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 Currently the water supply system in the municipality of Corinto (Cauca) 
in Colombia provides drinking water to the entire urban and rural population of 
the municipality. In order to provide drinking water to the entire popula-
tion, it became necessary to optimize and/or expand the existing water treat-
ment plant. The article presents an assessment of the consideration of two 
optimization options: the need for reconstruction of existing water treatment 
facilities or the construction of additional water treatment units. A reasona-
ble proposal was made to expand the station by building additional water 
treatment units, including advanced modern water treatment technologies, 
such as coagulation, flocculation, sedimentation, filtration, sorption, settling 
using thin-layer modules and disinfection, based on the survey (diagnos-
tics), technical and economic analysis, analysis of the efficiency of the existing 
water treatment plant, taking into account the quality of drinking water 
preparation, confirmed by the analysis of samples, the results of physical, 
chemical and microbiological tests, indicating the optimal quality of drin-
king water for human consumption. The use of modern water treatment 
technologies will allow to achieve the required quality of purified sufficient 
water for drinking purpose. 
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Introduction* 

In the municipality of Corinto (Cauca) in Colom-
bia, it became necessary to implement alternatives to 
improve water for human consumption, to develop 
different operations and processes that allow the pu- 
rification of raw water, ensuring priority welfare of 
the population, all this in order to reduce the spread 
of diseases transmitted by untreated water. 
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The focus of this document is to design several 
optimizations for Corinto municipality potable water 
treatment plant in Cauca, Colombia through the dia- 
gnosis of the processes and operations carried out in 
the plant and optimization alternatives [1; 2]. Using 
either the current hydraulic configuration of units or 
designing new units as a basis for the improvement 
of the old one, to increase the coverage of treated 
water for the future generations [3]. 

The PWTP current units design will be com-
pleting in 2020, therefore, it is necessary to conduct 
a study of current state and to generate an optimal 
alternative to increase the facilities of hydraulic ca-
pacity. 



Мелендес Хиральдо Д.С. Вестник РУДН. Серия: Инженерные исследования. 2019. Т. 20. № 4. С. 302–307 
 

 

НАУКИ О ЗЕМЛЕ 303 

1. Methodology 

Diagnosis. To execute the proposal, it is neces-
sary to make a diagnosis of the PWTP current state, 
characterizing the catchment points, and identifying 
the treatment operations, by verify that the design 
parameters of each process are between the ranges 
established by the RAS2000 – Title C (Colombia’s 
regulation) and determine the physical-chemical and 
microbiological characteristics of the treated water [4]. 

This would allow to recommend the best alter-
native for the Corinto’s PWTP optimization. Below 
are the activities that were developed in the diagnosis: 

● Activity 1: PWTP exploration. 
● Activity 2: Technical information analysis. 
● Activity 3: Check design parameters of the treat- 

ment processes. 
● Activity 4: Samples collection. 
● Activity 5: Physical-chemical and microbio-

logical water parameters tests. 
The purpose of each activity: 
Activity 1, to identify the treatment units, and re- 

port about operation and construction materials. 
Activity 2, a detailed analysis of each treatment 

process that was carried out in the PWTP, with the di-
mensions of the units, which were the product of mea- 
surements made in the first activity and a plan pro-
vided by EMCORINTO E.S.P. 

Activity 3, to verify the design parameters of each 
existing treatment process (rapid mix, slow mix, sedi- 
mentation and filtration) among the ranges established 
by the RAS 2000 – Title C. 

Activity 4, to explain the method used to col-
lect water samples. 

Activity 5, to show the physical-chemical and 
microbiological parameters of raw, sedimented and 
treated water. 

Optimization alternative. At the end of the PWTP 
diagnosis, an alternative to be developed for the plant 
optimization, however before, it should be verified 
which units could work, with the designed flow rate. 

The activities that developed in this stage are as 
following: 

● Activity 6: Identify the critical points in the exis- 
ting treatment units. 

● Activity 7: Verify the hydraulic capacity of 
the current PWTP designs. 

● Activity 8: Elaboration of the design alternative. 
In summary, what has done in each activity: 
Activity 6, the different problems in the diag-

nosis should be identified, emphasizing each one of 

them and what consequences they could cause to 
the water treatment. 

Activity 7, with the required flow designed for 
the rural and urban population, should be proceeded 
to verify that the operation of the units is optimal 
for the treatment. 

Activity 8, the design alternative should be pre-
sented for the units that cannot treat the designed flow. 

Designing of alternative budget and general 
recommendations. Once the design alternative was 
chosen, an approximate budget of the changes and 
additions proposed in the design alternative should 
be done, and recommendations for the optimization 
of the PWTP also should be developed. 

