- However, the result and/or planning parameters of the ADB funded UFW improvement program will
need to be considered in the review of the water demand in future.
4,6,6 Future Water Demands

Future water demand dcﬁnbd as the connected demand is calculated from the full dcvclopmcm demand
mulhplled by the progress puccntage from the year assumed for commissioning -and the special

demands added.

Tables 4.18 and 4.19 shows a sunmmary of the projection of the water consumption and the water

demand including water loss, respectlveiy

Tah]e 4.18 Projected Water Consumption (Dailjr Average)

Service Area Total Water Consumption (m*/d)
G e B 1995 1 2000 | 2010 | 2020
COLOMBO DISTRICT - '
Colombo M.C. - 1132363 | 149,880 | 175258 194,727
‘DehiwalaM.C. 38,480 | 45,100 49,957 55,267
Kotte U.C. . 1 24790 28,251 34,510 | 40972
Moratuwa U.C. 21,168 23,129 29,331 35,167
Kolonnawa U.C. 6,892 8,336 10,687 13,376
Koti/Mulleriyawa P.S. ' | 12,738 | 16,924 .. 20,789 24,893
Homagama P.S. (part) 0 2,762 8,239 13,765
Kaduwela P.S. - 3 0 5,792 20,647 38,901
Kesbewa P §. 0 2,627 16,279 33,673
Maharagama P.S. : - 5,708 9,537 16,294 22,018
‘| GAMPAHA DISTRICT - o
JaEaUC.. - = 0 243 4,483 6,671
Peliyagoda U.C. - 5887 | 6903 7,171 8,359
-Seeduwa Katunayake U.C. 0 0 0 0
Wattala Mabole U.C. 4,106 5,308 6,517 | 8525 .
" Biyagama P.S. (mcl Blyagama EPZ) 6,489 12,207 22,378 30217
JaElaPS. - 0 840 14,569 23,182
Katana P.S. {incl. Katunayake EPZ) 0 159 2,646 5,128
Kelaniya P.S. - ; 16,503 22,035 28,822 34,357
‘Mahara P.S. (part) 0 442 5,768 11,075
Sithawaka P.S. (Padukka) = 0 G 0 - 650
Watala P.S. - ' 0 624 10,520 | 16,031
KAILUTARA DISTRICT
- Horana U.C. 1,583 - 1,781 . 2,520 3,451
Panadura U.C. 4,578 5,555 6,421 7.516
Bandaragama P.5:{part) 0 0 .. 0 2,001
Horana P.S. (part) 0 0 0 0
PanaduraP.S, ¢ Cone : 0 1,082 5,260 9,951
Total 281,283 349,517 499,066 645,698 .
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Table 4.19 Projected Water Demand (Daily Avcrage}

Scrvice Area Total Water Demand (m/d)
' (Consumption -+ Loss)
_ L 1995 | 2000 | 2010 | 2020
COILOMBO DISTRICT S _ R
Colombo M.C. 220,605 | 230,585 | 269,628 277,581
Dehiwala M.C. ' o 54,972 1 60,133 {66,609 69,084
Kotte U.C. 35414 37,668 46,014 51,215
Moratuwa U.C. 30,240 -1 30,839 39,108 . -43,959
Kolonnawa U.C. _ 9,846 | 11,115 14,250 16,720
Koti/Mullerivawa P.S. . 18,198 21,049 27,719 - 31,116
Homagama P.S. (part) ' 0 3,241 10,127 17,565
Kaduwela P.S. 0 6,582 24,580 48,627
Kesbewa P.S. o 0| 2940 19,085 41,449
Maharagama P.S. 6,340 10,838 | 19,398 27,523
"GAMPAHA DISTRICT _ : R — '
JaBlaU.C. . S0 277 5,337 8,339
Pehyagoda Uuc. - . o . 8:410 8,503 .} 9,561 - 10,449
Seeduwa Katunayake U.C. 0 0 0 S0
. WattalaMabole UC. - .. . ] . 5866 - 6,588 | 8,690 10,656 .
Biyagama P.S. (incl. Biyagama EPZ) 7,210 13,871 26,641 37,771
JaElaPS. 0 955 1. 17,345 28,978
“Katana P.S. (incl, Katunayake EPZ) 0 180 1 3,149 | . 13,690
- Kelaniya P.S. 23,576 27416 38,429 41,946
Mahara P.S. (part) ' ' 0 485 |1 6,629 13,427 1.
Sithawaka P.S. '(Padukka) 0 0 -0 813
. WatalaP.S. - 0 697 12,406 19,739
KALUTARA DISTRICT - - ' -
Horana U.C." . - 2.261 2,374 3360 4,314
Panaduta U.C. 6,540 7.407 8562 |- 9395
Bandaragama P.S.(part) .0 4] 1,394 5,207
Horana P.S. {part) ' o | 0 0 o
Panadura P.S. 403 1,653 6,701 12,808
Total ' 429879 | 485,395 | 684718 | 842372 .

In details, water demands are calculated by node in the transmission model to facilitate the planning of
~ transmission system in the later stage of this study. Each sub-division is connected to one transmission

niode in the model. The result of this allocation is summarizéd in Suppor{i_hg Report (Volume 1),

467 Set ﬁp of Peak Factor

Water supply facilities should be designed to satisfy everyday water deinand at least until the target -

year. In order to meet this requirement, the maximum day demand is used for determining the capacity



of water supply facilities.  The maximum day dcmancl is gencrally computed by conducting 'Peak

Factox which is defined as the ratio of the maximum day demand to the average day demand.

In the course of déténﬁining the peak factor, water consumption records through at least ten years
would be requested. The daily water consuiption is generally obtainable from the records of water
prod_udion at water treatinent plants, or readings on bulk water meters instatled on transmission lines
ajl-d/or at service reservoirs and waier meters at housc conncctions. Should they be not available,
cstimation of flow rate by the pump operation time would be wtilized instead of these records for a

minismum access.

In ﬂus Study, water productlon records at Labugama Kalatuw'twa and Ambatalc water treatment
plants fogcther with the bulk meter reading on the transmission mains previously collected in the Mastes

Plan Updatc have been analyzed.

In the case of the Labugama water treatment plant, detailed production records bcihg' measured
constantly are collccted Daﬁy water praduction records from 1990 to 1993 are given in Supporting
Repor’t (Voiume III) In comph’mcc with these daily récords, the’ relatlonshlps between daily maximum
and minimum values and monthly average values have been summarized as given in Figure 4.4. It is
identified that extraordinary fluctuation on water production occurred during 1991 and 1992 was
exerted By'severe drougﬁt in the south western part of Sri Lanka. During this drought pcriocl, it was
repqrtc_d. that the Kalatuwawa water treatment plants were suffered from water deficit in the reservoirs
resulting in less water production. Meanwhile, sericus problem did not occur on water quantity at the
Labugama reservoir because of less water production capacity in the treatment works. Consequently,
large amount of treated water, in excess of dcsngncd capacity, was produced to supplement the

productlon of Kal'ﬁuwawa trcatment plant by means of a bypass line.

For the determination of peak factor, daily water supply in 1990, omitting other fluctuated data from

1990 to 1992, has been analyzed by means of frequency curve as shown in Figure 4.5.

It is identificd that 40 percent of the days are in excess of yearly average and that peak factor should be
considered in compliance with this excessive values. Although a couple of percent of the days show

higher péék factor, however, this will be negligible in dcéign purpose,

As a conclusion, an appropriate peak factor has been accessed to be situated within 1.10 to 1.15 so far

as the data of Labugama water works is concemed.



‘Meanwhile, water production records at Kalatuwawa and Ambatale unfortunatély have not been
suceessively measured at daily base due to lack of bulk meters or precise flow measurement devices,

Therefore, monthly records have been utilized instcad and analyzed as described hereinafter.

The water prodﬁcﬁén records at the Kalatuwawa water treatment works th;rough‘ 1986 to 1993 are
COllected as given in Data Report (Volume 1V). Tables give monthly average maximuit and mininum
water productions together thh the ratio of monthly maximum to monthly average. The records at

Kalatuwawa are measured by an orifice installed right after filtration facilities. It has been identified
that accuracy as the factual water production is sb_me what prqblemétic. The computation of an
average ratio ‘of monthly maximum to monthly éveragc gi\fcs 1.20. However; large values appear
occasionally, especially during the drought period. _ Thcreforc, optimal peak factor is assessed to be

sitnated less thém 1.20.

The water productlon record at Ambataie watcr freatment plant as one of the most mgmﬁcant data
among othcrs is collecied as gwen in Data Report (Volume IV) However due to lack of water meters
to be facilitated at the outlet of clear water reservoirs, the data is indeed a compilation of estimated
valucs by pump operation occasionally measured. An e'stimétcd vatue for peak factor has been resulted

in 1.16.

Meanwhile, the records-of bulk water micter have also been partially gained, however, the frequency of
. records méasured and locations installed are limited in number, so that it will be inappropriate for the

analysis of peak factor.

Existing amounts of wafer production, however, incfude the suppréssed condition at a time of drought
period resulting in larger fluctuation than ordinary years. It is envisaged that the peak factor will be
ﬁthher stablc with less ﬁgure's than above described in the condition of usual climate which is identified
by less temperature variation in the Greater Colombo area. Taking ifito account the productlon Tecor ds
at three water tréatment plants and their estimated peak factors, it is considered most approprlate to

adopt a value 1.15 in this study.
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4.7 Required Size of the Kalu Ganga Project

A required capacity of the proposed Kalu Ganga Praject is caleulated from the total peak demand and
the capacity of the existing"t'reatmcnt facilitics. As discussed in Chapter 3, the water production

. capacity of the existing treatment plants are evaluated as below:

1) Ambatale Plant

63 lﬁgd at the old pla:ﬁt + 40 mgd at the new plaﬁt
= total 103 mgd = 468,650 m*/d

2) . Kalatuwawa Plant
90 percent of 20 mgd = 18 mgd = 81,900 m’/d
3) Labugama Plant .
' o0 pcrécnt of 13 mgd = 1.7 mgd = 53,200 mjfd
4) Total Existing Capacity
132.7 mgd = 604,000 m*/d

Deinand excee&ing the éxisting caf)abity should be supplied by the Kalu Ganga Project as shown i

Table 4.20 From this table, the size of the Kalu Ganga Project to be planned is recommended as:
For 2010 . 182,000 m’/d (40.0 mgd) as treatment production capacity

For 2020 364,000 m*/d (80.0 mgd) as treatment production capacity
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5. WATER DEMAND FOR THE KALU GANGA BY OTHER PROJECTS
51  Kalutara Water Supply

Demand for \ira_ter use in future in the area south of Greater Colombo will be for Kalutara District. For
domestic water silpj)!y, largest consumption will arise at the Kalutara Water Supply Scheme. The
development plan for this s_chf_:mé has been prepared in 1968 for the 1998 demand in which daily
average domand in 1998 was projected as 5.83 mgd (26,500 m’/d). Present water production does not
reach this maxiium capacity since only a hatf of the planned facilities has been constructed altlibingh
augmentation in water production cap_a_citjr is being demanded to cater for the water use at the resort
facilities along the coast. The projected wafcr demand should therefore be considered to exist as
potential domand which will come true when the remaining half of the water treatment plant will soon -

be constructed.

For:estimating the future water demand at Kalutara, a full capacity of the plant will have to be taken
info account. Future population gro'wth should also be considered over that. The planning study of thé
Kalutara Watcr Supply Scheme assumé that about 70 percent of population in the feasibility study area
will be served by water supply scheme. Owerall per capita consumption including non-domestic
consump'tio'n was estimated as 32 gal!on. pér.‘d.ay {145 Lfcap/d) in 1998. Future demand is then

~ estimated as follows: _

0 Population data in 1980 for the samc arca as specified by the 1968 study was taken
from the census record. Estimated growth rate of about 1 percent per annum for 1989
population assumed by A.G.A. Office are applied on 1980 population to make 1989

population.

0 Population growth rate after 1989 1s assumed as 1.2 percent per anmum for Kalutara

District as described in Chapter 4.
0 .Growth rate of overall per capita consurnption is assumed as 1.0 percent per annum
o To provide allowance in projection, estimated population in the area is used for water

demand projection assuming

From the éssuﬁptibn above, water demand for Kalutara Water Supb!y was pfojccted to be 55,000 and

68,000 m¥/d for 2010 and 2020, respectively as shown in Table 5.1 below.



Table 5.1 - Water Demand Projection for Kalutara Water Supply Scheme

Year Original Study (1968) Population | Overall Per | Planned Water Domand
: Record and Capita '
_ : : | Estimatc | Consumption
Population in|  Served " | (Licap/d) | - (m¥d) - (med)
the Area__ | Popuiation

- Original Study (1968) = . : _
1977 147,000 101600 114 11,600 25
o180 | | L 232000 | -
1982 165,000 113,600 123 14,000 3.1
1987 186,000 128,300 S o132 16900 3.7
1989 | 260,000 |

1993 [ 218,000 | -150,100 | 141 21,200 47
1998 | 263,000 181,400 | 146 | 264060 = 538
.. Future Projection o . o
2000 | 206,000 149 44000 97
2000 | 334,000 | 164 - | 55,000 12.1 -
2020 | 376,000 181 | 68000 149 |

- A Other Wafer Use

Other than the water demand for Kalutara Water Supply Scheme, industrial water use should.be taken
imto account. As describe in Chapter 4, there are some plans for industrial estate development around
- Greater Colombo. Among thesc plans, those which will require water source from the Kalu Ganga are

listed in Table 5.2

. Table 5.2 Industrial Estate Development Plan and Water Demand
Dcvcldprhént Plan " Location Estimated Water Requirement

: _ {gallon/d) (m’*/d)
Lagos Estate/Air-Strip -~ | Kalutara 1,000,000 . 4,550
Clyde Estate _| Dodangoda 130,600 590
New Chattle Estate Bulathseinhala | 520,000 2,370
Kobewclawatta :
Halwaitagodella Madurawala * 20,000 364

Total 1,730,000 | approx. 7,900



5.3 Total Water Demand

The _plzirmed 'ﬂg'm'e's descfibed above are taken from the scheduled plans. There will likely be more
development schemes arisen in future in particular by industrial scctors du¢ to the restriction of
dcvc_:loﬁm’ent in the C.M.C. area.  For reserving an allowance in the projection to cope with such future
deveiqpmen_t, the water demand required for industrial estate development should be larger, maybe by

two or three times, than that for the demand presently plannéd.

The total water demand to be taken from the Kalu Ganga in the area south of Greater Colombo is then

estimated as follows:

Table 5.3 Estimated Water Demand in the Arca South of Greater Colombo
Kalutara Water Industrial Estate Total
Year . Supply Scheme (Scheduled) (Recommended) :
S (mYd {(r’/d) (m'/d) (mm*/d)
2010 55,000 7,900 25,000 80,000
2020 68,000 '_7,900 25,000 93,000

‘For the purpose of studying the safe yield of the Kalu Ganga, it may be practical to say that
approximately 100,000 m’*/d (1:2 m’/s) of water be reserved for arcas of Dodangoda, Bulathseinhala,

Madurawala, and the service area of Kalutara Water Supply Scheme.
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) KALU GANGA WATER SOURCE

6.1 Need for Kalu Ganga Development as Water Source

The Master Plan Update suggested that the Kalu Ganga will have to be considered as a water source

| .for futulc deve]opment of water supply for Greater C olombo after 2000. With commissioning of the 40
mgd Hew Ambatale treatment plant in January 1994, the maximum treatment capacity of the Ambatale
plant is now augmented to 103 mgd (469,000 m'/d). Wlth the increased treatment capacity, salinity
intrusion in the Kelani Ganga 1s becommg a iajor concern since the Ambatale plant has experienced
stoppages of water intake due to salinity in 1991 drought. 1t is feared that salinity intrusion will occur

more frequenﬂy when the 103 mgd plant is in fuli operation.

