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1. INTRODUCTION

This Manual is for the use of NWSDE Engineers in assessing water
cpaality, identifving the need for water treatment, and in
planning, designing, rehabilitating and, te some extent,
operating water treatwent facilities. It is a developwent of ithe
Design Manuzal on Small Comwunity Water Supplies, prepared for
NWSDEB  with WHQ assistance in 1982 (Ref.l), and includes all
relevant material from this earlier wmanual, which in some cases

has been reviewed or updated.

The Mamaal is substantially more cowprehensive than the earlier
manwal, and includes sections on water quality characteristics

and standards, water borne diseagses, sampling and testing,

o

interpretation of chemical analyses, and other specific unit

processes not covered previously,

The wanuvwal was put together by G. A. Bridger, Environwental/
Sanitary Engineer, USAID Project from a variety of source
materials, the wost iwportant of which are listed in the

References .
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2. WATER QUALITY CHARACTERISTICS
AND STANDARDS

A potable water supply is essential for the prevention of
waterborne diseases, Water that is contawinated by
pathogenic (disease Caunsing) Organisns or that is
uwnacceptable aesthetically will need some kind of treatwent
before being used. It is the engineer’'s responsibility to
rrovide an ample supply of pure and wholesome water, {ree
frow:

o visible suspended watter;

o colour, taste and odour;

o objectionable dissolved wmatter;

o bacteria indicative of pollution; or
a 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 wsay occur under certain
conditions, and to understand the iwpact of these problews
on +the potability of the water. Subseguently, suitable
treatment wethods wmust be provided, if necessary, to ensure
that a potable supply is delivered at all times. Such
treatment mwmust be carefully designed to an appropriate
technological level +to wmatch the operating and wmaintenance
skills available, or the quality of water produced wmay fall
below acceptable standards, o . ‘

WATER QUALITY CHARACTERISTICS

Physical Characteristics

o Tewperature ~ iwmportant for its effect on other
properties, such as speeding up chemical
reactions, changing solubtility of gases,
amplifying tastes and odours, etc.

) Taste and ;

odour — due to dissolved impurities, often

L. OYganic in nature, e.g. phenols and

s W Yorophenols; difficult to measure.

o Colour — true colour is due to waterial in
solution, apparent ‘colour due o
suspended watter. Nataral vellow coiour
in  upland catchuwent water is due to
srgantc acids and is harwless., HMHeasured
in degrees Hazen,



Turbidity - colleidal solids give water a oloudy

appearance, aesthetically unattractive
and possibly  harwful, May be due to Lo
o lav and s11lt particles, seWage or

itndustrial waste, or wicro—gorgantsws.

Salids — nay be ovganic/inorganic watter  in
suspension and/or solution, Total
dissolved solids (TDS) are du= Lo
soluble materials; suspended solids
(58) are discrete particles which way be
filtered out, Settleable 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 «guantity of dissolved salts,
and approximately proportional to TDS
content ,

Chewical Characteristics

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

Alkalinity — 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 CaCOj.

Acidity — Coq acidity is in .. the pH  range
8.2-4.5, and wost natural waters are in
this range. Mineral acidity, below pH
4.5 due to Hy80,, © HCL or HNO4
would normally be due +to industrial
wastes. Expressed in wg/L of CaCOj.

Hardness - the property which . prevents lather
formation with soap and produces scale
in hot water systems. Due to metallic

ions of Ca, Mg, Fe, Sr,

T L wiid

E-
_?ﬁgg§e are two forms —
i) Carbonate hardness (metals
' associated with HCO3) and
ii) Non—carhbonate hardriess (metals
associated with SQ,, ci,
NO3).
Total hardness -  alkalinity = non

carbonate hardness

Expressed in wg/L of CaCOg.
-3-
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o Dissolved
Ouvgen(DO) - reguired for maintaining higher forms of
biological 1lite in water; the effect of
a waste discharge on a river/streaw 1s
largely deterwmined by oxygen balance of
system. Selubility of oxvgen varies
with Yemperature:

o 10 20 30
DO mg/L 11.3 9.1 7.6

& Nitrogen — exists in 4 wain forws:
i) Organic nitrogen (in the form of
proteins, amino acids and urea),

i1) Awmmonia nitrogen (as amwmon ium
salts or free awmmonia),

1it) Nitrite nitrogen (final oxidation
product). Analyses can give useful
indication of pollution of sawple,
but bacteriological analysis is
wore reliable,

iv) Nitrate nitrogen - {an
intermediate oxidation stage)

o Chloride - gives a brachkish taste and way be
indicator of sewage pollution due to
chloride content of wurine. Detectable
at about 250 wg/L upwards.

Biological Characteristics

-

Bacteriological analysis of water is the wmost sensitive
water quality parameter, since alwmost all organic wastes
contain large numbers of u1¢ro~organlsms. Microorganisms
are important in water quality control in terms of self-

purification of rivers and stabilization of eorganic
wastes, They are, however, responsible- for waterborne
diseases, tastes and odours, corrosion and wmicrobial

growths in bodzes -of water. They may be broadly classified
as either Y y .

Plants — food which way be organic or
1norganic
O Viruses - the swmallest plimts less than 0.3 um in

diameter, and can only live and reproduce
inside & 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 resistanti to normal
disinfection methods, RequirFs strong
oxidation to kill themw, ,

-



o) Bacteria -— Lasic  units  of plant life, beiung sinpgle
caell  organisms of various shapes ranging
in size from 0.3 to 5 uan, Mav be aerabic
oy anaeroebic, and  are responusibie for
waterhborne diseases, Ilwportant for wasihe
water stabilization.

¢ Fangi — walticellaular acyobic plants, T Al
tolerant of acid conditions and a drier
envivronunent thar bacteria. Exist in
polluted rivers, and responsible {far
tastes and odours.

) Algae - Multi—cellulasr photosynthetic {energy
frowm sunlight) plants, incorporating
chlorophyll. Are usually microscopic in
freshwater, and ntilize inorganic

compounds such as CO,, NHz, PG, to
produce wore cells and oxygen., Growth
of large algal bloows in lakes can cause
severe taste and odour’ problems,

&

Aniwmals — require  only organic food, usually in solid
form, .

53 Protozoa — single cells 10-100 4w long and live by

eating large quantities of bacteria, and

are twportant in ‘:biological waste
treatment . ; '

o Rotifers — multicellular aniualsg_whiah like stable
conditions with high DO, +therefore
indicators of goed quality water,

ol

o Crustaceans — hardshelled wmulticelfular aniwals, an
important fish food, dnd found in stable
conditions., Sowme may? he seen with the
naked eye, 7 '

o Worwms and :
Larvae — rotifiers which scavenge in bottowm
deposits. ) :

Measurement of bacteriological quality
) 3 iy AR R TS b e L

b e i

It is 3ﬁ§'fﬂf@£&ﬁﬂﬁblé to test the water for all organisms
it * wmight  contain, therefore bacteriological guality is

aeasured using certain specific types of bacteria which’

are indicative of contamination, Colifore bacteria are the

predowinant organisms that are found in the intestinasl
tract of wan and other aniwals. The coliform group
includes faecal and non—faecal bacteria, such as are found
in soil, Presence in drinking water of significant

numbers of coliform bacteria indicates that the source is

not adeqguately protected, E-coli  (Escherchia Coli) is a

specific type of coliforw organism which ® indicates
contamination by faecal wmatter. Generally, testing is done
for the presence of coliforus and of E—eoli,

—5-
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The standards for water guality in Sri Lanka are based on
the SLS G4, 1983 - Part 1 Physical and Chewiooal
Reguirements, and Part 2, Bacterioclogical Requirewsnis,
which are similar fo the WHO Standards (See Table 2.1,
2.2),

These standards should alwavs be applied with common
sensa, particularly for swall community and raral water
supplies where the choice of source and Lthe opportunities
for treatment are liwmited,

The coriteria stould not in thewselves be the basis for
rejection of a groundwater source having sowmewhat higher
values for iron, wanganese, 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 swmall supplies which frequently @r& to be provided
from individual wells, boreholes or springs, the water
quality criteria may have {o be relaxed, Obviously, iun

.all  instances, everything possible should_be done to limit

the hazards of contamination of water, Using relatively
simple measures such as the lining and coavering of a well,
it should be possible to reduce the bacterial content of
water (measured as coliform count) to less than 10 per 100
wl, even for water frow 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.

T AT T IS
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Table 2.1
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SLS 614 (1983)

PART 1 — PHYSICAL AND CHEMICAL REQUIREMENTS

'Maximum Desirable| HMaxiwom Perwissible!
Characteristic § Level Level :
! ]
| j
pH ' 7.0 - 8.5 units 6.5 - 9.0 units |
Colour I 5 units ‘ 30, units R
Odour % Unobjectionable Ungbjectionable
Taste l " B " =
Turbidity 2-JTU 8—ITU e
Elect .Conductivity 750 uS/cm 3500 uS/cm !
Chloride (Cl) 200 wmg/L 1200 wg/ L
Chlorine—Free resid(Cl) - 0.2 "
Alkalinity (as CaCO 200 400 "
Awmonia—Free ' - 0.06 "
Awmonia—Albuwminoid - 0.1% "
Nitrate (as N) - 10% "
Nitrite {(as N) - o.pr "
Fluoride (as F) 0.6 " 1.5 "
Phosphates-Total (PO ) - 2.9 "
Tatal Solids 500 ¢ \ 2000 v
Hardness Total i
(as Ca Co ) 250 " 60D "
Iron—-Total (as Fe) .3 "¢ ! 1.0 "
Sulphate 200 " ‘1 40D "
Calcium 100 ¢ 244 "
Magnesiuw 30 to 150 * - 15 "
Copper 0.05 1.5 "
Manganese 0.05 " 0.5 ”
Zinc _ 50 " - 15,0 "
Aluminium - 0.2 "
Arsenic - 0.05 "
Cadwium - 0.005 "
Cyanide - 0.05 "
Lead 0.05 "
Mercury 0.601 "
Selenium : o:01 "
Chrowmium e = 0.05 "
Anionic Detergents
(as MBAS-LAS) 0.2 wmg/L 1.0 wg /L
Phenoliec Compounds :
(as Phenolic OH) Q.o0r " o.o002 ¢
Oil & Grease - 1.0 "
Pesticide Residue (Refer to WHO & (FAO requirements) !
Chen. Ouxvgen Dewand ¢
(COD) 10 wg/L E
1

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

-7-



Table 2.2

SLS 614 (1983)

PART 2 — BACTERIOLOGICAL REQUIREMENTS

Requirement s

1. Pipe-borne water supplies:
O Throuwghout any vear, 95 per cent of the samples shall

not contain any coliform organisms in: 100 wl,

() None of the samples examined shall contain wmore than
10 coliforw organisms per 100 wml.

o Coliform organiswms shall wnot be detectable in 100 ul.
of any two consecutive samples.

. ey None of the sawples exawmined shall contain E.coli in
100 wl,, (Faecal coliform). : '

2. Individual or swall community supplies:
S0 None of +the sawsples examined shall contain wmore than
20 coliforw organismns per 100 wl. on repeated

examination.

o No sawple shall contain E. coli in 100 ml.., (Faecal
coliftorm) U
NOTE: Individual or swall cowmmunity supplieg include ‘wells,
hores and springs. :

-

Frequency of Sampling for Pipe Borne Water

r K 1
¢ I8 Hiniwup Number of !
R tmum: Interval Sawplesi to be Taken {

Population "y tweéen:Successive| From Hh@le Distrib. f
Served '% - Samples Systew Each Month g

z !

Less than 20,000 1 Month 1 Sawple- per 5000 popn.i
!20,000 to 50,000 2 Weeks - do - ;
| 50,000 to 100,000 4 Days ~ do - !
More than 100,000 1 Day 1 Sawmple per 10000 pﬁpnij
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e WATER RELATED DISEASES

Water related diseases are those traceable to water supply

and excreta disposal. The wost iwmportant of these diseasaes

may be classified as follows:

; . ;; ,

Category ; Transmission ; Specific Diseases

! i
Water—-site— ! Disease—carrying EAfrican Lrvpanosomiasis
insect carried insects breed in orl {sleeping sichness)

Water contact

near water, 50nchocerciasis {(river
f blindness)

‘Malaria

'Arboviruses (vellow fever

Land dengue)

'Filariasis (including

elephantitasis)
Japanese encephalitis

Schistosomiasis
{(bilharziasis)

Disease transmitted
by direct contact
with water.

3

Water quality
wicrobiclogical

contaminated

Disease transmitted|{Cholera ;
by consumption of Typhoid fever
wicrobiologically Diarrhea

Dysentery (amovebic,

water.

bacillary)
Guinea worm
(dracontiasis)

?

: i

Sanitation— Disease transmittedShigellosis b
related/water by inadequate use (bacillary dysentery). .5
hygiene of water, Trachowa and g
; conjuctivitis !
% Ascardasis (roundworw) ;
;. iScabies : !
i ) ; |

The various categories are:

el

carried — where the
breeding

o

I
insects

Water—site~inse
provides a

site

source or supply.
ground for insects such as

wosquitos, which transwit diseases by biting people -
it 18 not necessary for people to come into contact
with the walter. Transmission is cowplex, involving a
host (man or aniwmal), a parasite that causes rhe

discase (protozoa oY wWorm)
or wosquito), Malaria, filariasis, dengue and Japanose
encephalitis carried by wosqgquitos, Piped watar
supplies, and eliwmination of wmosguiteo breeding places,
would help to coutrol these diseases, i

and a carrier (insect, fly

i
1
x

'

-9-
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Water contact — wherse coptact with water such as
swimming ix sufficient to produace inféction in people,
usually through a disease—cansing organism penetrating
the feet, legs, hands or other part of the body.

Water guality — wmicrobiclogical — whare consumption ot
water csuses disease by ingestion of a gerw, or toxic
substance, These diseases are endewmic in areas where
excreta disposal is haphazard and can achieve epidewic
proportions in serious cvases of contamination.

Sanitation—related water hygiene — infection iz wmost
comwon due to faecal contawmination of water, food, and
fingers and wight have been eliwinated through proper
washing or cleaning, :

R LY B
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3.  SAMPLING AND TESTING

SANITARY SURVEY

A sanitary survey is essential  for the adequate inter-
pretation of chewmical and bacteriological analyses of

drinking water supplies, I+ consists of an extensive
field inspection and evaluation of local environmental and
health conditions by assessing current and potential

hazards to the water supply or existing water systen.

Sanitary survevs are iwportant as backup information when
interpreting the results of water analyses. 1f analysea=s
indicate contawination of the water supply, a sanitary
survey should be conducted to identify the source of the
contamination, :

Sanitary surveys should be conducted for:
) developuwent of new water sources;
) rehabilitation/inspection of existing schewmes,

Siwple observation is the major partt of all sanitary
SUrvVeys ., Inspections of existing water supply systems
involve checking facilities and operational practices for
signs of contamination, For exawple, | water from a well
should be considered as possibly contawmwinated if the well
is uncovered or unprotected, or when the collection vessel
is mnot kept clean. Leaking pipes wmay draw in sewage or
other contamination from the soil particularly in
interwittent systems. . :
If a sanitary survey reveals possible bacteriological
contamination, further investigation should should be done
to determine the source and the level of contamination and
determine the treatment needed, or steps taken Lo
eliminate the source of contamination... -

Sanitary surveys of existing systems can reveal physical
and chemical dwmpurities., Water that is turbid may not be
safe or aesthetically acceptable., If pipelines, pumps or
other system components are corroded, the water supply wmay
be chewicakiVi winated, Hard, scalyl deposits on pipes
or puwps ©ing e water with high miferal content which

may be unsuitable for manv domestic purposes. Minerals

can encrust pipes and pots, If red stains appear on
plumbing the water way he high in iron. If the cowmunity
baelieves A watler sourcea is ~ harwmful aven  thouasgh

contaminalion is mnot evidenlt, the water should be testad
for harmful toxic chemicals,



It a sanitary survey reveals possible physical or chemicul

contaminat ion, a  cowplete Laboratory  aralvsis should be
done  to  verity conditions., 1f analvsis reveals that the
water system s seriously contaminated eilher physically
or  chewically, the problem should be solved immediately or

another water source shounld be developed.

TYPES OF ANALYSIS

ot ke e T e i e e i o M e e e

The following ftyvpes of analvsis ave listed in Reference 4
as being carried out by NWSDB Central Laboratory.

o

o Partial Analvsis (Short)

The paramsceiers assessed for a partial analysis
include: temperature (°C), residual . chlorine (RC1l),
hardness (EDTA), alkalinity (ALK), [ chloride (Cl}),

hydrogen ion concentration {pt), electrical
conductivity (EC), tfturbidity (NTU),: and sowmetimes
colour and ion, Other paraweters may be included when
demanded — such as copper, sulphides;, sulphates, and

nitrogen as ammonia and albuwminoid, :
o Couplete Analysis (Major Constituentis)

The traditional “Cowplete" amnalysis,. in addition teo
the parameters weasured for paritial analysis,
includes: silica (8i0g), calcium, {Ca), magnesium
(Mg), sodinm (Na), potassium (K), sulphate (504),
chloride (Cl), mnitrate (NO3), fluoq?de (F), boron
{(B), and total filterable residue (TFR). Values to be
calculated from these weasured values include
carbonates (CO3), bicarbonates (HCO3), firee carbon

dioxide (COq), percent sodium (ZNa),: total dissolved

H
T

solids (TDS), and the sulphate +to- chloride ratio

(504:C1) . Ammonia nitrogen and albﬁninoid nitrogen
may require analysis as demanded by the nature of the
sonrce water. -0

') Hinor and Trace Inorganic Analysis

{(Metals and Nonmetals)

Winor and trace inorgahic constituents

—Hada 13 (Al), arsenic (As), barium (Ba),
beryllium (Be), cadmium (Cd), chromium (Cr), cobalt
(Co), copper (Cu), iron (Fe), lithium (Li), lead (Pb),
wanganese (Mn), wmercury (Hg), molybdenum (Mo), nickel
{Ni), selenium (Se), silver (Ag), stroutiuvm (Sr), and
zine (Zn) .

Nonmetal winor and trace inorganic constituents
inclade  sulphate (HS8), phosphates (PO4), nitrates
{NO5,-N),  ammonia nitvogen  (NH4~N), and organic

nitrogen (Org.N). ‘
i

~12-
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Orpanic dnalvsis

Chewical oxvgen demand (COD), biolugical exvgen dowand
(BOD), ewtractable oil and grease, and total organic
carbon (TOC) are included in this group,

Microbicvlogical Analysis

This analysis of water includes tests for colifoerwm and
faecal colifora organiswms. In addition, speacial
straining techniques such as the gram stain are used
when applicable.

Biological Analvsis

This analysis of water from surface sources and
reservoirs includes the identification and enuwmeration
of observable organisws. Inciuded in the grouping are
the green and blue—green algae, and ¢ther floral forums
such as submerged aguatics, and animate forws such as
the aquatic invertebrates. ¢

Reservoir and source water

These waters are wonitored for: fluctuations in
dissolved oxygen, pH, conductivity, ‘and turbidity (or
an eguivalent) as a function of lécation, depth and
tiwe with the objective of obtaining iwproved water

quality through better reservoir wmanagement,
H

Another analysis which is of interest in design and

rehabilitation of schemes is:

5]

i
¥

Filter Media Cleanliness Deterninatioé.

Designed to provide a quantitative evaluation of
filter wedia condition (cleanliness) and/or backwash
efficiency. This procedure can be wused for

cleanliness determination on any tyﬁé of filter wedia,.
Media sawmples can be taken in depth increments for the
determination of accumulated solidsiat any particular
layer, or a standard 300 mm core sample can be taken
for the determination of the total qccumulated solids

renainipggggggﬁg&yue of filter uedia.g

The results in gw/lL are cowpared to those of a new
media placement or specially washed used wedia. A
filter bed should be investigated &t least twice per
vear to determine the condition of the media in order

to advise on maintenance or to evalaate filtration

effectiveness, The need for this type of determination
can be observed in the wmonitoring of filter effluent
turbidities,
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In addition, it shonld be noted +that  the Laboratory
conduct s analvses Lo measure the coharacteristics of
Lrealment chemicals and Lhe characteristivs of sliandge.

SAMPLING_PROCEDURES

Accurate analysis of a water sawple depends on proper
collection of the sample. Sawples wust be taken from
several locations at different times so that they are
representative of +the entire water supply. Samples for
specific analysis are those <ollected when a new water
source is being developed, when an outbreak of water—
related disease occurs, when a scheme is being rehabil-
itated, or when water gpollution is suspected. Sawples
collected regularly to monitor an existing water systew
are for routine analysis. -

Methods of sample collection depend. on whether the
analysis to be wade is bacteriolﬂgic%l or physical and
chemical, and on whether the sampling and analysis are
routine or specific, The main considerations in sawpling’
are to collect representative sawples! of the water and
transport thewm quickly +to the laboratory. Where the
equipment. is available, field testing may alsoe be carried
out ‘

' §

Sawples wust be collected in the correct volume, with the
right device and in the right container. They must be
marked properly showing the date, tiwe &nd exact location:
of the sampling peoint, and be accompanied by an analysis
request form showing the required tests., In addition,
samples should be adequaltely preserved) if required, and
transported +to +the laboratory with a winimuwm of delay.’
Analyses only represent the water quality at the time of
sampling, and it will often be necessar& to take a series
of samples at different times or seasons in order to
obtain a wore complete picture of the water qguality

variat ions, This is particularly true for bactericlogical
sawples — analysis of a single sawple is not reliable.

For routine bactericlogical sawmpling, -the frequency of
sampling is established in SLS 614, (See Table 2.2)

Samples fors.bagteriological analysis wust be collected in
sterile - glass® bottles with sterile stoppers. A paper or
fioil hood over the stopper and bottle neck is necessary.
Stoppers can be wade of ground glass or rubber. Normally,
pre~sterilised sawnple bottles are obtained from the
Central Laboratory. In an emergency, well-washed bottles
can be sterilized in the field by boiling thew for five
winutes., If sawple bottles are not sterile, any bacteria
present on thee will make the analysis useless, The
sample bottle wust be kept sealed, and the stoppers and
bottle neck should be covered with parchwent paper or thin
s luminium foil, The covering should be keqt in place
after sampling. Each sample should be at leasty 100 wi in
order +to perforwm all +tests reguired for bactériological
contamination, -14-




Sawples for phyvsical and chemical analvsis mast be
collected in chemically olean plastic or glass bottles.
At least, 2 litres of water uneed to be collected for a
couprlete physical and chewical analvsis,

Samples drawn from a stream or river +that 13 being
developed as & new source should not he colliected too
close to the bank nor too deep under the surface. Areas
af  stagnation should be aveoided, Sawmples should not be
drawn from the sawme spot every time, but should be taken
from different points,

In piped water syvstewms, sawples should be collected at all
peints where water enters the distribution system, In
addition, samaples should be drawn f{frowm taps connected .
directly to the water main and not from storage tanks.

Special sawples need to be drawn frow known problewm areas,
such as  areas with low pressure, areas with high leakage,
and areas far frow the treatwent plant.’ When collecting
bactericlogical samples, great care wust be taken to avoid
contamination of the sawmple by touching the inside of the
stopper or bottle neck or contawmination from other sources
apart from the water being tested, Bottles should be
labelled immediately after sawpling. '

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

o Streaw or river - collect frow midstréam, if possible,
holding base of bottle and scoop water in an upstrean
direction beneath the surface,

o Lake or tank =~ collect fromw alternative intake
locations, plunging bottle neck down.into the water
and filling the bottle horizontally, beneath the
surface, c -

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

o Handpuwp well — pump to waste for at least 1 minute
before sawpling.

o Tap —ratles run to waste for at least 1 winute

beforeusaibi{hg.

Sawple labels should give the following in%ormation:

Sample nuwmber;

Reason for sawmpling:

Exact place of sampling and type ¢f source;
Temperature of sawple source;

Date and time of sampling;

Sawple depth (if required); i

[> I o B o B o Y
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Addit tonal informat ion, as shown iw Table 3.1 should be
kept.  for each sample, to aid in the interpretation of
results, It is alszo usetul to sketch on bhe reverse side
of the forw the exawple localion.

Storage_of sawples Changes ovocur in the bactericlogical
content of water when 1t is stored. To get an accurate
analvsis, hacteriolegical testing of the water sawmple is
best begun within one hour of collection., Sawples for
bactericlogical analysis wusi be tested within 24 hours of
collect ton, When a field kit is used to analyse sauples,
testing within one hounr of collection is possible. If
samples wust be transported to another site, they mast he

caretul lv stored and transported 80 they remain
representative of the water supply at the time the sawmple
was collected. Tewperature of sawmples during storage

should remain as close as possible to the Ltewmperature 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 chesical samples, analysis should be done

as soon as possible, and should not be delayed over 72
hours, Whenever possible, samples should be kept befween
0°C and 10°C during storage and transportation. '

INTERPRETATION OF CHEMICAL ANALYSIS

Interpreting the results of = chemical anﬁlysls 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?

Sowe substances, although dangerous in excessive amounts,
may be tolerable in trace amounts. These among others
include lead, arsenic, fluoride, selenium, and hexavalent
chrowmium, They are not norwally determined unless there
is reason to believe the elements are present, since they
seldom occurginua er supply.

Engineers involved ~ with interpretation of chemical
analysis of water should know, for instance, that nitrate
and sodiue wake water wunfit only in specific cases;
chlorides and sulphates over 500 wg/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.

-16-



Table 3.1 Additional Sampling Data

Nane of person requesting sample: Sample No:
Reason for sample: ‘:[ Routine for bacteriological
analysis

E[Specific (explain) _____

or physical/chemical
analysis

bate and hour of sampling for other analysis

R

Sample locat ion:
Scheme/Project: |
Sample source: DTap D Cistern L__I_Stream I:I Pond E:l Vell

[::ISpring [::I Rain catchment [:jOther (specify) I

Source name, if any o Eae sl

Exact spot from where sample was drawn: : et mpek feon wher

Is water treated? r__INo l:lYe\s (If yes, specify type of treatweat) R L R L

Does water quality change after heavy rains? DNO E:]Yes If yes, explain
(odour, color, taste, turbidity)

Depth of sampling
Depth of well
Distance from water surface to ground level
¥hether well is covered or uncovered

Type of coveér, waterials, condition of cover
VYhether well is newly constructed or recently altered or repal.red
(explain)
Method of raising water (pump, rope and bucket, etc.)
¥hether the well has a protective apron
Type, material, size and condition of apron:
Well lining material
Possibly sources of contamination

For spring sample, specify: ' M mIa i habioclec 5l
Whether sample is drawn directly from spring or collection box ______ Wi vum
Construction material and condition of collection box _ TR

How lake is supplied : o
Nature of catctwment — conserved or ot Bog A et riigr iz umen.
Nature and extent of m@mm_glsae _ et r e s

Possible sources of

AT

R LI B R O

For_stream or river sas Ele, spacify.

