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Abstract

In order to control the increase of water level of Lake of Valencia, during 2009 began 
the translocation of water from the Taiguaiguay reservoir, through the Tucutunemo 
and Guárico rivers, to Camatagua reservoir, which is used as the main source of 
drinking water for the city of Caracas; this water translocation stopped in January 
2015. Considering that water of Taiguaiguay reservoir is fed with treated wastewater 
from Taiguaiguay treatment plant, which is rich in nutrients, mainly P and N, the 
objective of this study was to evaluate the impact of water transfer from Taiguaiguay 
reservoir on water quality and quantity of Camatagua reservoir. We analyzed the 
data from 37 samples made from 2012 to 2016, near the water intake, in which in situ 
measurements and samples were taken for physicochemical and biological analysis 
(Secchi disk transparency, turbidity, ammonia, phosphates, total dissolved phosphorus, 
total phosphorus and phytoplankton abundance). Decrease in translocation flow 
from 2013, until its final elimination in 2015, caused a marked decrease in the water 
level of Camatagua reservoir. Water transparency and turbidity were affected by the 
entry of water from the Taiguaiguay reservoir. Also, ammonia and total phosphorus 
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concentrations showed an increase from 2012 to 2016, as a consequence of the high 
content of nutrients reaching to Camatagua reservoir from Taiguaiguay reservoir, 
as well as the decomposition of the organic matter. Nutrient input stimulated the 
increase of phytoplankton density with dominance of the species Cylindrospermopsis 
raciborskii, Oscillatoria planctonica, Leptolyngbya limnetica, Microcystis aeruginosa 
and Synechocystis aquatilis for the whole study period.
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Introduction
In order to control the water level 

increase in Lake Valencia, during 2009 the 
excess of water of Taiguaiguay reservoir 
was traslocated to the Tucutunemo River, 
which joins downstream to the Guárico 
River, the main affluent of the Camatagua 
reservoir (GONZÁLEZ et al., 2015). The 
water from Tucutunemo River is rich in 
nutrients (mostly N and P), which come 
from the Taiguaiguay treated wastewater 
treatment plant.

Camatagua is the main drinking 
water reservoir for the City of Caracas 
and other adjacent populations (ca. 6 
million of inhabitants). The impact of this 
translocation affected the water quality 
supplied for human consume, increased 
the eutrophication process of reservoir 

and, by this reason, it finished in January 

2015.

Camatagua reservoir was classified 

as eutrophic, according to the criteria of 

Salas and Martinó (1991) for warm tropical 

lakes, based on the concentration of total 

phosphorus (GONZÁLEZ, 2017).

Objective
Evaluate the impact of water 

translocation from Taiguaiguay reservoir 

on the water quality and quantity of 

Camatagua reservoir.

Study Area
Camatagua reservoir is located in 

the Central region of Venezuela (Figure 1).

Figure 1 – Relative location of Camatagua reservoir and the sampling site ( ) near the 
uptake tower.
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Main morphometric 
characteristics 
of the Camatagua 
reservoir

The main morphometric characte ristics 
of Camatagua reservoir are (CASTILLO 
et al., 1973):

• Geographic location: 9°50’ N – 
67°00’ W

• Surface: 59,000,000 m2

• Volume: 1,250,000,000 m3

• Altitude: 302 m.a.s.l.

• Mean depth: 21 m

• Discharge: 19 m3/s

Methods
Data were analyzed from a total of 37 

quarterly samples from 2012 to 2016, near 
the uptake tower in Camatagua reservoir. 
Samples were taken at the three levels: 
surface, intermediate and bottom, using a 
van Dorn bottle for physicochemical analysis 
and for phytoplankton in the euphotic 
layer. In the field, water transparency was 
measured (Secchi disk 20 cm in diameter).

Once in the laboratory, the following 
variables were analyzed:

• Turbidity: Nephelometer HACH.

• Ammonia, phosphates, total 
dissolved phosphorus and total 
phosphorus: Standard Methods 
(APHA, 1992).

• Biological variables: Phytoplankton

Samples were fixed with lugol solution. 

Phytoplankton species were identified after 

sedimentation in Uthermöhl chambers, 

observation under an inverted microscope 

and the help of taxonomical keys for the 

elaboration of the species inventory. Algal 

density was determined by counting of 

cells in Sedgewick-Rafter and Uthermöhl 

chambers, with the help of an optical 

microscope (APHA, 1992).

Results of all determined variables 

are shown based on the annual average 

values of the water column. Flow of water 

transferred from the Taiguaiguay reservoir 

to the Tucutunemo River corresponds to 

the annual average value.

Results and 
discussion

• T rans locat ion diagram f rom 
T a i g u a i g u a y  r e s e r v o i r  t o 
Camatagua reservoir:  During 
2009, water translocation from 
the Taiguaiguay reservoir to the 
Tucutunemo River and after to the 
Camatagua reservoir was made, 
with an initial flow of 3000 l/s. 
F igures  2  and 3 show the 
diagram of water translocation 
from Taiguaiguay reservoir to 
Camatagua reservoir. Figure 2 
clearly shows clearly the high input 
of N and P to the Guárico River 
from the Tucutunemo River.
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Tucutunemo river

Camatagua
reservoir

        MPPA     HC
TN:      -      -      -
TP:       -      -  3,558
EC:       -      -    961

Mixing of Guá rico river and

Tucutunemo river

Guá rico river

Boxes present the total N, total P and electrical
conductivity (EC) values along the connection at
the beginning of water traslocation in 2009.

