
European Water 57: 201-206, 2017. 
© 2017 E.W. Publications 

Impact of restoration measures in a densely urbanised area: The case of 
Buenos Aires 

I.M. Arzuaga1, G. Navarro1,2 and S.V. Viñes1*  
1 Universidad Católica Argentina, Facultad de Ciencias Fisicomatemáticas e Ingeniería, Buenos Aires, Argentina 
2 CONICET, Argentina 
* e-mail: susanavines@yahoo.com.ar 

Abstract: In the Metropolitan Area of the Buenos Aires City (AMBA) does not exist regulation which prioritizes the need to 
preserve water reservoirs and still less to generate them to compensate for the growing anthropization of the territory 
and to mitigate the effects of climate change. The objective 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. The hydrological analysis was performed and the topographic characteristics of the basin were 
generated in HEC-HMS model, obtaining flow rates in different morphological situations. The input and output 
system flow rates are calculated using rainfall-runoff and flow-through procedures. The histogram method (for a 
given frequency of occurrence of the event) has been selected, which specifies the temporal distribution of 
precipitation intensity during the storm. The results indicated a lamination of the peak of the flooding in more than 
fifty percent with only preserving less than five percent of the study area to generate a temporary reservoir, which 
reveals the need to protect natural reservoir areas or generate them, in order to restore in the basins the 
hydrogeomorphological conditions precedent to anthropization. This reservoir becomes even more necessary when 
considering the effects of Climate Change on runoff due to the increase in precipitation intensity of extreme events. 
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1. INTRODUCTION  

The population growth in the Metropolitan Area of the Buenos Aires City (AMBA) shows the 
incessant transformation of rural land into urbanized areas with industrial areas, private 
neighborhoods and slums chaotically located. This situation alters the runoff on basins due to 
variations in the topography and waterproofing of it. 

Alterations on the meteorological parameters, lead by climate change (Viñes, 2014), causes 
variations in the values that must be adopted for the design of the infrastructure, in order to reduce 
the risks of its obsolescence. Therefore, appears the need to attenuate floods to preserve populated 
areas waters below the intervention. 

The objective of this work is to evaluate the impact of altering the morphology of a sub basin in 
Las Tunas stream, establishing comparative advantages that arise from modeling different 
morphological conditions (Verstappen et al., 1991). These situations are generated by simulations 
on the HEC-HMS Model. The simulations are carried out with the objective of seeking 
compensation for the constant increase of the runoff, caused by the alteration of the natural 
hydrogeomorphological conditions in the basins (Campo de Ferreros et al., 1999). Its 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 

Based on the characteristics of the system and the available information, the HEC-HMS 
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Simulation Model of the U. S. Army Corps of Engineers Research Center, located in Davis, 
California, is selected. 

The HEC - HMS Model is designed to simulate surface runoff resulting from a precipitation 
event, by representing the basin as a system of interconnected components. 

As final results of the modeling process, a direct runoff hydrographs is obtained for several sub-
areas and the flow hydrographs at predetermined locations on the basin. 

The hydrographs obtained by the software are used directly or in conjunction with other software 
packages for studies of water availability, urban drainage, flow projection, impacts of future 
urbanization, landfill projects on dams, flood damage reduction, among others. 

The components that take part of the model are classified into two types, Surface Runoff 
Component and Stream Flow component. The first one is for a subarea and is used to represent the 
movement of water on the surface of the terrain towards the river channels. The input data in this 
component is a precipitation plot. Excess rain is calculated by subtracting infiltration and losses. 
The second one is used to represent the movement of crescent waves through a channel. The input 
data for this component is the upstream hydrograph, which results from the individual or combined 
contributions of the subarea runoff, the flow movement, or the shunts. This hydrograph is 
transported downstream using the characteristics of the channel. 

2.2 Study area 

The modeling carried out corresponds to the basin of the Las Tunas stream, belonging to the 
Darragüeira - Las Tunas basin (Cabral, 2015). 

The Darragüeira - Las Tunas basin flows into the Reconquista River Relief Channel, and 
includes a contribution area of 30.9 km2, which 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). 

