
Water Utility Journal 19: 71-77, 2018.  
© 2018 E.W. Publications 

Evaluation of hydrologic and hydraulic response to anthropogenic 
alterations of Luján River's lower sub-basin, Las Tunas stream, in the 
Pampa Ondulada of Buenos Aires 

I.M. Arzuaga1*, G. Navarro1,2 and S.V. Viñes1 
1 Universidad Católica Argentina, Facultad de Ingeniería y Ciencias Agrarias, Buenos Aires, Argentina  
2 CONICET, Argentina 
* e-mail: arzuaga@mit.edu 

Abstract:  The lack of regulation that exists in Argentina regarding the importance of preservation of water reservoirs and even 
less of promoting them as a way to soften the climate and environmental change produced by the growing 
anthropization of the region makes crucial and strategic for the Pampas in the Buenos Aires Province to properly 
understand the behavior of these basins and the different elements that constitute them. The aim of this work is to 
evaluate the impact of altering the morphology of a sub-basin of the Las Tunas stream, tributary of Lujan River, 
belonging to the “Pampa Ondulada Bonaerense” territory. In order to perform this hydrological analysis the HEC-
HMS model was employed, taking into account the topographic characteristic of the basin. Beginning with flow rates 
obtained through rainfall-runoff and flow-through procedures, different morphological situations were modeled in 
order to obtain the flow rate for each case. The purpose of this procedure was to understand how the flow rate varies 
according with the different anthropomorphic alterations introduced to the system. The model employs as input data 
the temporal distribution of precipitations during the design storm, which has been obtained from the histogram 
method and for a given frequency of occurrence of the event. A lamination of the peak of the flooding in more than 
forty percent was observed preserving less than five percent of the study area to generate a temporary reservoir. These 
results clearly show the importance of restoring the hydrogeomorphological conditions precedent to anthropization in 
the basins through natural reservoirs. This technique, thus, appears as an efficient, green and economic strategy to 
face the distortion in hydrologic conditions suffer in urban areas due to demographic growth and the increment in 
precipitations intensity caused by Climate Change, which is highly affecting vast regions of the world, such as the 
Pampas. 
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1. INTRODUCTION 

During the last fifty years the Metropolitan Area of Buenos Aires (AMBA) has been 
experiencing a continuous extension of its limits against the rural areas. This process involves the 
conversion of rural lands into urbanized areas with the construction of industries, private 
neighborhoods and slums, with a complete lack of planning. This situation leads to a chaotic 
distribution and location of population in the area, without any consideration of its hydrologic 
characteristics. The direct consequence of this process is the alteration of basins’ runoffs due to the 
variations in topography and waterproofing. 

Clearly, the infrastructure designs performed twenty or more years ago have not taken into 
account the important alterations on the meteorological parameters produced by Climate Change 
(Viñes, 2014). Due to the obsolesce of the infrastructure and the incapability of governments of 
affording a complete readjustment of it, it is vital to analyze these new values in order to predict the 
behavior of the existents construction and try to mitigate the possible effects of new runoffs. 
Therefore, not being possible to modify the infrastructure available appears the need to attenuate 
floods to preserve populated areas waters below the intervention. 

Thus, the aim of this research is to evidence the effect on Las Tunas stream that an alteration in 
its morphology would produce. In order to do this, the numerical modeling tools available 
nowadays will be taken advantage of in order to compare the different morphological conditions 
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(Verstappen et al., 1991). This work has been previously described at the paper titled “Impact of 
restoration measures in a densely urbanized area: The case of Buenos Aires”, written by the same 
authors within the same research group, and presented at the 10th EWRA Congress. From the 
different codes available, HEC-HMS was chosen because it is a free and largely tested software. 
The numerical model carried out with this code will take into account the natural 
hydrogeomorphological conditions in the basins and the increase of the runoff, and it will allow us 
to evaluate compensation techniques (Campo de Ferreros et al., 1999). Its main purpose is to 
generate an alternative morphological situation that mitigates the undesirable effects of 
anthropization and Climate Change (Torrero, 2016). 

2. METHODOLOGY 

2.1 Model 

The numerical simulations performed for this work were done employing the HEC-HMS 
Simulation Model of the U. S. Army Corps of Engineers Research Center, located in Davis, 
California. The reason for choosing this code is based on the characteristics of the system and the 
available information, apart from being a widely used software in the field with a proven accuracy 
and efficiency. The simulation models the surface runoff resulting from a precipitation event. The 
basin is represented as a system of interconnected components that play a role in the distribution 
and circulation of the water. The basin as a whole is divided into subareas, and a direct runoff 
hydrographs are obtained for each one. These hydrographs obtained then are employed as input data 
for following modeling or analysis. 

