any lumps of the powder. The init ial requirement of
chlorine for a system that has not been-usine chlorine

1 may reachup to 10 t i-es the normal dose but :he daily
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( iv) Allow this solution to stand for about one hour to let the white

lime particles settle down. Decant the sl ight ly milky solution

gently into another container or i t may be used directly in the

drip feeder. I f the solution is used after,less than an hour of settling

further settlement of f ine powders can accumulate in the feeder

in the form of sludge. To prevent clogging of the feeder, frequent

cleaning is advisable.

(v) The choice of the type of feeder w i l l depend on the ava i lab i l i ty ,

su i tabi l i ty and convenience of operation for each system (see

the examples attached)

(v i ) The point of application of the chlorine solution should be such

that i t w i l l have a chance of getting throughly mixed into the

water supply and also have a contact time of 30 minutes before i t

reaches the f i r s t consumer. I f such a situation is not possible,

the consumers concerned should be warned to consume water only

after a storage of 30 minutes ormore and they should be ready to

accept the use of water with higher doses of chlorine.

( v i i ) The amount of the U chlorine solution used should be adjusted to ' ;T

such a rate that there is at least 0.3 ppm residual chlorine at

the end of the distr ibut ion system. Make sure that there i s a

sl ight but d is t inc t ly noticeable smell o f chlorine at that point

i f there is no means of measuring the p_pm content.

( v i i i ) At the i n i t i a l stages i t may not be possible to achieve th is

situation even with 10 times increased dosage rates. But th is

situation w i l l improve i f the maximum tolerable rate of dosage is

- kept up. *¿¿i. ^ j j ü^^y 1

(1x) Constant'monitoring of effect ive chiorination by checking the .presence

of chlorine at'the end as well as in all parts of the distribution system is

important, because the qual i ty of the water received at the source

changes with weather and season. Regular monitoring wi l l also provide

information on possible sources of contamination. Adjust the dosage

to meet the chlorine demand.

Warnino j

Handle b leach ing ponder and t b ? 'IX c h l o r i n e s o l u t i o n w i t h g rea t c a r e .
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It irritates sensitive areas of skin. Use rubber gloves where
necessary. It is highly corrosive to metals. It will bleach
coloured clothing white. Rinse throughly with water if affected.

Store bleaching powder in a cool and dry place.

_da^)

Rate of supply Amount of bleaching Amt, of water in palIons
(gallons) powder required to make 1 % chlorine

1b or gms. solution

1000 0¿08 40 0.2

1500 0.12 ' 60 0.3
2000 0.16 80 - . •=• 0.4
2500 0.20 100 0.5
3000 0.24 . 120 0.6
3500 0.28 140 0.7
4000 0.32 160 0.8
5000 0.40 200 ' 1.0
6000 0.48 240 1.2
7000 0.56 280 1.4
8000 0.64 320 1.6
9000 0.72 360 "' 1.8
10000 0.80 400 2.0

Issued by

Permanent Inter-Agency Committee f o r the Continuous

Monitoring and Review o f Water Qual i ty i n Publ ic

Water Supply Schemes

CENTRAL ENVIRONMENTAL AUTHORITY

MINISTRY OF LOCAL GOVERNMENT, HOUSING AND CONSTRUCTION
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'ijes &f_(.-íjinp¡;fcr.:.. used_for waiter chlor i nation

A. Floating bowl Çh!oHnator_to_feed_ch2orine_solution

constant rate

too or eoo
ostic/conc.

Detail* of
Floating Bowl

The construction of this simple type of chlorinator is shown above.
The "floating bowl" can be turned out of any suitable non-corrodible
material. Satisfactory results can be obtained with i

1) a large wide-mouthed plastic bottle with the bottom removed,

2) a six inch-diameter PVC pipe with one end cemented or welded,
or j

3) any available bowl with a hole cut for a rubber bung.

The central 3 mm-0.D. tube with a nylon string passing, through i t
the centre of the tankUnd to avoidserves to

the risk of i ts tipping over. Placing stones in the bowl helps to
keep it upright.

While glass tubing, 3 mm and 6 mm outer diameter (O.D.),can be

obtained from dealers in medical and laboratory supplies, bell-point

pen casings could also serve the purpose.