The basin of the Las Tunas stream, on the other hand, has an approximate area of 1334 hectares 
(with closure in the tracks of the General Bartolomé Mitre train line). In the interior of the land, 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 
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2.3 Model set up 

In relation to the hydrological model of the basin, four types of elements are adopted, which can 
be seen in Figure 2. The main basin is divided into 10 sub-basins elements, which are defined by its 
extension area (measured in km2). Respecting to junction elements, three confluences are adopted 
that receive the irrigation flow of the different sub-basins. 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. 

Concerning to reach element, three waterworks are adopted. The first one receives the irrigation 
flow accumulated at confluence No. 1, and ends 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. 

The last element is a lagoon, a reservoir type. This element receives the accumulated flow along 
the entire basin through the third conduit, as well as the irrigation flow of the sub-basin 1 in which 
the lagoon is located. 

 

Figure 2. Scheme of the study basin model in the HEC-HMS software, with the different elements that compose it. 

Each sub-basin is characterized by the area covered by each one, and other parameters that 
define the hydrology of each one, such as the concentration time (TC), the percentage of 
impermeability, the initial flow rate and the initial loss. Table 1 presents the data adopted. 

In the case of the lagoon, the modeling requires a characterization of it by an Elevation-Area 
relation and an Elevation-Discharge relation. For this, the proposal for the lagoon is 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 will be 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. 

For the determination of precipitation events, a design storm, derived from statistical studies of 
maximum short-term rainfall, is used (Kolhyari et al., 1992). This study describes the relation 
between precipitation intensity, frequency of occurrence and duration of precipitation. These are the 
so-called I-D-F (Intensity, Duration, Frequency) curves (Table 2). 

For the election of IDF parameters, the duration of the storm is assumed in 1 hour. In (Silveira et 
al., 2014) we found that for these short storms, a rise in the intensity due to Climate Change is 
found, and is for these cases that the use of small reservoirs is taking value. The other parameter to 
be chosen is the frequency, which is assumed in intervals of 5 minutes, compatible with the time of 
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generation of the peak of the flood in this type of watersheds and with similar surfaces of the 
Buenos Aires suburban area. 

 
Table 1. Hydrological parameters of the sub-basins. 

Basin 
  

Area 
(km2) 

Initial flow 
(m3/s/km2) 

TC lag 
(min) 

Initial Loss 
(mm) 

Constante rate 
(mm/HR) 

Imp 
% 

C1  0.152 0.0059 14.5 0.508 3.556 16 
C2  0.172 0.0059 12 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  0.26 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 

 

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 
3). 

 

Figure 3. Input diagram. 
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3. RESULTS 

Finally, the model results in the variation in time of the storage / elevation volume of the lagoon, 
and the flow of the lagoon output (Figure 4). These values can be used as input data for the next 
stage, in which are used to model the course of the stream between the lagoon and the highway near 
the studied area. 

 

Figure 4. Laguna result curves. 

The model shows an attenuation (laminating) of a peak of flood of approximately 60m3/s to 25 
m3/s with only invading an area of 3 hectares. 

The culverts of the Panamericana highway are designed for a 10-year recurrence and a flow of 
19 m3/s with a relief provided, in the case of the Las Tunas stream. 

Eliminating the lagoon would almost increase three times the design flow, with the consequent 
increase in the dimensions of these elements of road infrastructure. 

4. CONCLUSIONS AND RECOMMENDATIONS 

It is possible to mitigate the devastating effects of runoff peaks that occur during rainfall events. 
Preserve 5% percent of the surface of the study area generates an attenuation of 50% of the peak 

of the runoff. Therefore, for streams with similar characteristics to those of the Las Tunas stream, 
which belongs to the “Pampa Ondulada Bonaerense” territory of the Province of Buenos Aires, it is 
clear to recommend green areas with temporary facilities. These can be removed in anticipation of 
rainfall events that exceed the infiltration and runoff capacity of the basins in ordered to not affect 
the inhabitants of the basin. This should be a priority criterion in land use planning. 

In the particular case of the Las Tunas stream, in the modeled area it is recommended to 
optimize the discharge operation with the bottom discharger of the lagoon and gates. 
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