The system is defined by a conjunction of components, which are divided in two types, Surface 
Runoff Component and Stream Flow component. Each of them represents a different condition of 
the whole system and simplifies the complexity of the whole. The distribution of rainfall water on 
the basin terrain towards the river is rule through the Surface Runoff Components. In order to 
represent a more accurate movement of the water on the surface, the basin is subsided into subareas, 
each of them model with this type of element. The input data in this component is a precipitation 
plot. Excess rain is calculated by subtracting infiltration and losses. Once the water falls on the 
surface of the basin and gets to the river channels, its circulation is modeled employing the second 
type of element, a Stream Flow component. The upstream hydrograph obtained by the contribution 
of the subareas’ runoff is the input data of this second component of the system, taking also into 
consideration the flow movement and the existing shunts. The hydrographs upstream are taken 
downstream according with the characteristics of the channels. 

2.2 Study area 

The Pampas region, which covers great part of the middle sector of Argentina and it is mainly 
constituted by the Buenos Aires province, historically has suffered from floods. However, in the last 
years, and due to a combination of Climate Change and lack of planning in urbanization, the 
frequency and intensity of this type of natural disasters have increased strongly. Consequently, this 
region was chosen to perform the study. Among it, the basin of the Las Tunas stream, belonging to 
the Darragüeira-Las Tunas basin (Cabral, 2015), was chosen because enough historic data of 
precipitation is available for this specific zone. 

The water that runs over The Darragüeira-Las Tunas basin flows into the Reconquista River 
Relief Channel. This region comprises part of the Malvinas Argentinas department (departments: 
Malvinas Argentinas, Los Polvorines, Pablo Nogués and Villa de Mayo) and the Tigre department 
(departments: Lopez Carmelo and El Talar), with a contribution area of 30.9 km2. Within this zone, 
the basin of the Las Tunas stream, in which this work focalizes, has an approximate area of 1334 
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hectares (with closure in the tracks of the General Bartolomé Mitre train line). The reason for 
choosing this particular area is due to the existence of an interesting natural element to analyze: the 
stream unloads its waters on a lagoon of 17,400 square meters. Figure 1 schematizes the extension 
of the study basin. 

 

Figure 1. Darragüeira-Las Tunas basin with closure in the collector Ramal Escobar Sur, Buenos Aires province, 
Argentina (Cabral, 2015) 

2.3 Model set up 

The system is represented as a conjunction of different elements, each of them representing a 
particular characteristic of the whole. Due to the complexity and variation of characteristics that the 
basin presents, in order to be able to define as accurate as possible its behavior, it is fragmented into 
10 sub-basins elements (Figure 2). Each of these sub-basins is defined by its extension area 
(measured in km2).  

 

 Figure 2. Sub-basins in which the study basin is divided (Cabral, 2015) 
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According with the slope and topography of each sub-basin, the irrigation flow circulates in a 
specific direction and discharge in a particular point of the basin. In this current model three 
confluences, represented by junction elements, were adopted. The confluence No. 1 receives flow 
from the sub-basins 8, 9 and 10. The confluence No. 2 receives the flow of the sub-basins 4, 5, 6 
and 7. Finally, the confluence No. 3 receives the flow of the Sub-basins 2 and 3. The water 
accumulated in each junction element then is conducted through reach elements. The irrigation flow 
accumulated at confluence No. 1 is conducted by the first element up to the end at the confluence 
No. 2. The second one does the same with the flow of the confluence No. 2 and ends at the 
confluence No. 3. Finally, the third route takes the flow of confluence No. 3 and flows directly into 
the lagoon. Finally, the flow gets to the lagoon, model as a reservoir type element. Figure 3 depicts 
this model. In the lagoon flow accumulated from the entire basin discharges through the third 
conduit, as well as the irrigation flow of the sub-basin 1 in which the lagoon is located.  

  

Figure 3. Scheme of the study basin model in the HEC-HMS software, with the different elements that compose it  

After locating each element into the grid, the model requires to identify each one defining its 
input data and properties. The sub-basin elements require to establish its area and hydrologic 
behavior defined by the concentration time (TC), the percentage of impermeability, the initial flow 
rate and the initial loss. Table 1 presents the data adopted for each sub-basin. Regarding the lagoon, 
HEC-HMS provides a great variety of options to choose how to characterize it. In this work it was 
chosen to identify the lagoon through an Elevation-Area relation and an Elevation-Discharge 
relation (Figure 4), because this type of information was available about the lagoon. It was imposed 
that the reservoir is going to maintain its current surface area of approximately 17,400 square 
meters, with a water height of 0.75 meters for a target level of water of 18.00 meters IGN (National 
Geographic Institute), making a slope 1:8 from the bottom up quota 20,20 m (level for 100 years of 
recurrence). This covers an area of 27,760 square meters within the park. The discharge of the 
Lagoon is carried out by a rectangular concrete conduit of 2.00 m of base and 1.20 m of internal 
height, and quota of 18.00 m IGN to maintain the objective level. The precipitation’s input data was 
obtained defining a design storm derived from statistical studies of maximum short-term rainfall 
(Kolhyari et al., 1992). The so-called I-D-F (Intensity, Duration, Frequency) curves (Table 2) are 
employed to establish the relation between precipitation intensity, frequency of occurrence and 
duration of precipitation. The design storm is assumed to have duration of 1 hour, and the frequency 
is assumed in intervals of 5 minutes, compatible with the time of generation of the peak of the flood 
in this type of watersheds. Silveira et al. (2014) states that the Climate Change has produced a rise 
in the intensity of these short storms, making the usage of the kind of small reservoirs studied in this 
works highly strategic to face this phenomenon.  
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Table 1. Hydrological parameters of the sub-basins 