Depth at which sample was drawn E O R T R
Whether sample was drawn from boat - :
Possible sources of contamination

Whether water level was above or below normal

Length of time sénple was stored before analysis

Tenperature at which sample was stored
Renarks
(eg. weather conditions or recent rainfall which may affect sample)

N — -

Conpleted by Date

B e e g Bt ek
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When o chewical analysis is regquired, engincers should be
aware of the objectives and the available tests, (vefer to
Section 3.2) and be selective regarding tests to  be
caryied ouk, 4  muide Lo intepretation of chesical
analvses is given in Table 3,2,

The M"partial analvsis” is designed to give enough basic
information about a proposed water supply to be able to
deterwine whether the supply is suitable as a potenitial
water supply, The tests are not too cumberscwme, time
consuwing or coestly and include the following:

pH -

Values are given in wnits varying from O to 14, All pH
values helow 7.0 denote acidity. Values above 7.0 dencote
alkalinity, The closer the value is to 7.0 (neutral) the
more nentral is the substance, thus a pH value of 5.5
indicates a greater degree of acidity than a value of
G.7. Stwilarly 7.6 is slightly alkaline while 9.5
indicates a considerable degree of alkalinity, The
further one gets from 7.0 the more severe is the acidity .
and alkalinity, ¢

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

§

Colour —
Colour in water is generally derived %ron leaves, peat,
logs and other siwmilar organic substau&es. Sowetimes it
is due to iron or wanganese that has cowmbined with organic’
watter, 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 waterial’ in solution while
the apparent colour is due to the effect of particles of
suspension, Only true c¢olours are'iuportant, therefore
substances in suspension wust be removed before colour
determination is wade. Water that is highly turbid is
seldom highly coloured because materials. causing turbidity
tend to absgrh.those causing colour. 3

The wunit of colour used as a standard is that produced by’
1 wg of platinum in a litre of water. Colour should not
exceed 30 and preferably be less than 5. Colour of less.
thanr 3 wunits will not be noticed, even in a filled bath
tub, whereas colour of 5 units, although scarcely
perceplible, will be noted by wmany.

e oo - St
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Name of Test Results (mg/L) Rating "Remarks
pi 7.0 ta 8.5 units Gawxd
5.0 to 7.0 and 8.5 1o 9.0 Fair
below 5.0 above 9.0 Bad
Colour 0 — 5 units Good
5 - 30 units Fair
above 30 units Bad Appearance
Turbidity less than 1 unit Good
1~ 5 Fair
Electrical 0 - 750 un/ca Good For most
Corductivity 750 -3500 um/cm Fair industries
Chloride Q- 50 Good
: 50 - 250 Fair
above 250 Bad Salty taste
Alkalinity does not include hardness
by wmore than 35 Fair
Carbonate Alkalinity 120 Fair
Nitrates 0 to 10 Good
10 to 30 Fair Danger to
above 30 Babies
Nitrites 0-0.1 Fair '
Fluoride 0 to Q.6 Good
0.6 to 1.5 Fair
above 1.5 Bad
Total Solids 0— 500 Good
500-2000 Fair
over 2000 Bad Taste, industrial
problems
Hardness above 600 Fair
Iron (Fe) 0 to 0.3 Good
0.3 t0o 1.0 Fair i
over 1.0 Bad
Sulphates 0 to 200 Good
200 to 400 Fair
above 400 Bad -
Calcium/Kagnesium 0- 10 Good
Copper 0 to 0.05 Good
0.05 to 1.5 Fair
Zinc Vto5 Good
5 to 15 Fair
Arsenic 0 to 0.05 Good
Lead 0 to 0.05 Good
0.05 to G.1 Fair
Sodium above 100 Bad For sodium—
free diet
Silica 20 to 30 High
ABS 0 to 0.2 Good }
0.2 ta 1.0 Fair ‘
Plienols 0 to 0.001 Good
above  0.001 Bad
BOD up to 250 Good
250 25000 Bad
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Turbidity —

Water is turbid when it carries  in zuspension o wany
finely divided particles of clay,. loak, sand  or
occasionally micro organisms that 1% presents a wmuaddy
appearance, There is evidence that freedom frow disease
organisms is associated with freedow frow turbidity.
Turbidity may cause gastro—intestinal irritation, but is
primarily objectionable frow a standpoint of appearvance,

Turbidity is weasured photeometrically by determining the
percenfage of light of a given intensity that is either
absorbed or scattered. Most turbidity wmeters work on the
scattering principle, although turbidity caused by dark
substances that absorb rather than reflect light should be
weasured by +the absorption technique., Forwazin is the
standard reference chemical with meter rpadtngﬁ expressed
as forwazin turbidity units (FTUs), The! term nephelometry
turbidity wunits (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 waintain it at 1 or less. At 10, slight -

cloudiness can be observed in a glass’ tumbler. At 500,
water is practically opague, :

Conductance —

2

The specific conductance of a water is a wmeasure of the '
ability of the water to conduct an eleciric current. Ii
provides an accurate measurement of streawm purity; pure

water is highly resistant to the passage of an eleotrlc”“'“

~current and therefore has a low specific reslstance.

Chlorides —

e s e e s g e

Chlorides are combinations of chlorine with other elements
and are usually found in natural waters.? Where the norwmal
chloride content of water is known, the determination of
chlorides can be of value in judging the sanitary guality -
of water, Chlorides in excess of the normal”content way
be considered an indication of contawination 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 con §in ﬁiaﬁ-?iﬁ suspected, the source of chlorides
way be due to sewage, wanufacturing wastes, wineral
deposits, oil —fuel wastes or salt water, The chloride
apper  limit of 250 wg/L is not set for heslth reasons, and
water containing greater concentraticns can be used
without harwm. '

Chlorides will iwmpart a sallty or brackish taste to water
vwhich will be noticeable around 250 wg/l.. At 500 to 1,000
wg/l. content, water will be unpalatable. Water containing
wore  than 4,000 wg/L is unsate, Chloride te are not
essential in deterwining safte water SUpplles,stMt may be
used as a general indication and guide.
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Alkalinity -

—— e e o e

Water ocan be acid, alkaline or neutral., Alkalinity isx
usnally caused by the gresence of alkaltins salls ire
water, Various degrees of alkalinity are tvpical with

differvnt forws of the saltsg,

o Bicarbonate alkalinity is derived frow bicarbonates of
calvium and magnesium.

O Carbonate alkalinity is derived from carbonates of
sodive, potassinm, calciuvm and magnesiuwm.

O Hydrowide or canstic alkalinity is derived f{row
hydroxides of sodium, potass ium, calcium and

M ENeS tuw, :

Although some of these cowpounds can caise hardness, the

total awounts of alkalinity and hardness are the same
only when calecium and magnesium carbonates are present
alone, A criterion for winimur and waxiwue alkalinity in
a public water supply is related to the' relative amounts
of bicarbonate, carbonate and hydrotide alkalinity.

Generally alkalinity should not be less than 30 wg/L nor
higher than 400 wg/L . :

v

Awmonia (N) —

"

Albuaninoid Nitrogen {(called albuwminoid ammonia) is
nitrogen present in organic = wmatier before any
decomposition occurs., The formation of amwmonia nitrogen

or free nitrogen wmarks the first step in the decomposition
of organic watter. Awmwonia cowmbines with oxygen to form
nitrates ultimately. ! '

Nitrites — Nitrates — .

Nitrates in water should be regarded with suspicion, as
they way be due to pollution by organic wastes or due fo

mineral deposits, The Nitrite ion 1is the substance
responsible for causing wethemoglobinemia, a blood disease
in babies, Having considered this aspect, nitrates over

10 wg/L. may be safe providing they are bacteriologically
safe, .

Spot testis ; show whether ‘or not there are
nitrates 1in the sanple and give only a rough approximation
of the content, The purpose of this test, which is very
simple to perforwm, is to indicate the presence or absence
0l nitrates, +thus indicating whether further tests should
he carried out,

—21-



The process of {forwing nitrates is briefly as follows:

Organic watter — {(albumincid nitrogen, albuminoid awmmonia)
decomposes to CAMMOTE LA nittrogen  (free  amwonia, fr e
nitrogen) then deconposes to unstablea nitrites
{(characterizstiic of fresh SeWRKE ) then oxidizes to
nitrates — a relatively stable form.

The relative amounts of various nitrogen cowmpounds rather
than the actual awounts indicate the condition of the
contawinating waterial, When amwmonia unitrogen is greater
than +the albuswinoid nitrogen, it i1s a fairly definite
indication that the water has been contaminated by sewage
and that decowposition has already comnmenced, If the
organic watter in the water is old, nitrites will have
been changed to nitratltes, It is seen therefore that where
nitrites are found continucusly, it wmay be concluded that
there is continuous contamination in <close proximity to
the sampling point,

Additional tests way be required to give further specific
information for specific problems, ’

Fluoride —

Fluoride occurs naturally in groundwaters in certain aveas

of Sri Lanka. The element fluorine. may be found in -

volcanic gases, fluorite or fluorspat in sediwmentary -

rocks, or triolite in igneous rocks.. Disfigurement or-: -

wottling of teeth occurs when the fluoride content of a

potable water exceeds approximately 1.5 wg/L and becowes. - = =

pronounced when the content exceeds 3 to 6 wg/L.

W

However, fluoride in the range of 0;6 te 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 — Fixed Solids — Dissolved Solids -

Total solids in water 1is the weight of all wineral and
organic matter in the water - either in solution or

suspension, It is not a wmeasure of any particular -~

ingredient but rather the sum of all the variocus elements

and cowpounds dissolved and suspended in the water, It .-

includes, ther

dron and other chewical constituents,

The SLSI recommends the total solids content should not
exceed 2,000 ung/L and preferably should be below 500 mg/L.
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The  suitabilily of & water for drinking purposes is
indicated in a general wav by the solids conbtent, High
solids content indicates that a water is  highly
contaminated or containg excessive amounts of mineral
matter,

Filtering a sample of water will remove all suspended
solids and a sawple that is evaporated will leave behind
all total selids. The difference belween total solids and
suspended  solids is the dissolved solids. If the total
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 wuch socap to
produce a lather and soft if it lathers freely. Hardness

is due to salts of calciuwe and wagnesium; and is expressed

in mg/l of CaCOy. Hardness is not dangerdus to health,

The following are examples of mineral co@paunds related to

hardness in water:

-~

5] Calcium bicarbonate — solution of:
containing CO4. {

CaCOq  in waters

O Magnesiur bicarbonate — together with above are the
wmain constituents of tewporary or carbonate hardness.
o Calcium sulphate. k

}
ey Magnesium sulphate ~  permanent hardness or non—
carbonate hardness. ;

Alse present sowetimes are calcium and wagnesium chloride,
and calciuve and magnesium nitrate, B -

The objections to hardness are:

o It wastes soap and affects the skin,

s G,

o Soaps -énd'#ﬂlt'foru 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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< Carbonste  harduness forws bodler soale when bested Lhat
adheres to the boiler shell reducing the capaciiy of
the boiller and canses ftubes to leak or burn out,

) Calocium deposits choke waler hesbers.

Since hardness way be due Lo several different cowpounds,
results are normally expressed so that we can see at a
g lance the relationship hetween dif{ferent waters.
Hardness ratings are;

0 — 50 wg/l. — soft

50 — 100 — woderately soft
106 ~ 200 -~ moderaly hard
200 — 400 ~ hard
400 + over — very hard

Water can contain up +to 800 wg/L and ke satisfactory,
though over 200 wg/L softening may be considered. Sowe
wells, however, containing 5,000 wg/L hardness have heen
used without harwm,

Iron_and Manganese — : o

Iron, although it has no bearing on health, is iwportant
with respect +to appearance, palatability and suitability
for dowmestic and industrial use, It stains glass,
porcelain fixtures, c<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 irom’

will develop a brown precipitate or fine brown suspension
due to iron oxide (iron rust) following exposure to air.
An  iron content exceeding 0.05 wg/L ‘may develop some

odour, stain fixtures or forw precipitates, e

The SLSI set limits of iron content at 0.3 wg/L. . This
limit was not set for reasons of health but rather taste,

odour, laundering, etc, Condemning a water becadse of

high iron content is therefore not justified for health

reasons although a water with higher iron conteni is not

readily accepted becauvse of a reddish appearance and

staining characteristics, 5

Manganese in concentrations of 2 few hundredths wmilligraws
per litre, kel oo a build up! of coatings in:
distributicod "piping. which slough off. it <can cause’
laundry staining or formation of precipitates,

——— e
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Sulphate content is not too significant when assessing Lhe
potability of a drinking water.

Excessive sulphates way:

o Cause bad taszte
< Have a laxative effect when used for the first tiwe,
The SLS1 specifies that a potable water should not exceed

400 wg/L sulphates, Elsewhere, water with sulphates up to
6,000 mg/lL is being consumed without any apparent harmn,

Calcium and wagnesium are the constituents which produce
hardness in water, They waste soap, affect skin, are less
satisfactory for cooking and washing and forwm scales in
boilers and pipes. Calcium and magnesium bicarbonates are -
“the wmain constituents of tewporary hard water. The
sulphates and chlorides constitute permanent hardness, and
removal is more difficult, : i

Calcium compounds canuse hardness, alkalinity and salinity
in water and although their presence: in wost natural
waters has no sanitary significance, "'they may have a
detrimental effect on the use of water for domestic and:
industrial purposes, g

Copper —

Except for traces, copper salts do not occur in natural . -
waters. Their presence in potable water is attributable @
to corrosive action on piping, ! T
Concentrations large encugh +to be significant. from a
health standpoint wonld render water supplies cowpletely

unpalatable. However, there is little danger of copper
poisoning from this source, Tastes in the water supply
will occur with concentrat ions of 3 te 5 wmg/L.

Concetrations of 0.5 wg/L or less in sowme soft waters will
cause staining of porcelain. -

e

The SLSI specifies a limit of 1.5 mg/L,

Zinc —

Zine has been found in concentrations aup to 50 ag/L in
zinc mwmining areas. However, zince content is normally -
limited +to amounts incidental to ecorvresion of brass,
galvanized piping, and thoze awounts are not of practical
significance wuntil the corrosion iz sufficient to cause
metallic tastes in water, The liwmit set by the SLSI is 15
wg/l.., However 5 mg/L mav cause a disagreeable taste and
may aid corrosion,
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Arsenic —

Arsenic  may be present in water frow hot springs ovr in bLhe
wastes frow some industries. The maximuw limit set by the
SLST is 0,05 wz /L,

Lead -
Lead 183 not  present  in natural waters and would neot be
present if not for direct contamination,

Lead contanination results when corvosive waters are
allowed to stand for a length of tiwme in lead piping or fto
come in contact with lead bearing jointing cowmpounds, and
the problem is considered liwmited., Lead poisoning usually
results frow the cuwmulative toxic effect of lead after
protracted consusption of water containing significant
concentrations, rather than from occasional presence of
concentrat ions in excess of 0.1 wmg/L.

The limit set by $SI is 0.5 wmg/L.

Sodiuvam_—_ Potassium —

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

Sodium =and potassiumw chloride can be tested, Sodiuwm
content around 200 mwg/lL is reasonable euxcept for sodiuwm
free diet consumers where content above 100 wg/L is bad.

Silica in water can be present in colloidal form or in

solntion, 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 turbiunes
where it forws a scale which is hard and troublesome,

-

ABS -

ABS is short for Aklyl Benzene Sulphonate and it is a
surface active agent or surfactant, as they are called.
They are ic.- subsiances which, at wusage concen—
trations, . Signittcantly lower the surface tension of
water, TLIETE

The ease with which a surfactant is degraded or discharged
by biochewical wmeans is called biodegrsdability, Those
resistant to biodegradability are called hard detergents
and conversely theose detergents that contain surfactants
that are easily degraded are called soft detergents,
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Wheear wash waters and woaste which <ontain synthetio
detergents B down the drain Lhey will contain
approxiwmataely 0.1% fo 0.32 of finished detergent product , -
This is 1,000 wmpg/L *to 5,000 wg/L respectively and is
equivalent +o 200 wg/L te 1,000 mg/l of eithasr ABS, LAS,
or other surfactant, This LAS is a linear alkvlate which
when sulphonated becomes linear alkyvlate sulphonate hence

LAS.

When ABS goes down the drain into the sewer it becomes
diluted by other wastes 100 times or so, s$o that raw
sewage contains typically about 10 wmg/L ABS,

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

Khile a level of 5 wg/L ABS wmight be encountered as an.
unusually rare circumstance on a tewporary basis, ABS:
levels in drinking water are alwost always below 1.0 wg/L
which is the recommended liwit and are usually well under

0.2 wg/L.

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

The awounts of phenols would not be significant if not for
the fact that objectionable tastes and odours result when.

phenol bearing wastes are subjected to chlorination.

Biacheuical Ostvygen Demand (BOD) —

Biodegradeable organic matter in waste discharges is-
broken down by aerobic microorganisws to provide food and |
energy. The dissolved oxygen used by the microorganisws.

in this wetabolic 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 streawms and the oxygen requirement:
of sewage and trade wastes,

The BOD . i of the awount of organic watter’
present orZrather of the oxygen required to oxidize the
organic wmatter, In raw sewage the five day BOD is
generally above 100 mg/L and for industrial wastes the BOD
may range frow 1,000 to 50,000 wg/L.
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Pest icides —

This test shon Ld he included where there is  the
possibility of irnddustrial pollution or agriculbtural
runof f, since pesticides wavy oreate healih yproblews,

Refer fto local WHO or FAOQ office for guidelines.

Mineral Qils —

—_————— e

May cause tastes and odours after chlorinztion,

If the water samples taken do not wmeet the prescribed
standard, the source should be considered uwnsuitable for

use without treatment, If any coliform organisms are
found, further investigations may be unecessary to
determine their source, if this ts net evident,

Disinfected water supplies should e cowpletely free of
any coliforms, however polluted +the raw water may have
been. :

R PR, PR

S )
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4, SELECTION OF TREATMENT PROCESSES

The object of water treatment is  teo obtain water of approved
gquality standards. Treatwent wust be both: econowmical and
reliable, requiring the least capital investwent and operation
and waintenance, The relative wmerits of sources requiring

treatment against the cost of long pipelines frow a distant
source not receiving trestwment should be weighed carefully in
view of the constant attention which would be reguired for the
operation and maintenance of a treatwent plant.

The mwmethods of treatwent depend on the nature of the source and
its oquality. Treatwment may comprise only chlorination tor
disinfection where raw water guality is within the recomwended
limits or it wmay involve certain specific or full treatwment
including aeration, sedimentation (either plain or flocculation
and coagulation), rapid or slow sand filtration followed by
chlorination, Ground waters generally require the least awount
of treatwent, chlorination usually being sufficient, In the case
of surface water and iron—bearing ground waters, part or all of
the full treatment processes wmay be required. It is iwportant;

therefore, that water guality of the source he thorouvghly -

evalnated to select, first of all, the source which requires the
least treatment and secondly, the wost economical treatwent
prrocess (es). Data on design of the various unit processes are-
given in Chapter 5.

For swall community water supplies, complicated treatwment schewes . -

are not suited and in such cases a better sclution may be to
develop an alternative unpolluted source of watpr, even when this
can only be found at a greater distance,

Important design counsiderations are:

Low cost

Miniwum use of mechanical equipwment
Avoidance of use of chewmicals, when possible
Ease of operation and wmaintenance, '

[~ I I =

The possible treatwment 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 presents 5 3 options in a slightly different
format with recunmendeﬂ T oprocesses for various levels. of
undesirable characteristics, Both Tables 4.1 & 4.2 should be
used with caution since tLreatment effectiveness usually depends .
on a combination of unit processes,

Figure 4.2 shows the approximate operational ranges of treatwent
"processes with respect to rewmoval of particles of different
sizes, and Table 4.3 shows unit processes required for various
typical types of source vaters,

-29-



Table 4.1
Piffect ivencss of Water Treatment Procosses in
Removing Variouns lwpurities
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. i - [N . + “ . [ -
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T’le 4.2 Recommended Treatment Progsses

Water Quality

Characteristic
to be
Reduced

ion
i0n an
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Raw Water
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Prg;ghlorx—
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Settlement
Floccu-
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and
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t
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20— 100
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_ %Table 4.3 Treatment Systems fo.later from Various Sources
heration for P

re- Infitlt- Plain Coagulation ) X Slow Post
Increasing{Reducingi{Chlori-] tration Sedimentation/ and Sedimen- Rapid ~ Sand Chlori-
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To supply

High lift puwps

Dechlorination

Pure water tank [:%:::]

Chlorine el ::[
pH correction . : ; LA
—-—— VWashwatler : _ o
Filters [:%——mJgf ik 3 Fiti
Sludge A .
Main settling basins : i L8
Flocculation é Pl
Mixing chawber ; Boindl
Coagulanfs ; Copmea Yy
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';
Aeration ; 1
' Washwater
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\Washwater ) -
Fine screens ) : iy
Raw water storage EIETE £
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Raw Water: pumnps EeeE AL AN
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Water ) : To
| - Orying
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N
e e .
Source S — )
I
-__,’-'-_"'--..______--—.‘____
Flow Diagram Showing Possible Treatwent Stages
Source: Smethurst,G., 1979 "Basic water treatment ﬁor applicatior
worldwide"”. Thomwmas Telford, London. ;

Figure 4.1
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5. UNIT PROCESSES

AERATION

Aeration way be used on surface waters to help rewmove
tastes and odours due to dissolved gases, or on ground
water supplies to reduace or remove obiectionable amounts
of carbon dioxide, hydrogen sulphide or wethane and to
introduce oxygen to assist in iron and manganese removal.
In surface waters with =z high organic content {(such as
Kalatuwawa) aeration wmay also assist in colour rewoval.

There has in the past been over-use of aeration in surface
water schewes in  Sri Lanka, Where aeration 1is mnot
required for the above purposes, it adds to the cost of
pumping (usually 1-3 w head) and increases the oxygen
content wmaking the water wmore corrosive, This adds teo the
cost of treatment and makes for a wmore aggressive water
in the distribution systemn, Aeration should not,
therefore, be used unless reqguired 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 sowetimes colour.

Natural surface waters often contain dissolved complex

organic and inorganic substances which volatilise on
aeration and sowe oxidation of dissolved organic matter
alsoe woccurs, This exchange has the effe¢t of rewmoving or
reducing obnoxious tastes and odours and, with it, the
ultimate chlorine demand of the natural water. However,

aeration mwmay 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
wmanganic oxide hydrates which wmay then be rewoved by
sedimentation or filtration., This process is likely to be
less effective in the presence of organic matter, which
may cowbing=smith==the iron and wanganese to form complex
compounds fﬁﬁ?& not precipitate well. In such cases,
moderate rather than vigorous aeration may work better.

Groundwaters will release a part of any dissolved gases
and aerate with astmospheric oxygen thus acquiring a wore
desirable taste, The release of carbon diowide increases
the pH and reduces the corrosivity of the water,

Reducing the carbon dioxide content, however, wmay shift
the carbonate—-bicartonate egmilibriuwm in the water so that
deposits of calciuw carbonate are forwed which way cause
problems,
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- The rate of aeration is governed by the area of intertace
bhetwaan the air and liguid, the thickness ot the
interlayers and the Lime of contact,

The type of aerators comwmonly used are:

These consist of stationery nozzles, through which water
is sprayed into tLthe air, at about 5—7wm/sec. The nozzle
design is iwportant in achieving opLiwum dispersion,
Spray aerators are appealing, butl are no more efficient
than other typezs which regquire less space,

Typical design criteria are;
Nozzle dia: 10-40 wa @ 0.5 — 3.0 w spacing

Nozzles to be tilted 3° — 5° to the vertical to aveoid

interference due to falling water, They should be
enclosed by suitable windshields to prevent loss of
water;
Output per nozzle: 5~10L/s
Head required at nozzle: 2-9 w of water
Velocity of water in the aerator pipé} 1.0-1.5 w/sec,
Aerator area: 0.72 — 2.16 mz/mB/day of flow,
The time of exposure of the droplets,'*he head required’
and the flow from each nozzle can be calculated from +he

following formulae:

v

i
)

2 gh

q = Cda Egh

o+
]

2 C, sin x 2h
B

total head of water at nozzle

A_gﬁgigrqgﬁnn due to gravity

= Ex ¢elocity of drop ewerging from nozzle
coefficient of velocity (0.9)

coefficient of discharge (0.9)

discharge per nozzle

= cross section area of nozzle opening

time of travel or exposuare

angle «f inclination of spray to horizontal

a1 =R =T
I t

-~
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These are siwple, inexwpensive and ocoupy little space {(See
Fig 5.1{(a). Water is dispersed evenly through perforated
pipes over the upper tray {from where it trickles down,

Typical design criteria are:

Number of perforated trays = 3-56

Tray perforations = 10 we dia, € 50 wu centres.
Spacing between trayvs = 30-50 cm

Height of aerator = 2-3 "

Size of media in travs = 4—7 cw

Depth «f wedia = 10-25 cm

0.01-0.02 m3/s per wl of
tray surface

1.0-2.0 wl/w3/uin.
(3468 f£2/mgd)

il

Flow rate

-3
rg
"y

s
r
p‘
o
@

I

Trays can be of any suitable non—corrosive material, and
for better dispersion wmay be {filled with coarse gravel,
Coke may also be used, which acts as a catalyst to prowmote
the precipitation of ireon frowm the water.

‘Cascade Aerators

The principle is {o spread the water as wuch as vossible
and let it flow over obhbstructions to produce turbulence,
These are similar to tray aerators, but with a series of
sfeps or platforms over which the water cascades (see
Fig.5.1(b), (c)). Obstacles way be placed on the edge of
each step. Cascades aerators generally take up wmore space
than tray aerators, but the overall head loss is lower,
and maintenance is wminimal, Where ! space perwits,
therefore, they are the preferred type of aerator,

Typical design criteria are:

4—6
30-60 cn

0.01 m3/s over m width of step,
2-3 wm J

1.5-2.0 wl/w3/min of flow
(51-68 £t2/mgd) -

it

Numwber of drops
Height of drops
Overflow rate
Height of aerator

]

il

Cmscude

An example of cascade aerator desipgn is given in Annex A,
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SCREENING
For river and lake intakes sowme form of protective hoow orv
coarse screen, about 75 wm  opening, should be used to
prevent large floating objects entering the intake. The
velocity of water throagh bLhe soreen opening should not
exceed 0.5 w/s.

