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Abstract: There is a r ising d e m a n d for affordable, easy to build and movable type water t rea tment uni t 
operat ion m o d u l e s mainly d u e to river intake prob lems induced by poor env i ronmenta l management . 
This is an effort to re in t roduce convent ional wa te r t rea tment m o d u l e s us ing low cost construct ion 
material a n d prefabricat ion techniques to construct in lesser t ime and to m o v e the m o d u l e s w h e n 
required to suit the prob lems of varying nature . Basically three modu les tube settler, chlorine contact 
tank and rap id sand filter are discussed. Construct ion methodology and material selection are the key 
features concentrated t owards achieving the objectives. These modu les have been successfully tested at 
Pugoda and Mah iyangana water supp ly schemes of the Nat ional Water Supply and Drainage Board 
(NWSDB) and found to be a solution for m a n y prevai l ing problems. 
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1. Introduction 

It has been identified that the Sri Lankan water 
s e c t o r n e e d s r a p i d e x p a n s i o n to a c h i e v e 
mi l lennium deve lopment goals declared by the 
U n i t e d N a t i o n s in t h e y e a r 2000 , w h i c h 
envisages all citizens to have access to safe water 
sources for domest ic consumpt ion by the year 
2025. The co rpora te s t ra tegies of the NWSDB 
focus on achieving above goals at affordable and 
sustainable manner . In Sri Lanka 76 percent of 
the p o p u l a t i o n h a v e access to safe d r i n k i n g 
w a t e r w i t h 31 p e r c e n t h a v i n g access to p i p e 
b o r n e w a t e r . N W S D B m a i n t a i n s 295 w a t e r 
supp ly schemes th roughou t the Island. Many of 
t h e s e w a t e r s u p p l y s c h e m e s a r e f a c i n g 
c h a l l e n g e s o n s u s t a i n a b i l i t y d u e to 
e n v i r o n m e n t a l p r o b l e m s s u c h as r i v e r b e d 
lowering and river flow diversions mainly d u e 
to s a n d m i n i n g . S a n d m i n i n g c a u s e s r a p i d 
c h a n g e s in r i v e r b e d c o n d i t i o n s d e s t r o y i n g 
infiltration galleries and shal low wells at river 
banks increasing the need for more t rea tment to 
p r o d u c e d r i n k i n g qua l i ty wate r . Fu r the r the 
c h a n g e of r i ve r b a s i n cha rac t e r i s t i c s d u e to 
u rban iza t ion a n d indus t r ia l iza t ion aggrava tes 
this problem. Increasing d e m a n d to treat surface 
water d u e to above reasons and lack of funds to 
implement enhanced wa te r t rea tment facilities 
are the major p rob lems encountered at present . 
The r e s e a r c h a n d d e v e l o p m e n t u n i t of t h e 
NWSDB proposes low cost easy to construct and 
movab le t r e a t m e n t m o d u l e s as an i m m e d i a t e 

r e m e d y to th i s p r o b l e m . Ut i l i za t ion of local 
material and skills is the key to sustainabili ty of 
this strategy. 

2. Emerging Surface Water 
Treatment needs in Sri Lanka 

NWSDB has been practicing conventional wa te r 
t r e a t m e n t u n i t o p e r a t i o n s for t r e a t m e n t of 
surface water for d r ink ing purposes . Aeration, 
flash mixing, flocculation, sedimenta t ion, sand 
f i l t ra t ion a n d d i s in fec t ion a re the bas ic un i t 
o p e r a t i o n s p r a c t i c e d . T h e w a t e r t r e a t m e n t 
m e t h o d o l o g i e s p r a c t i s e d b y N W S D B 
m a i n t a i n e d s c h e m e s v a r y f rom d i s in fec t ion 
alone to selected convent ional uni t operat ions to 
suit the qual i ty of specific r a w water . Lack of 
i n v e s t m e n t a n d a t t e n t i o n o n e n v i r o n m e n t a l 
q u a l i t y m a n a g e m e n t is r e s u l t i n g in r a p i d 
changes of h y d r o d y n a m i c condi t ions over the 
land contr ibut ing to wa te r scarcity wi th respect 
to b o t h q u a n t i t y a n d q u a l i t y . Th i s c o n t e x t 
increases the need for implement ing more water 
t rea tment uni t operat ions . A h igh d e m a n d for 
w a t e r t r e a t m e n t u n i t o p e r a t i o n m o d u l e s at 
t ownsh ip level exists d u e to the s tatus of part ial 
or n o t r e a t m e n t in s o m e of the s c h e m e s a n d 
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r i s i n g w a t e r t r e a t m e n t d e m a n d d u e to 
environmenta l quali ty m a n a g e m e n t problems. 

