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Introduction 

This is the report on the observations made on the waters of Nuwarawewa, Thuruwila, 

Kekirawa and Mahakandarawa reservoirs sampled for phytoplankton analyses on behalf of 

Ceywater PLC.  

Method  

Net samples as well as direct samples were collected for taxonomical and counting 

examinations.  A 20 micron net was used to collect the net sample for taxonomic observations. 

A 50 ml sample was taken directly to a graduated tube for counting purposes. 2-3 drops of 

Lugol’s iodine solution was added to each sample for preservation. These samples were kept 

overnight to settle down and the supernatant water was decanted until only 5 ml remained. 

This was shaken and 1.0 ml was taken for counting. Samples were observed in a Sedgewick 

Rafter counting cell and observed under an Olympus microscope (model    ).  50 squares per 

sample was counted and the mean value taken for tabulation.  

Results  

The results of the algae indentified and their counts (units per ml) are presented in Tables 1, 2, 

3 and 4 for Nuwarawewa,  Kekirawa, Thuruwila and Mahakandarawa reservoirs respectively. 

Parameter :  Phytoplankton Composition  
Date   :  19.08.2014  
 
Table 1: Nuwarawewa  
 

Species Name  Taxa Counts  
CYANOPHYCEAE   
Anabeana solitaire  c 24 
Chroocococus disperse c 22 
Cylindrospermopsis raciborskii d 32,000 

Merismopaedia punctata  c 32 

Mycrocystis aergunosa  r 4 
Microcyatis sp. r 10 

Microcystis wesenbergii r 4 

Oscillatoria sp. c 24 

 Pseudanabeana sp. c 22 

DIATOMOPHYCEAE    

Melosira granulata c 20 

Navicula sp. m 60 

Surella sp r 4 

Synedra sp c 22 

CHLOROPHYCEAE   

Ankistrodesmus sp.  r 4 
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Pediastrum simplex  r 4 

DINOPHYCEAE    

Peridiniopsis sp r 8 

ZYGNEMAPHYCEAE   

Cosmarium sp  r 12 

EUGLENOPHYCEAE   

Euglena sp. c 20 

No. of taxa   18 

Total Counts per ml  32,296 

 
 
Table 2: Kekirawa Tank 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Species Name  Taxa Counts  
CYANOPHYCEAE   
Anabeana solitaire  r 12 
Chroocococus disperse c 34 
Cylindrospermopsis raciborskii d 4200 

Merismopaedia punctata  c 24 

Mycrocystis aergunosa  r 2 
Microcyatis sp. r 4 

Microcystis wesenbergii r 8 

Oscillatoria sp. r 12 

DIATOMOPHYCEAE  r 12 

Melosira granulata m 190 

Navicula sp. c 22 

Pinularia sp c 26 

Pinularia sp. (long strains) C 22 

Synedra sp m 640 

CHLOROPHYCEAE   

Pediastrum simplex  c 22 

Scenedesmus sp. r 12 

ZYGNEMAPHYCEAE   

Strautrum sp r 12 

EUGLENOPHYCEAE   

Euglena sp. r 12 

No. of taxa   18 

Total Counts per ml  5266 
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Table 3: Thuruwila Tank 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

Species Name  Taxa Counts  
CYANOPHYCEAE   
Anabeana solitaire  m 32 
Chroocococus disperse m 32 
Cylindrospermopsis raciborskii d 1200 

Merismopaedia punctata  c 130 

Mycrocystis aergunosa  r 2 
Microcyatis sp. m 26 

 Pseudanabeana sp. m 36 

DIATOMOPHYCEAE    

Navicula sp. c 28 

Surella sp r 4 

Synedra sp m 32 

CHLOROPHYCEAE   

Ankistrodesmus sp.  r 4 

Pediastrum simplex  m 32 

Scenedesmus sp. r 8 

DINOPHYCEAE    

Peridiniopsis sp c 22 

ZYGNEMAPHYCEAE   

Strautrum sp  r 8 

EUGLENOPHYCEAE   

Euglena sp. r 8 

No. of taxa   16 

Total Counts per ml  1604 
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Table 4; Mahakandarawa Tank 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d=dominant : m=moderately: c=common: r=rare 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Species Name  Taxa Counts  
CYANOPHYCEAE   
Anabeana solitaire  r 12 
Chroocococus disperse c 24 
Cylindrospermopsis raciborskii d 26900 