2. Procedure and results analysis 

Diagnosis. The Corinto’s aqueduct system has 
two bottom water intakes, one intake on La Paila river 
and another one on El Chicharronal stream, as well as 
four grit chamber tanks, three on La Paila catch-
ment and one on El Chicharronal catchment. After 
the water is captured by this system, it is conducted 
to the PWTP, which is of a conventional type. It is also 
composed of an arrival chamber, gauging station, rapid 
mixing (rectangular spillway), horizontal hydraulic 
flocculator, conventional sedimentation tank with pa- 
rallel plates, rapid sand filter, chlorine dosing. Finally, 
the water is stored in three tanks, the first one with  
a storage capacity of 600 m3, the second one with the 
capacity of 800 m3 (both tanks half-buried) and the 
last one is an elevated tank with the capacity of 10 m3. 

The PWTP treatment process is shown in Figure 1. 
 

 
 

Figure 1. Plant processes treatment 

 
After the current dimensions registion by 

EMCORINTO E.S.P., the PWTP hydraulic beha- 
vior was calculated. 
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Figure 2. Existing treatment plant 

 

The results on the design parameters of each 
process were the following. 

Rapid mixing: analysis shows that the turbulence 
generated by the hydraulic shoulder is sufficient to 
produce an intermix between aluminum sulphate so- 
lution and water mass, since its hydraulic gradient is 
between the range of 1000 and 3000 s–1 [5; 6]. 

Slow mixing: the flocculation tanks are com-
posed of horizontal screens, in these three different 
speeds for each unit were obtained, which is very 
common in flocculators divided by different gradi-
ents – the objective is to start the canal path with  
a high speed, but not higher than 0.60 m/s and finish 
with a low speed, but not lower than 0.10 m/s. 

Sedimentation: the surface charge conventional 
settler is too high (294 m/day), this is due to the lack 
of surface area, for this reason the speed v resulting 
between the sedimentation theoretical decomposition 
velocity vo and the horizontal drag velocity produced 
by the fluid vf will be very high and some particles 
will not reach sedimentation [7–9]. 

Filtration: in relation to the filtration process,  
it was obtained that the entire battery works with a sur-
face load of 333 m/day, besides, its filtration capaci-
ty is high, and its filtering medium is mixed its works 
with anthracite and sand. 

Regarding the physical-chemical and microbio-
logical tests, the plant demonstrated to deliver the mu- 
nicipality with water of excellent quality, since it meets 
all the parameters required by Resolution 2115 of 
2007 (Colombian regulation). 

It is clearly seen that the water at the exit of  
the filters is already suitable for human consumption. 

Then the design flow rate is determined with 
the calculated population, as well as the hydraulic pa-
rameters of the units, to verify that these can treat 
the required flow rate for the future population. 

Table 1 
Water analysis 

Sample Turbidity 
(NTU) 

pH Color 
(UPC) 

Tempe�
rature 

(°C) 

Hour 

PWTP Entry

488 7,62 190 21,9 00:00 h

373 7,65 177 21 06:00 h

274 7,6 127 23,7 12:00 h

Outlet of  
the conven�
tional settler

44,7 – – – 00:00 h

37,7 – – – 06:00 h

33,9 – – – 12:00 h

Outlet of  
the lamellar 

settler 

8,12 6,89 4 20,6 00:00 h

8,69 6,91 4 20,3 06:00 h

10,3 6,8 5 22,7 12:00 h

Output of 
the filters 

0,96 6,8 0 20,9 00:00 h

1,07 6,83 0 20,4 06:00 h

1,15 6,79 0 22,6 12:00 h

 
Table 2 

Population projection, design flow rate 

Year Popu�
lation

Net  
endow�

ment 
(L/Hab/

day) 

Gross 
endow�

ment 
(L/Hab/ 

day) 

Ave� 
rage 
daily 
flow 
rate 
(L/s) 

Maximum 
daily flow 
rate (L/s)

Design 
flow 
rate 
(L/s) 

2019 27 170 125 167 52 63 64 

2024 28 956 125 167 56 67 69 

2029 30 905 125 167 60 72 73 

2034 33 052 125 167 64 77 78 

2039 35 451 125 167 68 82 84 

2044 38 179 125 167 74 88 91 

 
Table 3 

Hydraulic capacity for design flow rate (91 L/s) 

Rapid mixing: Thin�walled rectangular weir 

Parameters Rank Result Fulfill Fail

Froude 
number 

4,0–9,0 4,055 X 
 

Mix time < 1s 0,675 s X 

Velocity 
gradient 

1000s–1–2000s–1 1482 s–1 X 
 

Slow mixing: Flocculator 

Mix time 10–15 min 8,46 X 

Sedimentation: Lamellar settler 

Surface 
charge 

120–300 m3/m2/day 
240 

m/day 
X 

 

Filtration: High rate filters 

Surface 
charge 

235–350 m3/m2/day 
550 

m/day  
X 
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Figure 3. Projected treatment plant 

 
In accordance with the previous points, it is ne- 

cessary to design new units for the flow that cannot 
treat existing units, in addition the PWTP in general 
is working well and it would not be appropriate to 
alter its operation by modifying the existing units, 
so the following alternative was proposed (Figure 3). 