Fine screens  are usually 5-20 we ovening, duplicate
screens being provided to allow the removal of one screen
for cleaning wanually, Alternatively., provision wayv be

wade for cleaning by raking or water jetting., Maximue
velocity through the screening mwediune should not exceed
1 w/s. Mechanical screens may be necessary on larger
schemes, operateaed cont inuously or intermittently as
controlled by the loss of head across the unit., For a
belt type screen 15 wm/s would be a tvpical belt speed for
cont inuous operation and drum and disc type units way
rotate contimously at 0.2-2 rev/uin, '

The wicrosirainer is a developwment of the draw screen
using a fine stainless steel wesh supported on a coarser
material. Because of +the swall aperfture size of the
fabric, clogging occurs rapidly and the fabric wust be
continunally cleaned by washwater jets, The speed of
rotation of +the druw depends on the diawmeter but in
general the maximum peripheral speed should not exceed Q.5

wm/s, Filtering head is normally 40-140 mm and maxiwuaw-
operating head should not exceed 0.25 m., Three types of -
fabric are in general use: Mark O 23 wicron aperture,_

Mark I 35 wmicron aperture and Mark II 65 wicron aperture,

Straining rates are usually in the range 700-2300
m3/u2d and backwashing requires about 2% of the
influent water, Typical sizes and capacities are shown
below: :
MACHINE SIZE R %
DIA EFFECTIVE WIDTH MOTOR : CAPACITY RANGE é
(m) ™) (kW) ! (u2/d) }
1.5 0.3 0.4 | 230-2300 %
1.5 0.9 0.6 ! 1360-6800 !
2.2 1.5 1.5 b 3620-18100 |
3.0 | 3.0 3.0 ' 13600-45360 )
3.0 3.0 4.0 ' 23000-68000 j
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COAGULATION

Colloidal particles and fine suspended wmaterial canonot be
removed by plain sedimentation becanse of their extremaly
low settling velocities, It is therefore not norwmally
pessible to remove particles of normal specific gravity
with diameters less than 330 wicron by sediwmentation in
convent ional tanks, Suitable chemicals can be added tao
water to form bulky fleoo particles which will settle
readily removing most of the colloidal and suspended
constituents of the water,

The wost commonly used chemical for coagulation of water
is aluninium sulphate {(alum) A12(804)3,14H20 but

the following chewicals wmay sowmel iwes be used;

Ferrous sulphate (copperas) FeSOg4 7H0

Chlorinated copperas FeSOA‘?HéO + Clg
Ferric sulphate FeE(SOa)é
Ferric chloride FeClqg

The substances that freguently are to be rewoved by
coagulation and flocculation are - those that cause
turbidity and colour, Surface waters in Sri Lanka are
often turbid and contain colouring wdaterial. Turbidity
wmay result from soil erosiomn, algal' growth or animal
debris carried by surface runoff{, Colgur wmay be iwmparted
by substances leached frow decowmposed organic wmatter,
leaves, or soil such as peat. Both turbidity and colour
are wmostly present as colloidal particles.

Generally, water treatment processes involving the use of
chemicals are not s0 suitable for saall comamunity 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
treatwent process using mno chemicals. If the turbidity
and colewiEiZafefithe raw water are not wuch higher than is
permissible-—for drinking water, it should be possible to
avoid chewical ' coagulation in the treatwent of the water.
A process such as slow sand filtration would serve both to
reduce the turbidity and colour to acceptuble levels, and
to improve the other water quality characteristiazs, in a
single unit. A roughing filter can serve to reduce the
turbidity load on the slow sand filter, if necessary.
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Alum i1s by far the wost widely used cosgulant but iron
salts have advantages over alum in some circumstances., One
advantage 1is the broader pH range for good coagulation.
{(For alum the pH zone for optimae coagulation is guite
narrow, ranging frow about 6.5 to 7.5 whereas for ferric
sulphate it is considerably broader, abont 5.5 to 9.0).
Thus, in the treatwment of soft coloured waters where
colour removal is best obtained at low pH, iron salts wmay
be preferred as coagulants. Iron salts should also be
considered for coagulation at  high pH since ferric
hydroxide 1is highly insoluble inp contrast to aluminiuam
salts which fore soluble aluminate irons at high pH.
Synthetic organic polvelectrolytes have becowe available
as coagulants and coagulants aids, but are generally not
econowical for small water supply systems, nor are they
readily available in Sri Lanka.

The coagulant wust be added in the correct dose and wmixed
thoroughly, for optimal coagulation,. The optimal dose
shonld be deterwmined periodically by carrying out a jar
test,

Chewnicals are normwally added to water as a solution or
suspension so that rapid dispersioen throughout the main
body of water becomes possible., For accurate continuous
dosing the chewical wust be carefully measured and this
way be done by either dry or solution feeders.

Dry feeders draw fipely ground chemical from agitated
storage hopypers, weasurenent being graviwetric or
volumetric. The weasured chewmical is usually delivered to
a solution pot for injection into the wmain supply as a
solution or a slurry. ’

With solution feeders the chewical i1s dissolved in large
storage vats holding 12-24 hours supply of solution with
stirrers to a standard concentration (usuwally 3-7%) which
iz then added via a constant head orifice or siwmilar
measuring devige,

In either ¢ase’diplicate feed capacity wust be provided in
case of breakdown and there should be at least one month's
chewical storage capacity adjacent te the feeders, Since
most o©f the concentrated chewical sclutions are highly
cerrosive, solution lines should be of rubber or plastic
and tanks should he 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 treatwent plants in Sri Lanka, frow which the
following conclusions may be drawn:
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e proportiounal feed dosing puaps have been commwonly
used, but are unreliable, and a gravity feed syvstew
through pipes of steady gradient should be utilized
wherever possible;

© the awmount and concentration of the solution wmust be
known for optimuaw coagulation and economy of coagulant
use;

) solution tanks are sometimes sowme distance frow the
point of chemical deosing, requiring long feeding
pipes, Solution preparation, dosing and flocculation

should be as close together as possible,

Coagulant Dispersion
Loag s

The initial dispersion of the coagulant in the raw water:
is of utwost importance, and to ensure even dispersion of
the chemical throughout the water some form of wixing is. |
essential, The desired degree of mixing may be
acconplished either by wechanical weans or by utilising
hydraulic turbulence,

Hydraulic wmethods include overflow weirs and baffled
channels as shown in Figure 5.3 or in the discharge piping
of a puwp, 5—10 sec, mixing time should be adequate, if

it is really vigorous and continuous.

If a hydraulic jump is used for wmixing, the velocity of
flow in the fluwe should be 3-4 w/s and the water leaving
the fluwe should wix with water woving at about 0.7 w/s, !
the +total wixing time being about 5 sec., The head loss -
for such wmixing is 0,.25-0.50 m,

Mechanical rapid wixing way be achieved by high speed’
(300-900 rev/min) propellor type mixers installed in a
small chamber; criteria to follow are:

Detention tiwme of at least 30 s (commonly 60 s)
Power requirement 2,.5-5.0 kW/-3

Head lossad) .2-0.6 w
Rat io of=ta

ry

ia to height 1-3

However, experiernce indicates that mechanical rapid mixing
iz not as effective as well dezigrned hydraulic wmixing, and
Parshall fluwes or weirs are praeferrved,

Dilution of ihe coagulant, to a solution of 0.5 to 1.0%
should be carried oul iwmediately prior to dosing the raw
water, The dilution water should be filtered, but without
pH adjustwent (before lime addition), It wmust be poassible
to weasure the volumes of both Jdilution water and

: coagulant ., A suitable and siwple type of diffuser systew

is shown 1in Figure 5,4, The feeding point should be
across the flow at the point of maximuwm agitation,
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Flocculat ton

—— e e e

The size of floc particles and their speed of forwation
can pbe iwproved by creating veleocity gradients in the

walter to increase the chance of collision between
particles. Such conditiocus can be provided by recltangular
horizontal flow tanks with slowly rotating vaddles or with
baffles, or by vertical flow tanks with or without

mechanical stirring.

a) Mechapnical Flocculators

Flocculators are generally of wechanical type 1in
larger plants and hydraulic or gravitional type in
smaller plants, For mechanical type, use the

following typical eriteria:

Detention period 20 to 30 minutes
Avg. velocity of flow = 0.3 wm/s _
Paddle area 10 to 25% of the area swept

Speed = 2 rpm
Max. peripheral :
velocity = 0.15—,0.75 wm/s
Head loss = 0.15 m
Depth of tank = 1k~2 paddle diaweters

]

2,5-5,0 kH/na/s. {design
for starting torgue)

Power requirement

Operate as many paddles as possible frow one shaft and
notor, Many wethods of coagulation and flocculation
can be effective as long as the concept of plug flow
is wmaintained rather than uncontrolled or undirected
flow through large open basins, The very simplest
mechanicallyv—driven flocculators, either horizontal or
vertical, can be effective if the tank is divided into
sections or cells requiring a series flow pattern,
Even 1if nol provided in the original design, this can
aften still be accouplished later by iustalling
baff l esmiein. wexisting tanks to  create cells or

k)

Most existing plants in Sri Lanka use a combination of
floceculation and settling within a single structure in
upflow sludge blanket type clarifiers. (s«e Fig. 5.5.)
These units operat o best under heavy turbidity
conditions so that a dense sludge blanket can be
formed; this i1s mnot the case in wmost oi the plants,
Furtherwmore, these basins do not take overloads well
and sharp changes in flow adversely affect their
perforaance, The sludge rises and overflows at the

slightest provocation,
—45-
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Most wunveliable of the existing units avre bthe single
compartment floceulators which allow short cirouiting
and short flocculation tiwmes. Since slow agitation is
critical to the formation of settleable floc this unit
is  very iwporbant, The time of agitation and swmount
¢t energy input are important paraneters, In uptflow
basins netther is well controlled.

For the most part the leading of the basins is sb the
limit of reasonable overflow rates, Add to this the
fact that flocculation times are close to or below
reasonable wminiwaws, and it becowes clemr Lhat these
claritfier—~flocculator wunits are not easily wmodified
and upgraded,

If wore clarification capacity is needed in the future
at these plants, new flocculation and settling basins

will be reguired, There iz, however, an alternative
solution: a Light coagulant dosage and direct
filtration can probably produce excellent water

quality for wmwost of the yvear and possibly even cope
with seasonally high turbidity waters {(during the
rainy season) by wore frequent filter washing.

Hydraulic_ Fleocculators

Baffled or hyvdraulic flocculation basins are siwple,
economical alternatives to mechanical flocculators.
They have the distinct advantage of being free frowm
wechanical equipment, O&M problems as well as shori—
circuiting. Their disadvantages are that wixing
intensity is dependent on flow rate and that they
require wmore area. ’

The velocity gradient G (sec—l) 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 floc by shear forces is to be
avoided. The value of G can be adjusted to floc size
growth requirements by providing & higher initial
value and decreasing it praogressively, The initial G
value may be as high as 100 with the final values
dropped to as low as 10 (typical valunes would be in
the range 45-90).

MR GG s e

S

The minimum detention time in the basin should be at
least .20 win (1200 sec). Care wast be taken in
introducing flocculated water into the sedimentation
tank to winiwmize floc disintegration. The recommended
velocity in the channel or pipe to the sedimantation
basin should be baetween 0.1-0.3 w/s and emphasis must
be placed on swmoothtiess of flow,
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Two  wethods of providing tapered & values  are by
eaither varving the baffle spacing in a basin having a
fixed cross—section or by evenly spacing the batfles
along a vary ing Chuannel section, An  example
calculation for a fixed cross—section channel is given
in Anunex B,

Typical sketches of horizontal and vertical flow
baf{fled channel {flocoulatosrs are sheown in Figure 5.6,

Typical design criteria are as follows:

1l

Velocity gradient, G 45-90 sec” 1

Detention time, 1 600--1800 seo,
Channel vel. ¥ = 0.1-0.3 wfsvec,
Head loss H = 0.5 m

12—-20 with 180°
direction change and
well-rounded corners

No. of baftfles

Vaelocity
gradient G = sgH
a T
where S special gravity

H headloss per baffle (w)
= Viscosity of water (mzjsec)
(0.90 x 1070 m2/sec at 25°C)
T = detention tiwme per baffle (sec)

g = gravity (9.81 n/secz)

There are many exaumples of older or smaller plants
without wechanical equipment where good flocculation
has been accowplished siwmply by gravity flow through
baffled channels. These include both under—and—over
and around—the—-end baffle design. The particular
style or design does not seem to be important, What
is important iz to keep in wmind the objective of plug
flow and to approach that as closely as possible,

a)

Estion. “or clarification is the rewoval of
suspended wmatter from water through a process of

settling. In the process, particles heavier than
water seltle to +the bottom of an especially designed
tank, Further treatwent mav be needed to rewove fine

clay and colloidal watter which have a verv slow
settling rate and are difficult to remove by plain
sedimentat ion, Hortzontal flow settling tanks shonld
he used where water contains wuch suspended mattor,
The tanks «<an be used alone, as a pre—treatment step
for a slow sand filter, or as an intermediate process
between chemical coagulation and rapid filtration,

-4 8~
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The -wost common design provides for the water flowing
horizontally +fthrough the tank (Figure 5.7) bul there
are  alsoe designs for vertical or radial flow (Figure
5.8). For swall wataer treatmernt prlants,
horizontal-flow, rectangular tanks generally are both
simple to construct and adeguate,

Sedimentat ion tauks AYE: designed to reduce the
velocity of water entering the tank so that it is
retained -long encugh to perwit particles Lo setile. A
sediwentation tank has four sections: the inlet zone,
the settling zone, the ountlet zone, and the sludge
deposit zone, (See Figure 5.7)

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

o & baffle or wall separates the inlet zone from 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 jwproved if{ there is no turbulence or cross
circnlation in the tank,

o In the outlet zone, clarified water is collected
from the +top layer of the tank, This area is
separated frowm the settling zone by a weir which
controls water flow out of the tank and inte the
out let zone, i

o Finally, the sludge zone colleéts the wmaterial

settled from the water. The floor in the sludge
zone should have a winimum of 5% slope toward the
drain,

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

o A uniforw flow distribution vertically and
horizontally at the inlet and outlet to the settling
zone;

o undfiteteglids  concentration ‘at the inlet to the

vertically and horizontally.

Consider a particle with settling velocity (Vo) which is
just removed (i.e, traverses the full deoth (H) of the

tank in the detention time (T),.
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Vo = H = w/hr where T = AU tir
't 4]

1]

A surtace area of btank, we

) = tlow rate m3/hr
Then Vo = H, = G w/hy which is the surface overflow
A H : or loading rate

Note that the tank depth, H, is therefore jwmaterial,
Particles with settling velocity Vs of Vo or grealter
should all be rewoved, but when Vs is lower than Vo:

provided H < VsT, they are removed, but if
H > VsT, they are not removed,

Therefore proportion of removed particles is Vs
Va

where Vo is design velocity.
Settling tank design should be based on a settling

column analysis of the raw water, Sowme typical settling
velocitids are given below:

Material z Partial Diaueter] Settling Velocity i

g (wm) (u/hr) %

Coarse sand@ 1.0 365 ?
{ 0.5 194 E

Fine sand | 0.25 97.5 E
L 0.10 29.0 §

ISilt 0.5 10.6 !

’ ? 0.005 0.14

Fine clay : 0.001 0,005 (Swwm/h)

i 0.0001 0.00005 (0.05mm/h)

For plain sedimentation (without pretreatment..of

chewical coagulation and flocculation), lower surface”
loading rates should be used, h

A typical tank layout is shown in Figure 5.9 and
sugrested design criteria are as follows:
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Surface loading rate (soo table below)

Tank dopth 2.5-4,0
Length/widih ratio 3:1 to 1
Detent tan per iod 4—G hrs
Length/depth ratio 20:1

(for basins over GOum long)

Weir overflow rate < 18 mB/m_hr
Sludge storage (additional depth) O,15-0, 3n
Diameter (circular tanks) < GO w
Average velocity in basiu < 0,02 m/s
Velocity in sludge drains > 1.4 wm/s
Velocity in inlet pipe/channel 0.15-0.4 nis

and out let

Sedimentat ion after efficient chemical coagulation
should rewove almost all <f Lthe colleidal and suspended
impurities in a water, Large floc particles have

settling velocities in the range 0.5-3.5 o/hr and {for
alum floc 1.0 w/hr is comwmonly used for design purposes,

Recowmended surface overflow rates are given below:

i i
% ! GQG/A, w /day per m
j Type
Norwal Easy Very bad
conditions conditions jconditions
No pretreatment % 0.5 - 1.0 ' 0.1
With chemical 0.75 1.0 0,4
coagulation : -
With coagulant | 1.13 1.5 0.75
aids |

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

nuwber of tankss

dimensions;

velocity of flow;

detention time;

sludge storage and removal;

inlet and outlet arrangewents;

particle size of solids to be removed; and
water temwperature,

(=2~ ~ L T < I o v i v

It is very difficult to take into account all the above
factors, particularly since the whole situation can be
upset by outside influsnces such as wind action. In
view of this, wost designs are based principally on
Jjudgenent and experience.
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(Cat et weirs should be designed To wmaintain suitable
settling velocities and teo winimise short-circaiting,
The rate of flow over an  eftfluent weir should be
restricted to 18 0 e hir, Vee notoh eff luent weirs
with wnotches 50 wm deep at 75-150 wm spacing are
preferable to plates since the effect of subsidence on
the weir would be less acute.  Subwmerged orifices may be
used as an wlternative to overflow weirs,

Par the inlet, distribution of water equally and at
untiform velocities requires an inlet arrangewent suwch as
baffles with open or submerged ports., Simple inlet and
oullet arrangements are shown in Figure 5,10, Sludge
removal way be achieved by mechanical sludge collection
or by a hopper bottow with perférated pipes through
which sliudge is removed wunder hydrostatic pressure,
Also rectangular tanks with reverse bottow slope are
used with high pressure hoses for manual cleaning.
Miniwwe size of pipe to be used for desludging is 200 wwm
dia. for non-mechanised wunits and: 100-150 mm dia for
wechanised units,

The following criteria should be used for sludge
rewoval:

For wanual cleaning : slope of 1 in 10, hopper
bottom 1,2 in 1 ~ 2 in 1

+1

For mechanical scraping 1 in 12 slope

Allowable head loss 0.50 m

[Ty

0.15 — 20 kW/m3/d.

Power required

Py

Rake speed : 0.3 m/niﬁ .

Manual cleaning has the disadvantage that the tank has
to be taken out of service, but good plant design
normally provides wmore than one settling tank, even with

mechanical equipwent . 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 siwmpler cleaning.

Vertical Flow Tanks

Solids comtact 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
wmatter, These are often used for cowmbined softening and
clarification,

PR
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Commonly used crileriua arve:

L25-2.5 wihr
hours (not usuvally used as a
criterion)

Surtfazce loading
Detention period

I

Weir loading ¢ 215 wi/d/m of weir leungth.

These clarifiers require cowpetent operation to waintain
an  optimum  sludge blanket layer with suitable controls

ot sludge withdrawal, The blanket is sensitive to the
coagulant dosage and to a nmuwber of other factors
including the prevailing difference between awmbient

tewperature and the influent temperature.

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

Clarifiers with Tube or Plate Settlers -

Tube settlers are now being incorporated in the design
of wmany new water and wastewater treatwent plants. They
are also being wused to increase setiling capability of
existing plants, Much remains to be learned about the
design and perforuance of tube settlers, but experience
already indicates they can increase operating rates by
two to three times above conventional design criteria
under proper conditions, :

A recent development in high-rate sedimentation is the
plate settler, Plate settlers way be made of wmetal,
plastic, or water—proof plywood, Flow through the plate
settlers way be either vertical or bhorizontal. The
design concept is  siwmilar to that of tube settlers but
is cheaper, The size of structures 1is kept to a
minimim. The basin overflow rates for plate settlers are
5-10 tiwes those of conventional rectangular basins.
Tubes wmay 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, wade of PVC they
are light mm%' @ap; pipes way also be used, Loading is
nornally“g'ha/hr‘per w2 {(w/hr}) .,

When wused for upgrading existing sedimentation tanks,
inproved surface loading rates of 4-5 times way be
obtained, and it is importan! also toe upgrade the sludge
rewoval 1facilities +to deal with {1he extra voluwme of
s ludge, A typical layout of a plate clarifier is shown
in Figure 5,11,

—— oy b =
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-RAPRPTD FILTRATION

Rapid filtration is recomwended onlv for wedium or
larzer scheunes where skilled operators will e
avail table Filtration ¢can be considered as bthe final
polishing aperal ton in waler treatwent, If the

preceeding units are operating correctly, aboult 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 swall 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 cowparison of characteristics of the wain 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 1ao_m2

Filtration rate 120-360 w3/wid

Head loss . Up to 2.5 =m

Filter run 1-7 days

Washwater consumption 1-6% of filtered water

Depth of filter Q.3-0.6m gravel, 0,6—1. 0w stratified
sand

Gravel graded from 2-50mma over depth of layer,
Sand specification:
0.4-1,2 mm Effective Size (ES)
1.5=2.0 we Uniforwmity Coefficient (UC)
or pagEigg b -wesh (lum) :
retained 30 mesh (0, 5uw)

Miniwam depth of water when operating -~ lu

Maxiwum inlet velocity — 0.6 m/s

Minimun rabtio underdrain area to filter area — 0,003
Backwash velocity — 5—10 ww/s

Minimun backwash time — 5 win,

Wash waler tank Provide for 2 or winiwmuw of 1
filter washes of 10 winsz each.
Should be capable ! of being
refilled in 60 wmin, ;
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CHARACTERISTIC

SLOW FILTER

RAPID FILTER
GRAVITY PRESSURE

[Filtration rate
Size of bed
Depth of bed
Effective size

of sand

Uniformity
coefficient

Head loss
.Length of run
|Method of cleaning
Wash water

consuumnption

Penetration of
suspended solids

Pretreatwent by
Coagulation

Direct on main use
Easily extended

Covered
construction

Visible operation
Capital cost

Operating cost

2 mB/mzd
Large (2000 w?)

300mm gravel, lwm
sand unstratified

0.35 ma
2.5

Up to 1 m
20--90 days

Scraping off top
layer and washing

0.2-0.6% filtered
water

Superficial
No

No
No

No

Yes
Higher

Low

120-360 n>/w?d
Swall (100 n?)

500wm gravel, 0.7-1.0mn
sand stratified

0.4-1.2 wm
1.7

Up to 3w
1-7 days

Backwash with air
or wmechanical scour

1—-6% filtered water

Deep

Yes Yes:
No Yes

No Yes
Optional Yes
Yes No
High Medium
High Higher

-61—




7? =
'_)‘-" .
".“ - T - _._".
2 P ]
INLET ——= §
" s s
4 " R T | STRATIFIED SAND 0670 10m
v R NS W
DRAIN ~——— N AR )
- ~. Tt .'. ‘:.' -ch..'-..-’ - “: - .." i ™ a:‘ * : c- ‘. ‘ ‘:
A Lt el el e ettt a3 | GRAVEL 0.2 T0 0.5m
;-" ‘4“'. .‘:’ :"'“ - .o * .-. ‘-" .G d."- : .:' : - "'l. ;
- . . P 9 5 3
, L ' “"| UNDER DRAIN
OUT LET ——
BACKWASH —&——— I+~ 7 T ="
DRI R AR AR T L) P

~
| ]
n
| | }
H it !
——] [ N o ¢
T \ l' 1
: (! 0! WASH WATER TROUGHS
—_— P} — .l 8
"_—'F _}"" a1 — : _j'_ ‘ —— ._I_t _.AD . i T
i i
i :1 i }
———— ; { [N 1 : -
l_: T { :
l, | e He UNDER DRAINS
] i .
U L U
' )

GRAVITY TYPE =PLAN .

DRAIN

DT =R INLET

J

PRESSURE YESSEL

DD wirl -0 8T S —STRATIFIED SAND
: ; ST S s e ROTATING HOLLOW

BACKWASH ARMS

EER . -" .
LY P
Cl T e L =1 —GRAVEL
«TaT, .-.h. *

=——1— UNDER DRAINS

BACKWASH == — P ——2—= OUT LET
PRESSURE TYPE

B

"RAPID SAND FITER
MAIN FEATURES

FIGURE 512

—h2—



v B e roem e INFLUEKRT.

o b e e e

X = E - FEs = ‘

> . =

A o) bere] ad

L7 Y . .. .. g

o.'o - ":L

[5° $:

"o -

ST eanD o

a0 N - SAND |

3 GRAVEL _-
PO\ e R 7

ANt é//

=3%%

FILTER HOUSE
S |y OPTIONAL

3
#
¥, <

Ll

Rl

e
- e
- T e
- \-‘ ".--:_-- ':‘. ‘
= e ¥
) = 2
" |
S Ty 1 |
’
" !

" ey ) N Y, |
- - B X K B
A . GRAVEL . w“v:.‘.: olis

Al B S P . wasreaBin Ra%d'e

%ﬂ'}—_

Cr )

g
2
o] |5
\. '- "

PERFORATED LATERALS

SECTION AA

ELL

0 CLEAR

Iy

' _ | o= . O
WASH U] ,

TS | I N

BACK WASH CONNECTED
f 0 RISING MAIN

" ’ - 1

B 1

DITCH FOR - |l . INFLUENT_—o.§ ’

BACKWASH . Bl S -
PLAN C

WATER

RAPID FILTER
TYPICAL DESIGN

"FIGURE 513

—-63~



Auxiiiary scour

Head loss

Wash water troughs— Should

Velocity in
out let

- Mechanical o e in  sand  1-10
rev,; wmin, Alr scounr 0,.015-.025
mj/mzs tor seversl minutes
hefore backwashing, T ESSUrE
20-35 kN/w2. Surface wash by
additional 1-20 wmm/s jetted onte
surtace of sand at 150-450

kN/m2,

in wash water svstew 8-15 w

be clear of expanded sand
with maximum horizontal spacing
of 2w, Top of troughs should be
level and diwmensions such fLhat

wmaxiwum flow  <¢an be carvied with
50 ww free board.

washwater

—-2,.4-3.6 wm/s

Length/width ratic -~1,.25-1,33

Minimum depth
Controls -

Underdrains

Should consist of
either perforated

tvpe strainers on

plate may be used).