As shown in regard to the water demand projection in Chapter 4, the existing system will not be able to
sat;sfy the demand for 2005 which includes the demand for the scheduled expansion in the east, south
and north of Greater Colombo. Water shortage will likely occur sometime after 2000. Expansion of
water supply is, however, called for in many arcas to improve the present inconvenient and unsanitary
-living conditions due to la.ck‘- of piped water supply. To iniplement the water supply eﬁpansion, the
water production capacity must definitely be immediately increased considering the time required for

implementation.

Increasing the existing capacity of the Ambatale plant in substantial amount will however not likely
considering the salinity problem. At Kalatuwawa and Labugama, the water production capacity will
not be increased above the present Ievel due to the lLimitation in the cap'zcrty of the Jmpoundmg

TCSCIVOLTS,

Under the present circumstances and for achieving the stable water supply meeting the future demand,

it is inevitable that new water sources stable both.in quantity and quality be planned and developed.

The KaIu Ganga is the most promising option as a new water source for the Greater Colombo water
supply from the aspects such as safe yield, water quality and locatron Not only as an additional water
source, having two sources will brmg the water supply system a preat rehai:nht}r at the time of
emergency. By provision of interconnccted transmission system, either of sources will be able to

supply water in case the other sources be shut down or face lack of raw water.

From these points of vicw, the Kalu Ganga is proposed as an additicnal water source for the Greater

Colombo Water Supply System.



6.2 (General Description of the Kalu Ganga
6.2.1 Authorities Responsible for Ri&er Management

‘The anthoritics rcsponsib_!é for river management in Sri Lanka are not clearly préscrib'cd by the law.
With ‘rcgard to the sand bx'ploihtion‘ from the Kalu Gangzi the DiVisional'Secretaliat Office at Kalutara
under the Ministry of Pubhc Admnustratmn is the responslblc agency. Anyone who mtends to excavatc

sand from the Kalu Ganga should be rcglstered at this office.

As to.thc features of et.n.Jironment, the Céntral Environméntal .Auth(‘).ﬁty is fhe fcébonsibie authority for
certain development projeits. According to the National Environmental Act No.47 of 1980 as amended
. by the Act No.56 ot 1988, it is detenmned that the pro;ects and undertakings set out in the Schedule as
pro_;ect.s and undertakings shall obtain approval under the prov;ssons of Part IV of the Act, enforced on
18 June 1993. (Source : Gazette of the Democrmc Socialist Republic of Sri Lanka)

The Schedule consists of Part 1, Part Il and Part I}{. Part ! consists of 31 items including;

{H All river basm development and irrigation pro;ects excludmg mmor 1mganon works

(as defined by the Imgatlon ()rdmance Chaptcr 453)
{13} Water Suppl)r
All groundwater extraction projects of capacity cxcceding 1/2 million m*/d

Construction of water treatment plants of capacity exceeding 1/2 million m3/d.

Part II consists of items of (32) to (32) including:

© (32) - All projects and undertakings listed in Part 1 irrespective of their magnitudes and
irrespective of whether they are located in the coastal zone or not, if located wholly or
partly within the arcas specified in Part 11 of the Schedule.

Among the specifications of Part I11, those related to the water supply project-are as follows;

1) . Within 100 m from the boundarieé of or within any area declared under the National

Heritage Wilderness Act No.3 of 1988
the Forest Ordmance (Chapter 45 3]

whether or not such areas are wholly or partly within the Coastal Zone as defined in

the Coast Conservation Act, No.57 of 1931.

2) Within the following areas whether or not the area wholly or partly within the Coastal

Zone:



Any erodable area:decl_arcd under the Soil Conservation Act (Chapter Zonc)

Any F'lood Area declared under the Flood Protection Ordinance (Chapter 449) and any
flood protection arca declared under the Sri Lanka Land Reclamation and

Development Corporat'ion Act, No.15 of 1968 as amended by Act, No.52 of 1982.

Sixty meters from the bank of a public stream as defined in the Crown Lands
Ordinance (Chapter 454) and having a width of more than 25 m at any point of its

course.

6.2.2 Other Agencies Related to the Use of the River Water

The Department of Irrigation is the authority to manage the irrigation schemes. For the irrigation

purposes, the Department of Irrigation conducts the measurement of river flow and rainfall in the basin.

The Department of Industry is the authority to manage the industrial developmeni schemes. Somc

industrial schemes need water directly from a river.

‘Presently when the NWSDB ﬁlans to take water from a certain river for any developrﬁént s_cheme,. it
usually goes to the Department of Irrigation to see if the plan is not going to infringe the cxisting water

rights of irrigation schemes, nor contend with any irrigation plans taking water from the river.
6.2.3 Basin and River

The Kalu Ganga is located in Kalutara and Ratnaﬁura distnicts in the southwestern part of Sri Lanka.
The catchment arca .is cstimated at 2,719'km®. The Kalu Ganga originates from Adams Peak and flows
through Ratnapura. Weganga which is a tributary of the Kalu Ganga joins the Kalu Ganga at
Ratnapura. The Kalu Ganga still flows down to west énd somg tributaries joiﬁ from north and south,

and aficrwards paésés' the Ellagawa gauging station.

The river then flows down west and after j()iﬁing of the Mahayak Ova coming from north, curves
southeast and aﬁcr joiming lhe Kuda Ganga which originates on the Tangamale Plains ]OIHS the Kalu
Ganga passes the. Putupaula gauging station at about 20 km upstream of the Kalutara bndge After
passing the Putupaula gauging station, it meanders north and south, and discharges to the Indian Ocean

at Kalutara town.

The northeastern and sautheaqtem arcas near the basin boundary is covered by the forest but the other

areas are mdmly covered by paddy ﬁcld and rubber plantations.



Width of the river is about 45 m at the Ellagawa gauging site and about 100 m at the Putupaula
gauging sitc. Length of the river is about 124 km with the elevation difference of 450 m between the

river-shed and the river-mouth.

The river mouth is located on the south western coast of Sri Lanka where the force of littoral drift is
rather active. ‘A large sand bar has been developed from north to south at the river mouth. Dug to this
active littoral drift, the river mouth is now located about 2.6 km downstream of the Kalutara Bridgé
largely bending south. At the river mouth, the width of the opening is only about 20 m when the tide is
low while the width of the river in the upstream reaches of the Kalutara br;'dgc is about 100 m. A large

lagoon is developed between the river mouth and the Kalutara bﬁdge.

6.2.4 Rainfall
(1) Rainfall Gauging Station

In and around the basin of the Kalu Ganga, there arc more than 30 rainfall gauging stations. Some of
them are under the management of the Department of Irrigation while some are under tee estates. The

other stations are p!'aéed under the Departnient of Meteorology. |

Among those, daily rainfall records for the period of 1983 to 1992 were collected at the five rainfall

gauging stations under the management of the Department 6f Meteorology as listed in Table 6.1.

Table 6.1 Rainfall Gauging Stations
Name ' Lbcation Elevation
Clyde Estate 6°-35'-20"N - 80°-02"-10"E +24 m MSL -
Horagoda 6°-30"-00"N - 80°-14'-55"F +20 m MSL
Rayigama - 6°-46'-25"N - 80°-10"-40"E +20 m MSL
Wellandura 6°-54'-20"N - 80°-54"-00"E +282 m MSL
Ratnapura 6°-40"-49"N - 80°-23'-29"E +34 m MSL

The locations of these stations are shown in Figure 6.1.

(2)  Annual Rainfall

The mean annual rainfall in the period of 1983 to 1992 at these stations are as foﬂéﬁrs;

Clyde Estate 2,850 mm
Horagoda 3,419 mm
Rayigama 4,270 mm
Wellandura 2,562 mm
Ratnapura 3,659 mm



(3). . - Numbers of Non-Rainy Days

From the daily rainfall records at Clyde Estate located at the closest place to the alternative intake sitcs,

the mean numbers of non-rainy days in these ten years are listed as follows;

Table 6.2 Number of Non~Rainj Days' at Clyde Estate Gauging Station

Jan | Feb | Mar 'Apr Ma}' Jun hul Aug Sep Oct | Nov | Dec

26 | 24 | 23 | 17 | 10 8 19 | 18 | 13 ] 14| 17 | 22

6.2.5 River Flow
(1)  River Flow Gauging Station

River flow gauging stations are under the management of the Department of Irrigation. Table 6.3 shows
the summary of river gauging stations in the basin of the Kalu Ganga. Locations are shown in Figure

6.2.

Table 63 River Gauging Stations
"~ Name ' Location (Eﬁv;;g)ﬁ) Baz::n}%rea Period of Record
Ellagawa N-69-43'-52" E-80°-13'-00" 4 1393 1956 - to date
Millakanda | N-6°-37.25" E-80°-10'-25" 17 769 1950 - to date
Putupaula N-6°-36'-40" E-80°-03"-55" . 2 2598 1943 - to date
Kukulegama | N-6°-33'-20" E-80°-20'-30" : 200 334 1972 - to date
Dela N-6°-37'-20" E-30°-27'-10" .29 220 1956 - to date
Ratnapura N-6°-40'-30" E-80°-24'-00" 14 604 1976 - to datc

Among the daily discharge records at the gauging stations above, records at the Putupaula and

Ellagawa gauging stations were collected.

The Putupaula gaﬁging station is located about 20 km upstrcam from the Kalutara Bridge which is
located about 2.6 km upsiream from the ri.ver mouth. The riv:cr water level has been measured at
Putupaula since 1943, At first, the river water level was recorded twice a day by using a staff gauge.
Since 1958, reading the water level had been conducted 12 times in a day time. Since 1985, continuous
24 times.every hour reading' has been conducted. The hourly water Icvels have been averaged on a
daily basis. The daily water levels have then been converted to daily discharges by the Department of

Irrigation.
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The Ellagawa gauging station is located approximately 28 km upstrcam from the Putupaula gauging
station. The river water levels have been measured at Ellagawa since 1956, The daily water lovels
measured are converied to daily river flows by the Department of Irrigation in the same manner as for

the Potupaula records.

(2} Discharge Rating Curve

Discharge rating curves at the gauging stations of Putupaula and Ellagawa are shown in Figures 6.3
and 6.4. The discharge rating curve at Putupaula in the period since 1988 to date is given in the

equation as:
Q = 76.05-(H + 0.4)'®

~ where, : -
H : water level of the river (m)

-(Source : Department of Irrigation, Hydrology Section)

In the field work of this study, discharge measurement at the both stations were conducted by the Study
Team for examiﬁing the discharge rating curves used by the Dépaﬁrﬁent of Irﬁgétién. Measured data
- are plotted on Figures 6.3 and 6.4, respectively. As seen in these Figures, the existing discharge rating
curves at the both gauging stations have quite good accordance with the measured data by the Study

Team.

(3)  Fiood Level

Annual maximum floods experienced at the Putupaula gauging station are shown in Table 6.4 and
Figure 6.5 (Source : Department of Irrigation, Hydrology Section). According to Figure 6.5, the flood
discharge over 1500 m3/s'oc§urred 6 timeé before the yeaf 1960 in the period .of 17: yezirs, but since
then that scale flood never occurred in the period of 33 years. This is, as the phenomenon of néturc
rather strange Accordingly it is concluded that the prcbablhty ana1y51s of flood peak at Putupanla
should be made based on the data since 1960, '

in addition, the flood peak diécharges at Putupaula gauéing ‘station are estimated by using the
* discharge rating curve based on the experienced flood peak water-levels. But actual situation of flood
at Putupaula is that, due to insufficient dischargé carrying capacity 0f the Kalu Ganga in the reaches
upsiream of Pufupaula.gaugi:ng station, considerable part of flood discharge coming from the upétream
overflows the embankment on the both sides before reaching the gauging Station. Accordingly the

probability analysis of flood peak is conducted in terms of the water-level.



Probable annual maximum floods at the station are analyzed and presented below and shown in Figure

6.6 by Gumbel Mcthod.

Table 6.4 Probable Annual Peak Floods

Return Period Probable Annual Peak Floods
(Year) (m MSL)
: ' 497
5 5.61
10 ' 6.03
50 6.97
100 : o 7.36

6.2.6 Present Use of Rivel_' Water

Present major use of r'wer water of the Kalu Ganga are surumarized as follows:

Location:

Name;
Amount

Location
Name
Amount

Location
Name
Amount

Location
Name
Anount

Location
Name
Amount

L.ocation
Name
Amount

about 13 km upstream of the Putupaula g'mgmg station

~Horana Intakc

1,360 m /day(—() 015 m3ls)

about 500 m downstream of the Putupaula gauging station
Putupaula Rubber Estate ' _
about-1,000 gallons per day (= 4.5 'm’/day = 0.00005 m*s)

about 500 m upstream of the cx1stmg Kethhena intake site
Associated Motorways Group -
30,000 gallons per day (=136 m*/day = 0.0016 m3/s)

about: 100 n upstream of the Narthupana Bridge
Ceymac Rubber Co., Lid.
60,000 gallons per day (=273 m*/day = 0.0032 m'/s)

about 200 m upstream of the Narthupana Bridge

Hayles-ADC Textile Ltd.

500,000 gallons per day (=2273 mslda} 0.026 m’/s)

(planning figure to be implemented within one yvear as of February 1994)

about 15 km upstream of the Kalutara Bridge
Kethhena Intake
'5.8 million gallons per day (=26, 367 maldav 0.305 m's)

According to the Department of Irrigation, there is no irrigation scheme at present along the Kalu

Ganga.

6.2.7 Exastmg Development Plans for the Kalu Ganga

Prescntly no development is proposed by the related agencies except for ones dcscnbed in Section 6.3.

The Departmen't of Industry is said to have a plan to move the industrial zone from the Colombo area 1o

the Kalutara area near the river-mouth of the Kalu Ganga. But no definite plan was established yet.
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63  Other Projécté Planned for the Kalu Ganga
6.3.1 Gem Mining Project

Colombo Sapphire Pvt. Lid., propost to mechanically ‘dredge the Kalu Ganga river bed to extract
gemstones. They have selected a site near the Urugala Bndgc whlch is about 20 to 25 km upsneam of

the two proposcd waler intakes for the water supply.

"The Board of Investment granted approval for a pilot scale t;foject but the exact location has yet to be
-agreed Considerable medla attention has been focused on thlS project with a number of articles both
for and against being pubhshed in the ne“spapers in recent months Objections to the scheme are based
on dangers to the environment and adverse effects on people currently employed in the gem industry.

Support for the scheme is based on commercial factors.

An elght ‘member Prcmdcntlal Commﬁtee was formed on - st December 1993 to mvcstlgatc the
controversy and recommendcd a ban on mechamzed gem mining untii detailed studies have proved that
no damage to the environment will be caused by such activities. It also recommended that the pilot
scheme should be banned in the present socio-political context. The Presidént, D.B. Wijetunga is
reported o have told the Committee that their feconimendationé wbnlci be implemented on obtaining

Cabinet approval. Cabinet approval was announced on 19th January 1994,

It therefore appears unlikcly that dredge gem mining will be carried out in the short to medium term, if
at all. Should a detailed environmental assessment prove that no signiﬁcant adversc cffects will occur,
then it muét be assumed that the water guality at tht:i.l:Jl’C.ip.lOSCd treatment works intakes will ;zot
.deteriorate. Logic dictates thaf considerable quantities of suspended solids will be introduced into the
river water at the mining site and the river bed level will be Towered. However, the distance between the
mining site and the treatment works intake would be more than adequate to ensure almost fotal
settlement of suspended maiter. The mining site is also far enongh up the Kalu Ganga that the lowering

of the bed level would not increase the possibility of saline intrusion.