Merismopaedia punctata  c 22 

Mycrocystis aergunosa  r 8 
Microcyatis sp. r 10 

Microcystis wesenbergii r 8 

Oscillatoria sp. R 8 

Planktolyngbia sp. m 326 

Spirulina sp. m 164 

DIATOMOPHYCEAE    

Melosira granulata m 40 

Navicula sp. c 28 

Synedra sp m 72 

CHLOROPHYCEAE   

Ankistrodesmus sp.  R 6 

Pediastrum simplex  r 8 

Scenedesmus sp. R 6 

No. of taxa   16 

Total Counts per ml  27642 
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Table 5: Relative Abundance of Cylindrospermopsis raciborskii 

Reservoir Name  Relative Abundance % 

Nuwarawewa 99.08 

Kwkirawa Tank 79.75 

Thurwila Tank 74.8 

Mahakandarawa Tank 97.3 

 

Discussion  

The results presented in the four Tables show that the total algae in the Nuwarawewa and 

Mahaknadarawa tanks are much higher than in Thuruwila and Kekirawa. Perhaps they are more 

eutrophied than the other two. Nonetheless, in all the four tanks the predominant alga is 

Cylindrospermopsis raciborskii (Table 5) which has the potential to produce the algal toxin 

cylindrospermopsin. The abundance of Cylindrospermopsis raciborskii and other algae in North 

Central Province is influenced by water pollution that determines the trophic levels of the 

reservoir and this could also vary with the rainfall. Relative abundance and species spectrum 

shows the dominant, sub-dominant, common and occasional species which reflects the 

eutrophication of the water body.  

Accordingly the phytoplankton composition of the four water bodies could be identified as 

follows.   

1. Mahakandarawa: the dominant species is Cylindrospermopsis raciborskii among the 

Cyanophyceae along with the other species belonging to other algal families. Comparing 

the results obtained earlier there’s no significant changes in the phytoplankton 

composition. 

2. Thurwila Reservoir: the dominant species is Cylindrospermopsis raciborskii but less in 

counts than Mahakandarawa.  

3. Kekirawa Reservoir: This records the lowest population of algal species but even here 

the dominant alga was Cylindrospermopsis raciborskii with a relatively high abundance 

of diatoms.  

4. Nuwarawewa Reservoir: Highest algal counts with a predominance of 

Cylindrospermopsis raciborskii indicating eutrophic conditions. While diatoms were 

common an increase in the Euglena population indicates plenty of exposure to sunlight 

and richness in organic matter. Water body in under eutrophic conditions.  

Recommendations  

In all the four reservoirs examined the dominant alga is Cylindrospermopsis raciborskii, a toxigenic 

species. The counts for Nuwarawewa and Mahakandarawa tanks are certainly beyond the danger levels. 

However, the mere presence of a cyanobacterium does not mean it produces toxins. The IFS is currently 

APPENDIX 3.1-13.1-1 - 6



in a position to measure and quantify the toxin cylindrospermopsin produced by this organism. If the 

NWSDB can purchase the ELISA kits needed for this work, we will be able to estimate the quantity of the 

toxins presnt (if any) in these waters. It is recommended that such analysis are done at least for 

Nuwarawewa and Mhakandarawa water samples before and after water treatment. It is then possible to 

see to what extent the water treatment is effective in reducing the toxin levels.  

 

 

 

 

 

 

 

Prof. S.A. Kulasooriya 

Visiting Professor/IFS  

APPENDIX 3.1-13.1-1 - 7



Jar Test Carried out on the 04th of September 2014 at the Anuradhapura Regional 

Laboratory. 