Data from Ministry of PP Environment (MPPA) and
Laboratory Hidrocentro (HC). TN and TP values in
mg/L. EC values in µS/cm.

Channel Taiguaiguay

reservoir – Tucutunemo river

Taiguaiguay
reservoir

Tucutunemo
Pumping
Station

        MPPA       HC
TN:    2,0    -      -
TP:    2,35   - 3,824
EC:    793    -    966

        MPPA       HC
TN:    3,6    -      -
TP:    2,93   - 4,117
EC:    795    -    948

        MPPA       HC
TN:   1,91   -      -
TP:    2,24   - 3,43
EC:    816   -    982

        MPPA      HC
TN:    1,7   -      -
TP:    2,2   -   2,81
EC:    813  -   967

        MPPA       HC
TN:    1,2    -      -
TP:    0,05   - 0,131
EC:    399    -    488

Figure 2 – Diagram of water translocation from Taiguaiguay reservoir to Camatagua 
reservoir and values of P, N and CE in 2009.

Figure 3 – Flow of translocation from the Taiguaiguay reservoir to the Tucutunemo River. It 
can be noted the development of a thick layer of phytoplankton in the pit of the pumping 
station.
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• Translocation and water level 
in Camatagua reservoir: Water 
translocation made to control 
water level of Lake of Valencia, 
contributed to maintain the normal 
level of water in Camatagua 
reservo i r .  The decrease in 
translocation flow from 2013, until its 
final elimination in 2015, caused a 
marked decrease in the water level 
in Camatagua reservoir (Figure 4).

• T ransparency and turbidi ty : 
Transpa rency and turbidity (Figure 
5) were affected by the entry 
of water from the Taiguaiguay 
reservoir. The impact on water 
quality was still present, even after 
the stop of translocation. As in 2013, 
a decrease in water transparency 

was observed, probably due to 
the increase in turbidity and the 
high abundance of phytoplankton, 
which give the water a turbid 
greenish color, limiting penetration 
of light only to a few centimeters 
f rom the surface (euphot ic 
layer with no more than 2 m of 
extension).

• Ammonia concentration: Ammonia 
concentration (Figure 6) also 
showed an increase from 2012 to 
2016, as a consequence of the 
high content of nutrients reaching 
the Camatagua reservoir from the 
Taiguaiguay reservoir, as well as 
from the increased organic matter 
decomposition.
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Figure 4 – Relationship between water translocation (Q) and water level in Camatagua 
reservoir.
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Figure 5 – Relationship between water translocation (Q), transparency and turbidity in 
Camatagua reservoir.
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Figure 6 – Relationship between water translocation (Q) and ammonia in Camatagua 
reservoir.

• Orthophosphate, total dissolved 
phosphorus and total phosphorus 
concentrations: Orthophosphate, 
total dissolved phosphorus and total 
phosphorus concentration (Figure 
7) also showed the same trend 
of ammonia. According to Salas, 
Martinó (1991) criteria, this water 
body was classified as eutrophic. 
The total-P increased from 40 µg/L 
in 1992, to more than 80 µg/L in the 
euphotic layer (GONZÁLEZ, 2017).

• Phytoplankton :  Nutrient input 
s t imulated the increase of 
phytoplankton density (Figure 
8) and this  community had 
a change in its composition. 
Cyanobacteria now accounted up 
to 90% of the relative proportion. 
Cylindrospermopsis raciborskii, 
O s c i l l a t o r i a  p l a n c t o n i c a , 
Leptolyngbya limnetica, Microcystis 
aeruginosa and Synechocystis 
aquatilis were the dominant species 
during the whole study period.
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Figure 7 – Relationship between water translocation (Q) and orthophosphate (a), total 
dissolved phosphorus (b) and total phosphorus (c) in Camatagua reservoir.
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Figure 8 – Relationship between water translocation (Q) and phytoplankton abundance in 
Camatagua reservoir.

Conclusions
Water translocation from Taiguaiguay 

reservoir brought a relative benefit of 

maintaining the water volume in Camatagua 

reservoir at normal levels, but affecting 

its water quality.

Despite the reduction of the 

translocation since 2013 until its total 

elimination in January 2015, ammonia, 

orthophosphate, total dissolved phosphorus 

and total phosphorus concentrations, 

continue to increase in Camatagua 

reservoir, probably due to the decrease 

of water volume in Camatagua reservoir 

that also contributed to the increase of 

nutrient concentration.

An increase in phytoplankton abundance 

was also noted, mainly Cyanobacteria 

species, as a result of the nutrient input 
from the Taguaiguay reservoir.

Trophic state of Camatagua reservoir 
changed from oligo-mesotrophic in 1992, 
to eutrophic after the water translocation.
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