Minimae dia.
nwnderdrains

of -~

—2.5m
sampling taps

loss of head gauge
rate of flow control
rate indication for washwater
line
sand expansion gauge.
a central wanifold with laterals

on their underside or having usbrella
top (also other iypes such as porous
Typical criteria are as follows:

— 20 cm

Dia. of perforations — 6 to 12nmf(staggered at a
slight angle to vertical
axis of pipe)

Spﬁé%ﬁgﬁ&%fﬁérf;ration along later;ls:

' - - 7.5 cm for perforation of
6mm ; 20cm for perforation
of 12wm

Ratio of total area of perforation to total craoss

sectional

Ratio
filter

of total

AYEn .

area of laterals:

0.25 for 6 mm size;
0.50 for 12 mm size.

area of perforation to the entire

— 0.003 }

|
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b)

Lengthédiameter ratio of lateral

- 1
Maxw., spacing of laterals: 30 cum
Cross seactional area of wmaniiold: 1.5 to 2.0 times

the total arvea of
laterals

Velocity of filtered water ontlet: 1.2 to 1.8 wm/s

Unti] recent, vears, wmost rapid sand filters were
designed for a rate of 120 wl/d/w?. Some health
authorities were convinced that unnecessary risk was
involved 1in exceeding this rate, Now, rates ftwo or
three tiwmes as high are becowing quite comeon. In some
cases, successial  experience has been dewonstrated 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 wedia., However, better
preparatidn of the water ahead of filtration, including
the use of chewical polymers, is another iaportant
reason,

Where the capacity of the piping, channels, and other
structures in the plant has wade it hydrauvlically
possible, wany older plants have been substantially
increased in capacity siwply by rebuilding the filters
to take advantage of new technology, Although this
usnally weans cowplete rebunilding starting with the
underdrain systew, it can often be done entirely with
local waterials and labour and therefore costs wmuch less
than building an addition to the plant., One iwportant
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 rapid f{filter generally uses sand with
an effective size of 0.6 ma and a uwniforwity coefficient

of 1.5-2,0. This results in stratification of the media, .

after backwashing, in which the fine mediue remainsat’
the top and the coarse wmedium at the bottom of the
filter bed. This sand arrangement will restrict the
effective use of the entire filter bed, To overcowe
this problem of gradation, two altornntive media have
been proposed, notably (i) dual-wedia und wulti-wmedia
filters, and (ii) ceoarse size, narrowly gradoed media
tilters,
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I multi-wedia filtration +the arrangemsent of different

S1EES of wrains ts  reversed, by usze of moedia of
different sizes and different specific gravity; the
Lighter and coarser wmaterial at the top and Lhe heavier
and  fipner waterial st  the bottowm, Generalls a coarse
wedium  of low  density such  as  anthracite (specific
gravity = 1,35 to 1.70) over a fine but heavier medium,
fike sand (specitfic gravity = 2,65 ta 2,.70) is nsed. On

backwashing in  an uapward direction, the coarse and
lighter grains rewain over the {fine and heavier medium,
This wakes tLhe penetration and rewmoval of iwpurities
take place throughout the entire hed,

The size of the media wmust be carefully selected so that
the water uszsed for fluidizing and re—-stratifying the bed
does not cause severe intermixing. Optimow conditions
for minimizing the intermixing exist, depending on the
wedia type, specific gravity and size inveolved., As an
alternative to anthracite, polystyrene beads, coconut
shell charcoal, or natural coke way be used. Other
possible wmaterials are crushed coconut husks or pumice,
Heavier waterials such as garnet sand, ilwenite or
wmagnetite way be used as the lower wedium,

For swall-size rapid filters it is cowmwmon to use only
twoe materials in combination; 0.3-0.5 m of sand with an
effective size of 0,4-0.7 wm as the under—laver, topped
by 0.5-0.7 w of anthracite, pumice or crushed coconut
husks with an effective size of 1,0-1.6 wmm,

Pilot testing in Sri Lanka using a layer of 50-60 cm
coconut. charcoal (specific gravity 1.42) of 0.83-1.4 mm
size over a 25 cw layer of sand (0.5—1,4ww) has shown
good results,

In. coarse wmedia filtration, narrowly graded coarse sand
with an effective size of 2wm and placed to a greater
depth can be used instead of sand with smaller effective
size (0,45-0.55) and a large: uniformity coefficient
{about 1.53), The ~filter can be operated at a higher
rate, and the deeper penetration and higher storage
capacities in the narrowly graded coarse mediuwm leads to

longer filter runs, However, due to greater particle
deposition throughout ~ the filter, backwashing
requirements are higher. Generally, air-wa

backwashing is necessary in coarse—wmedium filters-
"these requirements are higher than for conventional
tfilters, and the underdrain system way also require
modification,

Whet dual wedia filters are installed in plants it will
be important to provide a high pressure hoze line fa jet
inte the expanded charcoal during backwash, Mud balls
form quickiy in the light charcoal wmedia. They wust be
broken wup and washed out or problems will quickly
deve lop, A high pressure jet streaw directed into the
expanded bed Lthroughout the wash will do the job,
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In water treatwment @plant of & generation ago, high
technology was  uswually tepresented by  auntomatic rate
controllers which were designed to waintain a constant
filter rate throughout +the run. They were cosily, not
very reliable, and diffivult to wmaintain properly., This
has been another element of  great change, since most
filter des ignsg now do not use rate controllers;

depending on the viewpoint, this is either new or old
technology.

In this wethod, incowing flow is  supplied to all

operating filters on a f{ree-flow bhasis to weet their
individual operating rates, There are no effluent
controlliers. The only control is the effluent overflow

level 1n the clear well. Figure 5,14 shows the general
arrvangement 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 sawe 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 loszes aloug
the header or through the influent valve are small and
do mnot restrict the flow to each filter. The header and
influent valve will be able to deliver whatever flow
each individual filter is taking at the wowment.

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 wost rapidly. This
causes the flow to redistribute itself autowatically 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
acceptsﬂmﬁﬁ&h . greatest flow iicrease in this
As the water level rises, it partially
“decreased flow through the dirtier filters;
as a result, the flow rate does not decrease as much orvr
as rapidly as ewpected,

This wmethod of operation causes xu gradually declirning
rate towards the end of a filter run, The rate
increases which do occour 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 wuwpward and downward, occur gradually and
smoothly without any autowatic control Fqu1pnenf
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Theye  are  wany advantages Lo this schewe in terms of
hetter {iliration and simpler operation and wmaintenance.
However, another very iwportant advantage is that many
extisting plants can easily be adapted to this process.
The needed wodification can often be done with local
resaurces ., (See alse Section 5.5 (g), Uegrading Existing
Filters)

—m.....___..._—_.......__.__,....

In this process, raw water is fed at the bottow in an
upward flow direction and coarse—to—f{ine wmedia
filtration is achieved with a single wediue in the
direction »f filtration, which wmakes beiter use of the
entire filter bhed, The problem with upflow filtration
arises when the headloss exceeds the weight of the bed
atfter a certain period of f{ilter, run, at which time
partial fluidization of the wediue occurs. This can be
overcome by placing a grid, with a spacing of 100 tiwmes
the sand grain diameter, just below the top of the sand
bed, i

Upflow filters have been used successfully in Siugapore
and Western Furope for some years., They may in somue
cases be useful as a pretreatwment for rapid or slow sand
filtration but are suitable only fér water with low or
medium  turbidity (< 80 units), or they will be subject
to short filter runs and restricted flow rates, due to
high head losses,. i

Direct Filtration

Direct filtration, is filtration without prior
sediwentation. This has been recommended (Refs 2,3) as
suitable for many treatwent plants in Sri Lanka, since
surface water sources are, in general, quite clear for
wmost of the year, It is reported to be suitable for
turbidities up fto 40 units. .
A very light dose of either aluw or ferric chloride
coagulant is required +to destabilize the low turbidity
COntentL_ﬂnmﬁthaim it can be readily trapped on or in the
X ' ThHis would require less use of coagulant,
and increased filter loading rates, with an increase in
filter washing during tiwes 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 Jdesigned filter can
handle a relatively turbid water by direct filtration,
PDual and wixed wedia are preferred, The main advantages
over conventional filtration are:

|
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— savings in chewical costs:

- rediced szludge handling;

—  less land area required;

- reduced construction cost;

—  simpler O&M;

~— jess liable Lo upsets in coagulation process,

Disadvantages are:

- wore frequent backwashing with wore water;

" — less reliability in effluent quality (bacterio-—
logical and turbidity); ’

- wmore operator vigilance required to waintain
quality, '

The suitability of a raw water for direct filtration way

be investigated using the filter ﬁaper test, see Annex

D.

Low Pressure Backwashing

In this wethod, a gravity filter mav be backwashed by
the effluent from the adjoining filter units. To obtain
suffcient head, the depth of the filter box wust be
greater by 1.5 to 2.5 m than for conventional filters,
and filter bottows must be designed for lower headlosses
(20-30 c¢m instead of 1-1.4 m)., It requires a wminiwum of
4 filter units, :

Using restricted declining rate wode, 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,

Upgrading Existing Filters

When converting existing filters +to dual wmedia, the
filter box and washwater trough ‘wust be carefully
exawmined to be sure that there is enough depth to
accomamodate the filter wmedia. The bottom gravel support
requires.. roughly 35 to 40cw, the sand 25cm and the
charcial-—bh ~to- 60 cm, This wakes a laver of frow 1.10
to 1,20 w in depth. Another 50 cm is required for bed
expansion and a wargin of safety to the backwash
overflow level, so that at least 1.7) w of filter box is
required below th: washwater overflow weir level,

The increase in filter loading will be limited by the
hydranlic constraints wore than the capacity of the
filter and filter wedia, In all existing plants,
however, the inlet channels appoar to have ample
capacity. The filtered water outlet is probably wmore
critical but it is short so that twice the present
filter rate way be possible, )
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Piltey rates should be deterwined for all the filters iun
the plant, This work can be done ai the sawe Lime the
raw waber pumping tests are made. The procedure is gquite
Simple:

i, Fill the {filter box to the normal water level with
the filter ontlet valve closed,

Close tilter inlet valve,

Open filtered water outlet valve,

Measure the drop in water level in the filter bow by
tiwming a drop of 15 to 20 cw. The tiwming should be
started only when the outlet {alve iz completely

L

open, ,
5, Knowing the area of the filter box the volume is
easily calculated and the filter rate can be

deterunined,

This inforwmation is iwportant =as  an indicator of the
waximum filter rate possible with the existing bed and
existing losses in the outlet valves ‘and piping. Uf the
rate is higher than advisable an drifice plate can be
installed in the outlet system to introduce a headloss
which will reduce the filter rate to anyithing the
designer desires. (See Annex C), |

Filter backwash rates should also be deterwined. This
will be just the opposite procedure ta the above.
2

. Close inlet valve, :

Filter the water down to a point about 10 cm above the

bed. :

Close filter outlet valve,

Start backwash, ;

. When wash is on full force measure the rise in the
water level before it reaches Hthe hottow of the
overflow drdins, This distance is sowetiwmes very
short so that the available distange wmay be swmall,

W]

vk

A good backwash rate is 500 +to GOOL/win per w?. The
backwash rates in all existing plants are probably all

less ik 'E?_fper nZ,

Host 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 {ilter capacity ont
of service. It is unecessary to understand the importance
of operating filters at a high loading; it is far wmore
aconomical to increase the filter rate even though the
washing f{requency goes up. Below is a calculation of
production per w2 of filter bed at 100w/day and
234wm/day . !

i
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iFi}ter RatﬁfFilterfFilter iWaSh {Filtered ZTotaliNet Water?
"(wYw7day) [ Run ‘Wash 'Waterr |Water 'Water Produced
) :

t

! (Hrs) fRate 'Consumed |Lost frow gLost fper day

i !(ﬁ?m?min)%per day Down Time i(ﬁ?JWZ(ﬁ?day/ﬁﬁ'

! D (wYd) lof 30 win/!
wash :

(w®fm™)

)
i

! z

i )

t

I i .
1.67 L 9.7 é 2.37! 97.63 !

]
|
|

18]

[81]

i
I

72 ! 0.
I !
| 15.00 | 14.6 (29.60! 204.40 !
} i .

h)

Even though one filter is washed 9 times as often, the

higher rate pavs big dividends in production per w2,

For conversion of filters to direct filtration, testing
is required, with a low coagulant dose deterwined in the
laboratory with filter paper (see Annex D), The filter
performance should be wonitored . for turbidity and
headloss. If performance is good at the plant rate, cut
out one unit and increase. the lgad on the others,
continning wntil 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 wodifications. K

A simple filter head loss gauge is sh&wn in Figure 5.17,

Pressure Filters

These are based on the same princible 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 comwonly used in situations where it
is desired to take advantage of a particular hydraulic
gradientsticdnd:t-in - such case the use of free surface
settling ~ tanks is not possible, Coagulants wmust
therefore be added directly to the pressure filter where
they build ug floe in the filtering wedium with
consequent rapid choking of the filier and the need for

frequent backwashing.

There is economy by avoiding double pumping with this
type of filter bul they suffer frow wmany disadvantages
among which are the difficulty to inspect, clean and

replace the wmed i and effective pretreatment by
chewmicals, They are used generally for indﬁstrial needs
and swiwming pools. \
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FIGURE 5.17
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SLOW

pratmadiiap AN

SAND PILTRATION (SSE)

lTotroduction :

Slow sand filtration (S5F) has been used as 3 basic
method of treatment in Europe and N, America {for wmanyv
vears and 1s particularly appropriate for application
in developing countries by virtue of its simplicity of
design  and construction and ease of operation and
wmaintenance ., Experience with the several existing
plants in Syi Lanka, however, has  been wmixed, and
there 15 a need to pay wore attention Lo raw water
quality, pretreatment and operation and maintenance
aspects . A programwe of monitarﬁng existing SSF
plants in Sri Lanka is necessary fto provide evaluation
and feed-~back to assist designers. in overcowming the
present problewms* ., \

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
wmore, but should be considered also for less turbid
raw waters 5 to 25 TU) to iwprove efifluent guality and
reduce f{requency of cleaning. :

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

The advantages of SSF wmay be sunuariséd as follows:

!‘
o high qguality of treated water — physical, chewical
& bacteriological; : :
o ease of construction - local maferial and skills;

little special pipe work or eguipment required;

) low cost and ease of operationé— no chemicals or
energyi “only wmanuwal cleaning of filter beds;

o conservation of water — no wasiage; water passed

through a filter during the 'ripening' process can
be returned to source or diverted to another
Filt bl T

) ease  of'sludge digsposal — being handled in a dry
state there is no pollution of watercourse,

m
i

he liwmitations/disadvantages are:

oy land requirement — SSF requires more land than
rapid filters;

As
this

of  Novewber 1988 a1 research project is underway with
abjective. i
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o changiog  wiater guality, concesntration of colleoids
and ot subsstances atiect biological tiltratian
adverselv; N

O algase — certain tyvpes of algase inLerfere with the
working ot SSF CARS ing premature  clogging.
Pretreatwent or covering of tilter beds weans
additional capital cast,

Slow sand filtration is capable of producing a sate
drinking water from a polluted surface source, at
relatively low cost and with O0&M by trained operators
from the local community with a winiwuawm reguirement of
techinical knowledpge, or backup., Treatwment efficiency
is high in a properly operated plant, with 98% +
removal of bacteria, E-celi and virus reduced by a
factor of 1,000 wmore, and efficient  rewmoval of
parasites, thus providing substantial public health
benef its,

Filtration Mechanisus

A cowmbination of different processes act in SSF to
achieve removal of impurities from the raw water,
During several hours of storage above the sand hed,
flocculation and sedimentation of large particles take
place, Davtime exposure to sunlight alsoe has a
bactericidal effect. In the sand bed straining,
adsorption and biochemical and wicrobial action take
place, with wost activity in the fop layer of the
filter surface, called the "schuwutzdechke, K"

This surface laver strains out bacteria, algae,
protozoa, rotifers and other wicro—organisws which,
through tremendous biological activity, break down the
organic watter in the raw water, As flow continaes
downward through the filter bed, this process is
continued by adsorption onto a sticky laver of organic
wmaterial 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 shonld therefore not be reduced to

less than 70 cwm, o

Efficiency is restored by scraping off the surface
layer of sand at intervals of from two manths to
several wmonths. After cleaning, the filter does not
become fully oeffective for 1 or 2 days, uatil the
growth of biological activity develops fully.
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Peabures

The wain festures of a 55 are shown in Figure 5,18,
These are:

o a head of wabter above the sand bed to produce the
destgn flow under wmaxwimur head—loss conditions;

O a firlter bed of uniforwm waterial;

< an  under—-drainage system designed to wmaintain a
uniform filtration rate over the whole filter area;

o regulation and control devices fo waintain head of
water during operation, drain for clesning, and

retill; and

o SCUmM rewoval, flow and head less wmeasurewent and
aeration devices.

As far as possible, design factors should be based on
experience obtained from existing *SSF  plants in Sri
Lanka, wusing similar types of raw water, and it is
hoped that such inforwation will be available from
research projects ongoing during 1988,

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

Depth of wafer 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 w

Grading of sand — effective size 0,15 - 0,35 am

— uniforwmity coeff, 2.—- 3 (preferably
< 3)
Filtta#inp %Eg_(V) = 0,1 (average) —;0.2 (maximuw) wm/h

p——

Gravel filter support 0.3 — 0.5 w depth
Depth of under—drainape sytewm 0.3 — 0;3 m
Area (A) per filter bod 10 ~ 100 m2

flow (w3/h)
filtration rate (m/h)

il

A = Q/V where
v

i

Ef fluent weir level above sand 30 — 40 mam i

¢
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Provide 2, wpreferably 3 or 4 filter uni+é Ciias .
with 1 {ilter being cleaned should not exceed U.2 w/

Provide space for additional filter aonits

To miniwise wall length (L}, widih (W)Y = L (N + 1
where N is nuwber of filtor units 2

rate

h)

The ftilter media wavy cousist of sand, building sand, or

other waterial such A% crushed coral or buarnt

rice—husk, The wedia should be clean, rounded and free

from «lay, loam or organic watter., Details of sand

preparat ion are given in Annex E.

Controls are necessary for the following operations:

o) delivery of raw water;

o) rewoval of scuw from surfasce;

© draining supernatant (fromwm above filter);

O lowering. head of water over filter;

5) controlling flow rate;

) avoeiding negative pressure on bed by provision of
weir in effluent line;

O delivery of filtered water to clear well/storage;

' deliverv of filtpred or raw water to waste during
filter 'ripening’ period; and

o fillin of bed from below initially and after

O

:leant ng.

Consideration should be given to the following aspects

of design:

’

O raw water qguality and necessity for pre—treat

and/or aeration;

punp;ng;andodistrlbutLon,

went

p¥ chlorination and clear water storage,

o site 'anation, foundation conditions., space for
expansion and pretreatment;

o availability of source of fililer wmedia, and
construction materials;

0 wffice, chlorination room, operator wash room/

toilets and other quarters;

—— g
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O fencing and securityvg

< provisian  For cleandingdwashing  woeadia on a rogenlar
basis;

) high ground water levels producing aplift; and

5 wode  of  operation -  conbtinwons  over 24 hours or

declining rate over 1 or 2 shitts (8 or 16 hours).

Declining rate filtration is when the operator closes
the raw water inlet valve and shuls down the raw water
pumps  (if any) at the end of his shift, but keeps the
filter outlet valve open. The supernatant water will
continue {to pass through the f{ilter at a declining

rate, The longer the period of declining rate
filtration, the larger will be the reguired filter bed
area, The reguired filter bed area (A) wmav be

caloculated from the following forwula (Ref l4):

A= __ QO
O.la + b

where,

]

water dewand (n3/d)

Q

a = no, of hours per day at normal operation (at
rate of 0.1 w/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, wmass concrete;
o stone masonry;

o brick wall and plaster lining; or
o masonrv on puddled clay ewbankment,

measures should be taker 1o prevenl short—circuiting
down the walls of the filter box, e.g. for a reivnforced
concrete hox, the inner walls shounld be roughened over
the filter bed depth,
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Various tfypes ot tilter bottoms are possible, having
the objectives of supporiing the f{ilter wedia and
dyraining  off the Tiltered watér, The openings should
be fine sunough Lo prevent escape of the filter wedia,
but not lfloo fine to resist passage of the {iltered
water and <ause too wuch head lass, Figure 5,10 shows
some typical types and sizes for the gravel support aond
uvocder—drain svstem,

For systews using pre—fabricated concrete slabs, bricks
oy porous concrete, it is  generally unnecessary to
caleulate the hvdraulic characteristics, since the area
of free flow i3z relatively large (i.e. resistance is

swmall). Detatled calculations for under—drain syvstems
are given in  Annex F, For systems using perforated

pipes or gravel/broken stones, the following criteria
way be used:

Perforated pipes:

— wax, velocity in laterals and wanifeold 0.3 w/s

— spacing of laterals 1.5 w (1 — 2 w)
— size of holes in laterals 3 mam (2 - 4 wwm)

— spacing of holes in laterals 0.15 w (.1 — .3 wm)

Gravel or broken stones:

— height of laver 0.15 m

— size of gravel 25 — 50 ww
Typical inlet and outlel arrangemenits 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
changey: o

O water level in effiuvent line lower than top level
of sand bed — possibility of negative pressures in

bed, air release and additional filter resistance.

) no  provision to fill the sand bed frow bottom ito
top, causing air binding in bed resulting in bigh
filter resistance initially,

o inappropriate sand size or bed depth,; leading to
poor effluent qguality (coarse sand, swall depth) or
short filter runs requiring freqyuent filter

cleaning (sand too fine),
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Pra—treatwent Mol lbiods

As  previcusly neled, pre—treatment of the raw water iz
often required Lo prevent rapid clogging and freguent
cleaning {(i.e¢, wove often than ooce every 20— 3

months )., Varicus webthods are as follows:

') Infiltration gallery or trench;

o Sedimentat ion tank/lagoon;

9) Horizontal-flow roughing filtration; and
o Aerat ion (for standing waters),

The objective should be to reduce the turbidity of the
raw water to an average value of 5 TH or less, and/or

to remove high algae populations.

Operation and Maintenance

A SSF wmay be operated continuously for 24 hours/day or
in declining rate mnode for a period of say, 8 or at
most, 16 hours per day. Interwittent 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
raefilling) wust be done frow bottow to toyp, preferably
with c¢lean water to drive out air bubbles. When the
water level 1is far encugh above the sand bed to avoid
scouring, raw water way be allowed to enter through the
inlet, When the design water level is reached, the
drain valve is opened and waler run Lo waste, regulated
to about % norwal filtration rate, for a period of &
week or +two, to allow formation of the " smatzdecke,
During this period, water quality +ftesting is dohe
periodically, and the flow rate gradually increased to
design rate, until such tiwme as the testing confirws
that the filter is operating satisfactorily, The drain
valve is then closed, and water passed to the clear

water tank, Y

After a period of operation, as the filter resistance
increases it is necessary to gradually copen the
regulatiag valve to waintain the flow rate, as weasured
by the discharge V-notch weir or flowmeter. When the
valve is fully open, and the required flow rale cannot
be wmaintsined, cleaning of the bed is necessary and the
filter wmust be taken out of service, Lewporarily. The
Yraw wat ar inlet wvalve 15 closed, and filiration
continued uantil the water {evel has dropped nearly to
the sand surface; then the treated water outlet valve
iz closed, and the water level drained down to about 20
ce below the sand surface, to permit walking in the
sand.
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Cleaning coasists of sovaping off, with flat shovels,

the Ltoap  laver  of triter surface, abount 1.0 — 2.5 ow
thick, it Aty sarnd. The soraped—off waterial is
piled o ridgoes  or  heaps, and carted away in wheel
barrows/ hand oarts wheeled over wooden planks, The
diety  zand way be cleaned by washing soon after removal
or discarded, The filter is then recharged frowm hotiom
o  tep, and sllowed fto run to woste for 1 — 2 davs

while the "swatzdoeoke” regains its biological activity,

When wany such cleanings have been done and the wminiwmun
bed thickness (0.7 w) has been reached, the sand bed
wnst  be raised to its original thickness by bringing in
new sand. However, the top 0.3 ~ 0.5 w of old sand
should be removed, and replaced on tep of the new sand,
to accelerate the re-ripening process.

When one filter is tewporarily oul of operation for
cleaning or resanding the filtration rate of the other
filter wunits should be increased to take the additional
loading, although the maximum rate should not exceed 0.3
m/h,

Experience in_ Sri Lanka

Common operational problems are as follows:

‘o turbidity and suspended solids céncentration in the

raw water too high for SSF  application. Pre—
treatment is necessary in such cases,.

© missing waintenance equipwent ‘such as shovels,
wheel—barrows, tools and | sand washing
installations. Failing to «¢legan and replace the

sand will lead to exhaustion and failure.

O untrained caretakers who do not understand the SSE
process and are not wmotivated to operate the plant
properly, leading to inadequate conditioning.,.
clogging, wuncontrolled filtration rate, ineffective
bacteria removal etc, s

0 problems due to algae — in wminor cases this can be
dealt with by pre—treatwent. :

1) insufficient use of comparative physical and
bacteriological testing of raw and filtered water
to evaluate filter perforwmance,

Monitoring/Evaluation

Provisien should be made f{or flow measurewent at each
filter, and for discharge of filtered water from the
whole plant. Regular water qgquality testing, physical,
chemical and bacteriological, of raw water and {iltered
water, wust be carried out to ensure that the filter is
operating satisfactorily. Cowplete records should be
kept of flow rates and cleaning/resanding operations on
each filter unit, so0 the long—terw evaluation can be
carried out. -86-
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This fype of filter has been developed and promoted in

the past  few years by Martin Wegelin, a Swiss sanitary
engineer, as @»n  pre—treatwment to slow sand filtratiown
{(58F), being an alternative to conventional flocou—
lation/sediment ation, One of the problems encountered
with S35F is  thalt rapid clogging can occur when raw
water turbidity tncreases substantially  for short

periods  duaring  heavy rains, In other cases, & S55F wmay
clog frequently when the turbidity and suspended solids
concentration in the raw water s too high for S8F
application. For SS5F eoperation, influent turbidity/SSP
should preferably be lower than 10 turbidity units/2-5
mg/L, and in wost cases sowe forw of pre—-tfreatwent will
be required to achieve this, Labeoratory and field
tesfting in Switzerland, Tanzania and Thailand has shown
that HRF provides & siwple pre—ireatwent solubtion,
appropriate for rural and swall urban schewes.

In Sri Lanka, the process iz currently being evaluated
in the Ukuwela plant in Matale District (the first HRF/
SSF  plant in Sri Lanka), designed by Kawpsax—Kruger and
cowpleted in 1987; design engineers should refer to the
wonitoring/evaluating report on this plant prepared by
Kawpsax—Kruger in 1988, in addition to the references
cited, g

The technology of HRF is still under developwment and
filter efficiency for different raw water character—
istices has yet +to be established, Experience to date
indicates that +the filter is effective with raw water
turbidities norwally between 50 and 200 turhidity
units, although indications are that wmuch higher
turibidities, uaup to 1,000 turbidity units, can be
effectively handled for short periods, corresponding to
short—terw high turbidity periods experienced in wany
swall streams in Sri Lanka.

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

Filtration Mechanisms

The wmain process is sediwmentation, with horizontal flow
and. gravitational downward drift, causing particles of
silt to collect on the upper surfaces of the wmedia. As
heaps of particles accumulate, they slip down and drift
towards the filter bottom, and over o period of *ime
the filter will fill frowm bottom to top with separnted
solids,
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Features

The filter box  cowprises 2 to 4 coupartwents filled
with gravel wmwedia of different sizes, coarsest in the
first cowparteent where the bulk of solids will be
retained, to  finest in the last comparvtment which acts
as as polisher, rewmoving the last traces of solids,

The raw water enters via an inlet channel across the
fitter width and falls over a weir into an inlet
chawber which allows {for settlement of coarse solids
and separation of floating waterial. Water passes into
the first and subsequent filter compartments through
openings in  the separation walls, Treated water is
collected in an ontlet chawber and discharged over a
weir (for flow measurewment) to an outlet channel and
then to the SSF, '

The length of the filter box depends on raw water

quality, hydraulic loading and wedia size, Hetght
should be liwmited to about 1.5 wu to allow for easy
removal of wedia for wanual cleaning. The width

depends on the reqguired filter capacity. A winiwum of
2 HRF units should be provided, to allow for one being
out of service for cleaning, and an adjacent area for
gravel cleaning should be provided,

A layout of a typical HRF is shown in Figure 5,21,
Input requirements:

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

—~  turbidity;
—~ suspended solids or filtrability;
— E - Coli;

o daily water dewand (present & futﬁrﬂ);

) raw water intake site location, elevation, high/low
flaaﬁﬁgﬂgﬁggg,water levels; ‘ '
o trédteean Tplant site, elevation, foundat ion
conditions;
o hours of operation of intake, HRF, SSF and distri-—-
" butiong
o availability of raw materials — gravel, sand, rock;

o requirements for pre—-sedimentation with or without
+ . 1
cowbined raw water balancing tank. )

|
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esixn cretoria:

Filtrabtion rvate (wfh) based on X-sectional area of
tilter):

Filter box: —

-~  Jength 9-12 w
— height 1-1.5 =
— width 2-5 w per unit

Media size: -

—  coarsest 35-40 wmw
— ftinest 4 wmw;

Length of cowpartwments (see Table 5.2)°
Regquired effluent qguality for SSP:

10 turbidity units
2-5 mg/L 8S; :

Openings in compartwent walls: 10~2Q% of X- sectional
area, evenly distributed. :

H

Other criteria, such as expected é&fficiency of 8§
removal, length of filter runs, required maximum head
loss, etec, may be estimated by weans of a nomograw
(Reference 17), if necessary. %

To allow for head loss across the filter, which builds
up  as the length of filter run increases and the filter
loads wuwp with silt; +Lthe outlet weir level should be
30-40 cm below the top level of filter wmaterial (see
Figure 5.22), 1

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

) gravel;

O broken stones/rocks;

o ﬁnﬂglfburnt bricks: 3

o burnt-charcoal; {prior tes£ing at pitlot

O coconut fibre plant level is necessary)
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Table

5.2

Tentative Design Guidelines Ffer HRF

Maximum suspended solids

> 300

300 - 100 100
concentration in _
presettled water (mg/L’) high medium low
Filtration rate m/h 0.5 0.75 - 1 1-1.5
Filter length (m) for
medium size (mm)
20 mm 3-5 3* 3*
15 mm 2-5 2 -4 2-3
10 mm 2-4 2-3 2
5 mm 1-2 1-2 1
Maximm suspended solids
concentration in
HRF effluent (mg/L,) 5 2-3 2

* this gravel size can possibly be amitted.