Those present :  Mr. Buw Perera (Ceywater Consultants (pvt) Ltd)  

Mr. Lakruwan Alwis (NWSDB – Chemist, Anuradhapura)  

 

1.0 Jar testing Procedure  

 

a) Measure the turbidity of the raw water so as to estimate the dosing of Alum.  

b) Measure the pH value of the raw water so as to estimate the dosing of Hydrated Lime 

required to enable the flocculation and coagulation of the alum taken place within the 

pH rage of 6.4 – 6.8. 

c) Measure 1000 ml raw water into each jar.  

d) Adjust the Flocculator speed at 100 PRM.  

e) Add in the estimated Hydrated Lime dosing . 

(1 ml 0.1% solution to 1 Litre = 1 ppm)  

f) Add in the estimated Alum dosing . 

(1 ml 0.1% solution to 1 Litre = 1 ppm)  

g) The above mentioned chemicals should be added quickly and then stir at 100 RPM for 1 

minutes after chemicals addition.  

h) Reduce the speed to 20 RPM and stir for 15 minutes.  

i) Then allow the floc to settle for 15 minutes and observe its speed of settlement. Grade 

the floc size and speed of settlement. Decant supernatant from each jar and measure 

the turbidity and pH value.  

 

Additional Tests  

 

a) Filter the decantered supernatant through a 0.45µ watman filter paper using a Buchner 

Funnel under Vacuum.  

b) Send samples of the raw water and filtered water to NWSDB laboratory in Ratmalana for 

heavy metal analysis. 1ml of dilute nitric acid was added as a preservative.  

 

2.0 Results  of the Jar Test  

 

Stock Solution      = 1% Alum  

Therefore 1 ml of stock solution  = 10mg of Alum  

 

 Dose Rate 
mg/l 

30 34 36 38 40 42 

Raw 
Water  

pH  8.37 8.37 8.37 8.37 8.37 8.37 

Turbidity 
(NTU)  

5.27 5.27 5.27 5.27 5.27 5.27 

Conductivity 
(µ/sem) 

760 760 760 760 760 760 

 

Best dose rate 
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Dosed 
Water  

PH 7.36 7.26 7.21 7.14 7.12 7.1 

Supernatant 
Turbidity 
(NTU)  

1.33 1.21 0.94 1.54 0.77 0.79 

Conductivity 
(µ/sem) 

- - - - - - 

 

Tests were repeated for reproducibility.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Equipment Used for Jar Testing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Jar Testing in Progress 

 

3.0 Results of Heavy Metal Analysis  

 (To be provided by NWSDB - Ratmalana, Samples handed over 5th September 2014)  

Best settling flocc 
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Dissolved Air Flotation 

 

 

 

 

 

 

Flotation is described as a gravity separation process in which gas bubbles attach to solid particles to 

cause the apparent density of the bubbled solid agglomerates to be less than that of water, thereby 

allowing the agglomerate to float to the surface. DAF is employed mainly for the treatment of nutrient 

rich reservoir waters that may have heavy algal blooms and for low turbidity low alkalinity coloured 

water 

Advantages 

1. High loading rates can be used , typically 8 to 12 m/h  for potable water treatment plant. 

2. A thick float of typically 1 to 3 % total solids can be used using hydraulic or mechanical 

skimming. 

3. Large dense flocc is not required and hence less  flocculation time when compared to 

sedimentation. 

4. coagulation dose rate can be reduced in some circumstances as a smaller flocc particle size is 

required.  

5. No polymer is required. 

6. Rapid start up time, typically 30 to 60 mins. 

7. Excellent algae removal efficiency. 

8. 2 to 2.5 log removal of crypto and giardia possible. 

9. Smaller footprint required compared to conventional flocculation and sedimentation. 
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10. Many Contractors have the experience and technology to install these and hence a competitive 

price can be expected for these clarifiers. 

Disadvantages 

1. Requires a cover or roof to protect the float layer from rain. 

2. Mechanically more complex than conventional gravity clarifiers. 

3. More power consumption that conventional sedimentation plant as recycle pumps, 

compressor/saturators, scrapers are required. 

