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Water Quality and Treatment Process

1, Introduction

- This Appendix -~ C is to present the results of water quality survey
and experimental water treatment and to recommend the unit processes in

treatment of watexr for the present proje-t.

Followings ‘are the potential water supply sources for the present pro-

ject:

‘mmparai. Tank;

i,

Kondévattavan Tank

Kallarachel Anicut;

Saﬁbuvgli’Aﬂicut; and

_ Kaliodai'Ahicut.

Water was .sampled at these sources and examined of its characteristics
and reactions in treatment to find out optimum treatment procésses and app-
ropriatewdosage. It should be noted, among the above five sources, Amparai
Pank’ is Curiéntly used in supplying the service area with water and that
“ténkf is a terminology to refer to a reservoir or a pond in the country,

and "anicut” is for a headwork in a river or a canal.

In this project area, Amparai ang the Coastal Area, only two water

treatment plants operate and supply the po?ulatidn with drinking water:

'~ - Amparail WAter Supply Schemé; and
- Kalmunai Water Supply Scheme.,

These existing plants were alsc visited during the field survey and

are duly commented in this Appendix.

The existing shallow well at Naipuddimunai is not dealt with in this

study.Siﬁce_the'yield ig limited and its use is scheduled to be ceased.



il ’

KONDAVATTABAN .
TANK
o TS

A
: . Atkemicqm'l

| WY LES

Fig.l LOCATION MAP -
REFERENCE Remark

AP Gistrict  Souadary ‘Study Areg

wm——-  D.R.0s Divisen Boundary ol KALMUNAL + SAINDAMARUDU
Grama Sevakae Division Boundary . AMPARAL- U.C.

Municipal , Urban, Tewn & Villoge Councii Limils AKKARAIPATTU TG,

SSAMMANTHURAL T.6Q. -

w& SAMPLING POINT * Goaslol. arera-KARAT IVU+ N INTAVUR




2,

Summary

The present NWSDB Drinking Water Standards is considered appropriate
except iron, of which limit should ke studied in future if improved

level of water quality is practised.

The eutrophication in Amparai Tank is apparent so that water of
the tank has high turbidity, objectionable odour, high pH and

golour. Kondavattavah Pank is less- eutrophic than Amparai Tank, -

Watér_quality of Kallarachel, Kaliodai, and Sambuveli Anicuts is
within the controllable limit and less objectionable than tank
water.

In treatment of tank water, the dual filtration is recommehded;
slow sand filtration precedad by coagulation and prefiltration

(roughing filtration).

For anicut water treatment, ordinary rapid sand filtration

preceded .by coagulation is recommended.

"Improvement of raw water quality in Amparai Tank will be needed.

ﬁethbds of improvement, i.e., algicide application, floating weeds

‘control, or increasing raw water from Kondavattavan Tank are subject

‘to further studies.



3. Water Quality Standards

This section deals With the watex quality standards to be p?dpbsed
for the present project and the methods of evaluation or a dégree of
water treatment for the project. Table 3.1 presents the drinking water
.standards established by the Government of Sri Lanka (hereinafter‘éalled
"the Natiohal Standard") and the WHO International Standards applicable
for developing countries for cross-reference. The Natiqnal:stahdards
was prepared based on the WHO Standards in part and is currently used
in 5ri Lanka throughout the country to control the Qﬁality of drinking

water for the mmicipal and community water supplies.

For turbidity, the National Standards stipulatés a leés'turbid level of
requirement than the WHO's. Most of the trxeated anicut wdter.are wifhiﬁ
the limit of the National Standards, while the treated tank water exceeds
this limit. The WHO Standards may be tentatively applied until the WHO

level is éonstantly achieved.

The limit given to iron contents is less severe than.the WHO.leVel.f-
This is interpreted that the présence of iron is prevailing at éome_of the
current water sources in the country and its removal is hardly done at pre-
sent. Although the current limit is tentatively accéptable,'iranpreSence
will become objectionable to the consumers'during-the course of_imprcvement'
of water supply conditions. Hence, the upgrading of limit to iron contents

should be considered and materialized if the proposed water treatment plant

1s commissioned,

For other substances, the current levels are considered appropriate.



table 3.1 Drinking Water Standards

ettt e e

Sri Lanka - WHO
: : o NWSDB International Stardards
Substances (Unit) - : _
' (Highest ™ maxinm {Highest " (Maximum
desirable permissible desirable parmissible
. level) level) levle) level)
Chemical Substances
Total Solids - - -+ (mg/1) 500 1,500 500 1,500
Colour {plantinum- . _
oobalt) 5 : 50 ' 5 . 50
Turbidity ' () 2 10 5 25
Taste _ ’ unchjectionable unchrjectionable
odour o ' _ unobjectlomble unchjectionable
Iron (Fe) {mg/1) h 1.0 0.1 1.0
Marganese (Mn) {mg/1) G.l 0.5 . C 0,05 0.5
Copper (Qu) (mg/1) 1.0 1.5 0.05 1.5
zing {Zn) . mg/1y 5.0 15.0 5.0 ' 15.0
Calcium (Ca) (mg/1) 75 200 5 200
" Magnesium {(My) - S mgs) 50 150 30 <. 150
Sulphates (S04)- (mgy/1) 200 400 200 400
thlorides (C1) {mey/1) 200 600 200 600
pH R - 7.0 - 8.5 6.5 -9.2 7.0 - 8,5, 6.5 - 9.2
Total hardness {mg/1) -100 500 100 500
Toxic Substances ) {Upper limit of (Upper limit of
. : ' concentration) concentration)
Iead - (phy . Amg/1) 0.05 0.1
Arsenic (As) {rmg/1) 0,05 .05
Selenium (Se) {ma/1) 0.01 0.0l
Chronium - 6 s _
(hexaralent) (cr™®) (g1 0.05 -
Cyanide - :(CN) (rer/1) o " 0.20 0.05
Cadnium  (Ca) (mg,/1) 0,01 0.01
Barium  (Ba) (mg/1) 1.00 -
Fhonolic substances {mg/1y 0.002 - 0.001 0.002
Substances which may affect Health
Marcury (Hg) - mg/3) - 0.001
Fluorides (F) (/1) 1.5 0.6 - 1.7
Nitrates (NO3) . Amg/1) 45 T
Chamical Indicators of Pollution
o o - {mg/1) -1 =
BOD ' {ma/1) 6 B
Total Nltfogen (mg/1) 1 h
exclusive of NO3 '
Amronia {mg/L) 0.5 -
Carbon chlorofom (mg/l)_ 0.5 -
extract - '

Bactellologlcal St&ndards of NW3DB

Treated Water
e o yushiny .

EV Ehrouqhout the yedr, 20% of samples should not contain any
coliforms in 100 ml; :

. b)) Ho sample, thrauqhout the year, should contain —ore than
10. coliforms in 100m);

Q) Ay two consecutive SnmplLS should not contain more than
10 colifoxms in 100 ml.
C-5



4. Water Quality Survey

As potential water sources for the present scheme, five sources,
i.e. AMmparai and Kondavattavan Tanks, and Kallarachel, Sambuveli and
Kaliodai Anicuts, were examined of théir water quality and estimation of
yield. In addition to these proposed sources, the water quality survey
also covers the water of Sénanayake Samudra, Aligalge and Himidurawa
Tanks. Since these three tanks are located upstream in the Gal Oya basin,
which includes the potential water sources of the prqjéct,'it is worth-
while to.know their water guality as well as the rélationéhips with the.
proposed water sourceé; the water of Senanayake Samudra Tank, located
most-upstream, flows down to ocean, passing through the.mentioned tanks

and anicuts in the basin.

4.1 Water Quality at Tanks

The result of water quality:analYSis on. future water sources is shown
in Table 4.1.1 and that on upstream tanks, Senanayake Samudra, Aligalge
and Himidurawa Tanks in Table 4.1.2. Past data collected by NWSDB was
shown in Table 4.1.3 for Amparai Tank and Table 4. l 4 for ﬂondavattavan

Tank.
1} Amparai Tank

Amparai Tank is a reservoir, whose water now exclusively used for
water supply with a capacity of 8.8 million cu m {7,130 acft), surface
area of 3.6 sq km (1.4 sq mi}, catchment area of 17.0 sq km (6.6 sq ml)
and average depth of 2.4 m (7.9 ft).