91~

P




Inlet Qutlet

d'St"c?,?};'fr’& _ il
T weir gauging rod fixed weir for
| ol - flow control :- 1
0cm o °% l ~ i
20 -30em T
+ i N
putlet
00-120cm i
A a0
rainage
i60q§ .
INLET AND OUTLET STRUCTURES OF HRF

FIG.5.22

-92-



Tvpical inlet/outlet arrangewents are shown in Figure
5.22 and drainage arrangewent s in Pignre 5,23,
Adeqguate provision of drainage is necessary for filter

regenerat ion  (by rapid drawdown at 60-90 m/h, and fer

emptying for cleaning purposes. Discharge should be to
an open drain and arrangements for safe disposal should
be provided to aveid erosion and scour. Typical

mechaniczxl devices to ensure a constant outflow rate
are shown in Figure 5.24.

Owing to the fact that a HRF requires contirmous
operation, the HRS should also bhe operated in
cont inuous wode, although the physical nature of the
process does not reguire it. When a SSF is operated,
say, for 8 hours overnight in declining rate mode (due,
for example, to raw water pumping for 16 h/day in 2
shifts) then the HRF is required to work
intermittently, Consideration should be given to
providing raw wabter balancing storage to allow Z24-hour
plant operation, and therefore swmaller HRF and SSF
units (see Figure 5,25).

" Adequate arrangements should be provided in the design
for wonitoring/evaluation of flow and water quality
(see Section 5.7 (f)).

¢) Operation
Each gravel compartment gradually becoues loaded with
deposits, wuntil filter efficiency is exhausted, which,
under ideal HRF design should occur in each cowpartwent
‘at the sawe time,

Occasional lowering of the water table by drainage will
increase efficiency and prolong filter runs, During
drainage, particle accumulations on the top -of the
filter wedia grains tend to collapse and get flushed to
the filter botiow. Rapid drainage, if possible, should
also flush some accumulated wmatter frow the filier.

Drainage should start at the drain nearest the inlet
" side, to prevent the bulk of deposited material being
' drawn inte the finer wmedia, thereby clogging it. When
the washwater. is still turbid after drainage, the same.
drain should be operated again, after slow fElFng———
until the washwater is relatively clear. “Then the=mewt:-
drain frow the inlet should be operated, and so ou. It
is important that refilling, after drainage, is slow so ..
as to avoid stirring up settled waterial, _

A HRF should not be kept dry, unless the wedia is
thoroughly cleaned.
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GRAVITY SCHEME
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Filter rons may tast 6 wonths or wore, depending on Lhe

oprerat 1T coudilions and design, and whern  bhe
efficieney can no lenger be restored by drainage,
cleaning wust  be  done. The wmedia must be excavabed,

washed, and returued Lo the filter box. This way he
done by hand, uasxing locally hired labour, and a wmedia

cleaning area should be yprovided adjacent to the
filter, A typival gravel cleaning unit i1s shown in
Figure 5,26, Equipeent used in the construction stage,
suh as whesl-bharrows, shovels, etc,, should be

retatned at the plant for wmedia washing purposes during
operat ton,

Any new HRFs designed by or tfor NKSDB should be
equipped with adequate flow wmeasuring devices for each
filter and a cowprehensive prograw to wmonitor/evaluate
performance over the first yvear of operation should be
carried out .

This should involve the following wmeasurements:

Frequency : Ideal Miniwum
Turbidity Twice/day Once/day
Suspended Solids : Twice/wonth Once/wonth
Faecal Coliforms : Twice/wonth Once/wonth
Total Coliforms : Twice/wonth Once/fwonth

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

1. Inlet :  Turbidity; S8S, FC, TC;

2, Outlet (each filter)

s

Turbidity, FC, TC,

3. Conblned outlet : Turbidity, S8; and

4, sgﬁiadfiét Turbidity, SS, FC, TC.

.

Arrangewments should be wmade to enable this scampling/
monitoring to be done by the plant QOIC with ECG/RSC
Chemist assistance.

D

-96-



washwater  cleaning dranage storoge

supply box channel place
l:v’.';
. ~_"
4 400 4
[ T
SECTION
L P
60
60
151" il
PLAN | Ly,
L0 1 box tor prmary cleaning
20 . .
2 7 box for final cleaning

approx . dimensions in cm.

TN BT
CROSS SECTION

{a) WASHING

shrrmﬂ \ih .
wooder{l g:_'gme

seivin
chaing.

~dritled steel < :
plates as 7724 72421y
seives i

ts suppo

LA o nh
wooden logs Tz A!.Eﬁ?’l

fixed seive

_ swinging_seive
installation

1nstallation

( b) SEIVING

TYPICAL GRA‘/EL WASHING AND SEIVING INSTALLATJONS.
F1G.5.26




on asll

Ty Xga-T i o
" — i flexible- tube,
o s resistant to

50 60 ' heat and

a) t——
1 ‘ " “sunlight .
s pi ' - 4 —t- - - TR
pipe, stop cock, 20 0 Y e sion boo
‘flexible tube & - '—+— —f——‘ u'f'flclﬂp T

lamp.

permanent provisional

installation - installation

WATER SAMPLING POINTS

FI1G.5.27

-98-



DISINFECTION

Chilerine 1s usually the wmost satisfactory disinfectant tor
water supplies, although in situaltions wheare choap
electricity is avallable, cozone ftreatwment wmayv be competitive
particularly if colour remwmoval is also required,

Chlorine is a gas at normwal tewperatures and pressures but is
normally supplied as a liguid wunder pressure of 330-1000
kN/w? in cvlinders or druwms. The rate of withdrawal of
chlorine gas is liwmited by the heat available for evaporatien
of the liguid.

Solubility of chlorine gas in water varies with temperature:

I

t Tenperature °C Chlorine Solubility

0 14 600 wg/L
33 5 000

i
i
;
20 % 7 000
i

The physiological effects of chlorine gas are suewmarized
below:

Concentration ( }
by Voluwe in Air ! Physiological Effect |
me/L ! E

3.5 i Just detectable by odour %

30 Produces coughing 5
4060 Dangerous for 30 min exposure |
1000 Rapidly fatal J

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

o High test hypochlorite Ca(0Cl)-

o Bleaching powder CalCly T
Hypochlorite tablets way be used for emergency disinfection
in times of disaster when norwal water treatment is not
operating.

The wain purpose of disinfection by chlerine is to protect
health by destroying pathogens in the water and to maintain
minimum chlorine residual in the distribution sytem ‘Lo
provide some additional protection against subsecquert
contamination, The following wminiwmuw free chlorine residuals
are recowmended at different locations in the water system:

Clear water/chlorine contact tank -~ 0.5 to 0.8 wmg/L
Standposts ~ 0.2 mg/L
Distribution dead—ends - 0.1 wmg/L
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Other uses  of ohilorineg  are shown in Table 5.3 and inelads
oxidabt pan o f LEOT, WA ahe S e ancl hvdrogen  sualehide.

destruction of taste and odour caunsing compounnds, and control
of algae and slime growih st treatment plants,

Chlorine capacity, dosage and_ _contact tiwe: The required
capacity of the chlorinator will vary with the chlorine
dosage needaed for disinfection and the awount of residuml fo
be waintained in the distribution svstew, Dosuge will vary
with the chewical and phystical charactervistics of the water
(i.e. tewmperature, pH, turbidity, and wineral constituents
such as  iron and wanganese). It also varies with the nature
and concentration of pathogens in the water and the length of
contact tiwme, For design purposes, a chlorine doesage of 2
wg/l. wmav be used for clear water (i.e, turbidity < 10 TU
containing little organic and suspended matier, and with iron
and wanganese concentrations of less than 0.3 wg/L. The
total chlorine requirements, recegnizing all the above
variables, can and should be determined by perforuing a
chlorine demwand test as a part of the predesign investi-—
gations, A winiwue contact time of Z0 minutes should be
provided either in the pump sump, reserveir and/or in the
pipeline before reaching the first consuwer,

ﬂLELEE Rapid wmixing of chlorine at the:point of application
is iwmportant, Chlorine should be added with a large amount of
dilution water through a full channel or pipe diameter

diffuser submerged to the waximum 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 pusmp or the upstream side of a valve
can  canse severe corrosion problems to brass unless applied a
sufficient distance upstream to obtain full dissolution.

Gas__Feeders: Chlorination with gas feeders wmay be by direct—
feed pressure injection of gas wetered under a constant
positive pressure or by solution feed in which the gas is
metered through an orifice or rotametér under vacuuwm by an
~ejector drawing wmgas through +the feeder inte the solution
line.

P

The water supply to operate the injector should have adeqguate
pressure and flow. The chlorinator manufacturer's injection
curves shounld. be consulted. Gas chloridators have practical
llhltatrﬁﬁ§E§§§ to--mimimum feed rates., ‘Consistent with good
accuracy “6f " metering and winimuw maintenance, the wminimum
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. Norwmally for chlorinators up to 4.5 kg/day capacity,
injectors require water at a winiwmum pressure ot C.&-1,33
kg/0l2 above the pressure at the point of application with

a wminimum flow rate of 9 — 22.5 L/m., Water from the puwping
main or from a storage tank can usually be used to operate
injectors. Boesier puwps for injector supply are required
when chlorine solution has to be injected into a pressure
main, ;

!
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Table 5.3

Chlorine Use for Various Treatment

Other than Disinfection

i1 ealaent. Dosage Contact pH Chlorine Residual
Time Range Reconmended
Amount. of Alkalinity
Type (mg /L) Consumed as Cag
1.AMMONIA_REMOVAL
4. Monochloramine | 5 Limes
format ion NHa(as mg/L) > 20 min > 8.5 Free 0.1 1.22 per ag/L Cly
b Dichloramine 10 times
toraat ion NHa(as wg/L) > 20 nin > 4.4-5.0 Free 0.1
2.1 3TE_& ODDUR
CONTROL 10 times
NH3(as wg/L) > 20 min Free 1.0 1.22 per mg/l Clp
plus 1 to 5ag/L
a. Phenol 6 to 20 times 1.5 to 7.0 Free |Nariable
destruction phenol content | 5 hours
(stepwise)
3 HYDROGEN SULPHIDE
s_agni'.«;
a.ONidation to 2.2 times Instant 59 Free 0.1 2.6 per mg/L hS
s iphur H2S content {9 optimum) or
combined
b.ixidation to | 8.5 Limes 6.5-9 Free 10 per wg/L HS
sulphate H2 S content Instant (9 optimum) or
| combined
4. MANGANESE 1.3 tiwes uw to 3 hr | 7-10 Free 0.5 3.4 per mg/L Mn
REMOVAL Mn content {variable) (10 optimum) oxidized
5.1RON REMOVAL 0.64 times Instant 4-10 Free 0.1 0.9 per mg/L Fe
Fe content (> 7.7 or oxidized
optimum) combined
G.ALGAE QONTROL 1-10 Variable Free >0.5
7.8LIME_CONTROL 1-10 Maintain Free 0.5
. residual o
throughout, ’
distribution
_ systen
3.1 g(_D: SULPHUR 1-10 ~do- Free 1.0
BACTERIA_CONTROL
7.COAGULANT_ALD
a. Chlorinated 1 part per 7.8
Copperas parts of
ferrous sulphate|

* Source ~ "Water Treatment Plant Design” AWWA pages 158-159

CEED W e
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foellowing points should be consideved when designing mas

chlorinah ton syvstews:

o

3

[ #]

L4

(4]

(4]

«©

In  order bto save space and for ease of maintenance, wall
wountaed chlerinators  are  recommended,  Two anits showuld
bhe installed to provide standby capacity, and to maintain
flow during changeover of ovlinders or drums.

& welghing balance should be provided in the chlorvinator
roow for checking the quantity of gas used.

The chlorinator rvoom should be separate with no inter—

“connecting doors to  any adjacent reom. The floor level

should be at or below the other floors of the plant to
mnininize the effects of gas leaks.

Air outlets from the room shall be near the floor and air
inlets mnear the ceiling. Where this is not possible,
wechanical ventilation with & capacity of one cowpletle
aitr change per minute should be installed., Fan and light
switches should be located outside the room. Doors
should oepen to the exterior of the building. Careful
attention should be paid to location of windows and doors
to keep cvlinders out of the sun, '

The chlorination roow should contain only the connected
cylinders, Separate coylinder storage facilities should
he provided, All cylinders, connected or stored, should
be protected from direct sunlight, rain or other water
and be properly restrained to prevéent tipping, falling,
or any excessive wovement, especfally the connected
cylinders. A guide +to cylinder requirements and storage
is given in Table 5.4, ‘

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

Gas wasks wast be provided adjacent to the chlorinator
room door, :

A neutralizing chemical for chlorine absorption should be
stored at the plant, Table 5.5 shovws possible chewmicals
which could be used with the awount of water required to
nake a neutralizing solution, A pool for the disposal of
leaking c¢ylinders should be located adjacent to the

chlor in@Eiori=Foom :

Hypochlorite Feeders

For

small installations a drip feed from a constant head

bottle way be satisfaclory but  for larger supplics, more
accurale wetering: wmust be provided @ither bv an orifice with

a

gravity feed tank or by a positive displacement pro-—

rortioning pump.
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Chlorine Cylinder Iaventory
(Minntwum Supply for 30 days for 2 wg/L
Dosage for 8 to 20 hours daily operation})

i

No. of chlorine cylinders ;

Anticipated Daily {Volume of Water 30 kg size 67 kg size @

Chlorine Use Treated Daily !

(kg/day) (wm3) In Use |Reserve |In Use {Reserve %

;

0.50 250 1 1 1 1 !

1.00 500 1 1 1 1 !

2.00 1000 1 1 1 1 !
4.00 2000 1(2*%) 3(2%) 1 1

6.00 3000 1¢(2%)| 5¢4*) 1 2 ,

8.00 4000 1(3*)| 7(5*) 1(2*)| 3(2*¢) |

10.00 5000 1(3*%)| 9(7*) 1(2%) 4(3*) i

(*) Por 8 hré/day operation
Table 5.5

Chemicals and Water Requirements for

Chlorine Absorption in Alkaline Solution

— 100% Caustic Hydrated
Cylinder Soda Water {(Soda Ash| Water Lime Water
Capacity (kg) (L) (kg) (L) (kg) (L)
30 kg 40 150 96 265 40 |- 340~
67 kg 85 225 205 565 85 720
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Alt houxh hleaching powder {(chloride 33 Tiwe:) Trosetaa b L

contains  25-33% available chlerine, for destgn purposes the
lower tftigure is  recomnended, Solutions wup  to 5% may be
prepared babt o 1R solutien is recomsended Lo miniwmize
problems caused by sediwment  and clogping of Lhe delivery
system, A separate wmiving tank should he provided with only
the supernatant transferred +o the feed tank. Peeding

ot pment generslly  of  the constant head gravity drip feed
type, shonld be readily diswant leable for cleasning purposes,
In general, it coan be considered that the practical liwmit for
hypochlorination i1s up to about 900 L/wm of gravity or puwped
supply, For greater flows, gas chlorination is appropriate,
Sufficient shelf space should be provided to store bleaching
powder containers. ‘

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

Coptact Tank

Te provide sufficient tiwme for disinfection, a chlorine
contact tank (which way be the filter clear well) must be
provided to give at least 20 win detention, The tank should
he baffled to prevent short circuiting. °

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

Prechlorination

The purposes are as follows: 3

<

o to reduce taste and odour producing ﬂhbstanceﬁ;

9} to prevent algal growth in raw water;

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

) to aid coagulation when high algal cqﬁnts exists,

To minimise post chlorination dosage, the total dosage

(usuvally 2 .to 5 wmg/L depending on the degree of pollution) is
o HaveS°0.2 to 0.5 wg/L frpe residual chlorine in
the 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

(Based on a Dose of 50 wg/L available Cl)

1. Pipes Awount of Bleaching Powder Required
mm kg/1000_m
50 0.5
65 0.8
80 1.2
100 1.9
150 4.3
200 7.4
2. Storage Tanks 2.4 kg/10w®
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&. CHEMICAL FEEDING

The chewicals cowwmonty used 1o water treastwment are for:

i3 Coagnlal iong

%) Disinfection and algal control;

a pH adjustwment; and

o) Special chewical treatwmwent e. g, softening, tlucridation.

The tvpes of feeding devices are:

e Dry feed; or
O Solntion feed

The strength of solution used for manual feed 3@nerally is. less than
5% and for mechanical feed it is not greater than 10Z%,

Alum, usually in luwmp forwm, is the wmost comwon 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 Jdensity of alusm and liwme are 980 kg/m3 and 670 kg/m3
respectively. ‘

G, 1 CHEMICAL PREPARATION

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

For the prepgaration of coagulant solution, for exawmple, the
exact amount of dry alum cake or_fe%ric'chloride and the
exact amount of water should be known. "~ In most plants a 10%
solution in the day tanks will be satisfgctory. Day tanks are
those which supply the originally wixed chemical and water.
A 10% solution requires 100gwe of chewmical and 900 gm of water
{10% of the total is chewmical). The strength then is 100,000
mg of coagnlanboin each litre of sblution, which is a
relatively Zsi¥onRg ~solution and very stable, The material is
weighed at the desired rate into a solution tank where it is
dissolved by the stirring action of propellor type mixing.
The alum solation is slightly acidivo, '

It is iwmportant that +the dilation water have the lowest pH
possible so if liwe is Dbeing added, this water should be
puwped from the filter outlet before the addition ¢! lime,

Water from the clear well after addition of lime has a higher
F’H . . [

Ferric chloride is a highly acidic cowpound and wmust be
shipped, stored and dosed in corrosion-resistant 'equipment .
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Tt is convendent to have each book supply enongh chemical for
26  hours, This wakes the operation siwmpler each davy a bank
of chewical is prepared, .

CHEMICAL _DOSING
Onece the chewical solutton has been prepared it 18 necessary
ta pipe it to the point of application, such as a weir or a
Parshall fluwme.

Dilntion of the stock solution from the day tanks should be
done as mnear asz possible to the diffuser. The strengbh of
the solution being applied to the raw water should be abont
12 or as low as 0.5%, To reduce the 10% solution toe 1%
requires 100 wL of the stock solution and 9200wl of water to
make up one litre,

The dosage may be based on the awount of the 10¥ strength
stock soalution, If the raw water flow is lﬂmalmin and the
required dose is 10mg/L (or 10ppwm) it is necessary to apply
100g of chewical to the water each wminute, In a 10% strength
solution this weans one litre of stock selution per wminute,

The total solution dosed, however, is wmuch more, If for
exauple, 100wl. of stock coagulant is diluted with 900wl of
water just hefore application then the amount applied 1i1s 10
L/min at a strength of 1% which is satisfactory for good
coagulation,

The systew at each plant should be to wmix stock solution of 2
to 102 strength and dilute to 1% or less at the diffuser,
This will give good coagulation and econowize on coagulant

A frequent problem is that of getting a known amount of stock
solution into the raw water, Host existing plants have sowne
kind of desing purps which are not usually working properly,
It is strongly recowmended that if possible the chewicals 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
swall tanks purchased specifically for the purpose, i -

The chemical transport from the day tanks to the point of
application should provide a constant dosing flow, preferablyv
by a gravity feed systiem,

-107-



7. OTHER PROCESSES

IRON _AND MANGANESE CONTROL

Iren and manganese are both undesirakle constituents  of
water, cauwsing the following effects:

5] staining of clothes, plusbing fixtures;
) causing objectionable metallic tastes;
1) iﬁparting colour and turbidity; and

O leaving deposits in pipelines,

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

Iron and wanganese are natural constituents of soi1l and
rocks, Norwally present in highly insoluble forms, they are
brought inte 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 wg/lL iron
0.1 wmg/L wmanganese

Iron exists in solution in the ferrcus 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 hvdrowide.
Thus, for exawple, a deep well sample, on exposure to the
atwmosphere, wmay becowme opalescent and discoloured due to
oxidation of the soluble salt to inscluble form, and a
deposit forwmed. ;

Even small traces of iron and manganese can lead to
accumulation of deposits in wells, distribution wains and
reservoirsr;ﬁjﬁhff;'Hﬂ_y be troublesome: and objectionable.
Under such i conditicns, particularly where organic matter is
present, iron bacteria wmay develop which will accentuste the
problem and lead +to complaints of disccloured, turbid and
unpalatable water, Sometimes, sulphides are produced,
causing an offensive odour,
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it i 15 et in bthe source water, 18 95 wusually

Avepmeysd b smome s frow  centact with  iron pips oy
fittings, < Tev wmstablish whether a deep well water, for
e ig moqgquiriong iron through the puwp, or casiog, L Ls
necessary to obtain a series of sawples over several hours of
pamping st maximum  capacity. Should the iron conbent

decrease  significantly as  puawping  proceeds, it is an indi-
catton that i(ron (s being ascguired,

Manganese ocours in a similar way to iron, and they way both
be present st the same time, Deposits and discolouraiion due

to wanganese are black rather than rust-coloured as tor
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,
Problews due to iron and wmanganese way be wminiwmised by:
1) treatwent for rewovalj

O protection of iron/steel wains with bituminous linings,
or use of non—corrosive waterials;

O avoiding dead end wmains;
£e) avoiding disturbances in water flow;
o periodic flushing.

When iron removal treatwent is considered, it is necessary to
decide what other treatment is required, since this way have
a bearing on the wethod of iron rewmoval. For exawple:

O Iron is wusually accowpanied by considerable free carbon

dioxide — it is inadvisable to remove the iron, yvet leave
the free CO; to cause corrosion of pipes and mains,

o . Liwe-softening, if required to rewove hardness, will also
be effective for removal of iron and carbon dioxide,

o 153 organic/bacterial prurification is necessary,
chlorination way be required, which will also assist with
removal of iron and wmanganese,

Methods for iron/manganese removal are as follows: PR
@) Aeration

As noted in Secticn 5,1, aeration assists in dissipation
of free carbon dioxide, and oxidalion and precipitation
of iron, Frec (0O should be reduced to less than 10
mg/L to remove corrosive properties. Hydrogen sulphide,
if present, should also be dissipated. Generally, if
only  diron is present (with miniwmal amounts of manganese),
simple aerat ion followed by filtration should be
affective, Oxidat ion is rapid with a pH of over 7.5, pH
adjustwment wmay be necessary to increase the rewoval
efficiency,
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Aeration followed by sedimentation and rapid filtration is
reguired when the amount of iron 1s high or when manganese is

presenl T Sowetd imes the addition of chemicals is necessar
for rewmoval of high carbon dioxide levels, or tf largoe
amounts of  soluble components of  ivon or wanganese are

present,

Slow s andd filters are effective in rewoving swall
concentrations of tron, but will cleg rapidly in the presence
ot large awounts,

b) Chewical ireatwment with liwe
This is the wost efficient and economical chewical for
removal of free carbon dioxide, dron and wmanganese,
particularly after aeration., The dose should result in a
final pH of 7.5 to 8.5 after settlement and filtration,

The lime wust be thoroughly wixed with the water,
Aluvminiuwm sulphate (alum) way |, be used to assist
flocculation and sediwmentation, For removal  of

manganese, the pH should be higher, above 9,

§

Other Methods +

o
e d

s

Potassium permanganate is an effective oxidising agent,
particularly {for wmanganese which yill precipitate when
the pH is above 6.5, Application should be followed by
filtration by sand, anthracite or a catalvtic filter
containing iron or manganese oxides. Pilot plant testing
is advised, :

. ]

Prechlorination is wuseful for removing growths of iron
bacteria, and wmay be used for oxidation of iron and

nanganese instead of aeration, 7 but aeration is
preferred, Prechlori— nation ahead of conventional
treatment (coagulation, sediwmentation, filtration) at pH
values of 6.7 — 8.4 should provide adequate removal of
iron, ; :

Contact beds are useful for smaller: gquantities of water,
with pumice as a mediuam, “

FLUORIDE REMOVAL_AND_FLUORIDATION

dill

Fluoride 1in ‘water has been found +o be beneficial in the
prevention of tooth decay in children, and is cowmmonly added
to water supplies in Europe, North Awerica and many other
countries, About 1-1.5 mg/L is: the optiwux dose,
Finoridation is not comwmonly practised in developing cournt ies
since dental decay is not a widespread problem, In
concentrations above 3-5 wg/L, however, wottling of teeth
OCCurs , and a reduction in the level of fluorides is
desirable, I

Fluorides can be removed by various granular iﬁsoluble wedia
which remove fluaride as the water percolate% through them
and which are periodically regenerated by chemical
treatwent |, Suitable wedia are:
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€ tricaloiue phosphate;

o bone ohiar

O Activated aluming: probably  best f{oer large scale
removal, water percolates through a bed of grannlar media
of mrain size 0.3-0.5 nn, Beaed regenceration 1 necessary
with weak caustic soda, follewed by newtralization,

Since these processes are difficult and ewpensive, the
best soluntion, where alternatives exisi, wounld be to
abandon Lhe source.

REMOVAL OF COLOURS, TASTES_ AND ODOURS

These characteristics are often the cause of a wmajority of
consumer cowplaints about water guality.