An Environmental Impact Assessment report has been prepared for this project but has yet to be made

“available.

6.3.2 Kukule Ganga Hydropower Project

There is no large scale water related development program under the governmental authoritics or

private scctors on the upper reaches of the Kalu Ganga other than the Kukule Ganga hydropower
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project organized by the Ceylon Electricity Board. The followings arc the brief summary of the project

configuration and, in addition, an effcct on the Kalu Ganga water supply scheme is given.

) Physical Condition of the Project Site

The Kukule Ganga Hydropower Project site ‘is located south-¢ast of Colombo at about 70 km air-
distance in Karawana division of thie Rétunapura district. The project is sct up on the Kukule Ganga, a
tributary of the Kai_u Gan_g'a which is the second largest river in Sri Lanka, draining a mcan annual flow
of about 280 m/s with high rainfail avcrag.ing between 3,000 mm and 5,000 mm annually across the .
basin area of about 2,600 kni’. While the Kukule Gan.'ga.zit'the' project site drains annual mean flow of
30.4 m’/s, receiving average annual rainfall of 3,750 mm with a basin area of 312 km®. Dominant
climatic feature in the catchment area is the south-west monsoon {May/June) and inter-monsoon rainy

period (September/November).

Regarding the process of this hydropower project, the prefeasibility study was carried out in 1988/1989
under UNDP financing. The study proposed single purpose.developmcnt for hydropower with a dam
construction on the Kuklu.le =riw:f. T]iereaﬁer, the Govemi'nenf of Sri Lanka received ﬁmdiilg from IDA
under the Power I_)iétribution and Transmission Project for the feasibility study and the study was

completed on August 1992,

The pri.ncipie feature of the project is that full supply level is determined at 206 m above MSL as a
results of backwater analysis with regafd to effect of inundation upstream esl::rccially at flood times,
while the minimum operation level is set at 204 m:above MSL as the possible lowest level to allow
proper functioning of the intake and desilting facilities. With this drawdown of 2 m a regulating of 1.67

- million m® is attained which is sufficient for daily peakihg operation of the plant..

The water of the Kukule Ganga will be diverted through the intake into desilting basin, from which the
water enters into the headrace tunnel to the power cavern where two Francis unit of 35 MW each will

be installed then the water returns back into the Kukule Ganga itself through tailrace tunnel.
The electricity is transmitted to the existing Matugama substation through a 132 kV line.

2) Principal Features of the Project and Il11plerhentatiqn Schedule

Features of the pro}e&;t propose.d are sh_bwn as follows:

1) Diversion Facilities
Type - | o : Run-off-river
‘Catchment area 312 km®

Mean stream flow 30.4 mfs
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2)

3)

4)

Fuli supply level

Maximuin operating level
chuiatlon storage

1,000 year flood

Sediment yield
Power Plant

Headrace tunnel, DL
ngh pressure tunnel, D/L
Tailrace tunnel, D/L
Powerhouse

Installed capacity

“Failwater level -

Performance

Peak power d.isch'ir'g'e
Annual average encrgy productlon

Inundatmn effect

~ Land affected by headpond

Land submerged in headpond
Population '

206 m MSL.
204 m MSL
1.67 million i’
2,000 m'/s

250 m’fkn’fyr

4.8 m/5,650 m
4.8-3.9 m/206 m
4.8 m/1,600 m
Underground

2 x35 MW
21.0 m MSL

475ms
317 GWh

about 65 ha
about 19 ha
about 100 (20 households

.including 10 in the peripheral

zones of the ponds

An implementé.tion schedule for the construction has been'.proposed with the commencement at early
month of 1995 and commissioning in the beginning of 2000.

3) Hydrological Effcct on the Kalu Ganga Water Supply Scheme

It is envisaged that the water use for the hydropower purpose conducting run-of-river type will not -
bring about any water shortage to the down reaches so far as the quantity is concerned.
6.4 Extent of Salinity Intrusion

6.4.1 Past Studies

Regarding the saiinity intiusion in the Kalu Ganga, no study has ever been conducted.

6.4.2  Investigation Results and Analysis -
(1) Saline Water Measurement

Saline watcr measurement along the Kalu Gang,a was conducted by the Study Team on 31 January, 9
February and 4 March 1994, The measurcrient was conducted startmg from the low tide time to thc.
high tide time. The results are shown in Figure 6.7. As seen in these Figures, the saline water reached
the points about 5 km, 2 km and 8 km upstreaﬁl of the Kalutara bridge at the high tide time for the
peak discharge of 60, 90 and 40 m’/s on the day respectively.
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(2) River Profile

The topographical survey around the river bah_k of the Kalu Ganga has ever been carried out in 1960's
and 'an1chdcd in 1970's. The réSﬁlts are kept at the Department of Survey. In this topographic survey,
only the. elevations of the river-bed near the river bank were surveyed. Since then, longitedinal and
cross-sectional profiles of the Kalu Ganga have been surveyed by Irrigation Department in 1989, In
this survey, 16 cross-sectians have been .sur‘}e)-"ed i the reaches downstream of the confluence of the
Kuda Ganga. But the elevation of the river-bed was surveyed at only one point in the low-water

channcl.

On the occasions of saline water measurcment, water depth along the Kalu Ganga was taken measure
at around the center line of the river. And at the same time, hourly water-levels at the Kalutara bridge
and Putupaula gauging station were also taken measure. Other than these occasions, water depth

measurlement in further upstream reaches was conducted on 15th and 20th of June 1994,

By using these data, river-bed elevatlons of the Kalu Ganga are provisionally estimated in the reaches
The average elevation of river-bed in the reaches downstrcam of the proposed water mtake site is

around 4 m below the mean sca level.

Bascd on these old and present data on the- elevatlons of river-bed and the river bank, longitudinal
profile of the Kalu Ganga in the reaches downstream of the confluence of the Kuda Ganga is prcpared

for the analysis of saline water intrasion.

3) Tide at the River-Mouth

The water-levels at the Kalutara bridge located at about 2.6 km upstream of the river-mouth measured
on the occasion of salinity measurement are compared with the tide at the Colombo Port as shown in
Figure Error! Reference source not found..8. The wafer—lével at the Kalutara bridge varies
periodically due to the tide at the river-mouth and is about one hour behind the tide at the Colombo
Port. The e].evation of water-level at the Kalutara bridge goes up when the discharge of the Kalu
Ganga goes up. It is tentatively concluded that the tide at the river-mouth of the Kalu.Ganga has the

same elevation with that of the tide at the Colombo Port.

(Note: 't_he tide at the Colombo Port here is the estimate of the tide by the harmonic analysis since the
tide chart in this period has not been abstracted. The validity of the estimate is confirmed by the past

data.)
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4 Saline Water Inirusion

'The provisional analysis of sea water intrusion for the occasion of design drought of the river has been

conducted by using the above-mentioned river-profile and the measured salt wedge lengths.

The analysis has been cqnd_ucted by using the "Farmer-Morgan” formula. The formula is;

[y Length of salt wedge
AKF2 = 1y2(3 - 21,4 /6 - Fid Any" 7 (1-ny) +In(l - 1)
A=Li/hi, K=t/r;Uf ny =h;' /h,
Fip=Us/ Vegh, g=(r-r)/r2

2) Profile of sait wedge
Z/L‘ = (Ifg/ﬂ2)2(3 - Zﬁg'/ﬂz.) H; = hg /bg

where,
Li - {ength of salt wedge
K : non-dimensional resistance coefficient betwecn two layers
t; - - shearing stress between two Jayers
T2 : density of sea water
n : density of river water
Uo : mean velocity of river water at the front of salt wedge
ho : total depth (=h,; +h; )
hy - : depth of river water layer
h; : depth of salt wedge layer
PRAOFILE OF SALT WEDGE
N 11
. \ . s — |
§ . e
= ‘-__,-,!: l_'-
E:g, -:‘-“-»\ ) hg
: e
' T
' . : \
| : . . . Y EE ‘r ]
E L X -u._m-u,,n,_,_._t

The profiles of salt wedge are calculated for the following three cases of discharges and two cases of

tide (high t;dc and low tldc)

Qi = 14.4 m’s (Qy= 10 year drought without water intake for the Project)
Q,=12.2m’s (Q,=Q, - water intake for the 2010 demand)
Qy=10.0 m’/s (Qs = Q, — water intake for the 2020 demand)

high tide : elevation of tide = + 0.32 m MSL
low tide ; elevation of tide = — 0.18 m MSL
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The profites are shown in Figures 6.10 (1) and (2). As scen in thesc Figurcs, the sait wedge reaches
mote upstream of the proposed water intake site for the cas.e of high tide and thc_dis_chargc of 10.0
m¥s. For the other cz:isc.s.tlic.sali'ne water intrusion scems to be intcrrﬁpted by the rather high river-bed
in the reaches upstream of Kalutara intake. But this situation is not so definite as scen in the Figure.

The reasons are as follows;

- River-bed elevations arc measured only at around the center of the low-water channel and the

measured river-bed are nof always the mean clevation of the river-bed: -

- River-bed elevations are not always the fixed ones. They will vary in 'i_hc: course of the time
especially depending on the activities of sand mining that is now very active in the reaches
downstream of the Kalutara iniake. They also may vary if some flood control facilities are

constructed in the downstream reaches in future,

- = The river-mouth of the Kalu Ganga also changes its location depending on the movement of the
littoral drifi. .Accdfding :tb'thc'topogréphfc:map in 1980's, the location of the river-mouth was
much closer to the Kalutara bridge. The present saline water intrusion analysis is made based

on the present lacation of the river-mouth.
- The calculation model used for the analysis is a pr(')visional' one that is for rectangular cross-
section, for the steady state and for the level river-bed.

- The high tide that is used for the analysis as the mean daily high tide in the past for the period

of about 30 vears, may higher in the actual situation of drought of .10-_vear return period,

The elevations of salt wedge surface at the proposed water intake site are, on the assumption that the

saline water intrusion will not be interrupted by the present river-bed situation, as follows;

for high tide
River flow after intake _ : oo
(minimum flow of 10 year return period) Elevation of salt wedge surface
Q, = 14.4 m*/s (no intake) - 1.73 m MSL
Q: = 12.2 w’/s (intake for 2010 demand) - 1.38'mMSL

Q; = 10.0 m’/s (intake for 2020 demand) - 1.06 m MSL,

for low tide

River flow after intake

(minimum flow of 10 year return period) Elevation of salt wedge surface

"Qr = 144 m¥s (no intake) - 2,66 m MSL
Q. =122 m¥s (intake for 2010 demand) —-2.17 m MSL
Q; = 10.0 mY/s (intake for 2020 demand) — 1.76 m MSL
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6.4.3 Reécommendation for Future Study

The present analysis on the salt wedge is a provisiona! one, since the analysis is made -on the -
assumption that the salt wedge is formed in a steady state in a river with a uniform width and level
river-bed elevation, due to the insufficiency of necessary data on such as longitudinal and cross-

sectional river profiles, hourly change of salt wedge profile and others.

* For future study on the sea water intrusion in more detéil, the cxisting conditions of the longitudinal -
and cross-sectional river profiles and hourly change of salt wedge prpﬁle should be surveyed. In
addition, data on tide at the river mouth of the Kalu Ganga,' the extent of sand mining in the

- downstream reaches of the Kalu Ganga at present and in the future, future flood control schem'e in the
downstream reaches including the treétrhént of river mouth against river mouth closure, etc. shduld be
collected. And two-layer hydraulic moﬁei for unsteady flow conditi@n should be constructed for

analyzing the future situation on the saline water intrusion in the Kaln Ganga.

6.5 Safe Yield
6.5.1 Past Records at Putupaula Gauging Station

In the vicinity ﬁf thé proposed intake i)oints of the Kalu Ganga, the river water levels have been
measured at Potupaula since 1943. Based on the dmly discharges at Putupaula, the annual minimum
flows from 1944 to 1986 were selected with repiacement of some anomalous figures by reference to
records at the Ellagawa ganging station by the previous study 1.e., Greater Colombo Water Supply
System Master Plan Update. These are shown in Table 6.5 and F1gure 6.11. According to these Table
and Figure, the annual minimum flows have been drastically changed in 1980's from 1970's. The reason
for this change in the annual minimum flows was examined from the features of the rainfall, the

discharges at upstream gauging stations and other factors as described in the following sub-section.

6.5.2. Discharges at Gauging Stations Upstream

The annual m;mmum flows at the Ellagawa gauging station arc shown in Table 6.5 and in Figure 6.1 1
As shown in Fxgure 6.11, the annual minimum ﬂows at the Ellagawa gauging station do not always

show the same tendency with that of the Putupaula station.

Mcan monthly discharges at the Putupaula, Ellagawa and Millakanda stationis aré shown in Data
Report (Volume 1V). Correlation of mean monthly discharges between Putu_paula and Ellagawa, and
Ellagawa and Millakanda are shown in Figures 6.12 and 6.13, respécﬁvcly. correlations appcar.fairly

meaningful. The basin ratios correspond to the ratio of monthly discharges between the two in the



respective cases. The basin arcas of the Putupaula, Ellagawa and Millakanda stations arc 2,598 km’

1,393 km?® and 769 km?, respectively.

The basin rainffllls at Putupaula and Llhgawm are shown in Data Report (Volume 1V). Correlation
between the two is shown in Flgure 6.14. As shown in F}gure 6.14, the basin rainfalls of the two
stations are nearly the same and this means that the mean monthly discharges of the two should be
corrcspo.uding to the basin area. This view is also supported by the fact that the correlation of the mean
nmnthly'discharges at Ellagawa and Mﬂlakanda is fairly good and the ratio of the mean monthly
discharges is co'rrespondinglto‘the ratio of the two basin areas. The Millakanda gauging station is

located along the Kuda Ganga that is onc of the main tributaries of the Kalu Ganga.

Notwnhstandmg these facts, only the annual minimum flows at Potupaula do not show the same
tendency ‘with that of Ellagawa. As seen in 1 data of the daily flows at Putupaula and Ellagawa, even
when the daily flows contimiougly receded at Ellagawa, those at Putupaula did not always recede. The
record shows that the flow at Putupaula sometimes increaséd when the flow at ElIaga\.va receded, This
. phenomena must be derived from the tidal fluctuation in the ocean as described in the follbwing sub-

section.

6.,5,3 Tidal Influence

The daily flows at the gauging stations of the Kalu Ganga are calculated from the daily water levels and
tile discharge rating curves. The daily water levels are calculated based on the hourly water levels. As
one of the typical cases, the hourly water levels in the period of early 10 days in February 1987 are
shown in Figure 6.15. As shown in Figﬁre 6.15, the hourly water levels at Putupaula go up and down
with fwo peaks a day just hke a tidal movement even in the period of continuous flow recession at the
Ellagawa station and of no rainfall in the basin. The tidal levels in this period at the Colombo Port
recorded by the Ports A.utho}ity ére also shown in Figure 6.15. Though the amplitude of the water level
fluctuation is much different, the fluctuation movements in the tidal levels and the river water levels are
same. This should be the only reason why the daily flow at Putupaula fluctuates on daily basis even
when the daily flow at Ellagawa continuously recedes with no rainfall in the both basins. This occurs
only during the very low flow. Accordingly this docs not contribute to the accordance of the ratio of the
monthly discharge between Putupaula and Ellagawa and the basin ratio with the nearly s.amc basm

" rainfall.