Amparai Tank water is characterized with:

i} high turbidity;
ii) oversaturation by dissolved oxygen;
iii) high pH;
iv) colour of greeny vellow;
v) low transparency;
vi} musty smell; and
vii) slightly high iron and ammonia nitrogen,
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Table 4.1.) Water Quality Analysis For Tanks of Potential Water Sources

.'Items . B Unit Amparal Tank Kondavattavan Tank
(sampling Date). {2 Mar 1982) (9 Mar 62) {2 Mar 82} {9Mar B2}

water Depth Saméles o™ 0.8" o™ 0.8" o o™
Water_Temperatﬁre ce 31.0 - 29.%  31.%  30.5 29.6 30.5
pH _. | 7.6 7.4 8.8 8.6 8.6 8.8
Turbidity Units 75 100 75 75 33 30
Colour | i 20 20 25 25 15 10
Alkalinity =~ mg/l 37 3% 3333 33 30
2§§iisézﬂs§§§§§ng"- " 55.3  55.3 - - 37.9 -
Nitaté Nitrogen " KD ND - - ND -
Ammonia Nitrogen K 0.16 0.3 0.0 0.10  0.10° 0.07
HaidneéS' " 28 27 26 25 26 24
Chloride Ion oo 20 20 18 20 8 8
phenols " ND ND - - ND ~
Iron L 0.20  0.25 0.40  0.40 0.15 0.25

: (0.10) {0.10) (0.10)
Mangaﬁesg " 0.02  ©0.02 0.04 ©0.05 0.02 0.04
Chronium " wD ND - - ND -
Coppex : " ND ND - - ND . -
Coliform Group Wos/ml L 0 0 0 9 2
Total Colonies L 25 37 243 504 62 150
Odouy musty musty inusty musty musty musty
Dissolved Oxggeh mg/1 .8.2 6;8 9.0 8.8 7.0 7.0
Note: an-ﬁét detéctéd

.- {): for Dissolved iron
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Table 4.1.2 Water Quality Analysis of Upstream Tanks

Items Unit Senanayake. Aligaiéa ﬂimidurawa'
_ Samudra Tank : Tank
{(Sampling Date) {2 mar.l982} '(2 Mar.l982)  {9 Mar;1982)
- Water Temperature ce 26,5 30.90 30.5
pH 6.8 7.4 : 7.6
Turbidity 10 10: B | 20
Colour 5 5 | - .5
Alkalinity mg/1 38 ' 33 R
Potassium Permang- .
anate Consumad " 12.0. 10.1 -
Nitate Nitrogen " ND ﬁD -
Ammonia Nitrogen o | 0.08 0.16 0.05
Hardness _ " 27 24 26
Chloride Ion " 7 8 ' lb-
Phenols " ND | | ND | . | -
Iron " . 0.50 0.20 - 0.25
Manganese " 0.03 0.03 :0;03
Chromium " ND . ND _ .ﬂ-
Copper " ND - ND -
Coliform Group Nos/ml 0 ' 0o 0.
Total Colonies " 25 45 - 150
Dissolved Oxygen mg/1 - : 8:.4. 7.2

Note; ND: Not detected
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{i} through (v) are interpreted to be caused by extensive algal blooms
due to eutrophication of the tank; (vi) this objectionable odour to
coﬁsﬁmers is attributed to the presence of some species of Actinomyces and
plankton‘alga? (Phormidium and others); (vii) this is considered due to
deoxidizéd'iron and nitrogen compounds under anaerobic condition in the
sedimén: 0h the tank bottom where dissolved oxygen is consumed by decay
of salvinia and other plankton algae. These characteristics imply following

problems in treatment of this raw water:

1) high rate of alun dosage;
ii) less efficient ‘sedimentation due to_light alum flogs;
iii) vrapidly increasing loss.of head in the filters and clogging
by uncoagulated'plankton from sedimentation baéiﬁ; and
iv) high rate of chlorination due to the presence of ammonia

nitrogen.

Appropriate unit précesses to cope with these problems are discussed

in the.chaptef 5,

2} Xondavattavan Tank

Kondéfattavan Tank, located upstream of Amparal Tank, is for
irrigation purpose with a capacity of 11,3 million cu m (9,200 acft),
brimmed water area of 3.6-sq kim (1.4 sg mi), catchment area of 52 sq km

(20.3 sq mi) and average depth of 3.1 m (10.2 ft).

The water quality of the tank is almost same as that of the Amparai
Tank . Turbidity'is'at one-third to one-fourth of the Amparai Tank, and

prOblem_bf'eutropﬁication is not so serious as the Amparai Tank.
‘It should_bé noted that the tank is currently subject to the use by

huisan and cattles for bathing, If the tank is used for water supply, it

should be protected against such pollution.
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3) Othexr Tanks

Senanayake samudra Tank is located at the most upstream, faﬁctioning
as a water source of other downstream irrigation tanks scattered in Amparai
area and has a capacity of 950 million cu'm (770;000'a¢ft), surface area
of 77.9 sq km (30.4 sq mi), catchment area of 995 sq km (388 sq mi) and
average depth of 12.2 m (40 ft). The circumférance of the tank is pre-

served as a wildlife sanctuary for wild elephants and other animals.

The water guality of this tank is better than those of the Amparai
and Kondanvattavan Tanks. - However, the water is coloured light green-
vellow with poor transparency of 3m to 5m, and has musty smell and high

content of iron of 5 mg/1l, which shows the highest value among the five

tanks.

The other two tanks, Aliglge and Himidurawa Tanks, are of similar

water quélity to that of Senanayake Tank,

4.2 Water Quality at Anicuts

The result of water quality analysis at the Kallarachel, Kaliodai
and Sambuveli Anicuts which are proposéd as future water sources is shown -

in Table 4.2.1.

As shown in the Table, turbidity, colour, organic matters, ifon and
coliform group show slightly higher values than the NWSDB Standards.
However, these values can be easily contained to acceptable -1evelfby the
water treatment process of prechlorination, flocculation  and sedimehfation,

and filtration.

Since the field survey was carried out during the afy season iﬁ the
country, no acute increase of turbidity was observéd injany anicﬁt;_- '
Rainfall and subsequent runoff usuélly upsurge tufbidify’of river water.
so that maximum turbidity of 1,000 units is assumed for the purposé of

water treatment planning.
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Table 4.2,1 Water Quality Analysis for Proposed Aniocuts

Ttem Unit . Kallarachel Kaliodai Sambuveli

: z Anicut . Anicut Anicut
(Sampling Date} (2 Mar 82) (16Mar 82) (2 Mar 82) (l&Mar 82) (2 Mar -82) (16Mar 82)

Water Temperature  C° 29 | 29 33 29 30 29

pH _ o Y 7.8 7.4 7.2 7.4 7.4
Turbidity ' Degree 25 20 25 25 45 25
Colour : o 10 10 10 20 15 10
Alkalinity - mg/l 52 . 51 45 48 .60 47

1 -

Potassium perman-—

ganate’ Consumed 23.7 - 23.7 _ - 23.7 -
Nitraté_Nitrdgeﬁ'_ w 0.2 - 0.6 - 0.2 -
ammonia Nitxogen " . 0.10 0.07  0.07 0.05  0.10 0.07
Hardnéss : " . 38 40 34 33 43 36
Chloride Ton . 13 15 1 12 14 12
.Phehals o " . ®p - ND - ND -
Iron . Sn - 0.85 : 0,40 1.50 0.60 1.50 0.30
Dissolved Iron o - 0.25 - 0.40 - 0.25
Manganesé o 0.03 0.08 0.04 0.04 0.03 0.04
Chronium N " ND - ND - ND g -
Copper - .o" : ND - ND - . -
Coli..fox:'m Groﬁé Nos/ml i 0 ¢ 5 0 0]
Total célonies'. ", 175 806 . 54 207 154 103
bissolved oxygeﬁ mg/l 5.4 6.6 6.2 6.0 6.0 5.0

Note: ND - Not detected
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In the meantime, while toxic matters and other obijectionable substance

to drinking water should be cérefully monitoréd, the problems caused by

these substances are not anticipated in the project area due to following

reasons:

i)

ii)

iii)

_ . . . R
The contents of cyanide, phenols and chronium {Cr ) originate
in industrial wastes. Since thexe is no factory in the area,

the pollution will be hardly experienced.

Sulfate ion is mainly caused by sea water intrusion.
An indication of sea water intrusion,fchldride iron, is observed
at 10 - 15 mg/l level so that anicut water is not influenced

by sea water and free of sulfate ion.

Copper, Zinc, Lead, Arsenic, Cadmium and Selenium originate in
waste from mines or industries. Since neither mines nox
factories discharging these substances exist in the area, such

heavy metals will not cause problems to the project.

As for the odour of the raw water of Kallarachel and Sambuveli

Anicuts, which have the origin in Kondavattavan Tank, no objectionable -

odour was detected during the survey.. This may be. interpreted that the

odourous constituents were oxidized by the purification process in river

flow.
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5. Watey Treatment Unit Processes

. This chapter is to present the recommendations on water treatment
methods for the proposed water supply systems in Amparal and the Coastal

areas.

During the field survey, eXperimental water treatment was carried out
on the_abov@ sources to identify present and future problenis in treatment,
to find out an appropriate treatment, and to estimate running costs

togethexr with water quality analysis.