Colour in water is usually due tao:

O organic watter;
) biological growths and algae;
) colloidal iron/wanganese;

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

Tastes and odours may be caused by:

O hydrogen sulphide in the water {(wostly odour);

) contact with bituminous surfaces of wains or tanks;

) contawination by organic matter;

© contawminat ion by chemicals;

0 growths of algae, etc,

o treatment processes, e.g. chlorination, which: -wmay

accentuate some tastes and odours, particularly in the
presence of phenols,

Odour is weasured by fthreshhold odour nuowber (TON) which
indicates the intensity of the odour in vater. It is the
dilution, with odour—-free water, required to dilute the
odourous water to the peoint where the odour is just
detectable,.
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Prevent i on of tastes and odeurs oocuring 1s  Lhe hest

solut ion:

(4]

o

[#]

©

prevent. pollivtion of source by sewage, bLrade wastes, elo;

contraol biological growths in reservoirs, tanks and
filters, e,g, algae, fungi;

caretul chlorination, and use of AMMOT LA or
dechloriuation agents if necessary;

cover distribution reservoirs;
avoid dead—ends in distribution, flush wmains regularly;

nse waterial linings and protective paints of good
quality,

Methods of rewmoval are as follows:

a}

b)

Aeration

Not particularly effective in rewmoving tastes and odours
due to organic matter, biological growths or chlorination
since substances causing such problewms usually have low
volatility, Aeration 1s effective in reducing free
carbon dioxide and hydrogen sulphide,

Activated Carbon

This is a specially processed form of charcoal which way
bhe either in powder or granular forwm, 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 rewoving taste and odour
producing substances by adsorption; ordinary charcoal way
be used but is not as efficient as activated carboun.

Powdered activated carbon is more effective and efficient
for rewoving tastes and odours than the granular forwm,
It is wixed into a slurry and fed 4t a constant rate to
the water, Contact tiwme should be a winimum of 15
minutes to 1 hour. Removal is usnally on the bed of
rapid or slow sand filters., In rapid filters, the carbon
is washed ™ waste in the backwashing process; in slow
sand filters, "the material accumulates on the bed, and
should not effect the length of filter run, Maxiwum
efficiency is obtained when the carbon is apnrlied to
clarified water, normal doses being in the range of 5-20
wg/L, Efficiency of rewoval of tastes and odoars is wuch
better at lower pH values,

For slow sand filters, a larger initial dose of 40-50
wg/L could be applied to build up an etfective
concentration throughout the water on the filter, and
then reduced to a nominal amount of say 5 wmg/l.

1
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Tastes  and odours are normally & seasonal phenomenon, and
therefore the required dose i1s likely o be interaittent

argd variable,

The application poiont way be at the plant inlet, or atter
clarifieation, or both., Sufficient contact time wust be
allowed prior +to coagulation, when the efficiency of
adsorption will reduce due to sealing of the carben
surface, as it binds with the coagulant.

Granular activated carbon is usually used for rewmoval of
free chlorine, by passing water through a bed of the
substance, at a stiwilar flow rate to that of rapid sand
filtration -~ the units are Lherefore of siwilar size, In
this case the carbon requires periodic regeneration.

Powdered activated carbon reqguires special oare in
handl ing, storage and feeding due to its highly corrosive
nature in the presence of water; it is also combustible
and should be stored separately from other chemicals, and
equipuent for andling the dry material should be sealed
to conf ine the dust. See Ref.6 for additional
information on this subject.

Oxidising agents

These are often effective against tastes and odours,
Chlorine is the most common, but has the disadvantage,
along with potassium perwmanganate, that excess oxidant
must be removed, ~ Chlorine dioxide is also very
effective, being a wore poweriul oxidant than chlorine,
and should only be considered in severe cases of tastes
and odours, or when phenclic cowpounds 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 way aggravate the problem,
Sufficient oxidant wust be used, therefore, to eliminate
the original taste and odour-causing cowpounds.

Ozone is probably the wost effective taste and odour
oxidant available but suffers frow high cost and is
therefore seldom used,
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ALGAE_CONTROL
Algae are o cowmon problem in the surface water sources of
i f.anka, where they affect the dissolved oxygen balance,
and canse clogging of filters and taste and odour problews.

The preferred scolution is to control the algas al sonrce, by
nse  of chemical or biolegical methods to eliwminate the algae
in the bhody of water, Copper sulphate is the wmost cowmonly

used algicide, Reported dosage varies from 0.5 wg/L to 2.0
me /L, depending on the +type of algae concerned, the
application being wade by t{towing a sack of copper sulphate
crystals behind a boat, It way also be added by solution

feed at the entry to a reservoir. Tests should be made o
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 m> Utilizing the fact that sunlight is
essential for growth of algae (as for wost other plants), the
powdered activated carbon acts as a blackeunt to reduce the
penetration of light into the water, It way be snitable in
shallow areas of limited extent. :

For spring and borehole supplies algae wmay usually be
prevented by the exclusion of light, In surface waters, this
is not usuvally 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 wmethods depends on the types and sizes of
algae to be removed, and other less well defined variables.

Microstraining with a fabric éperture of 23 wicrowmetres may
be suitable if the algae are large, but some are too swmall to
be retained, : i
Prechlorination with a free chlorine dose of 0,25-2.0 wg/L
should be effective in reducing algae. Care wmust be taken
not to apply chlorinated water to slow sand filters -~
improved initial performance wmay be followed by clogging dne
to an  impermeable layer induced by the effect of chlorine on
algae, T : a

DESALINATION

Desalination is a very expensive process which should only be
cons idered A a Last resort, if no other souarce is
available. Methods are wunlti-stage flash distillation,

reverse osmasis and electrodialysis,

The wultistage flash distillation process has remained for
sometl ime the wmost popular and economic sy%tem ftor +the
product ion of large quantities of low salinity water,
Preheated water is fed into a series of chdmbers each of
which i3 held at a slightly lower pressure than the preceding
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Reverse osmosis works on the principle bthoal certaio mombranes
will perwmit the passame of ftresh water whilst prevending or
rastriciing bLhe travspert of salbs,  Thus 11 a sesi-paresasbhice
werbrane s wused as  a  barrvier between a salt solubion and
fresh water the solvent (1.e. the water) will flow through
the wmeabrane to equalize the salt concentrations on either
side, The pressure exerted by dissolved salis is known as
the osmotic pressure and the action of osmosis is to balance
the oswmotic pressures on either side of the wewmbrane. It the
salt solution is subjected 10 a pressure greater than its
osmofic pressure, water will pass through the mewbrane into
the other compartwent,

Recently, with developments in mewsbrane technology, the
process is becowing wore viable for smwall desalination
systems, Mewbranes are reported to have & useful life of 5

vears .

in the process of electrodialysis, in which electrical
potentials are wused +to transport ions through selectively
perneable wewmbranes, 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 mB/s. The process is
suitable for industrial applications, such as for soft
drinks,

For several up—to—date articles on desalination, see Ref.8

pages 159-189,

SOFTENING
In certain cases treatment may be required for the rewmoval of
hardness. Since hardness is not a health hazard, this form
of treatwent wmay only be necessary in  Sri  Lanka for
specialised industrial uses where scaling way be a problem
{i.e. in high pressure boilers), Hardness way be rewmoved
either by chemical precipitation or by ion exchange.

Generally, ion exchange is the wore suitable method, being
simpler in operation and wmaintenance,

Certain natural wmaterials, such as zeolites (complex sodium

alumino-silicates) and greensands have the properiys af::

exchanging one ion in their structure for another ion in
solution, Thus natural zeolities will exchange their sodiuwm
ions with calcium and wagnesium ions in water, thus softening
the water cowpletely. The finished water is high in sodium,
but  unless it was originally a very hard water, the sodiunwm
level is not harwmful.

The ion exchange material can be regenerated with a strong
solution of sodiuwm ions, such as comwon salt solution.
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Sinece ion  exchange Lbresteent produces  effluent wibth zero
harduness it tw  usually sufticient for dowmestic supply
purpoesaes  to  trealt o portion of the water only which carn bhen
be blended with unsoftened water Lo prodoce a final hardness
of 2050 wg/L.

Ta allow production of satisfactory softened water by sodiuwm
cvele treatwment the water shouwld have a composition such that
after Lreatwent the water does not contain wore than 900 mg/L
sodinm, To prevent damage to the ion sxchange wmaterial the
raw water should not contain wore than 1,95 wg/L iron and
manganese, nor wore than 5 units turbidity unless suitable
pretreatwent can be provided,

{ton exchange beds m®may be gravilty or pressure type and are
operated in much the same way as a rapid filter,

Common design ceriteria are:

Rate of flow 120-480 w?/wa

Depth of bed of resin At least Q.75 wm

Depth of supporting gravel At least 0.3 a (graded)

Backwash rate 350600 malmzd

Underdrain area 0.18% of bed area

Freeboard above bed 50% of bed depth

Length of run Depends on hardness of raw
water,

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

- att

=116~



8.1

8. CORROSION CONTROL

EFFECTS _OF CORRQSION

Corrvosion of wmetals due to the presence of aggressive waters
and soils 1s  a contiaing cause of breakdowns, problewms and
expense in  water schemes, Affecting pipelines, plant and
equipment , it can be responsible for the following etfects:

o widespread deterioration of wainz due to aggressive water
and for soils, cauvsing weakening and subsegquent pipe
bursts;

O localised deterioration of pipes resulting in leakage;

O complete or partial blockage of pipes by corrosion
products;

© disseolution of metals causing possible toxwicity, or other
water quality problems;

o discolouration of water due to corrosion products;

O failure of equipsent due to weakening or corrosion
products .

To understand these effects and to design suitable protective

measures, some understanding of the processes of corrosion is
necessary.,

PROCESSES OF CORROSION

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 wetal 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 corrovsion cell,

The overall rate of reaction is sensitive to the rate of
transfer of oxygen +to the metal surface in the cathodic
region. In the absence of oxygen, correosion is normwmally
inhibited cowmpletely, but in the presence of oxygen correosion
products liwmit +the rate of reaction by reducing the rate of
transfer of oxygen to the wmetal surfuce., In non—aggressive
soils a cowpletely unprotected pipe would suffer frowm general
corrosion which would start at a high rate but would
eventually decline, The rate of internal corrosion would he
expected to be hizxh as the flowing water waintains a high
concentration of oxwygen, 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 {factors could also help te inbibit corresion. For
example, during the corrosion process local increases in pH
can  cause  precipitation of calcine darbonate frow water
saturated with calciue carbonate; under suitable conditions
this will form a scale on the pipe surface and inhibit oxygen
transfer, However, serious problewas usuvally ocour when
localised corrosion proceeds undey special conditions., More
often than not such problews are usually associated with
dawage to the oxide film which 15 naturally produced on the
pipe wall at the wmanufacturing stage, Dawage at a particular
point leads to the establishment of a localised corrosion
cell and is accompanied by a concentrated attack on the swmall
anodic site, which leads to a localised dorrosion pit., '

i
Corrosion cells ¢an alse bhe established under a variety of
special conditions inveolving galvanici‘action, differential
cells, stress = corrosion, microbial corresion and stray
electric currents,

ke 8

: .
Galvanic or bimetallic corrosion ariséﬁ from the contact of
metals with very different elecirochewical potentials, The
electropositive wmetal 1is cathodic +to ! the electronegative
wetal and prowmotes its corrosion, Foﬁ example, graphite is
cathodice to cast iron and is present Jas inclusions in cast

iron pipe. Galvanic corrosion prowoties the disscolution of
the iron leaving the graphite as iithe only structural
waterial. Table 8.1 shows the electirochemical series for
metals in sea water. The wmore noble n?tals and alloys more
resistant to corrosion are at the top of the list,

Generallya if two wetals widely separated on this list are
used in contact with one another the lless noble may suffer
accelerated corrosion, and reduce the rate of corrosion of
the more noble, B '

Different permeabilities of soils in trenches or where debris
1s 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 c¢an arise in the presence of sulphate
reducing bacteria. This type of corrosion is coummon in
water—logged soils where oxygen diffusion is poor, Black
ferrous san ide. is precipitated and is an indication of

microbial Similar reactions can occur on the
internal of pipes bul require anaerohbic conditions
for sulphate reducing bacteria to survive, This is unlikely
under reasonable water qguality and flow conditions but can
arise in certain circumstances, Bacterial slimes or other
growths on the interior surface can also cause these
conditions,

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 wetal service pipes are msed to earth
domestic electrical appliances. !

-118-



Flectrochewical Series for Comwon Metals and Alloyvs

in Sea Water

e 4 ot s om o 8 s £ o £t £ Ao«

More
Resistant
to
Corrosion

Less
Resistant
to
Corrosion

Plat inum

Gold

{(Graphite)

Silver

Austenitic stainless steel (passive)
Ferritic stainless steel (passive)
Nickel (passive)

Silver solder

Monel

Copper—nunickel alloys

Bronzes

Copper

Brasses

Nickel (active)

Tin

Lead

Lead—tin solders

Austenitic stainless steel (active)
Ferritic. stainless steel {(active)
Cast iron

Steel

Cadwninm

Alumninium

Zinc

Magnesium alloys

Magnesium

The wmore noble wmetals and allovs, 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 wore

noble,
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ASSESSING_CORROSIVITY OF WATER ?

The wmain <haracteristics which affect the corrosive tendency
0f water are pH, hardness and alkalinity, Chlorides, by
increasing conductivity, facilitate the corrosion process;
dissolved oxygen 1is necessary for  the cathodic process,
Chlorination, gpracltised norwmally, should not contribute to
corrosion, Manganese, in excess of 0,03 wg/L can stimulate
corrosion of copper pipes in hot water systems,

Waters with pH below 7 will dissolve wmost wetals to an
appreciable extent, and are generally  unlikely to deposit
protective scales of calcive carbonate’ on the wetal. The
ability of water to dissolve or to deposit calcium carbonate.
is wused as a guide to the water's corrosive tendency and is
measured by the Langelier Saturation Indexi(h)

L = pH — pHs

Where pHs is the pH of the water at the séme temperature when
saturated with CaCOg. !

pHs wmay be obtained frowm the formula: E
pHs = (9.34+A+B} — (C4D), :
using the values in Table 8.2 E

A negabtive Langelier Index indicates thatéthe water will éend

to dissolve calcium carbonate and a positive Index indicates
that it will tend to deposit calcium carbonate.

ASSESSING_CORROSIVITY OF SOIL :

The resistivity of a soil is dependent on the dissolved
chemicals, type of soil, woisture content, etc. and therefore
is an excellent indicator of the amount of corrosion to be
expected in any given situation. Thus wetals buried in high
resistivity soils will suffer relatively: little corrosion as

compared to metals in low resistivity soils where the
elctrochemical action way progress at fastérates.
__.44:::& ',:'I'i_ - 3

In additioh 0o LhE forrosivity at any one location as
indicated by the "%oil resistivity, wuch corroesion is due to
change in soil along . the pipe line., The greater and wmore
abrupt the change, the greater the corrosivity in the low
resistance soil  iwmediately adjacent to the high resistivify

soil,
A relatively simple soil resistivity survey over the route of

any pipeline will indicate all areas likely to be corrosive
in accordance with the following guide:
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Tabie &2

Values for Determination of Langelier Index

Total Calcium Methyl Orange
Solids Hardness Alkalinity
(mg/L) A (mg/L Cc (mg/L D
CaCOj3) CaCQ3)
50— 300 0.1 10— 11 0.6 10—~ 11 1.0
400~-1000 Q.2 12— 13 0.7 12— 13 1.1
14— 17 0.8 14— 17 1.2
18— 22 0.9 18— 22 1.3
23— 27 1.0 23— 27 1.4
Tewpera— B 28— 34 1.1 28— 35 1.5
ture °C 35—~ 43 1.2 36— 44 1.6
44— 55 1.3 45—~ 55 1.7
0— 1 2.6 56— 69 1.4 56— 69 1.8
2- 6 2.5 70- 87 1.5 70— 88 1.9
77— 9 2.4 86— 110 1.6 89— 110 2.0
10-13 2.3 111~ 138 1.7 111—- 139 2.1
1417 2.2 139- 174 1.8 140- 176 2.2
18-21 2.1 175~ 220 1.9 177— 220 2.3
22-27 2.0 230- 270 2.0 230— 270 2.4
286-31 1.9 280— 340 2.1 280— 350 2.5
32-37 1.8 350- 430 2.2 360~ 440 2.6
38-43 1.7 440- 550 2.3 450~ 550 2.7
44-50 1.6 560- 690 2.4 560- 690 2.8
51-56 1.5 700- 870 2.5 700— 880 2.9
57-63 1.4 880-1000 2.6 890~1000 ‘3.0
64-71 1.3
72-81 1.2
(1) Obtain values of A,B,C and D from above table
{2) pHs = (9.3 + A + B) — (C + D). .
(3) Saturation index = pH - pHg
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i

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

o Values above 12,000 ohw—cwm are alwmost never corrosive,
except occasionally when a short section lies between
wuch higher resistivity soil, but even then the
corrosion is usually wild,

o Values between 2000 and 12,000 ohw-cwm wust be assessed
for corrosivity by comparison with adjacent sections;
relatively low areas will tend toibe corrosive as will
areas ot rapid and large changel in soil resistivity;
again, the areas of low resistivity will be the
corrosive areas., ;

Further details on assessing soil condltxons are given in -

Reference 9,

PREVENTION OF CORROSION

Where tests and observations indicate!that corrosion is or
wmay be a problem, steps wmust be taken tb reduce or eliminate
its effects, Corrosion control systéms commonly used for
pipelines and steel structures are; coatings, cathodic
protection, polyethylene sleeving, and] use of corrosion ~
resistant wmaterials. At the treatmept stage a corrosion
inhibitor, such as sodium silicate, couldibe applied.

Coatings wust be properly applied to; dry, corrosion free

wetal, and wust be free from pinholes or damage to be

effective. They should bond with the wmetal and give

insulation against electrical current.: Common waterials

available are:

1) Cewent wmortar - suitable for internal lining of ductile,
cast iron and galvanised steel pipe;

-

o Epoxy . ..é highly resistant, durabl? and suitable for
1nterﬁ§¥§ﬁﬁaﬁhxternal use; g

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

o Zine coating (galvanising) - éomnonly applied as
protection for steel and ductile pipe at wmanufacturing
stapge.
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o Bitumen and coal tar - comwonly used for internal and
external coatings, protective paints and sheathing: care
must be taken to ensure that internal use will not result
in objectionable tastes;

) Wrapping tapes — these are available in a variety of
materials and 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 continuocus 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 Lo give shielding in the
event of the sheathing becowming dawmaged, This will

inevitably set up a galvanic cell with the bare metal forwming
an anode at which localised pittiug would develop,

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

There are two wmethods of applying cathodic protection, namely
by installing sacrificial anodes or by introducing an
impressed current to the pipeline. The sacrificial anode is
wade of a wmetal 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 formujlated
alloys of wmagnesium, 2zinc or aluminium are used for waking
sacrificial anodes, '

In the case of the iwpressed current system, the protective
current is not derived from the potential difference bhetween
dissimilar wetals,. Instead, protective anodes are energised
by DC power, usually fed from rectified AC power supply, and
current flows frow these anodes though the electrolyte=35 the
pipeline and thence through an external connection to
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, proxiwmity 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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i
Further detailed information on cathodic protection is given
in Reference 9, :

Corrosivity, as mwmeasured by negative <values of Langelier
Index, is common in groundwaters in Sri Lanka and it wmay be
necessary in  sowe cases to stabilise these waters by the
adjustwent. of pH and alkalinity to achieve calcium carbonate
egquilibrium, Treatwent. could cowprise aeration to rewove
excess COp and exposure to a bed of calcium carbonate,
Normally, for winor schewes, such {treatwent would not be
cost—effective, but pilot studies could be initiated in
specidl cases, .
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9. PLANT DESIGN AND LAYOUTS

GENERAL_CONSIDERATIONS

Kater treatwment plants should in generai be low in capital
cost and easy and economical to operate. Maxiwuwm use of
gravity and hydraulic energy in the treatwent process and
use of labour instead oof equipment in plant operation
result in the wmost effective and econowical treatment
plant.

Fundamental design principles to be adopted are:

1) waximise use of gravity (e.g. for chemical feed);
o conserve head loss throughout the plant and systewm;
O utilise staged construction in 5-10 year stages to

winimise capital costs;

o allow for losses through plant, e.g. raw water pump
capacity should be 5-10% greater than treated water
output of plant.

o adopt design innovat ions such as declining—rate
filtration control, higher filter rates, direct
filtration, inter—filter backwashing, high-rate

settling in plates and tubes;

o define reguired treated water quality, and design for
specific characteristics of available raw water after
thorough sampling and testing programune,

o where +the design is for an extension to an existing
works the need to waintain the operational status of
the works during construction should be addressed.

0 waxiwise use of hydraulic weans for wixing, floccu-— -
lation and filter rate controls;

o minimise use of equipment such as puwmps, wotors, and
chemical feed equipment.

o provide adequate facilities for parallel oper&f@ﬁggémé?f~

(i.e. duplication of tanks) and standby (including
ewergency generators),

o maxikise use of hydraulic means for mixing,
flocculation and filter rate controls;

o provide adequate facilities for chemical handling,
storage, mixing, including day tanks, flushing/
dilution water connections and dosing. Provide

storage for 6 wonths chewical requirewents,
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0 provide 2 hours steorage in olear well,

An exawmple of tvpical design criteria for a full treatwment
worhs is given in Table 9.1

SITE LAYOUT

Careful selection of site and plant lavout can wmake a big
difference in capital <costs and ease of O&M. Take inte
consideration:

O elevat ion;

o flood levels;

) area required for future extensions; -

o cost of clearing, earthworks, ewmbankments;

o site drainage and wastewater disposals

o foundation conditions; ;

) saecurity of site; .

) access and roads, particularly access to intake site

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

In particular:

s} utilise wvariations in site topography t{o wmatch the
required hydraulic profile of plant;

o site chemical building high enough so that coagulants
and lime can be fed by gravity from day tanks on upper
level, as close as possible to paintsiof application;

o use ramps or elevators to raise chemicals to required
storage level; :
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 wm, without aeration. Aeration, if
necessary, will add 1.5 - 2,0 w. :

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

o dequate soil investigatigns for foundation

rial pits, boreholes.

o adwministration facilities should be provided as
required for offices/laboratory, reception area,
scheme level stores, staff room, toilet and a swall
workshop, A control room may be required for larger

works, Provide adeguate lighting and ventilation,

Some typical plant profiles and flow schenatics are given
in Figs, 9.1 -~ 9,7,

!
I
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Fapik 9.1

TYPICAL DESIGN CRITERIA FOR A
46 ML/3 WATER TREATMENT WORKS

Item

Criteria

Intake Capacity
Design flor for treatment

Grit Removal
Number of channels
VWidth (each)
Length
River level
Velocity (horizontal @555 L/s)
Velocity (setting @ 555 L/s)
Detention time (@555 L/s})

.gavel ling Screens*

\hdth
River Level
Velocity

Plant Capacity

Design flow, raw water in
Design flow, treated water out

¥et Well
Nuaber
Volhume
River level
Detention time

-

Raw Water Pumps
Number

® -
Capacity {each)
Speed
Power

Raw Water Metering
Number
Size
Type
Capacity

555 L/s (48000 w>/d)

2

35 m

2.0 m

3.0 m above MSL
0.16 w/s

7.2 mm/s

2.3 min

Q
Ow
A5 w/s

OU‘NN

555 L/s (4.7% allowance for loss
through works)
530 L/s (46000 w3/d)

1

69.5 ad
3.0 m above MSL
2.09 min

3 (1 standby) :
Split case centrifugal
278 L/s at 20 m TDH
93 kW LT

1

500 mm
Venturi tube*
220 to 800 L/s
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Iten

Criteria

Chemical Mixing Basin

Number
Detention time
Volume

Mixer

G

Flocculat jon Basins

Number .
Width (each)
Length (each)
Volume (each)
Detention time

Settling Basins

Number

Width (each)

Length (each)

Side water depth (each)
Up flow rate

Detention time

Veir 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
Width
Length
Side water depth -
Detention time

20 s
11.2 3
15 kW
1000 s !

3,962 m
81.65 m
333.6 w3
23 ain

Ao
o0

NeeN
mmmg

&

Y=
=
o
0
\
2

Gravity sand downfl

69.3 L/s

bt el

o
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[tem

Criteria

Treated Water Pumps
Nuaber
Type
Capacity (each)
Speed

Power

Chemical Systems:

Chlorine
Type
Dosage range

Maximum feed rate

Chlorinators (1 duty,
(1 standby)
. Chlorine storage (average use)

Alua

Type

Dosage range

Day tanks

Volume (each)

Area

Side water depth

Mixers per tank

Feed pumps (positive
displacement duplex)*

Feed puaps (positive
displacement. simplex*)

Capacity (5% solution)

Lime storage (average use)

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

634 kW

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

Gramular in bags

10-60 wg/L

2

12.96 w3

4,32 o?

K

1 vertical paddle _
2 (1 standby) prelime .

2 (1 standby) postlime
1135 L/h prelime

1135 L/h postlime
90 d S e

* Not recommended, included as example only.

-129-



80Jn0g

*Je8nay-xesdmey

*gg61 Joquased ‘vAINYA J0F

jjodoy peIRpTIOSUO) -~ SIOTXISTA emnJeuuolod B O1elBW Uy emwmesdoag

- uopyeyyuwes pue Arddng Jeem teany jo  Bujuuerd

I'6 38N914

-0€T-
WVHOVIA MOT1d 40 S31dNWVX3

e (5 .

il ‘
F |
: 1 3 ) # £

| X\
g Ji,  OPTDMAL MORITONTAL  SLOW SAMD.OR | CONSTANT  ~ BREAX ' GROUND o Ieumy
1AXE_POND T3 HLOW SIDIMEINTATION — ROVGHING HIAD FRESSURE LEVIL HOMTRAL
BANRAGE o TANK, fINIL] Tanx TANK : RESEAVOIR DISTRIBUTION
GRAVITY FROM A STREAM ABOVE HUMAN SETTLEMENT
.: edge

. .
ok -
i .1 f '."hllkii-.“-" - - P (‘ -
. e — p b o PR 1
& i
et~ y
§ \ AN
m——— $PRING ’ BREAK PRESSURE GRQUND_(¥IL : TRUNK /NORTNAL
INTAKE ’ TANK. RESTRVOIR DISTRIBUTION

R QRAVI TY‘FROM MA‘“ SPRING e b RIS ATt 8 i Th it Tam

i Thn e e e oo e et e D er e BRRRT ST X v



—TET~

WVH9VId MOTd JO F1dWYX3

Z°6 3WNO13

3PRING
(147114

/- _.. - . -. ‘ | ‘ .-L-'l_'._d.
GRLIONA IRIIONTAL OY . SI0W S0 0F ooy paeae pssne e v
SICPDMAVIN TAMK -~ RWGMDOFILTER  MEADDOK  Tawk BESERVOIR
GRAVITY FR_OH A STREAM

PUMP_SCHEME FROM A SPRING

TRUNE 7 NOMINAL

DISTRISUTION




SIREAMI RIVER

INTARE

PUMP_SC FROM_A ' ETTLEM

:::lnu ."l.: h:ﬂ. l“'"- _]E - s it —~— - R
mwm operating levely " L' E ey }
DI . _' . 2 I . ) 3 . ' . ~

P P A L

. > fi - _ ;
IR o b N 1) 2 "g’ﬁfi--.h!gyfﬁ“:*‘.l‘f‘ff‘_"f s bl o b o

HWvlovia Mo13 20 TIdNYX3

_—

Pintmum n;rar;ng leerly,

- = 117148 SKRININIATION JANY  EILTER taux SL_PUMP hoUSE  RESIRYDIR Qs miavT o AlAllon

s e -t Ak et 1 A AP R b IS A B = o b B T TP WIEI UM

- _ :
j _ L1 WECORIAL _FIOW. ©  Sl0W _SAND/BAPO SAMD COMSIANT, MEAD. CLEAA WELL & £UEYALLQ RIS HOMINAL Aoost
<,
R ——

£'6 MNOI




AVHOVIA MOTS 40 I1dWvX3

7°6 34Nl

P . ;.’I
. VoA 1
OPTIOMALINORITONTAL SLOW SAND BAPID SAMD (ONSDMT  (LEAR WILLAWD LLEVATED TRUNK /HOHINAL [QPIIONAL] BOOSTL
DIMENTATION TAMK GR_ROUGHING FILTER. WEAD TAMC K. PUNP WOUSE RESTRVOIR DISTRIBYTION STATION

UMP_SCHEME FROM A SURFACE WATER SOURC

)i
CASCADS gMesCAL CLEAR WELL AND ELEVATED ' TR/ HOMTHAL
’7717, W ARATOR  STADNISATION POMD WL PUMP_MOUSE = . © RESERVOIR IS TRIBUTION
4
Z, ,éé}_ﬂr‘
MW : PUMP_S| OM_BORE _HO
il




-pET-

1Y
CHLORINATION
. B FACAITIES
4 [ ] T .
T : LIME LT PLANT .
rY . TANK - "' wATER
> ’ .