Tablc 6.5 Annual Minimum Flow at Putupaula and Ellagawa

No | Year { Qun* Qma  Qw™ [ No | Year | Quw* Qnsin Qrin**
) Putupaula  Ellagawa  Putupaula ' Puatupaula  Ellagawa  Pulupanla
. _ (m’/s) (m’/s) {n’/s) . o (s (m’/fs) - (mfs) -
1| 1944 34 26 { 1969 70 14 26
20 | 1945 48 27 | 1970 ] 57 19 35

3 | 1946 1 46 28 11971 [ 80 17 32

4 {1947 25 . 20 | 1972 69 -9 17
50 19481 15 30 11973 69 9 17
6 | 1949 | 40 31| 1974 | 36 8. 15

7 119501 . 49 32 119751 25 15 28
8 | 1951 27 33 | 1976 18 9 17

9 | 1952 44 34 { 1975 15. 10 19
10119531 38 35 | 1978 25 12 22

11 { 1954 46 36 | 1979 - 19 8 15
12 | 1955 60 3711980 | 18 12 22
13 11956 1 . 29 38 | 1981 22 13 24
14 1 1957 3 39 1 1982 13 12 22
15 | 1958 | 40 40| 1983 12 11 21
16 ] 1959 | - 45 41 ] 1984 20 13 24
17 | 1960 35 42 1 1985 14 13 24
181961 | 11 43 | 1986 21 39
19 | 1962 71 44 | 1987 11 21
20 | 1963 84 45 | 1988 6 1
21 | 1964 75 46 | 1989 10 19
22 | 1965 70 47 11990 12 22
23| 1966 | 75 19 35 48 | 1991. 7 13
24 | 1967 71 17 32 49 | 1992 10 19
25 | 1968 .65 19 35 50 | 1993 13 24
Note; - * Estimates in Master Plan Update

F

Estimates in this study
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6.5.4  Annual Minimum Flow at Putupaula

With the above mentioned consideration, the annual minimum flows at the Putupaula station are
calculau,d by multlplymg the basin ratio between the Putupauia and E]lagawa stations to the annual
minimum flows at the Ellagawa station. Thus estimated annual minimum flows at the Putupaula

gauging station are shown in Table 6.5 and Figure 6.11 in Section 6.5.1.

6.5.5 : Probable Annual Minimum Flow at Putupauia

_ Probability analysis on the annual minimum flows at the Putupaula gauging Station is conducted by
using fhe log-normal méthod and Gumbel methéd. These are shown in Figures 6.16 and 6.6,
rospectively. As seen in these Figures, Gumbel method shows rather good accordance with the non-
exceedmg probablht) of ammal mlmmum flow at Putupaula The summar\ of the probable annual

minimum ﬂows at Putupaula is shown in Table 6, 6

Table 6.6 Summary of Probablc Minimum Flow at Putupaula

Retum Period Probable Annual Minimum Flow by Gumbe! Method
(year) . (m’/s)
5 ' B 16.7
10 _ 144
20 - - 12.7
30 11.9

6.5.6 | Existing Water Use E

Existing water use along the Kalu Ganga in the objective rcaches are the industrial use rather than

water supply. The total amount is estimated as about 0.35 m’/s.

- Other than these in the reaches downstream of the Narthupana Bridge, the water transpoit seems active

as many ferry facilities are found.

The other use was not presently observed. No major future usc of the river water is proposed other than

the Kukulegama Power Generation Project as discussed in the previous section,

6.5.7 River Maintenance Flow

For any development plan of river water use, river maintenance flow should be taken into consideration.
At present, no river law nor any regulation on the river maintenance flow other than the environmental

acts are in force for the Kalu Ganga.



The river maintenance flow should generally be detenmined o the basis of the factors such as water
transportation, fishery, natural _viﬁ:\\v,_ protection of saline water intrusion, protection of river mouth
clo:Sure, protection of river facilitics, maintenance of underground water table, protection of flora énd
fauna, maintenance of water quality, existing water use, ete. The main factor affecting the river water

lével_ during the low flow peried is not an amount of discharge itself but 1s a tidal fevel.

One of major factors for the river maintenance flow is possibility of river mouth closure. River mouth
closu;’e is a cémbihéd phenmﬁena related to tow discharge and littoral drift :along the sea shore.
Presently the river mouth of the Kaln Ganga is much influenced by the littoral drift. The river mouth is
rather small in the dry season g¢ven though the baéin is wide. Even now the river mouth has to be

dredged to widen by the Department of Irrigation prior to coming rainy seasons.

Another important purpose of keeping the river maintenance flow is the maintenance of water quality
from the view point of environment and the maintenance of flora and fauna in the river. Presently,

however there is no standard on the river water quality in the form of a regulation or law.

6.5.8  Available Water of the Kalu Ganga

Regarding the quantity, the. discharge of the Kalu Ganga. is estimated at 14..4 m’/s for the drought of
which the return period is 10 years. The return period of a drought on which the water supply plan
should be based on, may need to be discussed in consideration of the social welfare situation and from
the view point of S(Scial service. Although there .s"[iiﬂ remains the issue on the river niaintenénce flow,

the determination of necessary maintenance flow has to wait for further study.

For quality in particular on the saline water intrusion, further detail study is needed. But as discussed
in a previous section, according to the provisional analysis, the salt water wedge may reach rather far

in the downstream reaches of the Kalu Ganga for the low flow for the return period of 10 years.

The elevations of salt water wedge at the proposed mtake site arc estimated as follows:

High Tide Low Tide
Case No. Q (+0.32 m MSL) (-0.18 m MSL)
1 14.4 m’/s H=1.73 m MSL H=2.66 m MSL
2 122 mis H=138mMSL H=2.17 m MSL
3 10.0 m¥/s H=1.06 m MSL H=1.76 m MSL
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Here Case 1 corresponds to the case without any water withdraival, Case 2 corresponds to the low flow
for the water withdrawal in the year 2010 and Case 3 corresponds to that in the year 2020, and H 1s the

elevation of sait wedge for the respective case.

The above situation is shown below schematically. As scen in the below diagram, even in Case 3, the
surface of salt wedge at the time of low tide is still lower than that of case without any water

withdrawal at the time of high tide.

At the proposed intake site, the depth of a layer of fresh water is estimated at approximately 1.4 m on
the saline water wedge with the river disc'hargé.of 10.0 =m3/s after the water intake (14.4 mlfs ininus 44
m’/s withdrawal for 2020 demand) and at the time of the high tide. “This may suggest that the proposed
water withdrawal at the proposed intake site be still possible without such serious influence of saline

water.
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In consideration of various unknown mechanism and factors on the functions of river maintenance flow
of the Kalu Ganga at present, it might be 's'uggéSted that the water withdrawal in the downstream
reaches be tentatively limited within the range that the minimum flow after water withdrawal for the
return period of 10 years is more thé.n the ?ast minimum flow of 11 m*s. This can be understood that

thé plan would not worsen the situation in the past natural situation.

‘In consideration of the above view poin_t, ‘the fact that 'ﬂle'accurac'y: of low flow at Putupaula is rather

limited due to the procedure of the estimate of low flow as discusse_:d in previous section, and the fact

‘that the accuracy of the saline water intrusion analysis is rather limited as discussed in previous
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section, the water withdrawal from the Kalu Ganga could not exceed the proposed onc in the ycar 2020 |
that may lead to the minimum flow of the Kalu Ganga in the downstream reaches at 10.0 m’/s for the

return period of 10 years.
But this view might be updated in the future with ﬁifther 's':uﬂ"miéﬁt'déth on the relélted aspects.

6.6 Water Q'uaiity
6.6.1 Historical Data

Only a limited amount of historical data has been found relating to water qUality in the Kalu Ganga.
Fragmented records are available from 1967 but cover very few parameters. These are summarized in
Table 6.7. The wides’t':range of parameters was cxamingd on four scparaié-'dayég;Eth' January 1990,
17th December '199(_), 5th February 1991 and 23rd May 1991. These results are presented in Table
6.8

The data fof 1967 and 1968 were obtained from the files at the NWSDB Central Laboratory and from
the log books since 1985 at the Kalutara Treatment Plant. The accuracy of the log book data is
consndcmd to be suspect with regard to the pH values, conversations with various people indicated that
the pH measurmg instrument was rarely calibrated and the pro‘be was found to be defective. Recent pH
determinations have been carried out using a comparator. The turbidity figures on the other hand were

judged to be realistic.

The 1967/68 data and the data (turb1d|ty and pH) from the Kalutara Trcatment Plant log book arc
presented in tabular and gr'lphlcal form in Data chort (Volume V).

The turbidity data shows that, for periods of up to two months, the turbidity.of the Katu Ganga. can be

- below the Sri Lankan maximium permissible drinking water standard of 8 JTU (equivalent to 8 NTU),
and this situation generally occurs in January and February. Figures below 5 NTU are common for
weeks at a time. Turbidities above 70 NTU occur infréquént:ly and only for a very short period,
sometimes only hours, High figures generally occur in the months of April to I ime and frbm October to

‘December. The average of all the recorded values from the Kalutara iog books ié 20.5 NTU, though
monthly average valués vary between 2.4 and 52.1 NTU. 1992 was a particularly dry year with an -
average turbidity of 1216 NTU, and 1993 had more normal rainfall \_vith an average turbidity of 19.3
NTU.

The pH values quoted in the Kalutara Treatment Plant log books are mostly around the neutral point of
7.0 pH units. The overall recorded range lics between 5.89 and 7.9 pH units, Waters with naturally

occurring pH values as low as 5.89 are not common and are almost always very soft waters originating
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from pe"tt moorlands. In such cases tl\e pH v-ﬂucs are consistently low. One possible c\phnau(m (aside .
from defective cqulpmcnt) is that acid wastc from a rubber factory had been dlschargcd to the river
upstream of the troatmient plant intake. The river water has a very low buffering capacity and it's pH

could be significantly affected by such an cvent.

Fron{ the data in Table 6.8, the 03/01/90 ﬁgu_rc_s would sugegest that some degree of saline infrusion
may have been present at the plant intake. The sets of data for the ofher three days are reasonably
consistent, - showing the river watef to have variable but fow turbidity, to be soft, low in color,
alkalinity, dissolved solids and chlorides. The iron figures appear to be high but they are for total iron.
Tests carried out during the study period showed that the majority of the iron is in éusjaension, not in

solution and will be readily removed by a conventional water treatment plant.

A few color valucs arc présented in the 1986 data, ranging from 50 to 100. No units are qubted but it
must be assumed they are equivalent to degrees Hazen. The values given in the data from 1990/91
* show the color to be below 5 degrees Hazen in all cases. “The 1986 color values increase with turbldxty
and therefore were most likely measured as ‘apparent’ color which would explain their high values. The
1990/91 would have been measured as truc’ color i.e. after filtration through a 0.45 micron membrane

fitter. -

Table 6.7 Summary of Available Anatytical Data
Months for which Data is Available ' Parameter

Year | gon | Feb | Mar | Apr | May | Jun | Jul'} aug | Sep Oct | Nov | Dec | pif T:.:? EC { Al | Sal [ tron
'67 X X X X X X X *
68 | x | x x| x % X X
85 : g ' ' x f x| x X '
'86 | x X X X X

87 | . ' e X X

88 . X x| x X X X X

Bl x| ¥l ox x| ox |xfx | x X X X

'89 X x| x X X | % X X X

90 1 x e _ . X

or | | ' ' x | x| x{ x x x| x

'92 x| x X X X x| x X X X X X X X o
93 x x| x| x X x| x| x X | X X x | x| x '
‘94 | "% X X




Table 6.8 Raw Water Quality of the Kalu Ganga at the Kalutara Water Plant

Parameter 8 Jan, 90 17 Dec. 90 5 'F_eb. ‘91 ~ 23 May ‘91
- i ‘Slightly :

Appearance Clear Turbid Tlﬁ‘tlg Clear
Turbidity: Unsettled (NTU) 79 | 2 94 o . 09
pH ' ' 7.9 7 7.1 7.6
Electrical Conductivity (}lb/cm) 270 | 38 _ 50 85
Chlorides (as Cl) L - 48’ 10 9 10
Total Alkalinity (as CaCO3) 104 29 .24 _ 42
Total Harditess (as CaCQ;) 78 26 19 42
Total Dissolved Solids 183G .25 - 30 55
Nitrites (as N} - S . Trace | . Trace. | Trace " Trace :
Nitrates (as N) .06 Minute Trace 0.02 Minute Trace
Iron Total {as Fe). - 1 1.8 i4 (.08
Color (Hazen Scale) Lessthan5 | Lessthan5 | Lessthan 5 Less than 5

6.6.2 Investigation Results and Evaluation
(1) Sampling and _Rcsul;s.

To confirm the existing data and to extend the range of parameters, four sampling exercises were
cartied out during the study period. Two during the dry season and two during the wet. It was
unfortunate however that a considerable amount of rain fell dili’ing the dry scason and the river water

~ quality was not truly representative of dry weather flow.

In the dry season, samples were taken using a depth sampler at points about_ I m above the river bed. In
the wet season the flow in the river was too strong, and the depth sampler could not be used. The
turbulent condition of the river during this time would however have made the samples representative of
the average water quality. The suspended solids load close to the river bed may well have been much

higher with scoured sand and silt.

On all four occasions samples were taken at the same two locétions at Narthupana bridge and from a
pomt close to the bridge near Pahala Naragala The dates of sampling were meuary 24th and 28th and
June 10th and 25th 1994, The sample point locations are given in Figure 6:18.

With the exception of the analyses for mercury, arsenic and anionic surfactants, whjch were performed
by the laboratory of the NBRO, the analyses were camed out by the Central Laboratory of the
NWSDB, The results are presented in Table 6.9.



Additional surface samples were taken by the study team and analyzed using a Hach DR 2000 portable

laboratory. The results of these analyses are given in Table 6.10.

{2) Evaluation.

Examination of the data presented in.Tablcs 6.9 and 6.10 show little meaningful variation in the values
of the various parametérs. With the exception of the bacteriological figures, some of the turbidity and
ammonia figures and one nitrite figure, afl comply with the Sri Lankan maxinmum permissible levels for
drinking water (sce Table 6.11). The maximum desirable levels are exceeded in some cases b.y bacteria,
pH (below a minimuim of 7.0), color, turbidity, ammonia, nitrite, and iron. All of the exceedence vakues

will be reduced to well below acceptable levels by conventional water treatment processes.

Comparison of the water quality data with the proposed Sri Lankan Water Quality Standards for
Different Uscs (Table 6.12) shows .that the Kalu Ga:nga complies with the criteria for “Drinking Water,
Conventional Treatment”. The “E.C. Regulations - Characteristics of Surface Waters Intended for the
Abstraction of Drinking Water”, are reproduced as Table 6.13. This regulation places the Kalu Ganga

water under categoryl A2 which also signifies conventional treatment.

From the data in Téblbs 6.9 and 6. IO, the Kalu Ganga river water can be characterized as having low
to medium turbidity and color, soft, with low alkalinity, .chioride.s and dissolved solids. The {elatively_
high sulphate figures which appéar in soime of the ;:olumné i1 Table 6.9 must be viewed with susp.icion.
Such figures cannof be correct as they exceed the dissolved solids/EC figures by a significant amount.

No heavy metals were found to be present.