Basin Area Initial flow  TC lag  Initial Loss  Constante rate Imp  
  (km2)  (m3/s/km2)  (min)  (mm)  (mm/HR) %  
C1  0.152 0.0059 14.5 0.508 3.556 16 
C2  0.172 0.0059 12.0 0.508 3.556 60 
C3  0.174 0.0059 12.25 0.508 3.556 26 
C4  0.103 0.0059 5.62 0.508 3.556 31 
C5  0.143 0.0059 6.77 0.508 3.556 55 
C6  0.198 0.0059 10.77 0.508 3.556 55 
C7  0.260 0.0059 6.12 0.508 3.556 50 
C8  0.274 0.0059 17.23 0.508 3.556 55 
C9  0.363 0.0059 12.08 0.508 3.556 61 
C10  0.105 0.0059 7.62 0.508 3.556 55 

  

Figure 4. Lagoon. Level-Area Law (left) and Discharge Law (right) 

 Table 2. I-D-R curves 

Duration (hrs)	 Frequency (min) 
2 5 10 20 50 100 500 1000 5000 

0.5 27.4 36.1 41.8 47.2 54.3 59.6 71.9 77.2 89.4 
1 34.1 46.0 53.8 61.4 71.1 78.4 95.3 102.6 119.5 
3 51.2 68.8 80.4 91.6 106 116.8 141.9 152.6 177.6 
6 62.1 83.1 97.0 110.3 127.6 140.6 170.5 183.3 213.2 
12 73.7 103.1 122.7 141.4 165.6 183.8 225.7 243.8 285.6 
24 78.7 114.6 138.4 161.2 190.7 212.8 264.0 285.9 336.9 
 

The location of the precipitation bars has been carried out under the methodology of Alternate 
Blocks (Chow et al., 1998), with maximum precipitation in the central position of the storm (Figure 5).  

 

Figure 5. Input diagram 
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3. RESULTS 

The output of the model is the evolution of the storage and elevation of the lagoon with time, and 
also the flow discharged by the lagoon to the downstream system (Figure 6).  

 

Figure 6. Laguna result curves 

A lamination of the peak of the flood of approximately 40% (60m3/s to 25 m3/s) is observed 
from the results of the simulation. It is important to highlight that this considerable reduction is 
obtained only invading an area of 3 hectares. The importance of this deadening in the flow 
discharged by the river is not only related to avoid floods, which is a huge need in the region, but 
also to the cost of the infrastructure needed. The highway’s culverts are designed for a 10-year 
recurrence and a flow of 19 m3/s. Currently, the flow discharged by the lagoon, according with our 
simulation, exceeds that value, mainly because the raise in the rainfall’s intensity and frequency 
during the last decades. However, if the lagoon didn’t exist, the flow would be almost three times 
the design value, which implies a collapse in the road infrastructure or the need to build greater and 
more expensive constructions. 

4. CONCLUSIONS AND RECOMMENDATIONS 

The present work clearly shows how possible is to mitigate the runoff peaks during rainfall 
events employing easy, green and cheap solutions like natural reservoirs such as lagoons. The 
rapidly increment in the intensity and frequency of precipitation due to Climate Change in the last 
twenty years registered in the Pampa Ondulada has produced terrible human and economic losses 
for the region. Thus, it’s crucial to understand that in order to face this change in the weather 
conditions, assuming we cannot control or eliminate these phenomena, it’s important to plan better 
the urban growth of our cities taking into account the hydrologic behavior of the area. Just 
preserving 5% of the surface of the study area generates an attenuation of 40% of the peak of the 
runoff. Green areas and natural or artificial reservoirs are, thus, highly recommended. Moreover, 
temporary facilities are also encouraged so as to be able to be removed in case of rainfall events that 
exceed the infiltration and runoff capacity of the basin. Land use planning is required to avoid 
urbanization in vulnerable areas and to reduce the impact in the hydrology of the terrain.  
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