Since tank.watér-and anicut water have distinctive characteristics
and problems from each other, they are discussed separatelfiin this study.
The_ﬁagﬁitu&e‘of problems may vaxy tank to tank and anicut to anicut,
though ﬁhe_difference is considered insignificant. Thus, the’tank water is,
for this'discussion,'represented by Amparai Tank, which is a present water
SQurce,.while anicut Qater is vepresented by Sambuveli anicut. In the méan—'
time, the treated water of both amparail and Kalmunal treatment plants was
also-analysed for the purpose of diagnosing the present operation of the

plants.
5.1 Tank Wate;

Awparai Tank waﬁer is &iscussed in treatment for drinking water supply.
571,1.:Pfesent.and futﬁre problems of tank water

As described in the Section 4.) Water Quality of Tank 1) Amparai Tank,
the eutrophication is the most serious problem that Amparai Water Supply
Scheme faces at present and also in future. This eutrophication causes

diverse problems in water treatment:

i} Odour;
ii) ‘Tight flocs forned; .
iiif. ﬁigh rate of chlorination;
iv)_JRapid increasing loss of head filter and eventually
short running time; and
v) High rate of alum dosage.

Cc-15



The presence of some species of Antinomyces and plankton algae,
Phormidium and others account for the odour of the tank watér. The

countermeasures will be discussed in succeeding sections,

The raw water contains a great number of plankton algae, which forniy
major part of flocs. The specific density of such floc-is.abbut 1.0,
much lighter than ordinary nonorganic flocé:qf'2.5 to 2.6, Light flocs,
failing to settle in the settling basin, may be carrxied to a filter,
where thése flocs may rapidly increase loss of head to shorten the
running time. Longer detention time in the settling basin will be neéded

in treatment of light flocs.

Due to the presence of ammonia nitrogen angd plankton, the bxeaknpoiﬁt
chlorination consumes high dosage af_chlorine. This is cdnsiaeredluneconom~
ical so that chlorination for the combined chlorine residual level should
be practised, The combined chlorine residual will sufflce 1nstead of the
free chlorine residual, if the raw water is not contaminated by human or

livestock excreta.

Extensive bloom of plankton algae, due to eutrophication of the tank;
consume considerable amount of bicarbonate in the water in photosynthes;z~
ing. This bicarbonate consumption results in hlgh pH value, which reguire
alum to lower the pH value to appropriate ;evel for flocculation. - Since
the pH control with acid dosage needs skills and experience, additional

dosage of alum is more practical in the project.
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5,1.2 Coagulation Test

Coagulation tests were carried out at various dosage rates of

aluminum sulfate and sodium chlorite,
1) Ampaxai Tank

Table 5.1.1 shows results of the coagulation tests on the raw water
of Amparai Tank. . The problems mentioned in the previous section were

jdentified.
2) Kondavattavan Tank

Table'S.l;Z shows thé result of the coagulation test on the raw water
 of thé’Kohda%éttavan Tank. The raw water guality shows almost similay
nature to that'of.the.Amparai Tank, The location of this tank, upstream
of Amparai. Tank,-sloﬁs the eﬁtrophication than that of the latter, so
that'ﬁhe.prbblems in-treatment of water are considered still at lower

level}
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5.1.3 Proposed Treatment Methods

The purpose of this section is to discuss the treatment methods which
place emphasis on odour removal and efficient settling of light flocs
due to eutrophication of tank water, to estimate running costs, and to-

raegommend an appropriate method in treatment of tank water.
1) Discussion on unit processes

Following three systems are considered applicable in treatment of the

raw water of Amparai Tank:

- bual filtration
- Activated Carbon Absorption (powder form)

-~ Biological Oxidation
They are schematically presented in Fig. 5.1.
i) Dual Filtration

This system 1s slow sand filtration preceded by flocculation, sedi-
mentation, and prefiltration (roughlng filter or rapid fllter) Slow
sand filtration is c0n31dered very effective in odour removal it also
functions in treatment of water containing iron and organic matters.,
The object of prefiltration is to lighten the load on the slow.Sand
filters and to permit a longer filter run since the tu:bidity of raw
water ranges 75 to 100 units. The flocculation and sedimentation is
a pretreatment to prefilfrétion. Thus, this system Will be.effective
in treatment of highly turbid water contalnlng odour, 1ron, and

organic matters.
ii) Activated Carbon Absorption (pdwder form)
This method is an application of activated carbon powder to the

raw water for removal of odourous constltuents from the water._ After-

15 min - 1 hr carbon contact time, the water isg coagulated, flltered;

and chlorlnated

C-20



Th:s method is. effectlve in removal of odours and some of organic
matters put not to iron and ammonium nitrogen removal, Prechlorination
will be needed to the water of iron or ammonium nltrogen presence.

the - cost ‘of actlvated carbon powder accounts for the expénsive running

cost of ‘this system.
iii) Blological Oxidation

This is an application of the natural purification process observed

in rivers or streams. The process is pictured below:

.?1astic tubes, GéSigned to produce maximum surface area, are
'placed'in-fhe:basin} the basin is constantly aerated and water is _
circuiatedf'a miéro organism grows in laminar on the tube surface with
sufficdient sdﬁply of oxigen. Organic matters and odourocus constituent

in the water are oxidized by &ctivities of micro organisms.

Althb@gh'the introduction of this system is rather recent to water
supply schemes, operations at several pilbt plants show cost effective.
The_Wérm‘climate of the project area is also apparently preferable

o the gfowth'and the activity of micro organisms.

In an. ordinaxy practice, this system precedes coagulation and

filtrationt
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2)  Dosage
The rates of chemical deosage which is to be applied to the aforemen-~
tioned three methods are estimated considering the present water guality

and future dgtérioration. Table 5.1.3 is an estimate of chemical dosage.

Table 5.1.3 Estimated Chemical Dosage

o _ (mg/1)
. ‘ Treatment Methods
X icals : — T s
Chema  bual - Activated Biological Rapid Sand
Filtration Carbon . Oxidation Filtration
pre Chlorination - . 3-10 - 3~ M0
Alun _ 75% 50 ~ 90 25 ~ 45 50 - 90
post Alkalization S 12k 10 - 15 © 10 - 15
post Chlorination 1- 3 0~ 2 0 - 2. 0 -2
Activated Carxbon - 0 - 100 - -
Powder ' '

* Reguired dosing period: four months a year

For the cost estimate purpose, annual chemical consumption and

incurring chemical cost were estimated based on the following assumption:

Table 5.1.4 Chemical Dosage Assumption

: . {mg/1)

o . Treatment Methods :
Chemicals Dual - Activated Biological Rapid Sand

Filtration Carbon Oxidation Filtration
Pre chiorinatiqn I 6 _ : - : %
Alum... . o 85% 85 40 85
Post Alkalization 15% 15 6 15
Post Chlorination 2 1 1 1
Activ&ted Carboﬁ ' - 55 - -
Powdex

# Required dosing périod: four months a year
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'3}  Costs

A rough cost estimate was made on cvapital expenditure and operation
and maintenance {(0/M) expenditures. The results are shown in Table 5.1.5

by water treatment methods. Rapid sand filtration method is also included

for reference purpose.

Table 5.1.5 Construction and Operation & Maintenance Cost

—

Dual Activated  Biological Rapid:Sand

{Unit) Filtration Carbon Oxidation, Fi;tration

Construction ('000 Rs) 46,260 37,270 40,810 36,250

Cost : _ ' :

O/M Cost ('000 Rs/yt) 2,596 10,388 2,729 :3,282

Unit O/M Cost {Rs/m3) 1.21 - 4.82 .27 ' 1.52

1983 '

'Present Worth . : R .

of Total Cost* (1000 Rs) 68,361 125,709 64,044 64,192

* Assumption was made as follows:

- 21 yr operation,
-~ construction completed in the first year. .
- production (5,900'm3/day)kis supplied from 1995.

-~ discounted at 10% per annum.
Apparently the activated carbon powder method marks the highest O/M

cost, eventually highest total cost in present worth. ‘Others are in almost

similar level of cost.
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4) Performance and Maintenance

The performance, technical maintenance requirement, and system

flexibility of four methods are compared and tabulated in Table 5.1.6.

5)  Conclusion

 Considering costs and'performance, dual filtration method (slow sand

filtratign prbceeded coagulation  and prefiltration) is recommended for

treatment of Amparai Tank water.
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5.2 Anicut Water

Anlcui wdter is characterized with fluctuation of turbidity due to
rainfall and hlqh iron cont@nts. The presence of other substances and

odour are much less serious than tank water.

Coagulation tests were carried out with three anicut water; the results
are tabulated in Table 5, 2.2. Table 5.2.3 and 5.2.4 are results of coaguld-
tion tests done by NWbDB. These results reveal that three anicuts are of

similar water quallty and coagulatlon reaction,

An ordihary raﬁid sand filtration is recommended in treatment of

anikat water. The unlt processes are schematlcally presented below:

_Fig.5;2 Flow Chart of "reatment Process, BAnicut Water

e

[Prechlmrination1 l Post Alkali'DosagéA]
Raw . Alum
Water i ;L_—*:l
. N \ . i . i [Ty .
Grit —~-ml RECelving - Flo?culatlgn &1 | Rapid i &1 Service {8 Service
hamber Well Sedimentation Sand 4 Reservoir Area
C Basin Filter
)
Pre Alkali'Dosage‘*] | Postchlorination |

Note: * for high turbidity

Every unit process is conventional so that particular interpretation

is not needed. Each chemical dosage is reasoned:

The prechlorination for oxidation of organic matters, iron and

manganese. Breaknpoiht chlorination should be practised.