3. Problems identified 

T h e c o n t e n t p r e s e n t e d b e l o w is b a s e d o n 
solut ions p roposed for two p rob lems NWSDB 
e n c o u n t e r e d a t P u g o d a a n d M a h i y a n g a n a 
townsh ip water supp ly schemes. 

At P u g o d a t h e s o u r c e is K e l a n i r i ve r , o n l y 
partial t rea tment , namely rap id sand filtration 
and disinfection w e r e the t r ea tmen t avai lable 
w h i c h l ead to c o n s u m e r c o m p l a i n t s of b a d 
water quali ty. The capacity of P u g o d a p lant is 
abou t 500 cubic me te r s pe r day . P u g o d a r a w 
wate r qual i ty is r epo r t ed as turb id i ty va ry ing 
from 10-100 N T U and colour in the range 40-80 
un i t s . At M a h i y a n g a n a the p r o b l e m w a s the 
presence of h igh concentrat ion of Manganese in 
the range of 0.2 m g / L in Mahawel i river water 
in addi t ion to the presence of h igh turbidi ty and 
colour in the r anges of 20-80 N T U and 50-120 
units respectively. The t rea tment available was 
intake well filtration combined wi th disinfection 
by chlorination which lead to formation of black 
deposi ts in the distr ibution. The d e m a n d of the 
M a h i y a n g a n a t o w n s h i p is a b o u t 2000 cubic 
meters pe r day . The chal lenge w a s to p rov ide 
quick solutions to these problems. The Research 
a n d D e v e l o p m e n t s e c t i o n of t h e N W S D B 
d e t e r m i n e d to s o l v e t h e s e p r o b l e m s c o u l d 
foresee that a typical t radi t ional solution w o u l d 
take abou t one year to reach complet ion. O n e 
quick opt ion was to go for a package style water 
t reatment plant. 

3.1 The capital investment 

T h e N W S D B e x p e r i e n c e to d a t e is t h a t t h e 
imported package t rea tment p lants m a y contain 
d e s i g n p r o b l e m s a n d h i g h o p e r a t i o n a l cos ts 
w h i c h a r e d i f f i cu l t t o be f o r e s e e n a t b id 
e v a l u a t i o n s t a g e s . T h e h i g h c a p i t a l cos t 
associated wi th these p lan ts is a main drawback. 
D a m a g e s c a u s e d to s o p h i s t i c a t e d c o n t r o l 
sys tems of these p lan t s by l ightening are also 
contr ibut ing to the h igh operat ional costs. 

Table 1 below compares the capital investment 
r e q u i r e d for loca l ly d e v e l o p e d a n d recen t ly 
imported package style wa te r t reatment plants. 
The costs of Pugoda and Mahiyangana plants are 
compared w i th costs p red ic ted from recently 
imported treatment plants from Europe . 

The impor ted plants look very impress ive and 
c o m p l e t e . H o w e v e r t h e r e a r e a s s o c i a t e d 
prob lems such as h igh ma in tenance costs and 
n e e d of s p e c i a l sk i l l s a n d m a t e r i a l s for 
maintenance. 

Table 1 - Capi ta l i n v e s t m e n t compar i son of 
imported and locally developed package style water 
treatment plants 

Capacity European Locally 
(Cubic meters/ plants developed 

day) (Rs. Millions) plants 
(Rs. Millions) 

500 20 6 
2000 100 21 

O n the o the r h a n d , locally d e v e l o p e d p l a n t s 
l o o k c r u d e b u t t h e m a i n t e n a n c e c o s t s a r e 
acceptable and not m u c h problems encountered 
w i t h sk i l l s a n d m a t e r i a l s n e e d e d for 
maintenance as minor details of these p lants are 
well k n o w n to us. 