4. Not suitable for high turbidity waters. 

5. Requires a higher degree of maintenance and operator skill. 

6. With some waters it may be more difficult to dewater the sludge. 

 

 

 

Pulsator 
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Superpulsator 

 

 

 

 

The pulsator clarifier combines basic chemical principles and proven clarification technology in a high 

rate solids contact clarifier. It is a pulsed sludge blanket type clarifier which simultaneously carries out  

flocculation and clarification without the need for separate stages. The sludge formed during 

flocculation is made up of an expansion mass called the sludge bed or the sludge blanket. Water that 

has been coagulated beforehand arrives  from the bottom of the device and flows through the this 

sludge bed to emerge clarified at the top of the settling tank. The forces resulting from the pulsation of 

the flow and the collisions and entrapments within the flocc blanket ensures complete flocculation and 

efficient separation of the flocc from the clarified water. 

 Inclined settling plates inside the clarifier in the Superpulsator keeps the sludge blanket homogeneous  

across the entire settling area aiding in the flocculation and helps guide the sludge into the concentrator  

during the pulsing.The vacuum generated flow pulsing creates a homogeneous  sludge blanket that 

results in excellent effluent quality at minimal operating costs. 
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Advantages 

1. Relatively high loading rates of  3 to 4.5 m/h rise rates are possible with Pulsators.  10 m/h may 

be possible with the Superpulsator models. 

2. Flexible operation. Capable of removing colour , turbidity and organics 

3. Controlled hydraulics. 

4. Reduced operating costs. Most other solids contact clarifiers require mechanical or flow 

impeding devices such as mixers, pumps, or baffles to keep the sludge homogeneous 

5. Easy operation. The vacuum pump, vent valve arrangement, and sludge waste valves are the 

only mechanical parts which are automated and require minimal operator attention. 

Disadvantages 

1. Not good if the inlet raw water has more than 100,000 u/ml of algae(This is according to Infilco 

Degremont’s own  brochure) 

2. Flocc carryover is fine particles and hence not ideal for filtration downstream. 

3. Algal growth and slime in the plates in a Superpulsator, if allowed to accumulate, will partially 

clog them and hence affect performance. 

4. Requires the installation of a distribution lateral system at the base , and in the case of the 

superpulsator, inclined plates have to be installed inside the tanks. 

5. Relatively large footprint of the Pulsator compared to the DAF. 

6. For waters that need aeration, an upstream aerator is needed  for the solids contact clarifiers 

whereas the DAF does not need this. 

7. Pulsator and Superpulsator  designs are patented  technologies from Degremont. Although 

there are other similar solids contact clarifier technologies available from other Contractors, 

NWSDB appear to prefer the Pulsator. This would narrow down the Contractor to one ( unless 

this technology is made available to other Contractors under some license agreement by 

Degremont) 

General note on process selection. 

With respect to use of Superpulsators for the project, we have major concern as this directs us to use 

only one vendor – which is Degremont and then we are at the mercy of getting economical solution – 

capex and opex. The client will eventually loose on this. If they say any sludge blanket clarifier would do 

in stead of saying Superpulsator then it is not true. Other sludge blanket clarifiers would not be as 

effective as  a Superpulsators, resulting in large algal masses floating and chocking on the filters as is 

normally happening. With DAF there are number of vendors, including Degremontt that can participate 

in the project and client would get a better competitive bids resulting in cost savings for the client in 

Capex and Opex. 
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1

National Water Supply and Drainage Board

Anuradhapura North Water Supply Project 

Optimal WTP Process

30 August 2007

Optimal WTP Process that may help 
mitigate probable contaminants causing 

CKD 

Water Treatment Plant

Production Capacity = 17, 900 m3/day 
(ultimate)

Raw Water Source = Mahakandarawa Lake

3.1-3 - 1



2

Existing WTPs

Nuwara Wewa Kakirawa Thuruwila

Algae – floating 
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3

Raw Water Quality

Raw Water Quality Analysis (2013-14 data)

STATISTICS
Average Max parameter Units 

Apearence

31 68 Colour 

5 15.49 Turbidity Pt.Co.