. As alkalinity of the raw water is within a range of 40 mg/1-
to 50 mg/l, the pre alkali dosage may not be always needed. 1In
case of highly turbid raw water, however, eventual high rate of

alum deosage requirés pre alkali dosage as a ceoagulation aid,
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The post alkali dosage should be applied for pH control to

contain corrosiveness of water to pipe wall.

The postchlorination facility should bhe provided and practised

in supplement the prechlorination to keep the residual chlorine

at desired level in treated water.

Table 5.2.1 Estimated Chemical DoSagés

Rate Alum Pre Pre Posﬁ- Post
Alkali Chlorination Alkali Chlorination
Range 20 - 100 0~ 10 1 -5 5 - 35 0 -1
Average 30 ¢] 2 10 ®
" (mg/1)

* As required to keep residual chlorine at 0.5 mg/1.
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5.3 Existing Water Treatment Plants

There are two water treatment plants operating at present in the

project areas; i.e. Amparai and Kalmunai plants. This Section aims to

discuss findings of water guality analysis and reconmended measures of -

improving present water quality.

1} Amparai Water Supply'Scheme

The source of this system is Amparai Tank. Present water treatment
consists of prechlorination and sedimentation processes, while preésure
filters were abandoned twenty years back due to lack of competent’manpower_
for operation and maintenance. This system will be in use ﬁntii3l987

when the proposed New Amparal Water Treatment Plant is put into service,

The reSuit of water quality analysis is shown in Table 5.3.2, The
findings show high contents of turbidity, colour, ammonia nitrogen, irén,'
manganese, organic substances and a large number of total cbloﬁies 6f |
microbes. This result reveals that treated water is not in aCceptable'_
conditions., This is attributed to incomplete removal of turbidity, and
insufficient chlorination; the current coagulant dosage of 22.mg/l is
considered insufficient; mixing flocculation facilities are hot provided;
the present chlorination rate of 3 mg/l seems below the'required level

and enough contact time is not provided.

To secure the safe water for human consumption, following improvement

is recommended:

Table 5.3.1 Recommended Dosage'fox Existing Plant

] CURRENT AR e
UNIT PROCESSES .
PRACTICE RECOMMENDED
Coagulant dosage 22 mg/1 '7S'mg/i
Proechlorination rate : 3 mg/1 . 5 mg/l :
Rapid-mixing none . To be:prOVided

S
Flocculation none - To be provided

* Installation of baffle walls (aroundwthe-end.type hydraulic

flocculating facilities) is recommended.
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Iﬁéﬁ Raw &étéﬁumM" S;EEI;G Water ééandpost Standpost
— (800m)  (2300m)
sampling Date 3 Mar 10 Mar 24 Mar 3 Mar 24 Mar. 3 Mar - 3 Mar
- | 1982 1982 1982 1982 1982 1982 1982
:zater- Temperature °C 30.5 305 28.0 30.5  28.0 29.5 30.6
pH 7.4 7.0 7.4 7.4 6.8 7.2 7.2
Tarbidity 'd_egi:ee 150 85 100 a5 75 45 42
Cc;logr : 20 30 30 15 30 '15. 15
Alkalinity ng/L 34 35 36 38 30 28 26
Potasﬁium.Pef— _
panganate Congumed % 79.0 53,1 - 44,2 - 41.1 47.4
Nitate --Nitréc_jeﬁ | " ND - - ND - ND ND
nmmnia.ﬁitrogen " 0.27  0.33 0.50 0,23 0.50 - -
Hardness o 27 - 28 37 - 34 34
Chloride xoﬁ _ " 20 - 20 22 - 21 22
Phenols | " ND - - - - - -
Iron M 0.20 0.40  0.50 0.05 0.25 0.05 0.05
' (0.15) - (0.15) (0.15)
Manganese . 0.02 0.04 0.06 0.02  0.09 0.02 0.02
Chroﬁium M ND - - -~ - - -
Copper. " | ND - - - - - -
Colifdrm Group . Nos/mg 0 0 - 0 - 0 0
Total Co.lor_lj,.é_s' " 229 720 - 72 - 6 6
Residuai Chlorine mg/l - - - 0.2 - 0.1 0

Table 5.3.2 Water Quality Analysis For Amparai W.S.S.

Note: "ND: not detected
{ ): for Sissiloved iron
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2} Kalmunai Water Supply Scheme

This system has its source in groundwater. Raw water is pumped up

from two shallow wells and treated through aeration, slow sand flltlatlon

for iron removal and post chlorination for dlSlnfectlon. The result of

water quality analysis is shown in Table 5.3.3.

The quality of treated water meets the applicable standard. However,
tents of chloride of 290 mg/l and total hardness of 350 mg/l

high con )
.This also lmplles that the ex09531ve-

suggest influence of saline water.

pumping of groundwater will cause further degradatlon of the water quallty

in future,

Pable 5.3.3  Water Quality Analysis For Kalmunai W.S.S.

Item Raw Water Finished Water Standpost

(1600 m)

Date 8 Mar 1982 8 Mar 1982 8 Mar 1982
pH 7.8 8.0 C 8.0
Turbidity degree - less than less than less than

| 10 10 10
Colour " 3 2 | -3
Alkalinity mg/1 90 70 ' 72
Ammonia Nitrogen " 0.67 0.05 | 0.05
Hardness " 350 - -
Chloride Ion b 290 - ' L -
Iron " 1.30 0.10 0.15
Manganese " 0.15 0.09 | 0{04
Coliform Group Nos/ml 0 0 - 6
Total Colonies - " o2 0 . 80
Residual Chlorine mg/1 - 2.0 0.1
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6, Improvement of Raw Water Quality
6.1 Introduction

_ The:water quality survey revealed the eutréphiéation of Amparai Tank
ig appafent;_raw watex is colored greeny yellow and highly odourous;
transparenCy is only 0.2 ~0.3 m and Salvinia, one of the.species of
floating weeds.is in bloom on the tank surface. Although - the tank and
its'surroundiﬁg are protected at present against both actual and potential
contamlnatlon sources of human and llVGStOCk the eutrophication in the

tank is expected to advance if no further couwntermeasure is provided.

'This'chapter deals with the éutrophication control of Amparai-Tank

in view of technical measures.
6.2 - Technical antrol-Methods

Following methods are considered technically fea51ble for the eutrophic-

ation control of Amparal Tank :

i) application of algicide:
ii) ‘floating weeds control;
iii) increasing raw water introduction from Kondavattavan

Tank
Each method is interpreted and evaluated below:
i) Application of algicide
The methdd.is'to kill algae or contain growth of algae with
ISprihkling coppér'sulphéte_on the surface of the tank. The ordiﬁary
dosage rate of copper sulphate ranges 0.5 to 2.0 mg/l; the algicide~

sprinkling may be needed once a month at an appropriate dosage rate

of about 1.0 mg/l.
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Based on the above assumption, annual reéquirement of copper

sulphate is some 100 tons, which costs approximately Rs 4 million

a year.

Adverse effect on fishes is also expected. The tolerance limit

of mortality of copper sulphate varies species to species of fishi
e,g. 0.14 mg/l for trout, a sensitive one, 0.5 mg/l for gold fish,
and 2,0 mg/l for black bass, a durable species.

Thus, this method is considered uneconomical and to have
undesirable effect to environment so that the application of copper

sulphate should be strictly limited to the control of very acute

growth of algae.
ii) Fleating Weeds Control

Decay of the floating weeds causes problems in treatment of
tank water; e.g. odour is attributable also to the decay of thé weeds;
the weeds may clog the intake facilities. 'Therefore, overmgrowth of

the weeds should be contained to the acceptable level; a fence or a
screen should he provided for an intake facilities; manual removal

of weeds should be made to its over-growkh.
iii) 1Increasing Raw Water

This is an undertaking to increase raw water inflow from Konda~
vattavan Tank to Amparai Tank to. expedite the displagement of tank
water. Currently 0.5 m3/sec raw water is supplied to Amparal Tank

and 4.5 m3/sec is discharged to Moravil Aru from Kondavattavan Tank
The discharge of Kondavattavan tank is currently used for 1rr1ga~

tion purpose. Therefore, the allocatlon of Kondavattavan Tank water

ig subject to further studies.

Selection of above countermeasures against eutrophlcatlon of

Amparai Tank depends on further detailed studies.
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i. Introduction

Appendix-D contains the hydraulic calculation to be basis of deter-’
mination of dimension for the facilities described in the subsection 7.3

water Supply Facilities of Stage I Scheme.

