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ABSTRACT 

Bovilla reservoir is the main source of water supply for around 1 million 
inhabitants in Tirana, the capital of Albania. The reservoir was created in 1998 from 
Bovilla Dam and belongs to the upper part of the Terkuza River catchment. The 
dam previously was planned in a smaller size for irrigation purposes. Intense 
erosion due to large deforestations followed by increasing nutrient run-off from 
cultivated land is a challenge for the Bovilla Dam management authority because it 
is influencing the water quality in daily use and decreasing the dam lifespan in long 
term. Zall Bastari stream transports high amounts of solid materials. Other streams 
show also a strong torrential character, after rainfall events the water level suddenly 
rises which leads to massive erosion.  Daily meteorological parameters and 30 
meters Digital Terrain Model is used together with Land Cover Map in the HEC-
HSM hydrological model which is designed to simulate the complete hydrologic 
processes of watershed systems, including the erosion and sediment transport. The 
lack of water level and discharge data made impossible the calibration of the 
hydrological model. The creation of a new data series for the daily discharges was 
crucial for further analyzes of the sediment transport and accumulation into the 
reservoir. Bovilla basin has been divided into many sub-basins in order to better 
calculate the inflow at the reservoir. The lack of previous bathymetric data caused 
the usage of alternative ways to calculate total accumulated sediment into the 
reservoir instead of the classical way in lifespan analysis. The characteristics of the 
sediment in the sub-basins and in the riverbed have been defined through gradation 
curves got from some available data. Sediment yield has been evaluated based on 
the conditions of the previous 21 years, from the construction of the dam in 1996 to 
nowadays. The old storage curve has been interpolated to be compared with the one 
defined after the survey specifically done in 2017. The analysis was very important 
to understand the way haw are accumulated sediment into the reservoir but also 
their distribution through the reservoir bed. 
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INTRODUCTION 

The Bovilla reservoir is one of the largest hydro-technical constructions in 
Albania, built to deliver sufficient drinking water to the capital Tirana. The 
catchment area is mountainous and belongs to the upper part of the Terkuza River. 
The dam is made from conglomerate rocks and gravel. The dam is 91 m high and 
130 m long. Construction work originally began in 1988 but stopped with the 
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collapse of the communist political system. In October 1993, work was resumed 
thanks to the support of the Italian government. After the end of construction in 
1996, the lake took until 1998 to fill and begin to serve its purpose. The volume of 

6 m³ at the normal level, quoted at 318 m a.s.l., on a 
surface of about 4.6 km². The original maximal depth was 53 m, the difference 
between the quotes of 265 m to 318 m a.s.l. (normal water level) found near the 
dam, now reduced to about 45 m due to the sediments brought in by the Terkuza 
River. The residence time of the water is about one year. The volume of the body 
of the dam is 650 000 m³. The average annual inflow of water in the reservoir is 105 

6 m³ [1]. The catchment is part of the Terkuza River and is divided between two 
municipalities, Zall Bastari (Tirana) and Culli (Kruja). The Bovilla catchment 
belongs to the sub-hilly Mediterranean Climate, where two climate sub-zones are 
distinguished, hilly Mediterranean (up to 700-800 m a.s.l.) and pre-mountainous 
Mediterranean (in higher altitudes). The catchment is characterized by heavy 
precipitations mainly during the end of winter and end of autumn [2]. In the hilly 
zone, the rainfall dominates, distributed in two peaks, autumn, and winter, while the 
mountainous peaks are often covered with snow during the winter. The catchment 
is split into a diverse hydrographic network consisting of many brooks, torrents, and 
tributaries of the Terkuza River.  Bovilla catchment has some springs with a 
moderate or small flow and some small irrigation reservoirs. The main torrents 
originate from the Zall Bastari and Zall Mneri villages. The length of the main 
tributary is about 12 km. The average slope of the river is around 5.7% in the valley 
and around 10% in the mountains.  

 

Figure 1  Hypsometric curves of some sub-basins: sub-basins n.5 and 6 (red, 
violet) are in the old age, sub-basins 2 and 4 (green, blue) are in the maturity age. 

Figure one shows the hypsometric curve of the Bovilla basin: it can be observed 
that the basin can be considered in the maturity stage according to Scheidegger's 
definition [3]. Analyzing more in detail the different sub-basins, some of them 
present a different stage, in particular, the hypsometric curves of the sub-basins 
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show that the younger is still in their maturity age. The geologic formations in the 
watershed belong mainly to Flysch, but only the formations in the higher parts seem 
to be more resistant to erosion. The lower part is hilly, built up of Flysch cliffs, 
frequent with eroded slopes, especially around the Mneri village. This group of 
rocks belongs to highly productive karst aquifers and moderately productive 
fissured (or fissured and porous) aquifers. Intense erosion due to large deforestation 
followed by increasing nutrient run-off from cultivated land has led to 
eutrophication of the aquatic system. Additionally, the river Terkuza is 
continuously filled with gravel, which is subsequently deposited in the Bovilla 
reservoir. Moreover, keeping the reservoir in a natural state will prevent costly 
water treatment measures and guarantee Tirana town access to the drinking water 
of high quality. Zall Bastari stream transports high amounts of solid materials. Other 
brooks show also a strong torrential character, after stormy rainfall events the water 
level suddenly rises which leads to massive erosion. Erosion, logging, 
desertification, and intense rainfall have amplified such clayey torrents, erosion 
spots, and landslides. Due to the lack of artificial sedimentation trapping, the eroded 
solid material is deposited in the lake resulting in a sedimentation rate of 
approximately 1 to 1.3 meters per year [4]. 