3.2 Affordability 

T a b l e 1 r e v e a l s t h a t a b o u t 2500 h o u s e 
connections could be p rov ided by an inves tment 
of Rs 21 M i l l i o n w h i c h i m p l i e s a c a p i t a l 
investment of about Rs 8,500 per househo ld for 
a full t r e a t m e n t f ac i l i t y e x c l u d i n g t h e 
d i s t r i b u t i o n s y s t e m . T h i s a m o u n t is m u c h 
affordable than 4 to 5 t imes h igher inves tment 
required on an impor ted t rea tment plant . If this 
type of low cost opt ions are implemented there 
is a possibility of raising funds out of consumers 
themselves rather than seeking loans in foreign 
currency. 

Another achievement is the construct ion time. 
The required construction per iod for 500 cubic 
meters per day capacity P u g o d a plant and 2000 
cubic m e t e r s pe r d a y capac i ty M a h i y a n g a n a 
p l a n t is o n l y a b o u t t h r e e m o n t h s a n d four 
mon ths respectively. There is scope for further 
r educ t ion of cons t ruc t ion t ime by i m p r o v i n g 
prefabrication methodology. 

3.3 Sustainability through local 
workmanship 

T o a c h i e v e t h e u l t i m a t e o b j e c t i v e of 
sustainability and affordability, deve lopment of 
our o w n products util izing m o d e r n technology 
is vital. There should be efforts in this direction 
over a a long period to achieve success. In o ther 
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words purchas ing finished produc ts alone is not 
a successful means of deve lopment as there will 
be a s s o c i a t e d h i d d e n p r o b l e m s w h i c h a r e 
sometimes costly to solve. Efforts demons t ra ted 
b e l o w a r e few m o v e s t o w a r d s t h e goa l of 
improving local technology. It is believed that 
c o n t i n u a t i o n of t h i s k i n d of e f for t s w i l l 
d e f i n i t e l y l e a d to a c h i e v e t e c h n o l o g i c a l 
excellence in the fu ture . These p r o d u c t s will 
he lp to lower the opera t ion and ma in tenance 
cost to a m i n i m u m . 

4. Details of the solutions 

So far three uni t operat ion modules have been 
d e v e l o p e d . T h e y a r e s e d i m e n t a t i o n t a n k 
incorporat ing tube settler technology, a chlorine 
contact tank and a rap id sand filter unit . The 
latter two uni ts are constructed us ing 10 cubic 
meter capacity Poly-Ethylene (PE) tanks. 

4.1 Sed imen ta t i on t a n k 

This uni t follows flash mixing and flocculation 
steps in conventional water t reatment process. A 
plain sedimentat ion tank for 2000 cubic meters 
per day capacity water t reatment needs about 70 
s q u a r e m e t e r s of l a n d . But if t u b e s e t t l e r 
technology is used the plan area requirement for 
sed imenta t ion tank w o u l d be abou t 15 square 
meters only. This 79% lower land requirement 
for a sedimentat ion tank is vital for a new plant 
to be located in a congested small town and also 
it is a very effective m e a n s for u p g r a d i n g an 
existing t rea tment plant . Figure 8 shows river 
w a t e r t r e a t m e n t p l a n t at P u g o d a w h i c h is a 
backyard cons t ruc t ion . T u b e se t t l ing is no t a 
new technology. It has been practiced for about 
40 years [1]. A main difficulty in bui lding a tube 
settler is b u n d l i n g tubes . Some p roduce r s use 
fabr ica ted t u b e m o d u l e s or a s s e m b l e d p la t e 
modu le s for this p u r p o s e . In this w o r k it w a s 
able to p r o d u c e a t u b e m o d u l e us ing 50 m m 
diameter l m long Poly Vinyl Chlor ide (PVC) 
conduit p ipes bund led at 60 degree inclination 
to the horizontal [2]. The modu les were placed 
inside a mild steel container m a d e out of 3 m m 
thick mild steel plates wi th p roper hydraul ics to 
achieve 6.1 m / h overf low rate [3]. The mild 
steel conta iner w a s s a n d blas ted a n d pa in t ed 
wi th a food g rade mar ine paint coating system 
for corrosion protection. 