2.  Hydraulic Calculation
2.1 -Amparai Area Water Supply Schemes

1} Flow Rate

Max daily demand - 5,300 m3/d=220,8 m3/hr=3.68 m3/min=61,1/sec
Intéke/Treétment

Flow rate 5,900 m?/d=245.8 n3/hr=4.10 n3/min=68, 1/sec
2)  Intake Facilities
HW.L, @ 26.67 m M.S.L,
L.W.L. : 25,40 m M.S.L.

a, ‘Intake Bay
Stop plank width B=0.8 m x 8 = 6.4 m
Overflow depth Francis Formula gives the overflow depth H

as follows:

- 0, 2/3 '
H (ITgﬁn) = 0,47 m
Overflow velocity '+ V) = Q/BYH = 0.40 m/sec

Velocity in Intake Bay Vy = Q/S = 0,03 m/sec
' {(S: Section)
b. Raw Water Main.
Friction loss of main

: ~1.85 4,87 1.85
hf = 10.666 C pr4:8751.85,

where : C=130' : williams & Hazen coefficient
P=0,3 w : Diameter
Q =0.07 m3/sec : Inﬁake fiow rate
L¥400 m :  Length
hf = 1.35m



Minor loss of main
hm = (fi + fb + fv + fe) x VZ/2q

where : £i=0,5 : Coefficient of influent loss
fhb=0.56: Ceoefficient of bend loss

fv=6.00: Valve loss ceefficient-

fe=1.0 : Coefficient of effluent loss

hm = 0.41 m

Loss of raw water main
From .calculation made in the above subsections, total

head loss of raw water main is obtained as follows:

h=hf +hn=1.76 m

3) fTreatment Facilities

a. Mixing Well
v

Retention time (<5 min) T = =. 4,8 min

G~value G = M = 182 secﬁl
4 vu

GT-value G.T = 52,416

where ; W 1 Specific gravity of water

Q : Inflow rate
hf : Total head loss
V : Capacity of mixing well

W : Viscosity of the fluid
Head loss
Weir 0.5 m

Baffiing basin 1,0 m

b. Flocculation Basin

Retention time T = MZ~:= 30;7 min
C-valte _ . _fw O hf -]
‘ G = il )
G JF_VH = 32.4 sec
Head loss - 0.2 ﬁ



g, Sedimentation Basin

Retention time : T o= A 4;1.hr
I 0
Overflow rate Wo = w%—_= 0.012 m/min {A: Surface area)
o T ! ‘ 5 V2 -5
Froude Number ( 210 ™) Fr = ——- = 4,3 x 10
gR ) "

{R : Bydraulic radius)
weir load —%%»: 245 m3/d/m {in: Length of weir)
Head loss . ' 0.5 m

. d.. Rapld Sand Filter

rate . .

4)

Transpission Facilities

Flow Rate

for existing service reservolr

for proposed elecated tower

" Total

. Filteration _ O/B/T = 5,1 m3/m2/hr
'Surfacg_jéﬁ pressure (m) Fixed type 30 m
-éﬁrfacé_jet amount (m3) 24 m2 x 0.2 m3/min x 5 min = 24 3
Surface jet'time.(min) 5 min |
' Backwéshiﬁg preééure 3.0m
Backwashing amdunt (m3) 24 n? x 0.7 m3/min ¥ 5 min = 84 w3
'Backwashiné time (min} 5 min '
Héad loss 1.2 m
‘e, Slowy Sand Filter
Filfratiqn':ate. O/A/T = 0.19 m3/m?/hr
Hééd'léss 1,0 m
£, Clear Water Reservoir
Retention time'_' 6 hr
Head loss Im

{paily wmax.) {Flow rate)

2,700 m3/d x 1.0 = 2,700 m3/a
2,600 m3/d x 1.5 = 3,800 m3/d
5,300 m3/a 6,600 m?/a



b. Pipelines

The flow chart and results of hydraulic calculatién'arg

shown in Table D,1,

Abbreviations used in the results of calculation are as

follows:
{I) ~ (J} : Pipeline from Junction I to Junction J
c . A Hazen-Willaims roughness coefficient :
D Diameter (mm)
Q : Discharge-(m3/day)
I Hydraulic gradient (o/oo)
Y Velocity (m/sec)
1 Length of each pipeline (m)
HL : Head ioss of each pipeline (m)
TH :+ Total head loss (m)
HW : Dynamic head above sea 1evel-(mf
GH : Ground height above sea level (m)
H - : Residual pressure {(m)
c. Pump _
Capacity of pump station : 6,600 m3/d = 458 m3/min
= 0,0764 m3/sec
Pump head; static head : 42,5 m
pipe 1655 + 7.5
pipe loss around
pump + 3,0
Total head : B3.0m
Number of Pumps : 3 set (including one stand—by):.

Capacity of a pump : 2.3 m3/min

Specification.of : :
pump : 2.3 m/min x 53 m x 37 kW
volute pump {horizontal type)

5) Distribution Facilities

The flow chart and results of hydraulic calculationh are shown
in Table D,2,
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2.2 Coastal Area Water Supply
1) Flow Rate
Max . dally demand

Intake/Treatment
Flow xate

2) Intéke Facilities
H.W.L. :
L.W.L. ¢ 0.5 m M.S.L.

a. Intaké Bay

- Velocity in intake bay

b. *'Raw Water Main

~
S

cheme

22,100 m3/d=920,8 wm3/hr=15.35 m3/min=256

24,300 m3/d=1,012.5 m3/hr=16.88 m>/min
=281 l/sec

3.0 m M.S.L.,

V=0/8=0,04 m/sec

Friction loss of main

hE = 10.666 ¢

.85 _~4.87 1.85
D o) L

‘where : C=130 Wwilliams & Hazen coefficient
.D=O.5.m ;- Diametexr
Q=0.28 m3/gec Intake flow rate
=850 m :+ Length

hf = 3.09 m

Minor loss of main

hm ='(fi + fb +
where + £i=0.5
' £5=0.37
fyv=6.00
fe=1.0
b = 0.57 m

2
v + fe) x V /2g

. Coefficient of influent loss
. Coefficient of bend loss
. valve loss coefficient

. Coefficient of effluent loss

1/sec



3)

Loss of raw water main

From caleulations made in the above subsections. total

head less of raw water main is obtained as follows:

h=nhifi+ hm= 3,60m
Treatment Facilities

a., Mixing Well

Retention time
G-value

G.T-value

Head loss
Weir

Baffling basin

b, Flocculation Basin

Retention time
G-Value
Head loss

¢, Sedimentation Basin
Retention time

Overflor rate
Froude number
Weir load

Head loss

A4 .
T = - = 3,5 min
Q

G =fL2BE o4 gect
[T :

G. T = 44,864
O,S_m
1.0m
v
T = —= = 32 min
Q

G = ._?:’....9..,..}3.1_:_.._‘_ = 31.8 sec_l
AR :

: T
T = =3¢2 hv
Q

Wo = —S—»; 0,016 m/min

2

Fy = —o 3 5 3
= gr T 3 x 10

4

{%ﬁ = 337 m3/d/m

0.5 m



4, Rapid Sand Filter

Fi;tratidn rate Q/A/T = 5.2 m3/m3/hr

Surface jet pressure () Fixed type 30 m

Surface jet amount (m3) 65 m2 x 0,2 m3/min x 5 min = 65 @3
Surface jet time (min) © 5 min

.Backwéshing rressure (m) 3.0 m

Backwashing amount (m3) 65 m? x 0,7 m3/min x 5 min = 228 m3
Backwashing time (min) 5 min

Head loss 1.2 m
e, Clgar Water Resexrvoir

Retention ' 6 hr

Head-loSs I m

4) Transmission Facilities

a.  Pump for Sammanthurai

Flow rate i 2,500 m3/d (Max. daily demand x 1.0)
Capacity of pump station : 2,500 ﬁs/d=l.74 m3/win=0.029 m3/sec
" Pump head; Statical head : 35.9 m

Pipe loss 1 3.8 mw

Pipe loss around pump : 2.3 m

'Total head : 42.0 m
Number of punp - : 2 set (including one stand-by)
Capacity'of pﬁmp 1.7 m3 /min

. Specification of _
pump : 1.7 m3/win x 42 m x 18.5 kW

b, Puﬁp for Coastal
Flow réte
for Karavahﬁ“North and Nintavur
Max, daily demand x 1.5
for Reservoir in booster pump station

‘Max. daily demand x 1.0
Total ' 25,750 m° /day



25,750 m3/d = 17.88 m3/mm

Capacity of pump station '
e 0.298 m3/sec

pump head; Statical head :-35.0 m
Pipe loss : 17.7m
Pipe loss avound pump ! 2.3 m
Total head 1 55.0m

Number of pump ¢+ 5 sets (including 2 standfby)

Capacity of a pump : 6.0 m3 /min

Specification of

pump 6,0 m3/min x 55 m x 90 kW

¢.. Booster Pump
10,950 m3/day (Max. daily demand x 1.5}

Flow rate
Capacity of pump station : 10,950 m3/d = 7.60 m3/miﬁ
: = 0.127 m3/sec
'Pump head; Statical head r 27.0 m
Pipe loss : 15,7 ﬁ
Pipe loss around pump 2.3 m
Total head : 45.0 m
Number of pump 3 sets {including one stand<hy)

Capacity of a pump : 3.8 m3/min

Specification of .
pump : 3.8 m3/min x 45 m x 50 kW

d. Pipelines
The flow chart and results of hydraulic calcﬁlation are shown

in Fig.p.l and Table 3.3 rspectively. .