The two tubes on either side of the central gui de-tube can be moved

ty sliding to a desired height above the rubber bung. The rate of
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drip- jed is controlled by th-: difference in height ' ¡" between the
outlet of the 3mm - OD.tube and :he level of the liquid in the tank.
The outlet of this tube may be narrowed down, i f necessary, to
reduce the rate of flow of the solution to convenient levels.

The $bove arrangement is a simple and useful method for
•dispensing chlorine solution for water supplies. However,
the addition of a pinch-cock arrangement or a drip-control
device of^a type similar to those used In medical transfusions
is necessary to control the rate of flow of the solution.

Construction

Any suitable container, can. or bucket made of plastic or non-
corrodible material is satisfactory. Other components should
also be of non-corrodible material. While the tube inside the
container needs to be very f lexible, the outlet tube may be
of a sturdier material. Styrofoam, certain packing materials
or even certain types of soft wood can be used for the float
(certain materials may, however, decompose in a short time).
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AMEX H

INFORMATION' TO BE INCLUDED IN THE TENDER SPECIFICATIONS
FOR WATER TREATMENT WORKS

(Adapted from Manual on Water Supply and Treatment,
Ministry of Works and Housing, Kew Delhi, 1977)

General

The principal requirenient oust foe a spacious and convenient layout. The
structure should- represent a pleasing appearance with aesthetic features
foraing a balance between function and form. The interiors of the
structures shall be eye appealing and in keeping with the objectives of
the plant viz., production of pure and wholesome water. )

While the node of design and construction could be a matter of individual
choice, it should ensure that all Materials, constructions and fabrication
details for different units including doors and relevant; windows conform
to the specifications and codes of practice wherever available and in
their absence, to the established standards. ¿

Adequate provision shall be made in the civil engineering works for
laboratory, office buildings, administration area, sanitary facilities,
water supply, etc. The area requirement of these ancillary facilities
shall be stipulated. Roadways with adequate lighting shall be provided.
Adequate ladders or steps and handrails shall be provided where required
for easy access to each unit of the treanent plant and wherever necessary,
walkways shall be provided. Interconnecting facilities shall be provided
to enable the operator to wove freely for Maintenance and operation of the
plant. :'

i.

All water retaining structures shall be designed in conformity with BS
5337, 1976 or BS 6007, 1907 while the other structures shall be designed
according to CP 110, 1972 or BS 8110T 19Ô5.

The tender specifications should include all process requirements and
-equipment.

A. Process Requirements

1. The following data shall be furnished to the tenderers:

a) Raw wa^er^^J¿jyJ.y¿(É¿ comprising monthly average figures
preferably "foir^^^à full year period covering seasonal
variations in respect of at least the following. If the
full year data is not available, the worst seasonal values
may be given:

o pH
o Turbidity
o Total alkalinity
o Total hardness
o Chlorides [
o Col ifor» organisms (MPM) ;

i
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I,) Any other additional data, if the water is known to contain
i-onstituerits or contaminants which are required to be

o Phenol.-s
o Tastes and odours
o Colour
o Carbon dioxide
o Algal content
o Iron
o Manganese
o Hardness (Carbonate and

magnesium content of water)
o Fluoride content, and
o Chlorine demand.

non-carbonate along with

c) Hydraulic data such as the relevant raw water inlet and
filtrate outlet levels.

2. The following requirements shall be furnished;

a) The flow requirements of all plant in terms of the net
output expected of the plant for a given period of time, say
23 ?s hours a day (allowing for washing of the filters, etc.
and also overload capacity.)

b) The quality of the treated water in terms of pH, turbidity,
coliform organisms (HPN) and E. coli; and where needed iron,
manganese, hardness (carbonate and non-carbonate along with
magnesium content of water) fluoride content and c»lourr.r ; £.f

c) Design parameters for various treatment units such as
chemical dosing, rapid mixing, slow mixing, sedimentation,
filtration and chlorination as well as special processes
like aeration, microstraining, iron and manganese removal ,
fluoride removal, taste and odour control as per specific
local reqirements and in accordance with the details
furnished in the Manual.

d) A suggested layout of a Water Treatment Works including the
following details, tovthe extent possible. . i'i '

o Unit sizes and location structures;

o Schematic flow diagram showing flow'
units;

• • • •• ' ; • . • - • % ï ••• • •'• < ?