WTER
PSS

TRAYELINO
SCALEMLIOF 2)

ean n [l FLOMETER . : : I—»l_@ _ SYSitw
L ax o — : ’
FROL RAGA PASAS i “J JL ) —W_I-LLLMI—UJ : : : ? ' | TRANDWSSON el

. ., o N
o AL Locan L . ﬂg?l ) P ?{:‘w TO LABRN ISLANO
Ty o 8w 1oF2) o) TREATED WireR reRco METER
MOWL, . . . PINPING
(s%n!a, ’ > 4] N . swwoce RESERVOIR IMS  [rep )
_ _10-DRYNG BEDS OR o
RIVER INTAKE STRUCTURE RECEIVING STREAM
SCREENS 8 PUMP STATION . : - ATy
WATER TREATMENT WORKS
e i . J I I 'hc.i?iij;!!;i“'f' PSSO PR b T e LL PR A

§5°6 34Nl

. ' TYPICAL SCHEMATIC FLOW DIAGRAM
' ‘ | E ) e
N - o - B S —— a

A . A c—— s ———re s A nn o




| OSET-

976 N1

T

3OCS

TRAELNG
SCREEN

2020

PIPE LME

MPE LINE

* OINTAKE -
BAR RACK

 CHEMICAL'. FLOCCULATION
MIXING “BASING
"~ BASIN

TYPICAL HYDRAULIG -

e —
- D

- 1ana

—— 5T

14000 —Iﬁ]

100 i
s

PPE LINE

3400

CLEARWELL
BESERVOIR

TREATED WATER
PUMP_STATION

e ————— e e

S

S




;!

WATER TREATMENT WORKS
HYDRAULIC PROFILE &
PROCESS FLOW DIAGRAM

H
i
i
.
i
2
§

e e




RAW_WATER_INTAKE

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

) norwal, high and low water levels; calculate wet well
voluwme at low water level,

o intrusion of salinity in tidal reaches;

O protection of raw water puwps from abrasion -
provision of grit channels, gates and screens;

o provision for cleaning intake channel;

o access for maintenance and rewoval of .intake pumps and
wotors, including overhead crane if ne¢esﬁary.

0 allow for wminimum of 2 duty pumps and 1 standby, and
room for expansion if required,

) in dry wells, provide a sump and puwmp for drainage.
;

FLOW MEASUREMENT

There are many exaup les in existing plants of
non—functioning differential pressure type flow weters,
such as Dall or Venturi tubes. In sowe 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 Parshall flumes or
weirs be used in place of Dall/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 f{for Board
reguirements., They also provide ideal. locations for
effidient coagulant wmixing. i

Where use of differential pressure ﬁqters cannot be
avoided, the electrical interface should be eliminated and
a direct pressure recording instrument installed,
preferably -inelnd; g.4. . counter read-out of total flow,

i

On the meters are not working or
suspect, flow is often incorrectly assessed by using the
pumping rageftcf the installed pumps from the nameplate
details, Incorrect assesswent of raw water flow obviously
leads to a lack of control of dosing rates of chewicals.
Measurement of the puwmping rate in plants wmay be wade using
the following procedure: ’

a

- ——— o e =
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1. Stop raw water pampicg.

2. Continue filtration until clarifier level is down to a
point. where it is easy to wmeasure the rise in waler
level in the basin.

3. Close the cutlet valve froa clarifier to filters.

4, Close valves on all filters. At this goint the plant
is cowpletely out of service with the clarifier at a
relatively low level, say 1.0 to 1.5 m below norwmal.

3. Start one raw water puwp,

6, With a stop watch record the tiwme redquired to raise

the level 6.5 or 1.0m. Carefully mark these levels
prior to starting the puwp.

7. If there are {wo or wmore pumps run a test for each.

4. Calulate the pumping rate based on the tiwe and known
volume,

9. 1f two or wmore puwps are operated together, run a test

for each combination of puaps used,

INSTRUMENTATION AND_CONTROL

Instrumentation required for control of the process is as
follows:

o Heasurement 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 siwilar device with float operated
flow rate indicator and totaliser, but not a chart
recorder, for wmeasuring the inflow, Units should be
cubic wmetres per hour, and cubic metres,

b) Propeller weters with flow rate indicators and Zimee

totaliser for weasuring wash water and for measuring
outflow, either before or after the clear water
reservoir as (a):

“e) Staff gauges for weasuring the water level in each

filter. Units should be wmetres,
d) Manowmeter tubes tapped through the filter wall for

measuring the head loss in cach filter, Units shouid
be wmetres.
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;

e) Chlorinators, ¢ltther Wallace & fTiernan or Fisher
Porter, for post chlorinationi{ and alsao pre-—
chlorination if applicable in ifthe process, with
duplicate chlorinatdérs in each instance, for standby.
Units should be ka/h. :

See alsae Design Manual 5, Mechanical, Electrical and

Instrumentation Aspects of Design, Seaection 4,
Instrumentation,

FACILITY OF OPERATION

Consideration must be given to making the operator's work
easier by properly designing all necessary access to all
parts of the plant which require it} such as chewical
application points, flocculation, sett{ﬁng basin overflow,

filters during washing, recorders and gauges, Provide -~
- walkways, handrails, ladders and wanholes,

!

If operators encounter dlfflrultles of access the
inevitable result will be poor plant operation and
waintenance, H S
As a c¢heck, have experienced O&M staff review the desxgn

drawings with this in wmind, prior to flnalzzatlon.

In addition, the design and spec1f1cat1on should prov1de'
for a plant which will be stralghtforward to construct and
erect, with robust equipwment, simple to*operate, requiring
a wminimuw of skilled workers for operatlon and waintenance,

LABORATORY

A csmall laboratory will normally bej required at the
treatment works to wonitor the treatment process., The
physical and chemical determinations - performed in the

laboratory will present evidence whether::
o the water has been properly pre-condltxoned for each
operation of the treatwent process; [ ¢

o each unit process is functioning as it should;
‘ : '
o the . liproduct is clear, free? from objectionable
taste and odour, chemically stable, and
bacterioclogically safe for huwan consumption,

The design of the laborateory should be based upon the
quality assurance Lesting programme recommended for the
treatment works and will include at least the following
deterwinations:

Daily puwmping — hourly, daily rate¢s, Hours of
operation,
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Raw water turbidity — Daily it thﬁ raw  water ix
stable, every =3 hours if the
turbidity is changing,

Settiled water turbidity - 3 times daily at the sauwe
hours, 8,16, 24 hours for
example .,

Filtered water turbidity — Each filter 3 times per day,

(sawne as above).

pH — raw water - Once per day 1if raw water is
stable, every -3 hours if raw
water is changing.

pH — finished water — After post lime addition 3
times each day.;

Colour — Where colour it a problem — raw
water once per day when stable
or 3 times per day when colour
is changing. | Finished water
once per day., i

Alkalinity — Twice per nonih when raw water
is stable, Each day when raw
water is changing.

Iron & Manganese — Where known t@ be low -~ raw
water content once per wonth,.
Where it is 5 problem —~ once

per week when yater is stable —
raw and finished water. Once
per day when changing — raw and
finished water.:

Coaéulant dose — Rate of applicatian in wg/L
Total aoagulant consuued per
day. Record rate changes,

-

l.ime dose — Rate of appliéation in mg/L.
Total used per day.
Water stability — There is no direct test except

itk

the Langelier J Index which is a
good indicator,:Once per week,

Hafﬂnéﬁs -'_‘_.€ — Once per month.

The laboratory should be designed with the various .
functions allocated to different sections of the rooa.
Bactericlogical examinat ion {which includes glassware
washing, mwedia preparation, sterilisation, innoculation and
incubation), general chewistry, and special analyses will
be performed in their specified areas, A fume hood should

be provided for work involving obnoxious fumes,
Distillation apparatus wmay also be required. !
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The furnishings should provide storage and bench space for

instruments, equipment, and work area., Uilities necessary
are hot and cold water; compressed air, vacuum, propane,
and electrical outlets, The laboratory regquirewents should

be checked with the O&M Departwent and process control
section early in the design stage.

LESSONS FROM _EXISTING PLANTS

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

o The raw water during wmost of the vear 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 o¢f laboratory equipwent and
supplies. Trained personnel are needed (Note that

this aspect is being iwproved under the USAID Project)

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

el All but ftwo plants visited have vertical flow, contact
sludge blankel +type clarifiers. All the operators
reported relatively frequent problews of floc clouds
rising to the surface and flowing to the filters;
relatively rapid filter clogging results,

o Most of the vertical flow clarifiers were loaded to
the waximum or overloaded both for flocculation and
settling. When flows and turbidities were relatively

constant these basins performed satisfactorily, .

o Filters in all plants were underloaded with two
exceptions where they were operating in the
conventional range of filtration rate; all will take a

wmuch higher load: the constraints will be hydraulic, .

Low dosage, relatively high rate direct filtration:

possible in wmost plants during a good part el-the—

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 wedia without
great structural complicaticns. When required,
therefore, filter rates can norwally be substantially
increased,
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) More pilot filter work needs to be done to refine the
wedia specifications both in particle size and depth.
Pilot filters should be constructed to operate at all
problee plants and at other selected plants,

) Mediocre to very poor coagulant dosing and dispersion
(rapid wixing) was encountered in all but one plant .
Bevause of the unusual feature of all plants having

aerat ion it was relatively easy to correct ithis
problew  (by constructing a weir in the channel frow
aerator to clarifier, and installing & <coagulant

diffuser at this point),

O Future designs should incorporate waximum use of
hydraulic means for wixing, flocculation and filter
rate control, Also the flocculation and settling

basins should bhe horizontal flow to provide good
process control., '

On  the basis of his surveys, Wagner wmade the following
specific recommendations relating to plant design:

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

) Provide day tanks for the prepafation of stock-
solutions of coagulants and gravity systems for
dosing;

0  Provide hydraulic mixing of the coégulant solutions

with the raw waler at weirs or fluwmes, These provide
excellent mixing; v :

) 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 flécculation
pProcess; .

o) Provide horizontal f low settling basins with a

properly designed entrance baffle to assure plug flow,
The settled:water take—off system should cover a large
portion "AETTERE  outlet end of the basin to reduce
upflow currents to a minimuw;

o Utilize dual or single wedia filters designed with
declining rate contrel avd a box depth to accommodate
a relatively deep wmedia 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 8 winutes, Install
simple {ilter headloss gauges,
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o Btilize inter—filter backwashing,

15} Hilize direct filtration wherever possible.
SPECIFICATIONS

The specification for a water treatment works wmay be
either:

a) A detailed 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 recowmmended that type (a) be used on normal NWSDB
schemnes, However, for larger schewes or in particular
circumstances type (b) wmay be preferred.

Annex H 1lists inforwation which needs to be included in a
detailed specification, whereas Reference 11 goes
thoroughly into the subject of perforwmance specifications,

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

o Testing of equipwment.
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 paywent of chewicals
during commissioning.

o Supply of water for testing purposes.
o Simulation of alarm conditions to test ftull
operational efficiency and familiarize staff with

procedures.

o ' Provision for training, wanuals, and the nature of

acceptance trials.

See also Reference 11 and Procedure MHanuval P3, Commis—
sioning Guidelines.
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9,10

Onece  the works is in operation, its perforwmance should be
wonitored, toe ensure that it is operating in the wost
efficient wanner, according +to the original design, 1f
defects in design go unreported, they will continue to hbe
built into future works and the quality of works will not
improve., It is recommended that a post project appraisal
report he prepared by DGH (O&M) after the schewe has been
in operation for 1 year, for providing feed back +to
Planning, Design and Construction,
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Rapid Gravity Filter with Declining Rate
Flow,

D. Filter Paper Testi

E. Prepargtian of Sand Filters

F. Hydraulics of Under—Drain Systeus

G, Practical Guide for Dosage of Bleaching Powder in

Disinfection of Public Drinking Water Supplies

H. Information to be included in the Tender Specifications
for a Water Treatment Works.

- e s >



ANXNEX A
DESIGN ENAMPLE — CASCADE AERATOR

B e e L e i o e e s et s e e e s e e Ao s . AR . s e e s 4 o

Design for removal of iron f{from groundwater pusped at rate of

4000 w3/d. (2.78 wi/wmin).

Assume cascade area 2.0 ﬁf/m?/min of flow

M

Area required 2 x 2.78 = 5.56 w®
Circular design
Diam. of lower step o
d, =J/(5.56 x 4) £
———————— = 2.7 .
T " (
and say d2 = 1.9 wm I
d3y = 1.1 wm n 4H

(Step width should not be less than
400 mm to wmake sure that water

does juwmp the step).

Provide 3 concrete steps, each of height 50 cw. Total height of
drop, including inlet pipe = 2.0 m

‘ength of lower step, = TD = 8.48 m
Overflow rate = 2.78

60 = 8.48

0.005, therefore OK

(Recommended maximum overflow
rate 0.1 u3/-.uin)

‘For inlet pipe, assume vel = 1.5 m/s.
Required area = Q/V = 2,78
—— = 00,0309 =°
60 x 1.5
therefore d4d = 200 wmm.
Rise of jet h = v? 1.51
—_— E — = 0,115 =
2 2.(9.81)



ANNEX ¢

DESIGN_ENAMPLE — HYDRAULIC FLOFFULATOR

Flow = 28 L/sec
Total basin length = 16.8 w Water temperature = 25 °C
Depth of water in basin = 1.,4w Viscosity of

of waterjt = 0.90x107°% wl/sec
Basin width = 0.84 w

Assume O, 15w miniwmam baffle spacing at basin entrance.

Velocity between baffles, V = 0 = 0,048 = 0,222 w/sec
A (0.15) (0, 84)
2 .
Headloss around bhaffle, H=3.3V = Q,éig_gggl ='0.0083 w
g 2»9.81
Detention time around baffle, T = L*,length of travel = 2.8 =12.6 sec
V, velocity: 0,222

B84.7 sec ! (0K)

]
H

Vel@ity gradient, G =/§5§
_ LT

Assume (,46m maxiwoum baffle spacing at basin exit

J149.61)(.0083f
0.90x10~® x 12.6

Therefore, V = . 028 = 00,0725 w/fsec
(0.46) (0.84)
T = _2.8_ = 38.6 sec
L0725 .

H = (3.3)(0.0725)
2 (9.81)

0.0009 m

i

G i/ 1(9.81) (.0009)

15.9 sec-! (0K}
(0.90 x10°2)(38.6) '

-

Basin voluwe
flow rate

lotal detention time in flocculator basin

fotg!P T = 11 41(0 84) (16, al = 706 sec = 11.8 min (A bit short)

(D-W) + W + (D-W) Where D = depth of water

*!L:
2 2
_ W = baffle spacing
-~ = 2D



sume baffle spacing *to vary from 0.13 to 0,45 w in 0.075 m
rewents  leaving the last. 1,2 w as a traansition section into the
iiwentation basin (see Figure B.1). Baffles shounld be removable in
der to be able to adjust the spacing for best flocculation, Wooden
ifle boards 12me thick about 100 to 150 we wide could be installed
0 grooves made in the concrete wall, After final adjanstment, the
ze¢ of the baffles counld be filleted with grout teo prevent sclid
rasits (a2 gap should be left in the groutiung for drainage
“poses). Basins should be designed to drain easily.

smary of Headloss and G Values

wher & Spacing Velocityi Headloss Total 1 ‘ I
»f Baffles in Bafflei per Baffle! Headloss [G*(sec™ ) |
(m) (m/sec) (m) (m) :

. . [

)@ 0,15 0.222 .0083 .158 84.7

L@ 0.23 0,145 .0035 .Q49 47.0

i@ 0,30 0,111 L0021 .017 31.3

} @ 0.38 0,088 .0013 .012 21.5

s e @es 0.073 .G009 .005 16.0

Total headloss = 0.241 m

'Telocity gradient, G at the start of each section.
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ANNEX C

DESIGN EXAMPLE — ORIFICE PLATE_FOR _METERING/CONTROL OF
RAPID GRAVITY FILTER WITH DECLIKING RATE FLOW

An orifice plate control is to be designed for a rapid sand filter with
the following information:

O Sand wedia: depth = 0.6m; E.S, = 0.55 mm; U.C, = 1.5 (see Fig.C.1}
o Gravel underdrain section: 100 mm layer 25-50 mm gravel

50 mm layer 12-25 nm gravel

50 ma layer 6-12 um gravel

100 am layer 3- 6 wm gravel

50 am layer 6—-12 mm gravel

50 wm layer 12-25 mam gravel

125 mm layer 25-50 mm gravel

o 50 mm P.V.C, laterals with 10 No.l12 mm holes/per lateral.

a ﬁﬁerage filtration rate = 100 .3/.2d

iﬂéxiuun filtration rate required = 150 .3/-2d_

Area of each filter = 26.8 w2

: 3’ ? K (1—~E) (W

= 0.75 (shape factor for angular wmaterial)

= depth of sand wedia or gravel layer

= porosity of sand media or gravel layer = 0,40
= viscosity @ 20°C = 1.009 centistoke

filtration rate @ 150% of design = 1.74 mn/sec.




Sand_and Grave

Sand

r

i
i
i

ad (Paﬁsing)g d (Retained) |Geometric

Fraction

S

f
Cwwm ) ’ (wmwm) Mean Size Between | Xi
; . Sieves : e
1 i ! i
- 0.420 ' 0.292 0.35 0.01 0.082
i 0.595, ! 0.420 0.50 0.16 | 0.650
0.707 1 0.595 0.65 0.20 | 0.473
0.841 3 0.707 0.77 0.25 0.422
1.000 % 0.841 0.92 0.p1 0.248
1.410 1,000 1.19 0.46 0.113
1.680 ’ 1.410 1.54 0.D1 0.004
? S A
; = 1.D0 1,982
.
3.18 2.00 2.52 1 0.157 e
6.35 3.18 4,49 1 0.500 :
12.70 6.35 8.98 0.012
25,40 12,70 17.96 1 0.003
50,80 25.40 35.92 1 0.008

Headloss_in_Sand Media (depth L = 0.6m) ¥

h/1

n

1]

-2
it

£5)(1.009) (1
9810

0.638

(0.638) 0.6 =

L74) (1-0.40)%

(0.40)3

0,383 m

Headloss_in_Gravel Underdrain

"

h/1

"

(514

(0.3

1.009

22)

i=1

L1l

74) (1-0,40)2

(0.40)

X{
(d})?

&

22;_

i=1

G \ 2 (1.982)
0.75

i

(dj)?

et ki



For 3-G sm gravel layer 100 am thick
h = 0.1 (0.322)(0.50) = 0.0161 n
For 6-12 ma gravel layer 100 am thick
k= 0,1 (0.322)(0.012) = 0,004 m
For other layers headloss is obviously negligible

Total headloss in sand and gravel layer = (0.383 + 0.017 = .40 m

Headloss in laterals

No, of holes per lateral 10 x area of hole = 1.131 ca?

No. of laterals per filter = 64

Total No. of holes = G40

No, of holes per m? = G40 = 23.9 holes per n?

26.8 w?

q/hole = 1.73¢ = 0.0726 L/s per hole

Entrance loss @ hole = h = %2)2A)2 _1  (Orifice equation
2 e |

h={ 72.6 x 10 1

0.6(1.131)x10 2 (9.81) = 058 =

Losses_in laterals

q/lateral = 0.0726 » 10 =0.726 = L/s

A, area of 50mm lateral = 0.00196 m? o

V, velocity in lateral = Q;zg§§;gfi_ = 0,37 m/s

00196
Headloss in lateral = 1/3 total headloss over

lateral = 1/3 SL

3}

For 50 mm PVC pipe, C 140, V = 0,37 m/s, S = 3,7/1000

L=1.83m

headloss in lateral = 1/3(0.0037)¢1.83) 20023 m

(negligible)

C-3




[ . [T I - 1.
Headbong o Saniiold

Evtrance loss €& tee @ manifold (see sketch) = 0.8 V2

2g
Exit loss into nanifold = 1.6 _V2 § :
2z ’ L—‘[l
{ Lateral
[ Vs ?
Total loss = 1.8 V2 say A 7 %
2g 28 7 4
% %
;- _ . ' -3 (] - % .
-V =2q_ = 2(0.726x10 ) A - é._Mantfold
A .00196 ‘ T
= 0.74 n/s @ Tee
Manifold entrance & exit losses = 2W = (O 37412 = 3.056n
2g 981

i

Headloss along mamifold channel is neghgmle Since 1* is
designed to carry backwash flow.

3
Total heaadloss in laterals & manifold = 0,058 % 0.056 = 0.114m
S.. Eff luent. Pipe Losses ' ?
Q = 150 w3/a?d = 1.736 L/s x 26.8 = 46.53 L/si
Velocity in 225 mm dia pipe = 1.17 u/.é _}_ff_ =0.0698 m
Velocity in 380 am dia pipe = 0.41 u/s i = 0.0086 m
12m cLea watcn Headloss thru plPP ;f 1ttmgs (see- sk@fch)""f
- — % | 380 mm dia entrance (o 5)4(0 0086) = .0043
380 mn run of tee' s(2) (23(0 6)(0.0086)= .0103
7, 3680 we o 22580 reducer =(0.25)(0.0698) = 0175
ﬁﬁﬁﬁjh' Tmmé 225 mn gate valve = (0,.20)(D.0698) - = .0140
25 on nediua elbows (2)=(29(0.3)(0.0698)= .0419
o Ig-al : 0.088m. ... .

GUFKE PLATE LOCRTION

Piping Schenat ic

Headloss in piping (for 225am dia pipe only; 380 rn dia losses
negligible) -

@ C = 110, hp = 8.4 (7.32 w) =0.061l n
1000 T ‘
Total piping headloss = 0,088 + 0.061 = 0,149 n ’



2o At

Assume low water level in filter is set at 1,22 n
above outlet of pipe at clear water taonk (design setting)

Required orifice neter loss = 1,22 n - losses in filter and
outlet piping
1.22 - (0,40 + .114) - 6.149

0.557 m say 0.56_a
Overall orifice plate loss 60% of meter headloss (see "Applied
Hydraulics", H, Addison P.G43)

Total meter loss = 0.56 = 0.93m | _Tm

0.6

Head Recovered =0, 3m

—4 b

——— QRIF((E PLATE

Area of orifice meter reguired, A =_Q = 46.53x10 =3

S o .t Bt S e e e et

CJ2gh 0.6 [2(9.81)(0.93)

Khere Q = 46.53 L/s, hn = 0.93, C = 0.6
A = 181.5 cw?
Orifice diameter, D = f(4)(181.5) = 152 am dia.
T

d orifice/d pipe < 0.8
0.8

1527225 = 0.68 < therefore OK

tl
5
"

Orifice plate thickness = d_pipe = 225 )
5 .

90 50

See Fig.C.2 for orifice plate details

C-5



Calemlate Losses ander Minimum Flow Condition

. 3
Min, flow = 50 v /m*d = 15,51 L/s
Loss in filter bed & gravel, ho Q = 1551 x 0.40 = 0,133n
46,53
loss in lateral & manitfold, hoo QR = = 0.013n

lééél)*x 114
46.53

5

Total loss, filter & urderdrain

Headloss in 225 am piping (neglect losses in 380 »m Qia.pipe);

3

V =0.39 m/s V2 /2g =0,0078 m ‘
Losses in fittings, h = k = 1.05 (.0078) = .0082
2r :
Losses in pipe = 1.12 (7.32) = .0082 = .
1000 :
Losses in fittings & pipe = .0082 +.0082 = 0.0164
Orifice plate loss .3 :
@ 15.51 L/s (Q/CA {2g}* = 15.51x10 2=z 3.103 =
{0.6)(0.01815) (4.43)
Overall headloss over orifice plate = 60Z (0.103) = 6.062
Total losses in filter, .
piping & orifice = 0.146 + 0.016 +0.062 3.0,224 m

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 minimum headloss in the wmedia) could reach 370
w3 /n2d, By inducing additional headloss, the, orifice plate
reduces the maximum filtration rate to any desired lower rate,

ey -
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9 PIPE DIAMS STRAIGHT

5
3
=4 PIPE DPAMS. STRAIGHT
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- - 225 mm 120mm s : :
i !
emm¢ TAP HOLE . . _
§mmb TAP HOLE FOR
FOR GAUGE : . ! ¥
P 4 N ﬂ SAUGE ) o
l) 18IS 1t ()
FLOW ,
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1 e LY A
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' ANNEX D
FILTER PAPER TEST

The filter paper test is to determine the filterability of raw water
treated with various doses of wetallic coagulant or cationic polyaer,
This iz quite different from the standard jar test 1o deleramine
clarifical for,

The filterability depernds on the characteristics of the turbidity in the
raw water and the coasgulant added. In Sri Lanka the coagulants which may
be wused are locally produced ferric chloride and imported aluminium
sulphate, Pelymers, while very effective, are also iwported amd 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 wvater is a good candidate for direct filtration. The paper
used is Whatwan No 40, The resulis 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 varicus 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 lug/l,. For example in a
four—jar series the first +trial wmight be 0.5, 1.0, 1.5 ard 2.0mg/L
respectively in the jars., After 20 or 30 seconds of maximum rotation it
is reduced to aboul 40 rpm for 2 or 3 wore 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.1. The raw
water had a turbidity of 25 NTU 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,
FeCly and Al5(SO4)3. The results are clear: the polymer is most
effective but FeCl; 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 FeClj 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,

R TS P b

It is important that"ihes . ant dose be relatively low for direct
filtration, High dosages ~of ‘alum or iron coagulant produce large amount.s
of floc which quickly clog the filter, I1f more than 10 to 12mg/L is
required to obtain destabilisation then it is doubtful that direct

filtration is possible,

e the filter paper test is completed and the resulis 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 divect filtration,
Galle, Matara, Ambalantota, Kandy, Kegalle and Kurunegala are all good
candidates, }

D-1 ;



FILTER PAPER TEST- AMBALANTOTA WATER SUPPLY

Row Wotet Turbidity 25HTY.