Distribution Facilities

The flow chart and results of hydraulic calculation are shown

in Table D.4 to Table D.S,

D~-10



‘Fig, D,1

o Reservoir

' Existing E.T.
Sammanthurai

: ( ) @250 (k :

0=2,500
1=2,400

0 : m3/d

L

s m

E.T.: Elevated Tower

0=4 050
L=1,500

FLOW CHART OF TRANSMTSSION MAIN _

Proposed E.T.
Karavahu~North

@300

o

0=5,400
L= 400

()

0=7,800
1=1,400

0=10,200
1= 2,400
' 0=15,150
1= 1,600

@600 _<:

0=25,750 0=10,600
1= 1,900 &= 3,000

(o —
./ @500 “ilj”¢4oo\1:/¢350\:L/ @300

(=]

e
B350 \\r/¢35o

Existing B.T.
Karavahu-West

v

Existing E.T.
Ralmunai

Proposed E.T.
Kalmunai

Proposed E.T.
Karavahu~South
Karativu

Proposed E.T,

Nintavuy
0=7,300C '
1=8,500
* R | Reservoir
(Ei) Booster Pump
Q=10,950 §
P 1
= 100 2
(} Proposed E,T.
) Palamunai
Q=8,775 b
1=2,800 n
& .
, Proposed E.T.
Addalachenai
Q=6,600
1=3,600

D-11

proposed E.T.
Akkaraipattu



D~12

M €8T J\.m.mﬁ 6°9¢ 6570 8¢ 8¢ i o0z 09°T 00§°2T . 0528 OET
| - -~ .1 Lov _ | 1
0"0f 1 0701 6oy 6L°C L°ST L9 002°¢ L8 009’9 | o05¢d "
L*LE 06 L 9% 90°T 06 g'g | oog'z 917 ¢ .mwﬁ\m. pSEd s g
sy - | oe $°S8g T0°T AR Z'0 | 00T - &V T 056 0T 00vP 0f£T
- - ivss ) 0 -
PoToT ) 08 1781 €80 9'SE | 16t cos‘8 | sz'z | 00E‘L 0568 3
Al 0L AR 8z°T | §°9T et | ocoo'e 6v°v | 00501 05E8 0€T
0" 0€ 09 =t 99°C [ LTLE vt | 00§'T 1971 - 0S0'¥ 00£ “
71t oL s 2870 £°6T 1T 00% €L e 00v‘S 00ed "
g zg ST L ST6E 76°0 (Al A1 9" ¢ cov't | w5tz 008° ¢ 05ed "
T 1 0L ey v6°C .w.oa z°s - oov'e B8T°Z ooz’ ot 00%d " A
Cete Do | eter | eso | bes vz | ooo't €6°T DST‘ST 5058 "
oLy 0L L7 0% so't ;. o€ | o¢ 00871 29°T | 05.°ST ommms}u 0T
m I|I|| .....lli:l — !!M.”.Mm B B O e B o m [PV VSN SV PRI SRR PR SR S
e e e . R v el - .
W {wy H {u) HD % (W) MH (s/uya (W) H () 1 {ur) q. (%) T (p/ewnr0 fuwg) G * > I

T EOYIS VRV TYISY0D

NIVA NOISSIWSNWMI 0 NOIINADOTHD Sianvayais £°0 EIEVL




I ED¥1s

“m wh‘ﬂ . TeRIngjueBuuwe s

.ZHﬂz NOILOETHISIA _m,O ZOHE«&A&QHA&U OITNTEGAH Pt EIEYL

00S="1 006=T 00P=1 COT=1
. \mw/ 0STE ||\ﬂw/ - QoY \MM/ 00Z% .L\mw/ 00T ZomoL
< 17 ¢=0 ) g 11=0 L g1=D z 7g=0 pa3eAdlE
T ¢=h & g=D 7" g=b G L=b
3uted
sbreysstq m\wg‘ .
e w sy
wxf\_ S/T B ‘% IEYED MO1Y
ﬂ ] T ﬁ
[ -
I
_
i — e e § o a1 VR et rm 1 i
;) 8’0z m 0" 1T 8°1¢ 81°0 Q%2 T°0 005 1€°0 1€ CSIZ y v €
Sor 021 0zt Leto g1 8'0 006 98- 0 S 1Y 00ZH " 3 Z
Y S, e i aen e e ey e v i e et i i
g L1 0°6T 82t £5°0 o4 Lo ooy T LT9T 00Zd " z- 1
g ¢T 0" et g ¢t - 88°0 £ 0 £°0 00T gLte (Al 44 00Z¢ Q€T T S
281 9" 8T gree s
(my # {u} 4O (w)y My |{s/a; A (w) HL (W) TH {w) 1 =%y I (s/1) & {un} g o L I

D=-13



08T'1=T

ol=ui

o

00Z="1
0518

(2

061'T=b

ces=1
Rolslas)

002=1

%
~
S

€ eg=0

¢ =0

g c=b wmﬂ

8" z1=0

S 0T=b

g =0

S

O”.....U

I2M0F PIIRAST

TUTOE ; :
: ™~
abxousn AT
Fmwessa 1) woe o
4 s/t BB TaVAD MO -
T
i
£z oy £°82 1770 AR LT 05T’ T

161

0STo

07 0¢

80

e

RYAS

051g u

8 ot YLt 0 LY 005 91 ¢ £ €z 0078 n z T

¥se ot L vree ZE'G T°0 "0 00T Y0 £nee ooed 0€T T 5

S N GO (W) mE [{s/w) 4 (ury HI (uy I (w) 1 (%) 1 (/1) O {unir) 2 L ¥
T 25W1s

TIIY TRUTMWTRYH

NITW NOTLOGTHLSLG 20 ROLIvINOIND ST 10TEaAR

€ Qg dIEYL

D~14



ABMOTL, POITASTE

mwnm_QMMOZ:ﬂﬂumme . -

. NT9W NOIILETELSId J0 NOILEIno1vs OTIOVEAAN  9'a

TIYL

Pt
s
B Y fO
- How 1
- O OY
ge.®
0= _ 0051 00E="1 \T,.
: 00Z# I 0seg P 0sTB .
-5=b %Ililili! T ) SEUEOURAIP SE L PSR
¢ M\ g s1=0 LB B 5z=0 V\f\ £ pe=0 T ¢Be
0°07=B V\ ¢ g=b
Ju .
shTeUs : \M7
" Wi
e s/T + b ‘3 TaVHD MOId
$* sz n°e §*LZ S£°0 0% 70 00v 11 z°9 0SB " g ¥
6°52 0°z 6Lz | 05°0 9°¢ L C 0S¥ VAR 8571 ooEd " 4 €
979z o't 9°8z Z8 0 62 671 00S €8¢ 8'sz 008 - £. z
557 0°s 5 0t 0L70 0T L70 | - 00g 6T°2 £ p¢ 05Td " 'z T
-t 0°9 z 1€ 88" 0 €0 €0 001 €L T $ 29 00EB OfT T S
5752 0°9 S TE . . )
() Hop o) D | o) MR AN 8 DD ES )W) W W1 | () I [(8/D 0 e g 2 IS I
I =518 .

p-15




00E="T.

08E="T

D-16

o - 059=T - _ :
— Q818 . 0028 . 0028 .~ APMOL
, c9ub (¢ (2) (1) (s eorensia
2TI=E ST ST o o= S Z1=0 / 6'0z=0 . \ ./
6" g=b 7" 8=
JUTOd 2bIRYDSI K(\D
Wi
/1 B D I¥VHD MOTJ

"z G 8T LET 0 i PO elely ST 9°g 0STS “ 3 4
62T 0" ¢ 667 0% 0 T2 v 0 0S¢ 001 ¢zl 00z® " 4 T
£ €T C £r0z 2270 LT L1 059 6572 6°0¢ o0eg CET T s

0°¢T 0° 0-ze 8
(y H (%) HO | {(w) MH |(s/u) A (u) HI (w} TH (w) 7 (%) 1 I(s/1) & (unz) g 2 £ T

I 39Yis
BIIY SoM-TDUPATIEY
NI¥A NOILNETHLSIQ 20 NOILWINyi¢s OTINVUGAH ;-4 mIEvl



IoMOL POIRASTEH

009=1 00Z=1
0918 P (o]eY47] N .
T L=P Aml;mmmw - LS 1 - v s,
1°(=0 S R IVE =
. 1°01=b 4 b ¥ o g R
: NS - o Ol o
: ™D e < -
ey i i
S hala 059=T 00H=1
7 00zg N 0szZg \f B
, z T b P'G2=b
_ Cl g-ge=0 V\/\ 0°15=0 \_/ 3
uted SBIBUDISTO ¢ m.mﬁuvww\ z°2T=b
w oo
s/t + B D INYHD MO7d -
| | | |
L7561 M 0% LT€T 0% 0 8§ 6°0 009 * tA AR 1L 0STH “ g |
9767 0°s 2%z S50 6L 2ge ooz 081 AR 00z " S
0-6T 09 0-s2 TL°0 5 L s g 00z'1T| 672 £°zz 0028 7
§° 12 02 <8z 6L°0 0Ty 81 os9 vLe 8-8¢ - 05z " 3
€T ez 0L £°0¢ $0°T z'z 8T v 98" ¥ 0TS 0szd. w z
I°sz | - 04 TUZE 60°T 70 70 00T 96" ¢ v oL 00€8 0ET T
gz 0" ¢ seee \ o s
B @ E | ME Ms/Am oA | ) AL W | (o7 | (eI {5/ 08 eaoal 2 o