o Piping arrangement including bypasses
material and size of pipes as well as direct:ton

o Hydraulic profile of the units showing 'ythe1"¡/¿flow-oív
water. •••;, &t\.

o Contour map of the area including provision f«>r futur*
expansion.

o Approach roads and water supply
construction purposes. : • " M; # ; Mm*MÊmHffî$?; '
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o Other information about the .site such as proneriess to
flooding, groundwater table fluctuations, type and
nature of soils aet up to maxiraura anticipât<xl depths,
soil characteristics like bearing capacity and
corrosivity, intensity .ar«d duration of rainfall and
total annual rainfallT locations of areas for disposal
of excavated spoils and of borrow pits if required for
filling purposes.

e) The contract should establish where guarantees apply and
clearly define their requirements. Performance guarantees
nust be demonstrated by a test run of specified length or
over an agreed period of operation.

B Mechanical Equipment

1. The following data may be giver» while inviting tenders for
pumping plant:

a) Number of units required to work in parallel,

b) Nature of liquid to be pumped:

o Fresh or salt water

o Temperature of liquid
o Specific gravity
o Amount of suspended matter present.

c) Required capacity as well as mininum and maximum amount of
liquid the punp must deliver.

d) Suction conditions:

o Suction lift or suction head
o Constant or variable suction conditions.

e). Discharge conditions:

o Maximum/minimum discharge pressures against which punp
has to delivery liquid.

^ ^ o Static head description: constant or variable.

o Friction head description and how estimated.

f) Type of service; continuous or intermittent.

g) Pump installation: horizontal or vertical position (if
vertical type of pit, w«t or dry),

h) Power available to drive the punp.

i) Space, weight or transportation limitations.

j) Location of installation

H-3
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k) Special requirements with respect to pump design,
construction or periorraance.

2. The following requirements nay be indicated:

a) The equipment as well as the components shall conform to the
relevant standards and in their absence, to any other
accepted international or national standards.

b) Any -special duty conditions .-such as température, humidity,
corrosive atmosphere should be specified.

c) Submerged structural parts except hot rolled sections shall
not be less than 6 an thick under nomal atmospheres and 8
mm in aggressive atmospheres. *

d) Prime movers and allied components such as electrical
motors, starters, switches, reduction*; gear, drive
mechanisms, bearings, plummer blocks, etci., shall be of
appoved make. >

e) All rotating machinery, particularly gears, shall
designed with adequate safety margins and service factors.

be

f) An itemwise price list of spare part shallbe furnished by
the tenderer. At least two years' requirement of fast
moving spares should be supplied along with the equipment.

g) The supplier of special equipment like softeners, recording
gauges, rate controllers, chlorinators/î proportioning
chemical feeders, meters, etc., shall furnish the services
of a competent representative for a specified number of days
during a specified period to instruct the/plant operating
personnel in the maintenance and care of the equipment and
to conduct tests and make recommendations f¿r producing the
most efficient results, -

h) Equipment selection with respect to spjeeiíications, spare
units, spare parts and servicing can affect maintenance,
operating and investment costs. It ^s the Board's
responsibility to incorporate into the contract all
requirements and limitations which affect cost. Equipment
performance is usually guaranteed by the. manufacturer.

.•.•_ ••_lí
T¿y, •••j-'-- - • •• .7,,-. ' " T

The contr^fî^ i^^pïtl furnish bonds covering items of work
like mechanical equipment, piping etc. for a specified
period as a guarantee of satisfactory- operation and
correction of any defects in the work, material or equipment
furnished by the».

On special equipment extended guarantees, maintenance over a
period of tine and supervision of or complete installation
nay be provided by the manufacturer.' On most large
equipment, the manufacturer provides field service with
respect to installation. j
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1} All water—submerged parts, rotating mechanical parts, and
steel pipes under water .shall be adequately protected alter
surface preparation. Oil, grease, dirt, soil and all
surface contaminants froo structural and fabricated steel
parts shall be removed by cleaning with solvent, vapour,
alkali emulsion or steara. Loose rust or paint, weld patter,
etc, shall be removed by hand chipping, scraping, sanding,
wire brushing and grinding, the bare finished shafting,
finished flanges and other mechanical surfaces protected by
grease line or rust-protection measures. Structural
Mechanism supports and superstructures, walkways, handrails,
fabricated shafts, etc., shall be protected with at least
one coat of primer and two coats of paint.
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