Figure 1: Tube settler at Mahiyangana 

Figure 2: Tube settler in operation at Pugoda 

It is expected that this tube settler m o d u l e will 
last for more than 10 years . Figure 1 s h o w s a 
tube settler of 500 cubic meters per day capacity 
bu i l t at M a h i y a n a g a n a a n d F i g u r e 2 s h o w s 
s i m i l a r c a p a c i t y t u b e s e t t l e r a t P u g o d a in 
operat ion. A modu le of tubes used for the tube 
settler is shown in Figure 3. 

Figure 3: A module of tubes for the tube settler 
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4.2 Chlorine contact tank 

Chlorine contact tank is useful for disinfection 
or oxidation processes in water t reatment. In our 
project , s u c h t a n k is u s e d for o x i d a t i o n for 
Manganese removal at the Mahiyangana water 
s u p p l y s cheme . In M a h i y a n g a n a M a n g a n e s e 
levels are in the range of 0.1-0.2 m g / L which is 
higher than the W H O guidel ine values 0.05 m g / 
L [4]. A c c o r d i n g to W H O G u i d e l i n e s for 
d r i n k i n g w a t e r q u a l i t y , t h e p r e s e n c e of 
M a n g a n e s e in d r i n k i n g w a t e r w i l l be 
objectionable to consumers if it is deposi ted in 
wa te r ma ins and causes wa te r discolourat ion. 
Concentrat ions below 0.05-0.1 m g / L are usually 
acceptable to c o n s u m e r s b u t m a y s o m e t i m e s 
still give rise to the deposi t ion of black deposi ts 
in water mains over an extended period. Source 
of Manganese in surface waters is rocks and soil. 
It is genera l ly p re sen t in the form of M n 2 + as 
M a n g a n o u s Bicarbonate, M a n g a n o u s Chlor ide 
or Manganous Sulphate [5]. M n 2 + is oxidized to 
M n 4 + to yield M n 0 2 which is a colloidal oxide. 
M a n g a n e s e Diox ide is cha rac te r i zed by d a r k 
b r o w n i s h - y e l l o w c o l o u r w h i c h is r e a d i l y 
n o t i c e a b l e in w a t e r e v e n in v e r y l o w 
concent ra t ions . Sorpt ion of M n 2 + by the oxide 
makes the oxide a h y d r o u s p roduc t of indefinite 
stoichiometric composi t ion. Neglect ing possible 
degree of hydra t ion its formula therefore could 
be M n O ( 1 + x ) , w h e r e x can vary from 0.1 to 0.95 
[6]. Further, l i terature suggests h igh p H in the 
range of 8.3 to 8.5 for effective Mi . 2 + oxidation 
[5]. The reaction will be slow at p h 7 than at p H 
8.5 [7]. C h l o r i n e is u s e d in t h i s case as the 
o x i d a n t . T h e s t o i c h i o m e t r i c r e a c t i o n for 
Manganese precipitat ion is as follows. 

M n 2 + + HOC1 + H 2 0 M n 0 2 (s) + CI" + 3 H + 

C o n s i d e r i n g all t hese facts a n d the pract ica l 
e x p e r i e n c e s , 30 m i n u t e C h l o r i n e c o n t a c t at 
suitable p H and subsequent rapid sand filtration 
is identified as means of successful removal of 
M a n g a n e s e in d r i n k i n g wate r . Oxida t ion and 
s o r p t i o n a r e t h e p r o c e s s e s i n v o l v e d in th is 
t reatment. 

To make the construction faster, 10 cubic meter 
capacity PE tank w a s chosen for the Chlor ine 
contact modu le . This tank prov ides 30 minu te 
c o n t a c t t i m e for 500 c u b i c m e t e r s p e r d a y 
capacity t reatment . In this tank water is al lowed 
to flow in a repeated u p and d o w n pa th th rough 
vertical plates fixed inside the tank at 400 m m 

spacing. 75 m m thick Hora or K u m b u k t imber 
plates are preferred for the plate construct ion. 
F igures 4 & 5 s h o w s the de ta i l s of C h l o r i n e 
contact tank. 