8 8.32 pH value NTU

592 640 Electrical Conductivity 

110 168 Chloride μs/cm

123 196 Total Alkalinity mg/ 1 as Cl

148 180 Total Hardness mg / l as Caco3

0.267 0.500 Nitrate mg / l as Caco3

0.003 0.008 Nitrite mg / l as N

4.895 14.000 Sulphate mg / l as N

0.376 0.600 Fluoride mg / l as SO4

0.189 0.400 Total Phosphate mg / l as F

0.072 0.210 Total Iron mg / l as PO4

0.124 0.350 Free Ammonia mg / l as Fe

n/a n/a Residual Chlorine mg / l 

STATISTICS

Ave Max Parameter unit

8733 15600 Cylindrospermopsis Count per ml

8999 15392 Total Algae Count per ml

STATISTICS

Ave Max Parameter unit

1.757 1.95 As ppb

1.081 1.51 Cd ppb

138.88 690 Zn ppb

72.25 156 Mn ppb

3.5 4 Cu ppb

252 312 Cr ppb

ND ND Pb ppb

3.1-3 - 3



4

Probable Causes of CKD

 hardness and/or high content of fluorides in drinking water;

 use of cheap aluminium cookware which is easily solubilised by the fluoride in water;

 excessive use of agrochemicals containing nephrotoxic chemicals, such as 
compounds of heavy metals like cadmium and arsenic, and even plant nutrients like 
phosphate itself (hyperphosphatemia); and Glyphosate.

 consumption of food items such as lotus roots and smoking tobacco, which have high 
Cadmium (Cd) levels;

 algal and herbal toxins in the drinking water supply;

 high ionic concentration in groundwater aquifers supplying the wells from which 
people draw their drinking water;

 nephrotoxic ingredients (e.g. Sapsanda) in widely used ayurvedic herbal medicines;

 excessive dehydration in the work environment of farmers; and even
genetic predisposition of the affected population to 
kidney damage from normally harmless levels of nephrotoxins

Anuradhapura North Water 
Supply Project ( 17.8 MLD 

ultimate capacity)

Selection of WTP Process

3.1-3 - 4
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Conventional WTP process
(as proposed in JICA report)

RAPID
MIX

FLOCCULATION/
SEDIMENTATION

Media FILTRATION

Clearwell

Chlorine

To 
Distribution

Coagulant (alum )Chlorine

Inclined Plates
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Dissolved Air Flotation (DAF)

RAPID
MIX

Dissolved Air 
Flotation

Dual Media 
Filtration

Coagulant (alum)

Clear well

Chlorine

To 
Distribution

Granular
Activated Carbon

Filtration
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Primary difference between conventional and 
dissolved air flotation

Gravity Settlement

Buoyancy Flotation

Air bubble

Attachment of bubbles
to flocs

DAF

Settling or DAF Settling

2 stage direct
filtration

Single
stage
direct
filt.

C
h

lo
ro

p
h

yl
l-

A
, µ

g/
l

0

10

25

Turbidity, NTU
10 20 50 100

Clarification/ Process Selection Range

Source: Jansenns, J., and A.Buekens (1993). Assessment of Process
Selection for Particle Removal in Surface Water Treatment. Aqua. 14
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8

Typical DAF Arrangement

Way Forward
• Initiate the design of First phase of WTP with 

DAF, Media Filtration followed by GAC as primary 
barriers for Algae and other organic &  pesticide 
control.

• Continue to monitor data on specific water quality 
parameters from existing WTPs (inlet and outlet) 
as well as from proposed water source.

• Develop detailed mapping of existing as well as 
future CKD patients within the existing water 
Distribution system area

• Allocate specific budget and continue to provide 
public education program on use of treated 
surface water from WTPs     
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THANK YOU
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