MATERIALS AND METHODS 

Land use maps for Bovilla watershed has been collected from two different 
sources. In order to validate the high coverage CORINE map, it has been collected 
from the Ministry of Tourism and Environment (MTE) the detailed 2017 map for 
the Bovilla watershed. In CORINE map Land Use is classified in 44 classes of 
which only 12 us
the study area. The classes in 8 macro-classes, with a good correspondence between 
the two sources. This useful information has then been used in the Hydrological 
Model to define sediment delivery. 
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Figure 2  Bovilla watershed Topography from (SRTM) and Land Cover maps 

from EU Copernicus Programme database. 

Below is shown a list of data collected and used for the study: 

 Digital Terrain Model 30 m cells by Shuttle Radar Topography 
Mission (SRTM);  

 Land Cover Maps from CORINE 2000, 2006, and 2012 (44 classes); 
 Land Cover Map for Bovilla watershed 2017 by the MTE; 
 River networks from EU-Hydro Drainage Database EEA39; 
 River watersheds from EU-Hydro River network dataset derived from 

EU-DEM; 
 Meteorological data from 2002 to 2011, daily precipitation, daily 

minimal and maximal temperature. 
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The topographical surveys as part of this study are a complementary part, which 

crest elevation to complete the reservoirs water volume curves. The purpose of 
bathymetric surveys for Bovilla reservoir have been performed to investigate on: 

 The scale of sedimentation volumes accumulated during the time of 
operation since the first impounding of the reservoir; 

 Quantify the progress of the sedimentations on the Bovilla reservoir; 
 Evaluate the current lifespan of the reservoir through the HEC-HMS 

hydrological model;  

The data collected have been analysed for their utility for this study, their 
completeness in terms of data series, spatial coverage and their consistency. 
Concerning meteorological data, some stations are available close to Bovilla but 
meteorological stations inside the basin would be more constructive. Using 
meteorological data from outside the basin, bring some limitations to the analysis. 
It would be important and useful to establish new monitoring points within the 
target watersheds to have better local data in particular for water level and discharge 
gauge for Bovilla reservoir and precipitation and temperature for Bovilla watershed. 
For the study was not possible to have some other data about river topography (i.e. 
river section) and siltation even if the data collected has been very useful for the 
calibration of the HEC-HMS hydrological model. Meteorological data cover an 
adequate period (10 years) for the purpose of the hydrologic modeling and the time 
series is quite complete (at least 95% for temperature data and more than 98% for 
precipitation data).  

The hydrological model provides the results for each hydrologic element, i.e. 
outflow, liquid water at the soil surface, snow water equivalent, melt rate, soil 
storage, excess precipitation, precipitation losses, direct runoff, sediment load, etc. 
The software chosen for this kind of analysis, as stated in the Inception Report, is 
the open-source HEC-HMS of the US Army Corps of Engineers (USACE), which 
is designed to simulate the complete hydrologic processes of dendritic watershed 
systems, including the erosion and sediment transport. The Hydrologic Modeling 
System (HEC-HMS) is one of the most widely used simulation tools developed by 
the U. S. Army Corps of Engineers Hydrologic Engineering Center (HEC) and is 
designed to simulate the rainfall-runoff processes. A soil moisture accounting 
(SMA) algorithm has been used to evaluate the performance of the HEC-HMS 
model for many river basins. The software includes many traditional hydrologic 
analysis procedures such as event infiltration, unit hydrographs, and hydrologic 
routing. HEC-HMS also includes procedures necessary for continuous simulation 
including evapotranspiration, snowmelt, and soil moisture accounting.  
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Figure 3  Calculated precipitation loss (in red), outflow (in blue) and sediment 
load (in brown) for sub-basin 2 in the period 2002-2005. 

Advanced capabilities are also provided for gridded runoff simulation using the 
linear quasi-distributed runoff transform (ModClark). Supplemental analysis tools 
are provided for model optimization, forecasting streamflow, depth-area reduction, 
assessing model uncertainty, erosion and sediment transport, and water quality [5].  