The nitrate and phosphate figures are high enough to support significant algal growth. This should not
pose any problems provided the raw water is fod directi}' 1o the frcatmcnt process stagcs from the intake
facility. Some algal growth will inevitably take place on channel and tank walls in the phototrophic
zone, principally filamentous types. This should be cleaned off regularly to prevent interference with

the operation of the plant.

Compaﬁson with the analyses for the Kelani Ganga at Ambatale {Table 6.14) show that the rivers are
broadly similar, though some of the Kelani Ganga EC values indicate the presence of saline water on

occasions.
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Table 6.9

Kalu Ganga Watcr Analyscs (NBRO Laboratory, 1994)

Parameter - Unit ‘Pahara Naragara Narthupana Bridge
24 Jan. | 28 Jan, | 10 Jup. | 25Jun. | 24 Jan. | 28 Jan. | 10 Jun. { 23 Jun.
pH T pHunit 66 | 7.0 | 698 | 642 66 | 68 | 63 6.4
Temperature °C 28.0 28.0 28.0 28.0 28.5 28.0 28.0 28.0
Odor - N-O N-O  } N-O N-O N-O N-O N-O N-O
Color °Hazen 30 | 5.0 10.0 5.0 10.0 10.0 5.0 5.0
Turbidity NTU 30 7.0 - 20.0 7.0 17.7 7.5 10.0 4.5
Alkalinity mg/l as 14 | 250 8.0 7.0 10.0 15.0 11.0 4.0
CaCO; .
E.C. uSicm 43 600 | 446 45.2 40.0 44.0 434 53.4
Cadmium mg/lasCd | ND ND ND ND "ND ND ND ND
Magnesium | mgflasMg [ 146 3.16 50 { ND 1.22 1.22 ND 0.61
Sulphate .. | mg/las SO,.1 - ND | 700 ND ND - 50.0 70.0 | ND | 1.0
Ammonia mgflasN | 0.15 007 | o012 0.06 0.15 ND 0.11 0.01
‘Nitrite mg/l as N 0,006 { MT | 0005 | 0006 0:01 MT 0.001 | 0.03
Nitrate mgAasN | trace | trace 0.7 0.2 trace trace 0.06 | 0.02
Chioride g/l as Cl 10.0 7.0 3.0 3.0 8.0 7.0 3.0 30
| Cyanide 0 o /. ND [ .ND.| ND. | ND ‘ND ‘ND ND ND
Mercury mg/lasHg | ND ND . | ND ND ND ND | ND ND
O-Phosphate |- mg/l as PO, | <0.04 <0.04 0.17 - 0.02 <0.04 <(.04 0.01 0.01
Copper mg/l as Cu ND | ND ND ND ND ND ND ND
T-Iron mgflasFe | 0.63 0.24 (.83 0.27 0.20 0.24 0.58 0.30
Selenium inp/las Se ;] ND ND ND ND ‘ND ‘ND ‘ND | ND
Manganese mg/l as Mn ND ND ND ND ND NI 0.1 ND
Zing mg/lasZn | ND ND ND ND ND ND. Nb ND
Lead mg/t as Pb ND ND ND ND ND ND ND ND
H-Chrominm | . mg/l as Cr ND ND ND ND ND ND ND ND
Arsenic pg/l as As ND ND ND | ND | ND ND ND | ND
Fluoride mgfl as F 0.5 0.6 0.02 0.14 0.5 0.6 0.08 0.07
T-Hardness g/l as 180 | 80 110 | 40 140 | 170 | 90 5.0
‘ CaCO, .
T-Solids mg/l 114.0 60.0 34.0 16.0 34.0 54.0 12.0 0.0
8-Solids - mgfl 89.0 20.0 5.0 5.0 9.0 34.0 2.0 2.0
D-Solids mg/t 25.0 40.0 29.0 11.0 25.0 20.0 10.0 4.0
A-Surfactant . mgft ND NI ND ‘ND ND ND | ND ND
T-Coliforins MPN - - >1,100 75 >1,100* - >1,100 93
E-Coli MPN - - 460* nil TNTC* - 1,000 ND
s mg/! 08 | 03 | o3 | oss | o1 | o5 | o5 | o7
Key: N-O  Non-Objectionable - ND : NotDetected
MT Minute Trace O Osganic
H Hexa T Total
S Suspended D Dissolved
A Anionic MPN  Mosi Probable Number
* Sampled on 28/06/94 :




Table 6.10

Kali Ganga Water Analyses (HACH portable laboratory; 1994)

Kalutam‘

Pu.tupaula

Narﬁmpa

- Pahara

Wetlkand

Narthupa

: Ellaga“‘-a. Putupanla
- Parameter Unit Bridge na Bridge | Naragala | a na Bridge |
: L 31 Dec93 | 19Jun2d4 | 19Jan94 | 28Jan94 | 28Jan94 [ 28Jan 94 | 31 Jan 94 . 03 Feb 04
Temp. °C 26.2 260 26.4 26,2 26.3 29.1 27.5
pH pH unit 6.56 6.76 7.02 7.13 7.00 717 | 151
Turbidity NTU T N SR B ; . 5
e | ooy | om0 | 00 | 60 | 18 | a8 19
Total mg/l as :
Alkalinity -‘_‘ngos I 40 70 | 110 17 25 18
Sulphate mg/l as 804’ 1.0 ND ND ND ND ND
Chloride mgflasCl’ . <40 4.0 - 3.0 5.0
‘| Nitrate mglasN .- - 06 1. 02 0.4 0.5 1.1~
Phosphate mg/l as PO, - 0.14 0.01 0.05 0.01 0.01
Iron mg/l as Fe 0.92+ 0.22* 0.30* 0.38* 0.23* ND: .|
Manganese | mg/l as Mn - ND | .ND | ND | ND . _ND
EC. . pS/em - 347 51.9 91.0 74.2 60.2 395 | 55.7-
Langellier’ : . : T ' -:
Index - -3.14 -2.74 -2.08 1,77 -1.94
ND : Not Detected +: Total* : Setiled




Table 6.11  Drinking Water Standard
: . Sri Lankan Standard UK/EC WHO
Parameter Units MD1, MPL MPL Guideline

Color - deg. Hazen 5.0 300 200 15.0
Odor - N-O N-O - N-O
Taste - N-O } ~NO - N-O
Turbidity JTU 2.0 8.0 4.0 5.0
pH _pH units 7.0-8.5 6.5-9.0 5595 6.5-8.5
EC. micro S/cm 750 3,500 1,500 -
Chioride mg/l Cl 200 1,200 400 250
_Chlorine (free) mg/l Cl; - .02 - -
Alkalinity (T) mg/l CaCO; 200 400 30 (min) -
Ammonia mg/l N - 0.06 0.39 -
Anionic detergents - mg/fl 02 1.0 0.2 -
Phenolic compound mg/l OH 0.001 0.002 0.5 -
Grease and oil mg/l - 1.0 B -
Calcium mg/l Ca 100 240 250 -

- | Magnesinm mg/l Mg 30 C 140 50 -
'Albuminoid NH, mg/I N - 015 - -
Nitrate mg/l N - 100 - -
Nitrite mg/IN - 0.01 0.03 -
Fluoride _ mg/l F 0.6 1.5 1.5 1.5
Phosphate (T) - mg/l PG, - 20 22 -
Residues (T) me/l 500 2,000 1,500 1,000

.| Hardness (T) mgfl CaCO, 250 _ 600 60 (min) 500

| Iron (T) mg/l Fe 0.3 ' 1.0 0.2 0.3
Sulphate mg/l 50, 200 400 250 400
| Copper mg/l Cu 0.05 15 3.0 1.0
Manganese mg/l Mn 0.05 0.5 0.05 0.1

1 Zine mg/l Zn 5.0 : 15.0 5.0 5.0
Aluminium mg/l Al - - 0.2 0.2 0.2
Pesticide resid. mg/l - as WHO 05 *
C.OD. mg/l O, - B ¢ 5.0 -
Arsenic ~mg/l As - 0.05 0.05 0.05
Cadmium " mg/l Cd - 0.005 0.005 0.005
Cyanide mg/l CN - 0.05 0.05 0.05
Lead | mgfl Pb - 0.05 0.05 0.05
Mercury mg/1 Hg - 0.001 0.001 0.001
Selenium mgfl Se . - 0.01 0.01 0.01
Chromium ~mg/l Cr - 0.05 0.05 0.05

MDL : Maximum Desirable Level
MPL: Maximum Permissible Level

T Total
*

WHO has a list of individual pesticide types but no overall figure.

Source: NWSDB and Department of the Environment, UK.




Table 6.12 Sri Lankan Proposed Inland Water Quality Standards for Different Uses
- _ Drinking P " Drinking -
Parameter Unit water with | Bathing | Fish and water Minimum
Type of limit ~simple : aquatic life [ convent. quality
: | treatment treatment
Color . Hazen nait 5 de_s; A . 3. )
max. 30 max.
Odor unobj. - unobj. - - -
Taste. unobj. oL . - -
Dis;qlv;d oxygeil mg/l, max. . 6 5 4?11?:5?1); 2) 4 .3
BOD (5 days 20°C) mg/l, max 2 - : . 3 4
pH 6.5-8.5 6-8.5 6-8.5 5.0-8.5 5.0-8.5
| Total coliform M(Pgi/;ggﬂml 50 5,000 20,000 5,000 -
Faccal coliform -MPN/100 ml 250_des. s - - . -
(P=80%) 600 max. :
Nitrate (NO;-N) mg/l max. - - - - -
Total ammonia -
(NHa-N) : .
pH<7.5 mg/l max. - - 094 - 9.1
pH=8.0 - - 0.59 - 4.9
pli=8.5 - - 0.22 - 1.6
Cyanide (CN). mg/l max. - - 0.005 - 0.005
Flugride (FL) - mg/l max. 1.5 - e 1.5 -
Total phosphate (PO,) mg/l max. - - 049 - 07 %
Sulphate (S04) g/l max. 400 - C- 4 -
. 250 des.
Total hardness mg/l as CaCO, 600 max. - - - .
' 'H Cd
Total cadmium (Cd) pg/l, max. 5 - <60 0.2 5 5
' : 60-120 0.8 : :
120-180 1.3
: >180 1.8
| Total arsenic (As) pg/l, max. 50 - 50 50 50
Tetal chrominm (Cr) pgfl, max. 50 - 2 50 50
- : H Cu o
Total copper (Cu) pgll, max. - - - <60 2 - 100
60-120 2
120-180 . 3
>180 4




Table 6.12 Sri Lankan Proposed Tnland Water Quality Standards for Different Uses (Continued)

-4 Drinking | - Drinking
Parameter Pt water with | Bathing | Fish and water Minimum
Type of limit | ~simple | - aquatic lifc | convent. quality
_ treatment treatment
: 0.3 des. o
Iron {(Fe) pg/l, max.. . 10 may. - 300 2 -
“H Pb
Lead (Pb) pgfl, max. - 50 - <60 1 50 50
: 60-120 2
120-180 4
. >180 7
Manganese (Mg) - g, max. - - - - 1,000
Mercury (Hg) ' pgft, max. 1 .- 0.1 1 2
H N
Nickel (Ni) | . pell, max. - - <60 27 - 100
: 60-120 2
120-180 3
Selenium (S¢) | peA, max. 10 - 1 10 -
Zince(Zn) . ... . pg/l, max. - - 30 . - - 1,000
Gross alpha radioact. pC/l, max. 3 3 - 3 3
Gross beta radioact. pC/, max. 30 30 - 30 30
fé‘g‘;;’gg",‘_“l’ ' ug/l, max. 2 5 1 5 5
Anionic deterg. as 200 des. - 200 des.
MBAS i refl max. |5 00 max, | 0% - 1,000 max. )

" { Total pesticide pg/l, - max. - - - - 50
Aldrin 1 pg, max. - - - e - 0.1
DDT ug/l, max. - - 0,004 - 1
Dicldrin .-~ :. | pg/l, max. - - - o .0l
Endrin ug/l, max. - - 0.0023 - -
Heptachlor & o
he;la)tachlorep(jxyde Hg/l, max, ) ] 0.0l ) 02
;&?g::glzm ngfl, max. - o - - 0.02
Other organic micro- - ' i . sce Table 5.2 i i
pollutants- :

Conductivity - | dSA, max. - - - - -
Boron mg/l; max, - - - - -
H : Hardness (CaCQ;), mg/l
des. : desirable highest level
max. maximum permissible level :
P-80% 80% of the samples give a value that is equal to or less than the indicated limit -
- : the minimum requitement is given in the column “Minimuin qu'mmy
1) . mean-during longer period
2) : min. dly-average of daily waters
3) : - prevention of eutrophication, excessive weed growth, ctc., may reguire lower site specific,

limits for stagnant waters.




~Table 6,13 EC. Regulations - Characteristics of Surface Watcr. Intcndbd for the
Abstraction of Drinking Watcr
-Parameter. AlG “AlT A2G A2] A3G i CAd]
IR 1Y o 6.5-8.3 . 5.5-9.0 : ‘ 5.5-9.0
2 | Coloration (after simple filtration) mg/l Pt © 10 20(0) 50 100 () 56 200{(0) .
i o .scale : ) B K o )
3 | Total suspended solids mg/t S8 25 : ]
'_—4 Temperature °C 22 25 (0) 22 25(0) 22 25{0)
4. | Conductivily uSfem™ at 1,600 . ‘ 1,600 ' 1,000
. . ) 20°C
6 [ Odour (dilution factor at 25°C) : 3 10 20 o
7| Nitrates R ' mELNO; | .25 30(0) ' 50 {0) 30¢0)
g | Fluorides mg/tF 0.7-4 13 0.1-1.7 : 0.7-1.7
9 | Tetal extractable organic chlorine mg/l Cl ) R
10 | Dissoived iron mg/l Fe 0.1 03 1 5 i 5
il | Manganese mgfl Mn 0.05 o0 1
12 | Copper mgl Cu 002 005(0) | 005 _ i
13 | Zinc rag/l Zn 0.5 o3 i 5 1 5
14 | Boron mp/t B 1 1 1
bTS Beryilium mg/l Be- ’
16 | Cobalt mg/l Co
27 | Nicket mgllNi- -
28 | Vanadium - mg/t V E :
29 1§ Arsenic mg/l As 001 0.05 0.05 .05 0.1,
20 | Cadmiwm ComglCd 0.001 0.005 . . 0.00% 0,005 0.001 0.005
21 { Total chromium mg/l Cr C 6.05 - C0.05 : 0.05
52 | Lead mg Pb 0.05 0.05 0.05
23 | Selenium mgtSe .| .. 001 o S0l : 0,01
24 | Mercury mg/l Hg - 0.00605 0.001 0.0005 - 0.001 0.0005 0.001
25 | Barium mg/LBa - 0.1 1 2
26 | Cyanide hmglCn S 0.05 0.05 0.05
27 | Suiphates mg SO, 150 250 156 250 (0} 150 256 (0}
28 { Chlorides - mg/iCl . 200 200 200 :
29 [ Surfactants (reacting with methyl blue) mg/(laury S02 0.2 1
Isulphate .
30 | Phosphate ‘ mg/t P05 04 o 07 o A7
31 | Phenols (phenol index) paranitra- comgl 0.001 0.001 0.005 0.0t 0.1 .
-niline 4 aminoantipyrine CsH,OH :
32 | Dissolved or emulsified hydrocarbons mgl 0.05 02 (_).5 1
| (after exiraction by petroleum ether) S S LU ) :
33 | Polyoyclic arormatic hydrocarbens g/l 0.0002 0.0002 0.001
34 | Total pesticides (parathion, BHC, diedrin) -mgfl 0.001 0.0025 0.005
35 | Chemical oxygen demand {CO) mgd Oy L . 30
36 | Dissolved oxygen saturation rate %0, >70 >50 >30
37 | Biochemical oxygen demand (BODs) mg/l O, <3 <5 <7
(at 20°C without nitrification) . ’
38 | Nitrogen by Kjetdhal method (except mglN 1 2 ¥
NOs) )
39 | Ammenia- mg/ NH, 0.035 I [ 2 4(0)
40 | Substances extraciable \mh chtoroform mgfl SEC o1 032 0.5
41, | Total organic carbon mgil '
42 1 Residual organic carbon afier floceutation mg/ll C
and membrane filtration (5 1) TOC .
43 | Total coliforms 37°C /100 ml 50 5,000 50,000
44 | Faecal celiforms /100 ml 20 2,000 20,000
45 | Faecalstrepiococer 00 ml 20 L0000 10,000
46 | Salmonelia ) Not - ‘Not . )
present in- present in
5,000 ml 1,000 ml -
1= mandatory 0 = exceplional climatic or geographlcal conditions G = guide ’
Categoiy Al : Simple physical treatment and disinfection, eg. rupid filtration and disinfection
Category A2 Normal physical treatment , ¢hemical treatment and disinfection, e.g. pre0chlorination, coagutation, ﬂocculallon,
decantation, filtration, disinfection {final chlorination).
Calegory A3: Intensive physical and chemical treatment, extended treatment and disinfection, e.g. chlorination Lo break-point
coagulation, flocculation, deeantation, filiration, absorption {activated carbon), disinfection (ozone, final chlorinalion),
Source: Diepartment of Environmient, UK