Figure 4: Inside view of the Chlorine contact tank 

Figure 5: Chlorine contact tank fixed in between tube 
settler and rapid sand filter units 

4.3 Rap id sand filter 

A 10 cubic meter capacity PE tank was used to 
make a rapid sand filter of 500 cubic meters per 
day capacity. One such filter uni t needs about 
250 nozzles. Figure 6 shows the nozzle fixing 
a r rangement us ing 63mm PVC pipes inside the 
PE tank. After fixing the nozzles, approximately 
75 m m thick layer of 25-40 m m pebb les w a s 
placed to cover the base p ipes of the nozzles . 
Inlet water flow and backwash water collection 
is done via a channel m a d e out of PVC pipes as 
shown in Figure 7. Filter sand wi th effective size 
0.8 m m and a uniformity coefficient of 1.5 was 
used to make a sand bed of 800 m m thick. Rapid 
sand filter is des igned for 6 m / h filtration rate 
and 37 m / h backwash rate. 
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Figure 6: Nozzles of the rapid sand filter fixed inside the 
10 cubic meter capacity PE tank 

Figure 7: Rapid sand filter in operation 

4 . 4 TREATMENT EFFICIENCY 

A c c o r d i n g to t h e s i t e r e c o r d s f r o m 
M a h i h y a n g a n a , the t u b e set t ler is 75 to 95% 
efficient in t u r b i d i t y r e m o v a l . T h e c h l o r i n e 
contact tank combined wi th rapid sand filter is 
80 to 95% efficient in removing Manganese and 
the rapid sand filter shows 50 to 75% turbidity 
removal efficiency. Figure 8 shows how the new 
plant reduced the Manganese concentrat ion to 
below 0.05 m g / L . 

M A N A G A N E S E C O N C E N T R A T I O N I N T R E A T E D 
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Figure 8: Improved Manganese removal after the 
treatment plant commissioned in mid May 2006. 

4 . 5 COST INVOLVEMENT 

T a b l e 2 p r o v i d e s t h e c o s t s of t h e a b o v e 
m e n t i o n e d u n i t o p e r a t i o n m o d u l e s of t h e 
M a h i y a n g a n a wa te r t r ea tment p lant based on 
2006 rates. 

Table 2 - Capital investment required for each 
t r ea tmen t un i t ope ra t ion m o d u l e of the 
Mahiyangana water treatment plant. 

Treatment module 
(Capacity 500 

cubic meters/day) 

Cost Rs. 

S E D I M E N T A T I O N T A N K ( T U B E S E T T L E R ) 

C H L O R I N E C O N T A C T T A N K 

R A P I D S A N D F ILTER 

5 5 0 , 0 0 0 

2 0 0 , 0 0 0 

2 7 5 , 0 0 0 

4 . 6 CONCEPTUAL DRAWINGS 

T h e c o n c e p t u a l d r a w i n g s of t h e m o d u l e s 
constructed are shown in Figures 9,10 and 11. 

Tube Settlei Elevation 
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i 

c 
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Figure 9: Conceptual Drawing of the Tube Setter 
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Figure 10: Conceptual Drawing of the 
Chlorine Contact Tank 
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Figure 11: Conceptual Drawing of the Rapid Sand Filter 

Figure 12: Pugoda treatment plant required 37 square 
meters of land for 500 cubic meters per day capacity. 

5. Conclusions 

E x p l a i n e d a b o v e is a m u c h a f f o r d a b l e a n d 
sustainable technology for Sri Lanka which has 
scope for further improvement . Its advantages 
are 

• Quick cons t ruc t ion - Prefabricat ion of the 
units will further reduce the t ime required. 

• Easy ma in tenance - Local technology does 
not involve complicated and costly imports . 

• Less land requirement- As seen in Fig. 12. 

• M o v a b i l i t y - E a s y to c h a n g e t r e a t m e n t 
process m o d u l e s to suit va ry ing r a w water 
qua l i t i es i n d u c e d by p o o r e n v i r o n m e n t a l 
management . 

• Helpful in u p g r a d i n g water supply schemes 
with partial t reatment . 

• Quick solution for a disaster si tuation 

One d i sadvan tage is the unconf i rmed produc t 
l i fespan as th i s is a n o v e l a p p l i c a t i o n . It is 
expected that the p r o d u c t s will last for m o r e 
than ten years if proper ly mainta ined. 
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