Flocculation: The option of mechanical floccu-
lators was not considered enough due to the low usual 
source turbidity and the high cost owing to the elec-
trical energy they need for their operation. On the other 
hand, there are no topographical restrictions that do 
not allow a new flocculator structure next to the other 
two existing units. The previous one chooses by a floc- 
culator hydraulics of horizontal flow, divided in two 
sections [10–12]. 

The designed flocculator is rectangular type with 
15.22 m length × 4.30 m width and 1.30 m depth, 
guaranteeing a detention period of 21 minutes for 
a flow of 36 l/s. The total flocculation time is 21 mi- 
nutes – therefore, each section will retain the flow 
for 10.5 minutes. 

Sedimentation: A high rate settler with laminar 
flow rate was adopted, with a decanter composed of 
two compartments, each with 2.40 m width × 5.40 m 
length and 4.26 m depth. 

The compartments are separated by a rectangu-
lar canal of 0.30 m width × 0.25 m height. 

The zone of plates of the settler has a length of 
5.40 m, formed by fibrocement plates of 2.40 m × 
1.20 m and 8 mm thickness, inclined at 60° with respect 
to the horizontal, in addition to free spacing of 5 cm. 

Filtration: It is a high rate system filtration, 
with sand and anthracite double filtering media. 
The cleaning of the filters is done by self-cleaning. 

The filter battery is composed of 3 filters with 
compartment of 1.75 m width, 1.70 m length and 

3.65 m total depth. A net filtration area of 3.0 m2 
per unit is available in this form. 

The direct costs are approximate according to 
the catalogs, so once all the designs have been made: 
hydraulic, structural and foundation, it is recommen- 
ded to redo the project budget. 

 
Table 4 

Approximate direct cost of the design 

1. Preliminary works 918 USD 

2. Earth works 13 300 USD

3. Structural works 35 424 USD

4. Installation of pipes and accessories 2 105 USD 

5. Sedimentation system 918 USD 

6. Filtration system 1 506 USD 

7. Equipment and accessories for flow control 9 358 USD 

 
It was determined that the approximate direct 

cost of the design is 66 935.33 USD [13]. 

3. Recommendations  

The following alternative is presented since 
author’s point of view like the most optimum one, 
given the topographical, structural and operational 
conditions of the project. In this paper a hydraulic 
and operative optimization of the plant is assumed, 
it is recommended to adjust the budget, in case of 
carrying out the proposed improvement alternative, 
considering structural and foundation designs [14–16]. 

Conclusion  

The results obtained in the physical-chemical 
and microbiological tests show that the water quali-
ty is optimal for human consumption, at the same 
time, it justifies that the existing water treatment 
units can continue to operate under the current con-
ditions. 

The alternative, that was developed throughout 
the project, promises to be the most viable, since its 
operation will not affect the operation of existing 
units. 

All the processes of drinking water treatment, 
such as rapid mix, slow mix, sedimentation and fil-
tration, require more research in terms of design  
and operation, that’s why it is necessary to have all 
the required designs for its optimization. 

The budget for the design alternative, does not 
take into account the costs of structural designs or 
foundation, so the result is an approximate value. 
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 В настоящее время система водоснабжения в муниципалитете 
Коринто (Каука) в Колумбии обеспечивает питьевой водой полностью 
городское и часть сельского населения муниципалитета. С целью обеспе-
чения питьевой водой всего населения (городского и сельского) воз-
никла необходимость в оптимизации и/или расширении существую-
щей станции водоподготовки. В статье представлена оценка рассмот-
рения двух вариантов оптимизации: реконструкции существующего 
сооружения водоподготовки или строительства дополнительных бло-
ков водоподготовки. На основании проведенного обследования (диа-
гностики), технико-экономического анализа, анализа эффективности 
работы действующей станции водоподготовки, с учетом качества под-

Ключевые слова:  
очистка воды, физико-химические 
характеристики, микробиологические 
характеристики, коагуляция, флоку-
ляция, фильтрация, сорбция, седи-
ментация, акведук, оптимизация 
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готовки воды питьевого качества, подтверждаемого анализом проб, 
результатами физико-химических и микробиологических исследова-
ний, свидетельствующих об оптимальном качестве питьевой воды для 
потребления человеком, предложено обоснованное решение о расши-
рении станции путем строительства дополнительных блоков водопод-
готовки, включающих передовые современные технологии водоподго-
товки, такие как коагуляция, флокуляция, фильтрация, сорбция, от-
стаивание с применением тонкослойных модулей и обеззараживание. 
Применение современных технологий водоподготовки позволит до-
биться необходимого качества очищенной воды для потребления ее 
человеком в питьевых целях и в достаточных объемах. 
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