HASMN eumog

. £ g
o1 ) a1 5. g g s1 o 5 ot o1 s -5 S g g1 weip} 559 {UeEs $89T{ (9[808 WOZBH) InojoT)
9'1 3 A €0 ¥0 TED 51 T 800 z 6 80 | 81 1 Lo ZE0 950 Lo {4 59) [:104, U]
sl | ey | o000 00 1000 006 | WL} o810 £0'0 700 W0 | 1000 100°0 8000 000 | AL § WL | oseip _ _
anm | oawpy |wewr sy Teyy 8537 {usyy eso ] | nuIpy gL} 5] UTIR 5597 [ UBY) $89] e ss] | smmpy | owmumy | swmum {N ) S9ILUN
10 e 10 10 10 10 4] 10 T _ : .
22833, 2om1]  {uBIsSYT| oomYY (U SEYiUMpSSOT SGOWI {URYISIYLY 90 -oomy] |weUs sse luam ssoy juwy sy jueq 85T Ul 59| SOmIY ooByy, | eoerl (N 58) S3BIUN
3 7 s¢ 2T $T 0z A A~ or1 ot 5T 5T 07 os | st 051 ¢s1 Obt | 9POS PRAIOSSI [MOL
9% 01 g€ 07 5T o1 7z o 89 or 0T 9] CoF 33 4 S¢ A3 cg _ - {£00wD %8)
FSRUPITL] 810,
o1 91 £ [#4 T 81 9€ 75 08 b 0f 81 {08 v 07 5g A% 9T - (£00%0 58)
, Ay [0l
0z 6 o1 g L o1 g zI ot 6 8 o1 g of o1 #9 76 261 {10 s®) sopuoRD
08 o€ 5 ¥ e €€ 0s 18 01z 85 3¢ #E€ € 6L 1z opz o o098 | (SUMBSOLOTAD
: £TAnONpUSD j83AoT
09 £9 A 29 g9 99 '8 6L 1L 0’8 69 o9 T8 78 59 69 7L i o Hd
0'sz Cvigor LT T £l €L ops § OIE 1 6'L1 0'9¢ oE 8 L gy, $6 6€ 1 COLD
_ pamsEN ANpIgImy
o [pamopen _

My, PIPAL % PIGRL 1 plginy, pemojop _paang _ _
&mZug | memi | omero | ApwBus | AngSns | owmern | Lea lwpewanpl o) 1 prgmy | ARESuS | Iesd ] D | mRD | e | pamI | meD | RO souereaddy
£6'S0YT | E6VIET § E6E0TE [ S6E0T0 | €6 108T ITETITO{TE'ITEL {TE 110 [Z6 0T ET 1 T6'019T [ TEOIPT 1 T6B09T 26°L0'90 | £6°E0°PD [ TE'E0'TO | Z6°€0°T0 s

TE'EOF0

6 L0TT

(£661/2661) 9TerequIy T8 AWTenD) 1070 Moy WBURD WERY  p1'9 9142]

6-43



6.6.3 Treatment Implication of Raw Water Quality

There is no substitute for carrying oitt on-site treatability tests to defermine the appropriate treatment
processes and conditions. Only by such means can the type of coagulant, optimum coagulant dose,
coagulation pH, rapid mix and flocoulation conditions etc. be determined. However certain conclusions

can be drawn from cxamining the water quality data:

1)  Primarily the raw water analyses show which parameters exceed the drinking water

standards and therefore must be reduced or removed by a treatment process.

2) The magniﬁldc of the turbidity value (and by inference the suspended sollids. val.uc)
determines the advisability of using pre-setting basins and, to some extent, the type of

sedimentation basin that is required.

3 The total alkaiinity value defines the natural buffering capacity. of the raw water.
Primarjc,''coagula.llts,= e.g.:-a]umihmn sulphate, are acidic and will significantly dep.ress'_
the pH of Jow buffered waters._ In such cascs on alkali such as hydrated lime must be
added to maintain the optimum coagulation pH

4) The nitrate and phosphate values indicate thé amount of nutrients available for algal

. growth.

‘Reference to Table 6.8 demonstrates that turbidity and iron values can be in excess of the drinking
water standard. Therefore the treatment plant processes should be selected to reduce these constituents

to acceptable levels.

It should be noted however that for fairly long: periods of time the raw river water‘éompl.ies with the
maximum permissible levels i.c. turbidity less than 8 JTU and iron less 1.0 mg/l. Theoretically during
these pertods the water could be forwarded to distﬁbution without aﬁy .treatment but cillorination; This
however is not recommended as a sudden inciéase in turbidity could not be acéufately predicted and

scdimentation basins cannot be rapidly brought into use. The watcr would also be aggressive.

Exanination of the historical turbidity data shows that on only a very few occasions each year does it
exceed 50 NTU. ‘The highest recorded value appears to be 170 NTU. On this basis there is no need for -

any form of pre-setting basin.

Pre-sctting basins may in fact make matters worse by providing ideal conditions for the growth of

algae. Nitrate levels of 0.2 mg/l as N and phosphate levels of 0.005 mg/l as P have been shown to



support concentrations of algac of such magnitude that they can block filters in one to two hours. Table

6.10 shows that the nitrate and phosphate levels can exceed these threshold limits.

6.6.4 Treatability Tests

A number of raw water treatability tests were carried out on the Kalu Ganga. during August and
Septembér 1988 using coagulation jar tests. The results of these tests were obtained from the log book

at the Kalutara Treatment Plant and ate reproduced in Data Report (Volume [V).

The jar tests follow a set pattern with six jars dosed with 2.5 % atum solution in doses across the range
of 0.2 ml to 1.2 m} in 0.2 ml steps; No details of th.e tests are :given regarding the .size of sample,
stirting speeds or duration of the stirring period. On the assumption that one litre samples were used,
| the aﬁplicd alum doses were equivalent to 5.0 mg/l to 30.0 mg/l in 5.0 mg/l steps, presumably as
AL(SO.); - 18H,0. | | o o

Coagulation pH correction was carricd out using 0.1% lime, but no attempt seems to have been made to
identify the optimuimn coagulation pH. For the majority of the tests the pH of the samples was between

6.4 and 6.8 pH units.

The results are very varied with no clear indication as to the optimuin conditions. However, reasonable
results appear to have been achicved at a coagulation pH of 6.8, whereas at 6.4 no successful tests are
found. Occasional acceptable results were achieved at a pH of6.6. In general, an alum dose of 10 to 15

mp/l gave satisfactory results regardless of raw water turbidity.

6.7 Reéommeudatiuns for Water Quality Monitoring

Due to the limited amount of available water quality data for the Kalu Ganga, it is necessary to begin a
comprehensive analyticat program as soon as possible. The NWSDB has a well equipped laboratory -
suitable for this purpose and should be commissioned to carry out regular, frequent, comprehensive

analyses to build up a database on Kalu Gahga water quality.

The recommended suite of anaiyses are given in Table 6.15. The 'flashy’ nature of the river as indicated
by the raw watcr turbidity figures prescated in Section 6.6.1 suggests that for one week during the dry
scason and one week during the wet season, daily samples should be taken for full analysis. From then

onwards sampling-and aﬁalysis to be carried out as indicated in the Table 6.15.

‘Sampling should be carried out at a point 5.0 m from the .right bank of the river at a depth of 1.0 m

. above the bed at the Narthupana Bridge.



Table 6.15

Proposed Kalu Ganga Sampling Prégram

Parameter Daily Weekly Monthly
Temperature X

Turbidity X

Color{inue) X
pH X .
Total Hardness X
Calcium Hardness X
Alkalinity X
Iron (total) X
Tron (dissolved) X
Suspended Solids X
Phosphate ' X
Nitrate X
Sulphate’ X
Chloride X

| Coliforn bacteria




* PROPOSED LONG TERM DEVELOPMENTPLAN.







7. PROPOSED LONG TERM DEVELOPMENT PLAN
7.1 Balance in Water Demand and Supply
7.t.1  Balance in Demand and Supply without the Kalu Ganga Source

.‘The.ré wilt be ét .léalis.t fwo scenarios in water supply cxpansion. One is without the Kalu Gaﬁgﬁ and
another 1s with the Kalu Ganga. Until the Kale Ganga Water Supply Projéct is implemented, water
supply for Greater Colombo will havu to be managed with the emstmg water production facilities

‘ although the water supply expansion is needed in many areas for 1mpr0vt,ment of people's living
condition as well as for promotion of the commercial and industrial activitics. However, it will take

considerﬁble time until the Kalu Ganga Project will be completed even if the implementation

commiefices immediately. The presently ongoing or conmlitted‘projccts consist of the Towns East and

Towns Soﬁth projects, expansion in Biyagama arca and other small scale expansion for urban centers.

Expansion of water supply to the towns north of Colombo is intended and awaited as a major expansion

after the Towns South Project.

The strategy and constraints in ‘the preseént development are summarized in Table 7.1.  Water

transmission for the deniand in 2000 from the existing treatment plants is shown in Figure 7.1.

Table 7.1 Development Strategy in Minimum Development without the Kalu Ganga

Service Area Strategy in Implementation Constraints in Scrvice

Existing water source capacity will reach
the daily average water demand in between
2000 to 2005.

Existing Service AreajAssure 24 hour supply to the entire

existing service area.

Extend connection to 100% of ‘lhc

planned service level.

Towns East Area

Extend service to OECT Phase 1 area,

| withhotd the Phase 2 Implementation

Towns South Arca

Implement the OECF Project in full.

Biyagama Area

Expand service

Towns MNorth Project

Extend supply {o Ja Ela, Ragama,

Welisara and Kandana (urban centers .

only). Funding arrangement has not

In around. 2005, water shortage will likely
occur:

(i) at the fime of daily peak demands, or

(ii) when the Kelani flow is teo low for
full amount intake.

Without augmentation of additional
production and transmission capacity,
water supply will have to be suppressed in

some areas after 2005,

been made.




Table 7.2 ~ Water Demand Projection for Minimum Development without the Kalu Ganga Project

Service Area - Division Node §. Contiested Water Demand {m/d) .
: . No. 1995 . 2000 . 2005 2010 2015 2020 -
Towns East Area Kaduwela 281 ] 1,775 4,138 6,630 2,985 13,546
Panagoda ] 0 0 o i} : 0 o 0 0
Pannipitiya 4 an o 1733 3,657 © - 5386 5,859 2231
Madiwela/Kotte 528 1,905 2,349 2,722 3,097 3,501 3,926
Madiwela/Kotte 520 4435 5,485 6,374 7,263 8218 . 9222
Maharagama = | 5% s 2759 5716 8301 10,790 13,200
Battaramulla (High) 563 0 4,180 9,743 15,609 22,075 29,058
Battaramulla (Low) 568 V] 627 1.361 2,341 331 4,359
Batta. (Remote) 574 0 ‘480 1015 1,498 2,744 3,940
Total Towns Bast 6,340 19,387 34,837 50,125 67,483 85,484
Towns Sonth Area | Homagama- - ] 498 [i] (1L,273 0 2695 . 3,979 6,270 8,231
) Panadura (Kesclwatle) 496 0 1,214 3,959 6,181 3,353 10,326
Kesbowa (Exis. 5298 o 907 3377 SARR g701 11612
Maharagama) .. . o . T A, : )
Kesbewa (Main Arga) -} 342 1] 1,557 5801 0 10,112 16,874 23,751
Kesbewa (Sub Arca) 552 0 475 1,770 3,085 4,560 6,085
Paadura P.8, 44 | .- 403 440 0 478 520 (1,587 2483
] Total Towns South ' 403 5,866 18,081 29,765 46,343 62,488
Towns North Area | Watiala Sonth 122 0 748 6,937 11,995 16,311 20,353
Mahara South 132 0 0 c0 0 612 - 1,163
Mahara North 141 0 260 2,068 3,547 5,138 6,562
Ragama 145 [{] 325 3,823 6,239 1,957 10,015
Welisala, kandana 156 0 513 - 5821 9643 12312 15355
JEAUC 161 0 492 5,325 8343 11,636 14,717
Wattala Noith 165 0 256 2,900 4,594 5,682 6,970
Katana P.S. (Sewh) =~ | 186 = 0 0 0 ¢ g T L7s9
Katunayake EPZ 170 0 g 6 0 7,280 7,280
Katunayake U.C. North 174 0 0 0 a . 0. 0
Katana P.8. (Northy - . | 183’ ¢ 0 o Q0 0 0
Total FTowns North 1] 2,594 25,878 44 866 67,856 84,173
Biyagama Biyagama (include. EPZ) 127 7,210 9979 12,745 15,532 1.5’.832 ) 15,165
: Bivagama ' 121 0 3263 6,262 9312 13,113 16,953
Biyagama 132 : 0 629 1,208 1,796 3,250 4,653
- { " Towl Biyagama BEED 13,371 26,215 26,631, 32,195 31,371,
Area far South Sitawaka (Padduka Town) | 428 i) 0 4] 0 413 813
Bandaragama P.S. (West) | 494 0 (Y ] o 244 1,823
Bandaragama P.S. (East) | 497 0o 0 714 - 1,394 2,338 3,385
Horana P.S. 1000 0 ‘0 -0 Cg 0 0
Tolal Arza far South ' 0 0 714 1,394 3.695 6,020
Total of New Arca : 13952 - ALTI9 100712 152791 217,572 275935
Total of Existing Area Demand 415900 4435600 483,600 . 531,900 549,800 566,400
Totat Day Average Demand =~ - © | 429800 485400 584,360 684,700 767,400 842,300
Total Daily Maximum Demand (Peak factor = £.15) | 494300 5582006 672,000 787,360 882,300 968,700
Waler Production Capacily (Max.) - - - ' o :
Ambatale (Old) 63 mgd 286,700 286,700 286,700 286,700 286,700 286,700
Ambatale (New) 40 mgd 182,000 182,000 182,000 182,000 182,000 - 182,000
Kalatuwawa (90% of Mai(.) 18 mgd 81,900 - - 81,900 81,900 81,960 . 81,900 81,900
Labugama (90% ()fMax,) 11.75 mgd 53,260 . 53,200 53,200 53,200 . 53,200 53,200
Horana - 0.33 mgd 1,500 1,500 1,506 1,500 1,500 1,500
Total Production Capacity 605,300 605,300 605,300 605300 603300 605,300
Surplus/Meficit in Production Capacity
. for Daily Maximum Demand 4 110,900 . 47,100 -66,700 - -182,000 277,000  -363,400
for Daily Average Demand 175,400 119,900 20,900 79,400 -162,160 237,100

Node Nos. are referred to from the Transmission Models presented in the Master Plan Update 1991




Transmission Diagram for 2000 Demand
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: : - Figure 7.1 Transmission Diagram for 2000



To implement these c¥pansi011, balance in the water production capacity and the projected water
demand shoﬁld be carefuliy studied. The water demand projected-as deséribed m Chapter 5 is used for
| :this purpose. The progress factor for housing conaection is ap’p!icd aé well. The result of caleulation is
presented in Table 7.2. Figure 7.1 shows a transmission diaéram for the demand in 2000 withdut the
Kalu Ganga system {Figure 7.1 .inciudes a proposed _tralxsiﬁission main té Kesbewa and Keselwatte as

described in Section 7.9).