NTU *

6 ,
A - )
B Rawweer | g
35 . !Fitteced through Whatman 40 Pnpc\g“
4- 5

. 0 v — ey . : y
o _ 1.0 20 .30
T g . . . . A 4 t
: Coagulant Dose

D-2
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Turbidity - NTU
i

FILTER PAPER TEST 5 _
( MATARA WATER SUPPLY) i !
Row _Woter Turtsdiy’ _i —
é ;
3 ; i
. 1 ; !
Raw Water Filterered through Whotmon"do J :
l—:o 1
CS
+
. 3
E SR
AlL(SO) 3
/|/ 274y
k]
0 2 3 4 5 3 7 8
Cooguiant Dose mg/L. e

Figure D.2
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ANNEX B

PREPARATION OF SAND ['OR FILTERS

Basic Principles:
Natural sands and crushed materifals normally used as filter medla

differ in size and size distribution, in shape, shape variation and
in density and chemical composition. Properties of flow through
filtering materials and resulting purification are related to tho
parameters of grain size and size distribution.

Graln 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 cumlative weights
are obtained. After conversion into percentage by weight, a sumatiocn
curve can be plotted. Plotting of the values on logarithmic probabi-
lity paper traces an almost straight,line (Fig. E.1, B.2). By Inter-
;polation, the geanetric mean size and variance may then be determined
to define the sample. Commonly used parameters are the effective
size (ES = dm') and_ uniformity coefficient (UC = dgg/dyq)-
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 be
wasted from the stock can be determined.

The percentage of usable sand, Pu = 2 (PGO - Pw) whgre PBO and P10
are the percentages corresponding to d

. 60 M %o ‘_

The percentage of sand below which the stock sand is too fine to-
use is : 1'-} = p10 - 0.1 P, _

= Fip = 0-2 (Pgg - Py

= 1.2 P - 0.2 Py,
The percentage of sand above which the stock sand is too coarse to
use is : lé = PGO + 0.4 Pu

= Peo + 0.4 x 2 (Pgo = Pqp)
- i.B PS() - 0.8 Pl()

E -




'

i
From the cumlative size frequency’ curve, the sizes of stock san-
corresponding to Pf and Pc are de'termined (df and d.). The sizes
below dt’ and above dc will have to be separated out from the stock
sand to bring it to the desired specification,

The percentage of sand which is too coarse is screencd out and wasled.

In practice. it seldom pays to remove or waste more than 10% of fina

sand or more than 50% of coarse sand (nor to use sand coarser than

2mm). The percentage of sand which is toc fine can be washed out

through a grit or sand washer (similar to an upflow settling tank).
An example is given below; :

Filter Sand Stock Sand

Desired (mm) Available (mm)
ES (d;5) = 0.30 0.28 ;
d = 0.7 0.95 ) Fig,B.1
uc (dsoldw’ = 2.50 3.40 ) ._}
% of usable sand Pu = Z(P60 - Pw)
= 2(48 - 12 ) ,
= 724
% of too fine sand P, = 1.2 Pio - 0.2 Peo

(below which should

be wasted, df) 1.2 x 12 - 0.2 x 48

= 4.8 % ( (:lf = 0.20 mm)

% of too coarsesand P= 1.8 P.. - 0.8 P -i
(size above which ¢ 60 10

should be wagted d) = 1.8 x 48 - 0.8 x 12

i ____:_: ___ﬁa 76.8% (d_ = 1.40 mm)

The following fo'x_"tinl'a (by Hazen) for 75% removal of particles by
washing relates the washihg rate to particle size removed:

D (mm) = 0.318 . f ._2_

where, f is 3.0 for ordinary boxes.
S = overflow rate (spill) in L/min.
A = box area in m?
or
D(mm) = 0.0065. f.

i gt

where S in gal/min
Ain ft?

>l .

e
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4.

Specificatic:s for Filter Sand

Characteristics

o

o

avoid too great a uniformity of small size.

sand to be hardened resistant quartz or quartlzite, free
of clay. fine or soft particles.

ingition loss not greater than 0.7% by weight.

soluble portion in HCL not greater than 5% by weicht.
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 assumed

as:

Rapid Sand Flilter : ES = 0.35 - 0.5 mm
uc =13 -1.7

Standard British Sieve numbers and sizes between
16 (1.003 mm) and 52 (0.295 mm) |

Slow Sand Filter : Preferred : Possible
ES=0.25-0.35mm . (.15 - 0.35 mm)
=2 -3 _ © (2-5)

Standard British Sieve numbers and sizes between

14 (1.204 mm) and 100 (0.152 mm)
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JEDRAULICS O UNDER-DRALN SYSTEMS
The under «drain system of gravel laycrs, laterals and manifold should be designed to ensure even
filtration over the entire filter bed. This is achieved by keeping the total resistance in the
under-dra.n system, Hu to about 25% of the resistance through a clean filter bed, Hb at its
minimum «¢pth of 0.7 m during the design filtration rate V ({filtration rate with one filter out

of operati.n ).

H = Vd, where k = permeability coefficient {m/h) (

b . ( Darcy's
k d = min. depth of filter sand(0.7m) (

Law

The above requirement is that:

H <. 0.25 H
u b

The follow iné table shows the allowable under-drain resistances for sandsi having difféfép_g“‘v\frg'ilﬁés:f
of ES § UL. R

N

ES 0.25 0.25 0.35 0.35 )
uc 2 3 2 3 .
k* (m/h) 3 4.3 5.8 8.5

. H,(mm) (@ max. : -“_:
V = 0.2 m/h) 40.0 28.0 20.7 1441 . -

(k#* values 8 20°C)

In other words, the coarser the media and the more non-uniform its size,: the larger the ‘i'at'iqgtaals:
and manifold and the smaller the lateral spacing has to be to ensure uniform filtration o\ er the

ivs IR

" ‘entire bed.

Lty

The total under-drain resistance, Hu = registance in gravel layers, H
+ resistance 1In laterals, l-l1
+ reslstance in manifold, Hm

g

a) Resistance in gravel layers (typical) S -
Thickness of layer  Passing Retained  k Resistance H_ (mm)
_ (mm) (mm) (mm) (m/h) € 0.2 m/h & €0.5 m/h
1 ® 100 1 1.4 3 01 1.7
N 100 5.6 250 negligible 0.2
100 34.0 7,700 " ‘ ncgligible
200 ) $0.0 18.800 - ‘ "
Total 0.7 1.9
Say 1.0 mm 2.0 mm

b) Resistance in laterals H1

Pipe friction loss = 1/3 L‘l . sl
Where: Sl =glope of hydraulic gradient of laterals .
22,.5,33 2,,5.33
=10.2 Q“n“/d (See Table F.1 for 10.2 n‘/d factor)
L‘ = l.ength of lateral (m) }
;d = diameter of lateral (m)
Q = flow in lateral (m?/:s)
n = roughness «oefficient. (0.01 for PVC)

F:1




For .

later:l length l..1 = 1/4 L and manifold length Lm = L, and check

Velocity- head = 2 ('-'12/ 2g) = Vl"/g

where V. = velocity in iateral (m/s)

g = 9.81 m/'s2

Total resistance fn lateral, H = 1/3 L,S, + V,%/g

¢) Resi{stance in manifold, Hm

Manifold conduit f-iction loss = 1/3 Lm‘ Sm

Where Sm = slope of hydraulic gradient of manifold

b

= sz {n /R""/a)2 (see Table F.2 for (n '-(R?'/:’)z factor)
Vm = velocity maniftold (m/s) i
"‘m = length of manifold (m)
R = nydraulic radius of manifold 3
= area of manifold X-section 3
wetted perimeter
n = roughness cosfficlient, (n = 0.013 for concgg'ete)
2 2 : ] i’ =y
Velocity head = 2 (vm /28) = Vm 78 x

2
Tota.l resistance in manifold Hm = 1/3 Lm Sm + Vm /8

preliminary layout of laterals and manifold system, if L =

shown above.

Exampnle

Assune :

Q= 336 m¥/d = 14 m*/h = . 0039 m?/s
V = 0.1 m/h (normal) 0.2 m/h (maximum)
Filter media ES = 0.25 mm U C. = 2

Calculate: length, width and underdrain lateral and manifold sizes

Solution: ‘t_otal ares-

14 = 140 m?
. I
No. of filters, N =2 -
Areva of each filter, A = 70 m?
if L = length of filter

W=.I:‘ .__.__N"l =

. 3/4 L
2

ol
ol W
4

A= L, 3/4L

70 = 3/4L7
L=10m .. W= 3/4 (10) = 7m

F2

ilg?f_'l%!lna_—.‘-

3 e IREEARIE el
;qngth of filter bed, use

under-drain resistance as



Cneck lateral size:

Size of lateral used

50 mm (PVC Pipe)

T
o3

Length of lateral =1/2 W =3.5m
width of lateral drainage = 1.5 m (spacing)
Total no. of laterals = 212 2 (10) . 13.3 say 14
1. 1.5 L.________w:,]m;.‘l
Q = Q = 0.0039 - 0.0003 m3/s ;
. of laterals 14
no- of fate 3.5 3 §mme
vy - Q, = 0.0008 _ g 14 mys
Area of 50 mm lateral 0.002
VIZ/Q = 0.002 m = 2 mm (vel. head loss) o
5 =102 of na 5 Leom
; -+ Using /Teblabg,: NEEARNEN : _
(0.0003)? = 0.0008 , —
-(173) (3.5 .(0.0008) + 0.002 m .

L0} 002

le ‘resistance’ for E S = 0,25




‘) Chec: with longer . laterals § side manifold

Q - .0039 = 0.0006 /s o ——— waTm ———
1 7 o
v, = 0.28 m/s (0.3 m/s 1s OK)
VIZ/B 2 0.008 m = B8 mm (vel. head loss) —
s = (0.0006)% (8772) = 0.0032
1 L=10m
H = (1/3) (7) (0.0032) + 0.008
= 0.0075 + 0.008
= 0.0155 = 15.5 mm —1laterals
" H = 1.0 + 15,5 + 4.2 mm
v N
=19.7 say 20 mm > 25% of 40 mm manifold

Therstore, 50 mm lateral 7 m long is not good © 1.5 m spacing.

Calculation Tables

Table - F.1
Lateral Diameter , g Cross Sectional 10.2nzld5'33 Value of Qmax*
(mm) Area (m2 ) ‘ (m¥/s)
50 0.002 8,772 0.0006
80 0.005 716 0.0015
100 0.008 218 0.0024

* Based on velocity in lateral = 0.3 m/s (n

= 0,01 for PVC)

-

Table - F.2
_ Channel Si_ze Cross Hydraulic 2/3 _ 2
(height & ‘width) | Sectional | Radius R n Qmax *
. (mm x mm) Area : (R) (?75‘ {m3/s)
. ) {m2) .
150 x 150 0.0225) | 0.038 0.113 0.013 .00
150 x 200 0.0300, [ 0.043 0.123 .11 | “oloos
150 x 250 0.0375 0.047 0.130 0.010 | 0.011°
150 x 300 0.0450 0,050 0.136 .0.009 0.014
200 x 200 0.0400 0.050 0.136 0.009 0.012
200 x 250 0.0500 0.056 0.146 0.008 0.015
200 x 300 0.0600 0.060 0.153 0.007 | 0.018
250 x 250 0.0625 0.063 0.158 0.007 10,019
250 x 300 0.0750 0.068 0.167 0.006 0.023
300 x 300 0.0900 0.075 0.178 0.005 . | . 0.027
300 x 350 0.1050 0.081 0.187 0.00s | 7 0.032
300 x 400 0.1200 0.086 0.195 0.004 .. {  0.036

=

* Based on velocity in manifold = 0.3 m/s ( n = 0.013 for anc‘g:_%c)_'

F.4




ANNEX G

PRACTICAL GUIDE FOR DOCZAGE OF BLEACHING POWDER IN

DISINFECTION OF PUBLIC DRINKING WATER SUPPLIES

QUANTITY_OF BLEACHING_POWDER_NECESSARY

- 0 okt T Ay 0w . -

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‘b.3 to 1.0 ppm*Residual Chlorine after a contact

. period of 30 minutes of more, should be the basic criterion an

*k

individual water supply scheme should aim at. If a contact
period of 30 minutes is not physically feasible under existing

- situations, a higher rate of dosage may be desi?able to

safequard those concerned. Consumers should also. be educated
to be able to acceptahigher chlorine content in 'their water
and to use it for consumption onlyafterasufficient contact
period.

Y A ——— A R A A " — A e e Ve S A - ——
J

Unit Quantity Bleaching Powder** To make a q% Sténdard
(Flow Rate) required to make Strength So]utlon,
a dosage of 2 ppm dissolve 1n

P D e e e e O —— --u———---u——-u-.-———-n----——

1000 0.08 1b or 0.2 gallon or
‘gallons 36 to 40 gms. 0.9 Titre -
(about 2 heaped of water =
tablespoonsfull), .

s e S o Sl g A e A e D D e e e O e e e Lt

1 ppm = One Eﬂft _per.| m1111on or 1 1b Cl, per m1111on 1b of water
Quantities= caicu‘iated on the basis of 25% avaﬂabTe |
chlorine. -

Note :
(i) Always use fresh bleaching powder, Preférably within .
a week from the date the sealed drum is opened. The
chlorine content in bleaching powder (strength)
drops very rapidly with time. (Fresh bleaching iowder

contains 25 to 37% chlorine content)

(i1) Quantity of bleaching powder and/or dosage rate of
soJution will need to be increased according to its

)



1ife and strength, controlled by the test results of

residual chlorine after 30 minute contact period.

(i19) If there is No equipment to measure the residual
chlorine readily available, the dosage rate should
be such tbatlphere is a glight but distinctly

~ detectable smell gf_cﬁiérine in the water after the
30 minute contact peridd.

Equivalents & Conversions

1 heaped tablespoonfull of bleaching powder weighs about 25 gms.
1 heaped cupfull (standard S.L. teacup) weight about 160 gms.

If a coconut shell scoop is used, standardize its capacity.

1 pound weight 453.6: .grams

1 gallon(Imp.) 4,546 1Jitres and weighs 10 1bs or 4.546 Kg.

1 cubic metre 1000 %itres

1000. gallons (I} = "4.5467Cibié meties

n

n

" 2. HOW_BLEACHING POWDER_IS ADDED TO WATER SUPPLIES :

e A T — T T P T O i ol A e P D et D e o A e R e et S e S A T P P A

(i) Drip-feeders are usually used tg ensure a regulated
dose of chlorine (bleaching powder solution) into
water supplies. |

(i1) Usually 1-2 ¥ solution of available chlorine is
used for drip-feeding purposes. Some of the NWS & DB
schemes use up to 5% strengbh, depending on the size
of the scheme.

(iii) Estimate the daily requirement of bleaching powder at
about 2 ppm dosage rate or more to begin with and i
dissolve this quantity in water to get a concentrated
solutfon of about 1% in a convenient container.

(For every 0,08 1b. or 40 gm. or 2 heaped tablespoons-

.full of bleaching powder, use one fifth of a gallon of

water. See Table.) Make sure that the bleaching

powder is properly dissolved in water without leaving

any Tumps of the powder, The initial requirement of

chlorine for a systerm that has not been.usinc chlorine
' méy reachup to 10 times the normal dose but the daily
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(iv)

(v)

(vi)

(vii)

(ix)
of chlorine at'the end as well as inall parts of the distritution system is

dosage coquirenn w1l fall o normal Tevels aveducily.,

Allow this solution to stand for about one hour to let the white
lime particles settle down. Decant the slightly milky solution
gently into another container or it may be used directly in the
drip feeder. If the solution is used after lessthran an hourofsettling
fufther settlement of fine powders can accumulate in the feeder

in the form of sludge. To prevent clogg1nq of the feeder, frequent
cleaning is advisable. )

The choice of the type of feeder will depend on the availability,
suitability and convenience of operat1on for each system (see
the examples attached)

The point of application of the chlorine solution should be such
that it will have a chance of getting throughTy mixed into the
water supply and also have a contact time of 30 minutes before it
reaches the first consumer. If 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 éhou]d be ready to
accept the use of water with higher doses of chlorine.

The amount of the 1% chlorine solution used shéuld be adjusted to e
such a rate that there is at least 0.3 ppm residual chlorine -at S
the end of the distribution system. Make sure that there is a
slight but distinctly noticeable smell of chlorine at that point
if there is no means of measuring the ppm content.

At the initial stages it may not be possible to achieve this
gituation even with 10 times increased dosage rétes But this
situation will improve if the maximum tolerable rate of dosage is
kept up. :

Constadtjmoﬁ?fEF%hg of effective chlorination by checking the presence

important, because the quality of the water received at the source
changes with weather and season. Regular monitoring will also provide
information on possible sources of contamination. Adjust the dosage
to meet the chlorine demand. '

e

Warnina

Handle bleaching powder and th" 1% chlorine solution w‘th great care.
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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 whitc. Rinse throughly with water if affected.

Store bleaching powder in a cool and dry place.

TABLE_SHOWING BLEACHING POWOER AND_WATER REQUIREMENTS_TO MAKE_1%_ CHLORINE

e A L AR R TP A R A R e R e A R A e W s o b v e -

" A " P D A A T W A D W e T A T e A A S A W A

Rate of supply Amount of tleaching Amt, of water in callons
(galions) Powder required to make 1 % chlorine
1b or gms. solution
1000 0.08 40 0.2
1500 0.12 ° 60 0.3
12000 0.16 80 - 0.4
250 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 i 1.8
10000 0.80 400 2.0
Issued by § ;:;T”;f ::ﬁ%ﬁﬂifff %

Permanent Inter-Agency Committee for the Continuous
Monitoring and Review of Water Quality in Public
Water Supply Schemes

CENTRAL ENVIRONMENTAL AUTHORITY
MINISTRY OF LOCAL GOVERNMENT, HOUSING AND CONSTRUCTION
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lypes of equipinent used_for water chlorination

Y e st e e A L o i e e e e e - ——————— A

A. Floating bowl chlorinator to feed chlorine solution at =

constant rate

T ~“~—— 100 or 200 litre
. floating steels plastic/conc. | 3ma0D Tube
4 Bowl contoiner . _
+Taut aylon 2 . _1_ 2 tiquid Level
ﬂ&ﬁbk’ l{finq = 3 25-;;? " g hTonf}i—
Y e ” e /
? ¥ ﬂ; l b
AP g i o A
| - - 1Y o A H y ’
odlet « = YT 5% ggo%f SEE I
pl . . £ i cc7d Rubber LT
“‘: -A‘-.‘-;: ;,‘.'...'-3 ~— Table 5 Stoppaer L
! - =~ 6 mm 0.0, '_ 3 P QD
Y fube —» ™ Tube
Conical flexible “— Todl nylon ciring
‘. N - Drain Pluq Tube —,
To |, ' '
wofer s Details of

floating Bowl

The construction of this simple type of chlorinator 1s shown above. Ty gar
The “floating bowl" can be turned out of any su1tab'le non-corrodible

R

material. Satisfactory results can be obtained with *.
1) a large wide-mouthed plastic bottle with the bottom removed,

2) a six inch-diameter PVC pipe with one end cemented or wé1ded,
or -

3) any available bowl with a hole cut for a rubber buhg

The central 3 mm-0.D, tube with a nylon string passing through it
serves to posit%m# he2fiGWl-=in the centre of the tank' and to avoid

g._,._..-.

the risk of its t1pp1ng over. Placing stones in the bow1 he1ps to
keep it upright. :

While glass tubing, 3 mm and 6 nmm outer diameter (O.D.), can be
obtained from dealers in medical and laboratory supplies, bell-point
pen casings could also serve the purpose.

1

The two tubes on either side of the central guide-tube ca i moved
_ Ly sliding to a desired height above the rubber bung. The ra
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drip- 2ed is controlled by th: difference in height ":i" between the
outlet of the 3mm - OD.tube and the level of the liquid in the tank.
The outlet of this tube may be narrowed down, if necessary, to
reduce the rate of flow of the solution to convenient levels,

B. Simple_arrangement for_ feeding chlorine_solution

e e e e o e o o e - T —

~ COVER -- COVER e R
RUBBER 1 i

“ ST0PPER - 1 ]

- — =
— -

RUBBER-HOSE ]

AUBBER
STOPPER

N ; === = == =R
‘ ) STOPPER

PLASUC
CAP

The above arrangement is a simple and useful method for
dispensing chlorine solution for water supplies. However,

the addition of a pinch-cock arrangement or a dfip-contro]
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 flexible, 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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ANNEX H

INFORMATION TO BE INCLUDED IN THE TENDER SPECIFICATIONS
FOR WATER TREATMENT WORKS

(Adapted from Mamial on Water Supply and Treateent,
Ministry of Works and Housiog, New Delhi, 1977)

General

The principal requirement nust be a spacious and convenient layout. The
structure should represent a pleasing appearance with aesthetic features
forming a balance between function and fore, 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, i

While the mode of design and construction could be a matter of individual
choice, it should ensure that all materials, construction;and fabrication
details for different units including doors and relevant: windows conform
to the specifications and codes of practice wherever dleldblF and in
their absence, to the established standards. ;

Adequate provision shall be made in the c¢ivil engineering works for
laboratory, office buildings, adwinistration 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 treament plant and wherever necessary,
walkways shall be provided, Interconnecting facilities shall be provided
to enable the operator to move freely for maintenance and oporatlon of the
plant, . .

All water retaining structures shall be designed in couformity with BS
5337, 1976 or BS 8007, 1987 while the other structures shall be designed
adcording to CP 110, 1972 or BS 6110, 1985.

The tender specifications should include all process requirements and

~equipnent ,

A. Process Reqguirements

1. The following data shall be furnished to the tenderers-
a) Raw waﬁikgﬂ:' s comprising wmonthly average figures
preferably ~“féF=-a" full year period covering secasonal
variations in respect  of at least the following., If the
full year data is not available, the worst seasonal values

may be given:

pt

Turbidity

Total alkalinmity

Total hardness
Chlorides

Coliform organisms (MPN)

coooC Q0@

gl =
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)  Any  other additional data, if the water is known to contain
constituents or  contaminants  which are required to be
roemoved,

O Pheno ls

o Tastes arwl odours

o Colour

o Carbon dioxide

o Algal content

O Tron

o Manganese

o Hardness {Carbonate and non—carbonate along with
magnesium content of water)

o Fluoride content, and '

o Chlorine demand,

¢} Hydraulic data suwch as the relevant raw water inlet and
filtrate outlet levels.

2. The following requireaents 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 % hours a day (allowing for washing of the fxlters, etc.
and also overload capacity.) .

b) The quality of the treated water in terms of pH,. turbidity,
coliform organisms (MPN) and E. coli;. and where needed: iron,
manganese, hardness (carbonate and non—carbonate along \nth
magnesium content of water) fluoride content and mlour

c). Design parameters for various treatment um.ts such ‘as
chemical dosing, rapid mixing, slow wixing, sedxnmtatmn,
filtration and chlorination as well as special prucesses _
like aeration, wicrostraining, iron and manganese, removal .
fluoride removal, taste and odour control as per specific
local reqirenents ard in accordance . with the details
furnished in the Manual. \ wo

d) A suggested layout of a Water Treatment Uotks mcludmg the
follewing details, to'the extent possible. i ot

. o Unit sizes and location structures; '

o Schematic flow dmgrane shoumg flmt
© unitss;

. ) L PR s ?x
o P:pmg ar"rangenent mcludmg bypasses ;

o Hydraulic profile of the units show1ng f
wat er,

expans ion.

o Appmach roads and water supply
construction purposes, : R
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O Other wrformation about the site such as proneness Lo

f looding, groundwater  lable fluctuat ions, bype  and
nature of =oils met up to maxioum anticies’t ed depihs,
o1l characteristics like  bsaring  capaciby ared

corrosivity,  intensity and duration of ralnfall amd
total armuwal rainfall, locations of aress 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 requireaents, Performance guarantees
wust be demonstrated by a test run of specified length or
over an agreed period of operation,

Machanical BEguipment

1. The following data may be given while inviting tenders for
pumping plant:

a) Nuaber of units required to work in parallel,
b} Nature of liguid to be pumped:

Fresh or salt water

Temperature of liquid

Specific gravity
Amount. of suspended matter present.

o0 ¢

¢} Reguired capacity as well as sinisus and maximun amount of
liguid the pusp must deliver.

d} Suction conditions:

© Suction lift or suction head
o Constant or variable suction conditions,

e). Discharge conditions:

o Maximus/minimum discharge pressures against which punp‘
has to delivery liquid,

o Static head description: constant or variable,

o Friction head description and how estimated. et e
f) Type of service: continuous or intermittent,

g) Pump installation: horizontal or vertical position (if
vertical type of pit, wet or dry),

h) Power available to drive the pump.
i) Space, weight or transportation limitations.
i} Location of installation
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k)

The

a)

b)

d)

e)

t)

g)

f)

Special respiirencnts with respect, to:  pomp design,
construct ion or per{ormance,

following requirenrents oay be indicated:

The equipment as well as the components shall conform to the
relevant standards and in their absence, ta  any other
accepted international or national standards.

Any special duty conditions such as temperature, twmidity,
corrosive atmosphere should be specified.

Submerged structural parts except hot rnlléa sections shall
not. be less than 6 ma thick under normal atmospheres and 8
en in aggressive atmwospheres, :

Vo

Prime wmovers and allied components such as  electrical
notors, starters, switches, reductlon; gear, drive
mechanisms, bearings, pluamer blocks, ete., shall be of
appoved wmake, :

All  rotating wachinery, particularly gears, shall be
designed with adequate safety margins and seryice factors,

An  iteawise price list of spare pdrt shall ‘be furnished by
the tenderer. At. least +{two years' reqylrenent of fast
moving spares should be supplied along with t@e equipaent ,

4

The supplier of special equipment like softéners, recording
gauges, rate controllers, chlorinators,; 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 equipsent arvd
to conduct tests and wmake recommendations for producing the
nost efficient results,

Equipment. selection with respect to specifications, spare
units, spare parts and servicing can affect maintenance,
operating and  investment costs, It is the Board's
responsibility +to  incorporate into the contract all
requirements and limitations which affect -cost. Equipment
perfornance 13 usually guaranteed by the nanuﬂacturer

! _ :1 furnish bornds covarlng itews of work
like wmechanical equ:p-ent piping ete. for a specified
period as a guarantee of satisfactory.. operation and
correction of any defects in the wark, laterlal or equipaent
furnished by them,

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,
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All  watler-submerged parts, rotating nechondeal parts, and
steel pipes under water shall be adequately protected atter
surface preparation, 011, grease, dirt, =soitl and all
surface contaninants from stroctural and fabricated steel
parts shall be removed by cleaning with solvent, vapour,
alkali enulsion or steam. Loose rust or paint, weld patter,
ete, shall be removed by hand chipping, scraping, sanding,
wire brushing and grinding, the bare finished shafting,
finished flanges ard other mechanical surfaces protected by
grease line or rust-protection measures. Structural
mechanisn  supports and superstructures, walkways, handrails,
fabricated shafts, ete., shall be protected with at least
one coat of priper and two coats of paint.
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