I EOYIS

e53Y NATYRIRN  3INOG-NURARIRY

NIA HOTINGINISIa 40 ROILTINYIND OIMNGHGAR  e°d Z78Yi

D-17



ZsmoL poleneTd

..rl)mp haol
[ M
- e .
[ I o B O o 20
056=T - 0sz="1 00T=1 0ST=T C
SN 0518 . 0s28 00¢0 - _00EB e s
0701=b € U t\mj \m/| : \N/ 1/ B> 6 op=b
_ _ 0" 0T=0 eeed . NS Lered K/K 0" 55=0
_ z*zz=b $*zT=h V\ ¢-ot=b | |
IUTOL o~ i
sbxeUdsTQ “VLW\ R
>4 s/T + B ‘D IAVHD MO -
vz oL L1 LSO 8¢ 9'z 056 69°7. | 0°0T 0518 " ¥
R R R NS G e
£Toz 08 £r v 99" 0 z'T s 0 052 v6'T | z'ze 052@ " £
86z o 8 %e €970 Lo 1°0 00T Lv'T 1 Lvh 00Ed " z
6" 57 06 67 e BL°0 9°0 £ 0 05T sT°z | 0°6S 00€% " T
(A4 0 0T Akt> 90" T £ 0 €0 00T 8T ¢ | &£°10T 0sed 0T T s
S g7 0" o1 s'se | T Bl s
(LY B _ {uy HO ﬁ‘ﬂav MHE _Am\ev A (@) HI {w) 1IH {u) 71 {s) I (/1) © {ue} g 2 £ I
I E9Yis

B3Iy niledieiesiy.

NIYA NOIIOEI¥LISIA 40 NOTLVINOTED DI 10dadin

6" U TTHEYL

D-18



3. Remodelling of the Existing Amparai Trcatment Plant

In order to raise the efficiency of sedimentation, the remcdelling

shall be made for equipping a flocculation process in the existing sedi-

mentation basin by construction of training walls. A conceptual design

‘ig shown in PFig. D~ 2.

as below:

Training Wall
Matexial

Total length
Height of wall

Baffle Wall

Materialj
overflow Wall
Material

Height Cf.top

Chemical Solution Tank

Materials

Capaéity

Dqségé method

Specifications of the structures are described

e

A

te

Brick

30 meters

3.3 meters

Brick

Brick
Height of H.W.L.

Reinforced concrete’
3.5 m3 for alum

0.7 m3 for slaked lime
Batch type (one-déy capacity}

Gravity flow

p-19
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7 APPENDIX B

© COST ESTIMATES

Introduction .

_ ‘f:daboﬁr and Materlals
| for Recéiving nd Mixing Well :
2 cefor: Flocculation and’ sedlmentatloﬂ ba31n
Tﬂ-Unlt Prlceﬁfor Rapid Sand Flllter R :
4 [Unit Price for Slow Sand Filter :
"Q:fUhlt Price for Clear Water Reqervo;r s
'LfU“‘i Price: for Chemical Fesding, F301lltles

;Unlt Prlcengrsplpe'Materlals and Plpelayxné Works

_for Alternat1ve~
s for ‘Alternative
fffor Alternatlve?
5" for Altérnative
: 1fcr Alternative .

. for- Alternative
tf@r Alternatzvef

;ﬂrw"m_bho=mﬁﬁ3}_ﬁj

jfbrgalterna ve A ( a%;
“‘fﬁAlternatlve;A (12%) -
¥ Blternative B (8%)

. 2 ; Alternative . A(12%) .
‘present WOrth:CaLculatlonffprfAlternatlve; 8%y
Lpresent Worth Calculatlon-fdr[A;terpatlve. (l2g)

o' fox- Alternative D (. 8%)
;fdr-ﬁitéthati#e (12%)

lb,u'oﬂn”m‘wi

=.K':::Bmakdovam. af Project Cost Estlmates for Stage T Program .

. .jfBreakdown OF ‘Cost Fstlmates for Trausmission and
7,,'Dlsfr1buuton Plpes for SLage I Progranli;

-FBreakdown of Pxo;ect Cost Estlmates ‘for' Stage Ir Program:,-






1. Introduction -~

 Appendix—D'contains the data concerned with the project cost
estimates such as_the_unit prices fér labour, construction materials,
civil works aﬁd piﬁelaying works as of December 1981,the breakdown of
cost estimates_fdr.alterﬁative schemes, the present worth calculation
for altérnative=schemes and the breakdown of project cost for Amparai

aﬁd Coastal aréas water supply schemes,



2, Unit Price

Talxle E~1 UNIT PRICE OF LABOUR AND MATERIALS as 0f DeC.-l§8l
Items Description - Unit . Price

Daily Wages for Labourer

Rs 25, -

1. Unskilled worker _ ‘ ' : 2
2. Skilled worker ' e B0.=
3. Foreman :" ‘ .60-“-
4. Carpenter " 50. -
5. Brick " 35,
6 Masonry " 35,
7. Driver " 25.
Unit Price of Materials for Civil Works
1. Portland cement Domestics, 50 kg bag  Rs. 74, -
Z. Aggregate gravel. m3 " B 260, -
broken stona . "o K : 260};'
sand : - " - 6&4
3. Reinforcement . round bar kg " 9,
de formed bar » " 9.
.4. Timber for scaffolding . m3 e 3,060;4
5. plank/board | ' " n 3,000~
Unit Price for Pipe Materials | |
1. PVC pipe 50 mm ~ in dia domestics - m Rs 45,
75 mm . o 82.~
100 mm o v ns.e
150 mm ' L . 220.-
200 mm o " 425,
250 min e 615
2. Cast iron pipe 300 mm in CIF Colombo " ' ", . 950,=~
350 .mm : W ow lfgllau
400 mm _ : H " 1,381~
450 wm | L Y1 T
500 mm - o " 1,951,
600 mm " n " 2,615.~

B-2



'itemi

Description Unit _Price
Civil Works
1. _Concréte' o cement/aggregate
inclusive of mixing, ratio
. placing, vibrating 1:2:4 m3 Rs 1,500, -
and. curing _ o 1:3:6 n -m 1,100.-
2. 'Forming work/shuttering ) m2 " - 120.~
3. Mprta;.pla5£ering S N _ e w 30. -
including mixing and
plastering :
4, :DeWatéfigg by pumps day. # - 240.-
5. Excavatioﬁ R _ : w3 ﬁ]
6. Backfilling ' ' ©om } . 180.-
7. 'Disposal of excess soil within 4 km " ow
8;.fBuilding such as'pﬁmping house w2 " 1,500.-
9. Restoration costs for . _ '
pavement -(for rlad crossing) " " 200,.~
10, Allotment costs of power _ '
receiving (500 to 1,000 kw) LS " 0.35-0.45/kW
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msw7  UNIT PRICE OF PIPE MATERIALS
AND PIPELAYING WORKS

COST(Rs
10,000

e
IS S SN —

PIPE MATERTIALS
PIPELIAYING WORKS

PIPES, FITTINGS, VALVES AND JOINTING MATERIALS

EXCAVATION, Hﬁ(.'.‘KF.II_LING /PIPELAYING, CARRY TNG

PIPEMATERTALS , OVERHEAD AND ESPECIALLY
NCHORAGE CONCRETE WORK FOR PVC

5,000

1,000

500

100

50

0

50
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;
i
i
1

(00 150 200 250 300
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3. Cost Estimataes for Alternhative Schemes

Table E~2 (OST ESTTMATES

FOR ALTERNATIVEE-A

Unit: Rs 1,000

PROGRAMME STAGE ~ I STAGE ~ 11 TOTAL
DESCRIPTION _ F/C L/C F/C 1./C F/C L/C
A.'Intake'?acilitiés ©3,330 840 1,950 270 5,280 1,110
B. Treatment Facilities 11,310 18,720 7,190 21,780 18,500 40,500