As shown in Table 7.2, the existing treatment capacity will have a shortage against the daily maximum
water demand, Tre*xtment plants are normally designed to meet the daily maximum demand 50 that 1t_
could have an allowance in t.,apamty for mamtcnance or repair work when the dem'md 1S lower than the

peak day. In 2005, however, daily averagc demand will reach the_ capacity of the existing treatment’

plants so that they have to be operated almost in full capacity through a year.

It wilk be l:kely that in operating the exlstmg treatment famht}cs with proper allowance for maintenance,
the limit will come sometlme between 2000 and 2005 takmg into account the vartatmn in actual
progress in water demand. In such a case, water supply will have to be suppressed in some areas to

balance with production capacity,

7.1.2 Balance in Demand and Supply with Kalu Ganga Source

To satisfy the neecls for water supply expansion more than the area spemﬁed in Table 7.1 and the needs
for the areas in Table 7.1 for years after 2003, it is inevitable to augment the tréatnient capac1ty to meet
the additional water demand in future. Taking into consideration that the Kelani Ganga has a certain
limitation in water use due to the salinity intrusion and safe yiéld, the Katu Ganga Project should now

be planned for implementation.

The water demand for development of the Kalu Ganga Project has been identified as described in
Chapter 4 assuming the probable extent of expansion areas. The water intake, treatment and
transmission system should then be planned to maihtaih_ a propef balance betweéﬁ the new and .e.x'iSt'i.ng
facilities: In particular, the transmission system should carefuily be.studied so that the transmission
pipelines and pumping system will be used most effectively and economically to convey an amount of

treated water to each scrvice area.

To examine the water balance in transmission, the following strategy are established:

| 0 Ambatale water will be éll.locatcd to CM.C: and northern areas.

0 Southern arcas will be supplied from the Kalu source. A boundary of supply from
Ambatalc and Kalu will be dependent on the balance in each planning year.

o Water from Labugama will be used mainly for the C.M.C. area.

7-4



o ‘Water conveyed by the Kalatuwawa - Dchiwala line will be used along the
transmission route from vpstream as much as possible se that the supply line will not
cross cach other and the hydraulic head in the line will be used cfficiently.

) Existing transmission mains will be used as much as possible either in the existing
lings or for new transmission from the Kahs source.

Table 7.3 shows a proposed allocation of water demand and source to supply the water on the basis of

the strategy stated above.

Figﬁrcs 7.2 and 7.3 show the transmission diagra;ns proposed for the water demands in 2010 and 2020,

respectively.

7.1.3 - Alternative Transmission System Considered for 2020 Demand

To satisfy the 2020 demand, the existing transmission main between Ambatale and Dehiwala will need
to have a considerable modification. This is due to the water balance from Ambatale and Kalu Ganga
system. The upper part of the main (Ambatale to Jubiléé) will not need to be used for normal
transmission. Existing pumping system including the booster pumping station on the main will be left
idle although they will be reserved for unusnal .transmis'sion for emergency case. The lower part of this
~ transmission main (Jubilee to Dchiwala) will be used for transmission from Dchiwala to Jubilee. For -

this reversed flow, a new pumping system will have to be installed at Dehiwala Reservoir.

From the view point of maximum usage of the existing facilitics, the transmission system presented in.
" Figure 7.3 may not be most appropriate. To avoid a major part of the existing facilities to be left idle .
or to be abandoned, an alternative as shown in Figure 7.4 is considered: This alternative suggests that

additional 40 mgd will be supplied from Ambatale instead of from the Kaiu Ganga.

With this scheme, the following advantages come up:

0 An additional transmission main from Horana to Dehiwala (1200 to 1100 mm) will
not be needed. : _
o The existing Ambatale to Dehiwala transmission main and the cxisting pumping

system will be kept used.

However, to adopt this systen1, proper countermeasures against salinity intrusion should be provided -
for increase in water intake from the Kelani Ganga at the Ambatale treatment plant. Construction of a
salinity barrier in the Kelani Ganga, if considered, should be studied taking into account a cost and

economic comparison between two systems shown in Figures 7.3 and 7.4.



Table 7.3 Water Demarid and Supply Balance for the Kalu Ganga Project (Ycar 2000}
] Demand in 2000 Water Supply Source
Node § - Daily Daily . - Exiiling S New
Service Area/Division No. Ave. Max. Amba- Katatuwawa (50%) Labu- Horana Kalu
(I=1.15) tale North South gama Ganga
B B o] Line - Line | (90%)
443,676 | 558,204 | 468,700 | 40,950 i 40,950 | 53,200 1,500 0
. - mid m'/d ni/d m>d wid | m'id m'/d m/d
Existing Service Area DRI B . T e
Colombo M.C. 230,585 265,173 | 173,064 ‘| 38,908 53,200
Dehiwala/Mi.Lavinia M.C. 60,133 69,153 32,214 36,939
Kotte 1.C. 37,663 |. 43,318 | 43,318
Kolonnawa U.C. 11,115 12,783 12,783
Moratuwa U.C. 30,839 35,465 33,465
Kotti/Mulleriyawa P.8. 21,049 24,206 24,206
Peliyagoda U.C/ : 8,503 © 9,718 9,778
Wattala Mabole U.C. 6,588 1,576 7,576
Kelaniya P.S. 27416 31,528 1 31,528
Panadura U.C, 7,407 8,518 8,518 |.
Iorana 11.C. 2374 27304 2730 ) b LI I
Sub-Total 443,676 510,227 | 378,450 | 38908 { 36,939 | 53,200 1,500 i}
New Service Area . ) : i
Towns East Kaduwela 281 1,775 2,042 2,042
: Panageda 402 0 ]
Pannipitiya 41t 1,733 1,993 i 1,993
Madiwela/Kotie 528 2,349 2,701 2,701
Madiwela’Kotte 529 5485 6,308 6,308
Maharagama 552 2,759 3,173 3,173
Battaramulla (High) 563 4,180 4,807 4,807
Battaramulla (Low) 568 627. - 721 721
........... Batta, (Remate} 378 480 532 7
Total Towns East 19,387 22,295 18,261 2,042 1,993 0 0 0
Towns South: Homagama 498 1,273 " 1,464 1,464
Panadura (Keschwatte) 496 1,214 1,396 1,396
Kesbewa {exis. 529A 907 1,043 1,043
Maharagama) .
Kesbewa (Main) 542 1,557 1,700 1,700
Kesbewa (Sub Area} 552 475 637 S 637
Panadura P.S. 494 440 506 506 S R N
Total Towns South : 5,866 6,746 4,645 0 2,019 0 0 0
‘Towns North  Wattala South 122 748 861 861
Mahara South 132 0 1] 0
Mahara North 141 260 . 299 259 -
Ragama 145 325 374 374
Welisala, kandana 156 513 596 590
JaElaU.C. 161 492 566 566
© Watiala North 165 256 294 294
Katana P.S. {(Soulh) 166 0 1} 0
Katunayake EPZ 170 0 0 0
Katunayake U.C. Nosth | 174 0 0 0
......... Katana PSS (North) | 183 U 0 .
‘Fotal Towns North 2,594 2,983 2,983 0 0 4 Q 0
Bivagama Biyagama (incl. EPZ) 127 9,979 11,476 11,476 )
Biyagama 121 3,263 3,752 3,752
______ 132 628 724 724
Total Biyagama 13,871 15,952 15,952 0 0 0- 0
Far South Sitawaka (Padduka} 428 0 0 0 '
Bandaragama (West) 494 1] 1] 0
Bandaragama (East) 497 0 [1] 0
.. Horamabks 1000 o 0 01
Total Area Far South 0 1] 0
Total of New Service Area 41,719 47,977 41,841 2,042 4,011 0 1]
Total Service Area 485395 | 558204 | 420,291 | 40,950 i 40,950 | 53,200 | 1,500




_Table 7.3 {cont’d)

- Water Demand and Supply Balance for the Kalu Ganga Project (Year 2010)

Demand in 2010 Water Supply Source
. Node Daily ‘Daily - - Existing - : New
Service Area/Division No. Ave, Max. Amba- | Kalatuwawa (90%) Labu. Homana Kalun
(f=1.15) tale North | Seuth | (90%) Ganga
N : ‘Line Line )
684,718 TR7,426 | 468,700 | 40,950 i 40,950 | 53,200 1,500 182,000
. md ny'/d m'/d m/d m/d w'/d wid m’id
Existing Service Area R B . . L
Colombo M.C. 269,628 1 310,072 { 169,310 | 33,326 53,200 54,037
Dehiwala/Mt. Lavinia M.C. 66,609 76,600 : 26,043 50,557
Kotte UC, 46,014 52,916 52,916
Kolonnawa U.C. 14,250 |- 16,387 16,387
Moratuwa U.C. 39,108 44,974 44,974
Kofti/Mulleriyawa P.S. 27,719 31,876 31,876
Peliyageda U.C. - 9,561 | - 10,995 10,995
Wattala Mabole U.C. 8,690 9,993 9,993
Kelaniya P.S. 38,429 44,193 44,193 : :
Panadura U.C. - 8,562 9,846 - 9,846
....... HoramaUC. " " el 3360 3seal 1300 | 2,364
Sub-Tolal 531,927 | 611,716 [ 335.870 | 33326 § 26,043 | 53,200 ] 1,500 | i61.977
New Service Avrea . ' :
Towns East ' Kaduwela 281 6,630 7,624 7,624
Panagoda 402 4] 1] 0
Pannipitiya a1 5386 | . 6,194 6,194
Madiwela/Kotte 528 3,097 '3.562 3.562
Madiwela/Kotte 529 7,263 8,352 8,352
Maharaganm 552 $.301 9,546 9,546
Dattaramuila (High) 363 15,609 | 17950 | 17,950
Battaramulta (Low) 568 2,341 2,693 2,693
_______ Batta, (Remote) 574 1,499 1,724 1,724
Tetal Towns East . 30,125 | . 57,644 43,826 T,624 6,194 0 0 0
Towns South - Homagama 498 3,979 4,576 4,576
" Panadura {Keselwaite) 456 6,181 7,108 T108
Kesbewa (exis. 520A 5,888 6,771 6,771
Maharagama) 1 -
Keshewa (Main) 542 10,112 11,040 11,040
Kesbewa (Sub Area) 552 3,085 4,137 4,137
_________ Panadura PS, a4 | 50| 508 598
29,765 | 34,230 6,771 1] 8,713 1] 0 18,746
Towns North  Wattala South 122 11,995 13,795 13,795
Mahara South 132 0 0 0
Mahara North 141" 3,547 " 4,079 4,079
Ragama 145 6,239 7,174 7,174
Welisala, kandana 156 9643 { 1L090 11,020
JaElU.C 161 8,843 10,175 10,175
‘Wattala North 165 4,594 5,283 5,283
Katana P.S. (South) 166 0 Q 0
Katunayake EPZ : 170 a 0 0
‘Katunayake U.C. North | -174 0] 0 0
________________ Katana P.8, (North) 183 0 0 0
Total Towns North - . 44,866 51,595 1 51,595 0 ) 0 ¢ 0
Biyagama Biyagama (incl. EPZ) 127 15,532 17,862 17,862 )
Biyagama 121 2,312 10,709 10,709
Biyagama 132 1,796 2,066 2,066
Total Bivagama : 26,641 30,637 { 30,637 1] 0 1] 0 0
Far South Sitawaka (Padduka) 428 4] 0
Bandaragama (West) 494 4] 1]
Bandaragama (East) 497 1,394 1,603 1,603
HoranaPs, L 0 N WS SR S A
Total Arca Far South 1,394 1,603 0 0 4] 0 4] 1,603
Total of New Service Area 152,791 175,709 | 132,830 7,624 1 14,907 0 01 . 20349
Tolal Service Area 684,718 | 787,426 | 468,700 | 40,950 | 40,950 { 53,200 | 1,500 § 182,000




Tablc 7.3 (cont’d) Water Demand and Supply Balance for the Kalu Ganga Project (Year 2020)

Demand in 2020 . Water Supply Soutce
Node Daily - § - Daily N Existing =~ .+ - New
Service Area/Division Ho. Ave. Max. Amtba- Kalatawawa (90%) Labu, Horana Kalu
(=1.1%) tale North_ § Sowth | {50%5) - .| Ganga
wE o oo ) TAne T Lime ) .
342,372 968,727 | 468,700 | 40,950 ; 40,950 ] 53,200 1,500 364,000
m'/d m'/d m/d m*d ‘m'/d md m/d m'/d
Existing Service Avea 1. A : _ N R
Colombo M.C. i 277,561 | 319,219 55,430 | 25,372 53,200 : 185,216
Dehiwala/Mt.Lavinia M.C. 69,084 79,447 : 12,924 66,523
Kotte U.C. . _ : 51,215 | 58,8971 58,897 : I
Kolonnawa U.C. 16,720°7) 19,228 [ 19,228
Moratuwa U.C. 43,959 50,553 50,553
Kotti/Mulleriyawa P.S. 31,116 35,784 35,744 o
Peliyageda U.C, : 10,449 | 12,016 12,016 |
Wattala Mabole U.C. 10,656 12,255 } 12,255,
Kelaniya P.5. 41,946 48,238 48,238
Panadora U.C. . . 9395 | 10,804 { Cd 10,804
ioHoramUC. S o P ILN 4901 K SN0 VRTINS ST I S E300 1. 3del
Sub-Total 566,436 651,401 | 241,84 25372 § 12,924 | 53,200 1,500 316,557
New Service Area o R . : :
Towns East ~ Kaduwela : 281 13,546 15,578 : 15,578
Panagoda 402 0 0 .
Pannipitiya 41 8,231 9,466 | : 9,466
Madiwela/Kotte 523 3,926 4,515 | . 4,515 .
Madiwela/Kolie 52% 9,222 10,606 | * 10,606
Maharagama 552 13,202 15,183 15,183
Battaramuila (High) 563 29,058 33,417 | 33,417
Battaramulla (Low) 568 4,359 5,012 5,012
e SR, (Remmiote) .57 3940 | . 4,530 1 WS O USRS, ULAURIY NN
- . Total Towns East . ] 85,484 98,307 73,263 | 15,578 3,466 0 .0 0
Towns South " Homagama 498 8,231 9,466 ' 9,464
Panadura {Keselwatte) 495 10,326 11,874
Kesbewa {exis. 5294 11,612 13,354 13,354
Maharagama) : o '
Keshewa (Main) 542 23,751 26,152 :
Keshewa (Sub Area) 552 6,085 8,160 . : 8160
 Panadura P.S, - ] am . .2483. 1 1 .2855 . RS SR P
Total Fowns South 62,488 71,861 13,354 0 17,626 [i] 0
Towns North . Wattala South 122 . 20,353 23,406 23,406 -
Mahara South 132 B163 | .0 1337 17 1,337
Mahara North M © 6,562 7,546 7,546
Ragarna 145 10,015 11,517 11,517
Welisala, kandana 156 15,355 17,658 17,658
JaEBRUC 161 14717 1 16924 16,924
Wattala North 165 6,970 8,016 3,016
Katana P.S. (South) 66 1,759 2,023 2,023
Kaitunayake EPZ : Y79 7,280 8372 8,312
Katunayake U.C. North 1 -0 of o
........ Katana I8, (North) SELE AW s 0 : S N
Total Towns North §4,173 96.798 | 96,798 | 0 0 K AT
Biyagama Biyagama (incl. EPZ) S127 "16,165 | - 18,589 18,589 ’
Biyagara 121 16,953 19,496 19,496
WDlyagama .32 4,653 5,331 S35,
Total Biyagama -~ 37,771 ‘43 436:1 . 43,436 0: . 0 0 0 0
Far South Sitawaka (Padduka) 428 813 935 . 935
Bandaragama {West) 494 1,823 2,096 2,096
Bandaragama (East) 497 3,385 3,892 : ‘ ’ 3,892
rrereren FAOTOARS, 1090 .2 0, S NI KU W S
Total Area Far South ,020 5,923 0 0 DECH R I 3988
Total of New Service Area | 275936 317,326 | 226,852 0 i 28,026 .0 0 46,369
Total Service Area 842,372 | 968,727 | 468,700 | 40,950 : 40,950 | 53,200 1,500 | 364,000
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G.A. 1 . 5. Kalatuwawn {90%)
1 ¥ 35609 [Max = 18.9 mgd
28,979 . . 51,800
MC 268628 1 e . ' ’ ) :
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7.2 Basic Unit Cost

Basic unit costs for land acquisition, direct construction works, and O & M works has been studicd for

the selection of best alternative as described below.