The lack of water level and discharge data precludes the calibration of the 
model. So, the model has been implemented literature parameters except for the 
morphological ones (time lag, slopes, etc). Figure 3 shows an example of the 
calculated precipitation loss (in red), outflow (in blue) and sediment load (in brown) 
for sub-basin 2 in the period 2002-2005. 
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RESULTS AND DISCUSSION 

The simulated annual water balance with the Hydrologic Modeling System 
(HEC-HMS) shows a runoff coefficient (direct runoff/precipitation volume) equal 
to 0.51.  Figure 4 shows the simulated inflow in the period 2002-2010 and the 
annual inflow volume to Bovilla reservoir: the average simulated annual inflow 
volume is 80 Mm³. 

 

 

Figure 4  Top: annual inflow volume to Bovilla reservoir; bottom: simulated 
inflow to Bovilla in the period 2002-2010. 

Previous topographic measurements of the area at the moment of Bovilla dam 
construction are not available. The only available data was the water capacity of the 
reservoir and its storage curve. The lack of previous topographic data caused the 
usage of alternative ways to calculate total deposed sediment into the reservoir 
instead of the classical way. 1996 storage curve has been interpolated to be 
compared with the one defined after the survey specifically done in 2017 (Figure 
5). 
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Figure 5  Comparison between 1996 and 2017 storage curves of the Bovilla 
reservoir. 

The dead storage, below 275 m a.s.l., has been completely filled with 
sediments. Total storage volume, from 1996 to 2017, it has reduced about 2 million 
m³ from 80 to 78 million m³. Most of it is due to the filled dead storage; the 
operational storage volume has not significantly varied until now, but evolution on 
topography is clear. The lower part of the reservoir, below 285 m a.s.l., shows a 
clear trend to sediment deposition due to, in the authors' opinion, the low flow speed 
that permits the compaction of the sediment trapped over there. Even the higher part 
of the reservoir, above 310 m a.s.l., shows a trend to sediment deposition. In the 
upstream area of the reservoir, especially near the tributary, sediments are with 
bigger fraction and cannot be re-transported downstream. In the middle part of the 

consolidation of sediment, it has been noticed a trend to erosion. 

 

Figure 6  Comparison between 1996 and 2017 bed-lines of the Bovilla reservoir. 

Knowing the total quantity of deposed sediment into the reservoir is not 
enough. Distribution of these sediments through the reservoir bed is also very 
important. For this purpose, from the 2017 survey data were extracted a long profile 
of the reservoir near the middle of the water mirror (blue line in Figure 6) to be 
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compared with the one of 1996 obtained from interpretation and elaboration of 
available data. The above qualitative consideration must be confirmed when more 
detailed information about the area topography would be available. Sediment yield 
has been evaluated based on the condition in the previous 21 years, from the 
construction of the dam in 1996 to now. As below, the sediment volume during 
reservoir life has been evaluated in 2 million m³, which originated from a watershed 
of 95.5 km². The HEC-HMS hydrological model has been used with the (MUSLE) 
parameters (Universal Soil Loss Equation), based on precipitation intensity 
changed the formulation to calculate erosion from surface runoff instead of 
precipitation, and it reproduces the average value of the total sediment transport. 
The model works transporting the sediment that reaches the reservoirs during main 
hydrological events. The average annual quantity of the reservoir siltation (effective 
annual sediment yield) is evaluated in 95723 m³/y and the specific average annual 
quantity of the reservoir siltation (specific sediment yield) is evaluated 1002 m³/y, 
km². Considering an average bulk density of bottom sediment of 1.25 t/m³, the 
specific average annual quantity of the reservoir siltation is evaluated in 1253 t/y, 
km². Because of the trapping efficiency of the reservoir of 94%, as above evaluated, 
the total specific average annual sediment inflow is defined in 1333 t/y, km². Total 
specific average annual sediment inflow measured for Bovilla (1333 t/y, km²) is 
consistent with other studies done previously from Albanian institutions in relation 
to erosion processes in Albanian rivers.  

CONCLUSION  

Bovilla reservoir capacity is very important for the water supply system of the 
capital of Albania. In the absence of flow measured data, the parameters' values of 
the hydrological model were assigned based on acceptable data ranges from the 
manual, literature, and based on the experience. Only some type of heavy 
precipitation events can cause surface erosion. Definition of the threshold can be 
used to set the lower limit for runoff events that cause erosion. The lack of water 
level and discharge data precludes the calibration of the model. The lack of previous 
topographic data caused the usage of alternative ways to calculate total deposed 
sediment into the reservoir. The dead storage, below 275 m a.s.l., has been filled 
with sediments and the total storage volume, from 1996 to 2017, it has reduced 
about 2 million m³ from 80 to 78 million m³. Total specific average annual sediment 
inflow calculated for Bovilla (1333 t/y, km²) is consistent with the estimation done 
from the Albanian literature for sediment transport in Erzen and Ishem rivers [6]. 
More river sections, together with many grain-size analyses along the rivers, would 
be useful to describe the river morphology, the sediment transport capacity, and 
availability. For better evaluation, Geological and Hydrogeological surveys are 
needed to take into account the underground water processes. It is very important 
and useful to establish new monitoring hydrometeorological network in the Bovilla 
watershed for better local data for precipitation and discharge inflow in Bovilla 
reservoir.  
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