C. Transmission Facili- _ - .
ties . o 6,480 960 6,480 230 12,960 1,890

D. Distribution Facili-
ties ' ' 6,170 2,630 3,630 3,420 9,800 6,050

E. Materials (Cement, _
Reinforcement) 6,340 ~-6,340 7,680 -7,680 14,020 -14,020

F. Land'Acqﬁisition
" Cost : - - - - - -

G.  Engineering Cost =~ - - - - - ~ -

" Gub-Total _ 33,630 16,810 26,930 18,720 60,560 35,530

H. Duties and Taxes ‘ - 10,000 - 6,800 - 16,800

Sub-Total 33,630 26,810 26,930 25,520 60,560 52,330

'I. Physical Contingency 3,360 2,680 2,690 2,550 6,050 5,230

J. Price Contingency 3,010 6,510 2,380 5,930 5,390 12,440

Total _ 40,000 36,000 32,000 34,000 72,000 70,000
Totél Costs . 7%, 000 66,000 142,000

E~11



Table E-3 COST BSTIMATES

FOR ALTRENATIVE-B

JUnit: Rs 1,000

PROGRAMME STAGE -~ I STAGE - II TOTAL
DESCRIPTION F/C L/C - F/C L/C F/C  L/C
A. Intake Facilities 9,260 1,540 7,880 970 17,140 2,510
B. Treatment Facilities 11,310 18,720 7,190 21,780 18,500 . 40,500
C. Transmission Facili- : T o _
ties 6,480 960 6,480 930 12,960 1,890
D. bistribution Facili- _ o
ties 6,170 2,630 3,630 - 3,420 9,8G0 6,050
E. Materials {Cement, : _ ' , _ _ .
Reinforcement) 6,340 -6,340 7,680 -7,680 14,020 -14,020
F. Land Acquisition
Cost - - ~ - - -
G. Bngineering Cost ~ - - - - -
Sub-~Total _39,560 17,510 32,860 19,420 72,420 36,930
4. Duties and Taxes . 11,480 - - 8,280 - 19,760
Sub-Total 39,560 28,990 32,860 27,700 '72,420 T 56,690
I. Physical Contingency 3,960 2,900 3,200 2,770 7,250 5,670
J. Price Contingency 3,480 6,110 2,850 6,530 : 6;330"112k640
Total 47,000 38,000 19,000 37,000 86,000 75,000
Total Costs 85,000 76,000 o 161,000

E~-12



Table E-4  COST ESTINATES

FOR ALTERNATTVE~C
Unit: Rs 1,000
PROGRAMME STAGE - 1 . STAGE ~ II - - POTAL
DESCRIPTION F/C L/C F/C L/C F/C L/C
A. Intake Facilities 6,290 1,450 6,290 500 12,580 1,950
B. Treatment Facilities 31,480 30,950 26,180 27,480 57,660 58,430
C. Transmission Facili~
ties _ 60,920 7,820 58,410 7,360 119,330 15,180
D. Distribution Facili-
tias ‘ 31,360 20,650 27,770 22,500 59,130 43,150
E. Materials (Cemenf,
Reinforcement) . 13,370 -13,370 13,610 -13,6l0 26,98¢ ~26,980
F. Land Acquisition
Cost . - 60 - - - 60
G. Engineexing Coét 55,000 2,500 44,000 4,000 29,000 G, 500
Sub-Totail 198,420 50,060 17¢,260 48,230 374,680 98,290
H. Duties and Taxes - 36,660 - 33,540 - 73,200
Sub~Total 198,420 86,720 176,260 81,770 374,680 168,490
‘1. Physical Contingency 19,830 8,670 17,630 8,180 37,470 16,850
J. Pricefcontingency 15,740 17,610 14,110 18,050 29,850 35,0060
Total - 234,000 113 ,000 208,000 108 ,OQO 442,000 221,000
Total Costs 347,000 316,000 653,000

E-13



Table E-5

COST ESTIMATES

FOR ALTERNATIVE~D’

Unit: Rs 1,000

PROGRAMME STAGE ~ I STAGE - II TOTAL
DESCRIPTION F/C L/C F/C - L/C ®/C L/C
A. Intake Facilities 6,380 1,750 6,380 520 12,760 2,270
B. Treatment Facilities 36,410  42,300. 28,710 35,720 65,120 78,020
C. Transmission Facili- : LT
ties 50,730 6,750 48,660 6,350 99,390 13,100
D. Distribution Facilj- . } G
ties 30,340 15,250 26,640 16,510 56,980 31,760
E. Materials (Cement : ;
Reinforcement) 14,430 -14,430 13,310 -13,310 27,740 -27,740
F. Land Acquisition
Cost - 60 - - - 60
G. Engineering Cost 55,000 2,500 44,000 4,000 99,000 - &,500
Sub-Total ' 193,296 89,580 167,700 81,060 360,990 170,640
H. Duties and Taxes - 35,400 - 31,270 - 66,670
Sub-Total 193,290 89,580 167,700 81,060 360,990 170,640
I. phsycial Contingency 19,330 8,960 16,770 8,110 36,100 17,070
J. Price Contingency 15,380 19,460 13,630 17,830 = 28,910 - 37,290
Total 288,000 118,000 198,000 107,000 426,000 225,000
Total Costs 346,000 305,000 r651,000




FOR ALTERNATIVE-E

Unit: Rs 1,000

PROGRAMME STAGE ~ I  STAGE ~ II TOTAL
DESCRIPTION . : ' ?/C L/C - RO L/C F/C L/C
A. Intake Facilities 6,780 2,070 6,780 660 13,560 2,730
B. Treatment Facilities 41,480 52,590 30,370 42,410 71,850 95,000

C. Transmission Facili-
ties e _ 50,540 6,750 48,470 6,320 99,010 13,070

D. Distributibn Pacili- _
ties - : 30,340 15,250 26,640 16,510 | 56,980 31,760

E. Materials (Cement,
'Reinforcemeﬁt) 17,500 ~17,500 15,340 15,340 32,840 -~32,840

. Land Acqguisition

jea}

Cost - &0 - - - 60

G. Enginéering Cost 55,000 2,500 44,000 4,000 99,000 6,500

‘Sub-Total ' 201,640 61,720 171,600 54,560 373,240 116,280

H. buties and Taxes - 38,030 - 32,450 - 70,480

Sub~Total 201,640 99,750 171,600 87,010 373,240 186,760

I. Physical Contingency 20,160 9,080 17,160 8,700 37,320 18,680

. Price Contingency 16,200 21,270 13,240 19,290 29,440 40,560

Total 238,000 131,000 202,000 115,000 440,000 246,000
Total Costs . 269,000 317,000 686,000
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Table E-7

COST_ESTIMATES

FOR ALTERNATIVE-F

sl S S

Unit: Rs l,OOQ

- X1 TOTAL

PROGRAMME STAGE - I STAGE |
DESCRIPTION F/C L/C F/C L/C F/C L/C
Intake Facilities 5,570 1,160 5,570 470 11,140 1,630
Treatment Facilities 23,180 26,850 18,310 22,720 241f790 50,270
Transmission Facilities 50,540 6,?9Q 49,270 6,546' :99,810 13,330
Distribution Facilities 30,960 18,510 10,530 10,810 41,;96_-:29,320
Materials (Cement, 11,320 ~11,320 8,330 -8,330 19,650 —19,650
Reinforcement) .

Land Acquisiting Cost - 60 - - - 60
Engineering Cost 55,000 5,000 44,000 4,000 99,006' 9,000

Sub-total 176,570 46,750 136,010 36}216 312,586 82,960
puties and TFaxes - 29,620 - 25,120 - 54,740

Sub-total 176,570 76,370 136,010 61,330 31é,sson 137,700
Physical Contingency 17,660 7,640 13,600 6,130 31,260 13;??0
Price Contingency 13;770 17,990 io,390 '13,540- '24,61§'.531}530

Total 208,000 102,000 160,000 81,000 368,000  183,000

Total Costs 310,000 241,000 l:55if000f
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Table E-8 COST ESTIMATES

FOR ALTERNATIVE~G

Unit: Rs 1,000

"PROGRAMME STAGE - I STAGE - IT TOTAL

Total Costs

DESCRIPTION F/C L/C F/C L/C F/C L/C
B. _Infake.Facilities  4,900 1,550 4,900 500 9,800 2,050
B, Tréa£ﬁent Fa#ilities 28,220 35,200 21,010 28,880 49,230 64,080
C. Transmission Facilities 44,890 5,840 42,800 5,630 87,690 11,470
p. Distribution Facilitiés.30,340 15,250 .9,840 7,180 40,;50 22,430
E. Matgrials'(cément, | 13,050 -13,050 10,730 -10,730 23,780 -23,780

Reinforceqent)
F. Lana Acquisiting Cost 60 - - - 60
G. Engipeering Cost 55,000 5,000 44,000 4,000 99,000 9,000
Sub-total 176,400 49,850 133,280 35,460 309,680 85,310
H.. Duties and Taxes 29,950 - 24,440 - | 54 ,39¢
éubntotal | 1?6,400 179,800 133,280 59,900 309,680 133,700
I. Pﬁysical Coﬁtingency 17,640 7,980 13,330 5,990 30,970 13,970
J. Price Caﬁtinéency 12,960 19,220 9,3%0 13,110 22,350 32,330
" Total 207,000 io7,000 156,000 79,000 363,000 186,000
314,000 235,000 549,600
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