72,1  Unit Costs for Construction and Land Acquisition

Basic unit costs: for land acquisition, direct construction works and operation and maintenance works"
has been studied for selection of the best alternative as described below.
- intake o
- raw watcr transmission main
- water treatment plant
. - clear water reservoir
- distribution reservoir
- clear water transmission main
" <distribution pipe
The estimate in the master plan review stage was approached by the unit cost basis for the civil works
and land acquisition, and lump sum cost basis for mechanical and electrical works. The unit cqs{s for
‘major items of direct construction works and land acquisition Were'prelimin'arj"detennined: referring to
the NWSDRB's "Rates 1993", records of similar water supply projects, prevailing current market prices
and other sources as presented in Table 7.4, It should be noted that these unit construction costs are
preliminary which have to be further reviewed in the feasibility study stage for the financial cost -
estimate on the selected plan. An explanation of unit costs of ¢ivil works and cost for mechanical and

electrical works is briefly given as ﬁ)l‘iows.

(1) Direct Construction Cost

N  Civil Works

Table 7.4 Civil Works Unit Costs
Structure/Item : Unit Costs . Conditions
" Re)

Intake _ . . o

* excavation in common soils 700/m” | includes partial coffering costs

* gxcavation in Tocks - 2,000/m’ . " : L

* concrete for grit chamber 15,000/m’ | includes form work and re-bar

* concrete for tower 35,000/m’ o o
Raw Water Transmission Main (ductile iron pipe) supply, delivery and laying costs

* DN 1400 mm 75,000/m '

* DN'1600 mm 130,000/m




Table 1.4 Civil Works Unit Costs (cont'd)

Water treatment works
* excavation in common soils 400/m” | excavation, loading and hauling
* excavation in rocks 1,200/m’ u
* concrete (210 kg,/cmz_) : 15,000/m* | with formivork and re-bar
* fill 650/m° | by selected matcrial
-k Dackfitl B 1 - . . 380/m> | by excavated material
* filter gravel 1,750/m’ | selected gravel
* filter sand 3,500/m’ { selected sand
* sand a o 700/m’ | ordinary sand
Transmission and Distribution - . supply, delivery and laying cosis
"*DN 1800 mm DI’ 160,000/m : '
S EDN 1600 mm DI 130,000/
* DN.1500 mm . DI - 100,006/m’
* DN 1400 mm DI 75,000/m
*DN1200mm DI 56,000/m:
*DN 1000mm DI ~ 40,000/m
*DN 900 mm DI T 33,000/m
*DN - 800 mm DI 30,000/m
*DN 600mm DI 20,000/m
*DN 500 mm - DI 15,000/m
*DN . 400mm DI 11,000/m
*DN 350mm- DI 9.000/m
*DN 300mm DI 7,500/m
*DN: 250 mm DI 5,000/m
*DN 200mm Di ; 5,000/m
¥*DN 200 mm PVC S 3,000/m
DN 150 mm PVC 2.500/m
*DN 100 mm PVC 2,000/in
*DN 80 mm PVC 1,000/m | -
* Water Tower 14,000/m | for 2,000m’ capacity
* Water Tower 15,000/m | for 1,000m’ capacity

2) Mechanical and Electrical Works

The costs for mechanical and electrical works was estimated on the lump sum basis assuming the
required components and its capacity. Applied cost for comparison is site delivery plus ercction costs

basis exchiding custom duties.

@) Land Acquisition Cost

The unit costs for land acquisition are provided as shown in Table 7.5 for alternative comparison. Data
source is the NWSDB. The unit costs for the sclected alternative witl be confirmed with the land

officer of the NWSDB in the succceding ficld survey.
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Table 7.5 -Unit Land Cost
Area/Location Unit Costs Conditions
' :  (Rs) B
Intake - : . _
* No. | (Udugama) - 300/m’ | Owner: K, M Millinona/Wimalawathi -
* No.2 (Uduwara) 450/m*. | New Chahel State
Water Treatment Plant - - s
* No.l (Ramunekanda) 1,000/m’ Hm Top EL of 120 m
: : s .1 Owner : (to be mvestlgated)
* No.2 (Ellakande) 1,000/m* | Hill - Top EL of +90 m MSL
: : Owner : Sorana Rubber Plantation
* No.3 (Ellakarnide) 1,000/m’ Hill - Top EL of +90 m MSL
Sorana Rubber Plantation

* No.4 (Titawalakande) 1,000/m* Hill - Top EL of 90'm"

: L Owner: Titawalakande Estate
* No.5 (Wewalakande) - “Top EL of +90 m MSL -

' L Governmeni-owned Land _ '

* No.6 (Udugama) 300/m* Owner: K.M.Mlllmona/Wnnal'awathi _
* No.7-(Udugama) 300m” |
* No.8 (Bellapitiva) 1,500/m" Boralugaha Land Estate

722 Unit Costs of Labor, Power and Chemicals

The Unit costs for labor, power and chemicals for operation and maintenance works are provided

referring mainly to the costs records of operation and maintenance of the existing Ambatale Water

Treatment Plant in 1993 as tabulated in Table 7.6.

Table 7.6 Umt Costs of Labor, Power and ChleCBIS
Tiem Umt Cost (Rs )
Labor cost for operation and maintenance
* staff 10,000/month__
* labor 250/day
This is costs for normal working hour
Power cost for plant operation
* <50 kVA ' 4.0/kwh’
*> 50 kVA 3.8/kwh
Chemical cost for plant operation L e
* alum 12,000/ton
*lime iy . 10,500/ton .
* chlorine 27,500/drum {900 kg)
* bleaching powder 750/Tin (50 kg)

Note; " Power cost- is based on the new tariff and a unit charge at'the basic rates
indicating in Section 5 "Industrial Tariff " in the Gazetic of the Democratic
Socialist Republic of Sri Lanka effective from lst February 1994,  The rates

above exclude a maximum demand charge and a fixed charge.
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Supply source for these materials assumes from domestic and abroad, India, Thailand and others,

Whlle monthly expendlturc of the exlstmg, Ambatale Water Treatment Plant (305,000 m3fd) indicates
Rs. 12 936,000 in total and 70, 3.5, and 26.5 percent of ratios for power, labor and materials costs,
respecnveiy in an average for last six months from June to December 1993, followmg to the monthly

expenditure reports of the NWSDB Ambatale Treatiment Plant.

7.3 Design Criteria/Condition
7.3.1 Intake
1) lntake Mouth

Passing Veélocity 15 - 30 cm/sec

2) Grit Chamber

Retention Time : 10 - 20 min
Horizontal Velocity :: - 2 - 7 em/sec
Effective Water Depth: 3 -4m

Depth for Settled Grit: 0.6 - 1.0 m

7.3.2 Freatment
(D Planned Treatment Capacity
1)~ Maximum Day Demand

The maximum day demand for the target year 2010 shall be 182,000 m*/day taking into consideration
of peak factor as 1.15 as given in the previous sub-section. In like manner, maximum day demand for

the target year 2020 shail be 364,000 m’/day.

2) Design Capacu:y

For determmanon of demgn capamty of the treatment facilitics, water use within the yard of treatment
' piant and unpredictable loss is totally counted as 5 percent of the maximum day demand on the basis of
world-wide expenences Thus design capacity amounts to 192,000 m*/day and 383,000 m*/day for the
target year 2010 and 2020, respectively. '

2) Drinking Water Standards
The standards for water quality in Sri Lanka are based on the SLS 614, 1983; Part 1 Physical and

Chemical Requirement, and Part 2, Bacteriological requirements, which are similar to the WHO

Standards as given in Table 7.7 and 7.8.
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~ Table 7.7 Specification for P__o'table Water, SLS 614 (1983)
PART 1 - Physical and Chemical Requirements

Characteristic

Maximum

Maximum
_ Desirable Level Permissibie Level
pH 7.0 < 8.5 units 6.5-9.0 units .
Color 5 units 30 units
Odor Unobjectionable Unobjectionable
Taste o "
Turbidity . . 2-JTU 8-JTU .. .
Elect. Conductivity 750 [S/em 3,500 pS/cm
Chloride (Cl) . 200 mg/l 1,200 mg/l
Chlorine-Free Residual (CI) S 02 "
Alkalinity (as CaCOyjy) 200 " 400 "
Amimonia-Free - -0.06 "
Ammonia-Albuminoid - 0.15 "
Nitrate (as N) - 10 "
Nitrite (as N) - 0.01 !
Fluoride (as F) 0.6 " 1.5 "
Phosphates-Total (PO) - ' 200
Total Solids 500 " 2,000 "
Hardiess Total (as CaCOs) 250 " 600 "
Tron-Total (as Fe) 03 " 1.0 "
Sulphate 200" 400 "
Calcium 100 " 240 "
Magnesiumm 30to 150 * 150 "
Copper 005 " IS R
Manganese 005 " 05 "
Zinc 5.0 " 15.0 "
Aluminium - ' 0.2 "
Arsenic - 0.05 "
Cadmiur_n ' - 0005 "
Cyanide - .05 "
Lead - 0.05. "
Mercury - g.001 ™
Sclenium - 0.0t ™
Chromium . - : 005 " '
Anionic Detergents (as MBAS-LAS) 0.2 v 1.0 "
Phenolic Compounds (as Phenolic OH) 0.00r " S 0.0020
0il & Grease - : o "
Pesticide Residue (Refer to WHO &  FAOQ requirements) .

Chem. Oxygen Demand (COD)

10 mg/l

* Depending on sulphate content, i.e. for
Mg. is allowed.

205 mg/l sulphatc, max. Mg. is 30 mg/l; for less suiphate, more




Table 7.8 Specification for Fotable Water, SLS 614 (1983)

Part 2 - Bactceriological Requirements

Requircments

I.  Pipe born water supplies:

- Throughout any. year, 95 percent of the samples shall not contain any coliform organistus
in 100 ml, '
- None of the samples examined shall contain more than 10 coliform organisms per 100 mt.
- Coliform organisms shall not detectable in 100 ml of any two consecutive samples.
- Nong of the samples examined shall contain E. Coli in 100 mg/l {Fecal coliform).

|2, Individuat and small co:11m1111ity'.s'upp!ies

- None of the samples examined shall contain more than 20 coliform organisms per 100 mg/l
_ on repeated examination.

- No sample shall contain E. Coliform in 100 mg/l (Feca! coliform)
Note: Individual or small community supplies include wells, bores and springs.

(3) Design- Manual

For dc=signir’1g purpose on structures and related facilities, the 'Design Manual on Small Conummity
Water Supplies, prepa'red_fdr the NWSDB with the WHO assistance in 1982 and the Design Manual
on Water Quality and Treatment prepared in the Water Supply :and Sanitation Project with the
UNSAID assistance in March 1989 shall be basically referred to this Study. In addition, Design
C.riten'a. for Water Works Facilities, Japan Watcr Works Aséociaﬁdn, and otiler design criteria in the

UK and USA are also referred when needed to supplement Sri Lankan design criteria.

7.3.3 Transmission and Distribution
(1 General

Friction Formula : Hazen-Williams Formula

H=10.666 x C'* x D" x Q" x L

where, H: friction loss (m)
C: friction coefficient 120 for cement lingd DIP and SP
o 130 for PVC pipe
D ;. diameter of pipe (m)
Q:  flow rate (m’/sec)
L pipe length {m)

Maximum flow rate 2.0 m/sec

{2}  Transmisston

Pipe Material :  Ductile iron pipe (DIP) or sicel pipe (SP)-
Internal lining ;  Cement mortar lining




Pecak Factor : 115 (times daily maximum demand) -

{3) Distribution _ .
Pipe Material :  Ductile iron pipe (DIP) for diameter 250 tm or larger
Unprasticized poiyvinyl chloride (uPVC}) pipe for diameter less than 250
mm ' '

Peak Factor : Vary according to the water demand in the service area
referred to statistics in Japan -

F=ax(q24)°

where, F: houn r]y peak factor (ratio to dzuly average flow)
q: daily average demand iy
a,b: constant parameter (sec table below)

Category Aifea _ a b

A i mixture of residential and |  1.9503 ' -0.0301 o
: commercial arca
‘B 1 residential area . 3.1124 -0. 0850

Source :  Statistics of Peak Facior from Water Supply Operatlon in Japan, “Dcmgn
. Criteria for Waterworks Facilities” Japan Water Works Association

Peak factor for each scrvice area is calculated as follows:

Service area ‘.C.atcgor_v Ave.Demand (m3/d.) _ Peak Factor

2010 1 2020 | 2010 2020
Dehiwala .
North Zone A 16,691 17,298 | 16 1.6
High Zone A 1914 12347 16 1.6
Low Zone A 38,004 39385 1.6 1.6
“Moratuwa ' o Y
High Zone A 15,6921 17,639 1.6 1.6
Low Zone A 23416 | 26321 1.6 1.6
Panadura A 8,562 9305] 19 1.9
Kesbewa B 13,709 | 309061 1.8 1.7
Keselwatte B 6,263 | 10,462 1.9 1.9
Homagama B 3,312 7,343 | . 2.0 1.9
Bandaragama B 0 2,501 -4 21
Horana B 3,360 4314 2.0 2.0

Minimum hydraulic head = 10 m at peak demand

Storage capacity of reservoir and tower

for emergency casc (stoppage of supply from the source)
----> more than § hours is recommended

for absorbing demand variation
----> to be examined from flow analysis

7.4 Selection of Proposed Sites for Water Supply Facilities
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