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1. Introduction 

1.1 The hydropower project 

The Regional Rusumo Falls Hydroelectric Project (RRFHP) is currently under construction within the framework of 

the Equatorial Lakes Subsidiary Action Program (NELSAP) on behalf of the three countries Rwanda, Burundi and 

Tanzania. The scheme’s site as well as the main inflowing rivers Nyabarongo - Akagera and Ruvubu are located in 

the boundary region of these three countries. Rwanda, Burundi and Tanzania will share the energy and frame the 

power company that will operate the plant.   

 

1.2 The river avulsion  

At the main river about 70 km upstream the RRFHP (Fig. 1) an avulsion developed progressively since early 2014: 

There, the Nyabarongo - Akagera River changed its course directly into the nearby Lake Rweru as shown in Fig. 2, 

with currently unknown impacts on the future inflow conditions at RRFHP. Prior to 2014, the Nyabarongo - Akagera 

River was bypassing Lake Rweru at a relatively short distance and the lake received water from the river via 

overland flood flow and seepage through the adjacent marshes during the wet season.  

The hydropower feasibility and detailed design studies, including its inflow hydrology and its energy generation 

analysis [1], were notably prepared before the avulsion had formed. Since the development of the avulsion the river 

directly discharges into the lake, and it is the outflow from the lake that contributes most to the hydropower 

generation. The main concerns related to the river avulsion from the hydropower operator’s perspective are potential 

alterations and the reduction of inflows to the hydropower plant and its energy generation. 

 



 
Fig. 1. Kagera River basin with main river Nyabarongo-Akagera and Ruvubu River, avulsion region and RRFHP 

 

  
Fig. 2. Pre- and post-avulsion states 2013 and 2020 of Akagera River and Lake Rweru with main flow directions 

 

1.3 The avulsion analysis 

In order to investigate into the avulsion’s impacts on the inflow and the energy generation as well as potential 

mitigation measures for RRFHP, NELSAP contracted a consortium of HYDROC and Pöyry Austria (now AFRY). 

The project was started in the second half of 2019 and completion was foreseen for the end of 2020. The Corona 

outbreak however, causes some progress delays.  

In order to quantify the inflows to the hydropower plant and account for the governing hydrologic and hydraulic 

processes, a detailed, coupled water balance and energy modelling system was developed, see chapter 2. This 

modelling study is embedded in a number of additional analysis steps including, amongst others  

River avulsion 



 collection of previous studies, data and hydrologic measurements,  

 field missions with bathymetric surveys, discharge and water level measurements, 

 installation of water levels gauges, loggers and GSM modules at river reaches upstream and downstream the 

avulsion and at Lake Rweru, 

 sediment sampling and sediment analysis, 

 morphologic analyses, and  

 screening of possible mitigation measures. 

 

2. The modelling study 

2.1 The general approach 

The main objective of the detailed water balance and energy modelling study is to compute two distinct sets of 

inflow time series to the RRFHP for a representative historic reference period with a length of 30 years that form the 

basis of evaluating the river avulsion’s impacts:  

a) Inflow series for pre-avulsion conditions and  

b) Inflow series for post-avulsion conditions (current conditions).  

These time series are used to compute the daily energy generation for both conditions and to evaluate expected 

changes attributable to the river avulsion. A daily time resolution was chosen in order not to smooth out the strong 

temporal variability in the rainfall-runoff process and to account for the RRFHP’s design as a pure run-of-river 

power plant with no storage capability. Monthly and seasonal aggregates of energy generation however help in 

subsequent analysis steps to assess the avulsion-induced impacts on the expected energy generation.  

In general, two categories of processes are relevant and each category requires an adequate analysis:  

a) Hydrologic water balance processes and  

b) hydraulic flow distributions and lake outflow processes.  

Thus, a coupled modelling approach was established including a main system of water balance modelling for the 

approx. 30,600 km2 basin upstream RRFHP (see chapter 2.2) and an embedded hydraulic sub-system of the Lake 

Rweru area covering roughly 125 km2 of the avulsion-lake-outflow region under pre- and post-avulsion conditions 

(see chapter 2.3). The water balance and hydraulic components considered in the models are shown in Fig. 3. 



 
Fig. 3. Water balance and hydraulic components considered in the main hydrological system and hydraulic sub-system 

 

2.2 The main system of hydrologic water balance modelling 

The hydrologic water balance model aims at computing all inflows to the Lake Rweru sub-system and flows between 

the lake and the RRFHP. The precipitation-runoff model applied (COSERO Model) has been developed in the 

academic field, with key experts of AFRY involved in the development process [2]. The model has already been 

applied extensively in many climatic regions of the world, among others in the Niger and the Zambezi basins [3, 4]. 

The conceptual structure of COSERO is similar to the well-known HBV-model, and extended by a detailed river 

routing and lake module. Input to the model are precipitation and air temperature data. Potential evapotranspiration is 

computed from air temperature based on empirical relationships. The model considers interception losses, soil 

processes and runoff generation by use of a series of linear reservoir components. In the runoff computations fast and 

slow components are considered, reflecting the different response times of surface-flow, interflow and base-flow. 

Runoff is aggregated along the river network by simulation of routing, flood attenuation in flood plains, and lake 

processes. A schematic representation of the model structure is shown below. 
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Fig. 4. Conceptual structure of the hydrologic modelling system. Left: Physical environment in the basin, where the main 

hydrologic processes are considered in the model. Middle: Precipitation-runoff (water balance) model to simulate runoff 

generation at the land-surface. Right: Water allocation model to simulate routing and lakes along the river network. 

 

A semi-distributed model structure is applied, i.e. as spatial discretization the model uses a number of sub basins in 

the Nyabarongo-Ruvubu-Akagera River system, which are further divided into Hydrological Response Units (areas 

with similar hydrological characteristics). The parameters of the model are calibrated based on historic records of 

precipitation, air temperature and stream flow. Previous projects in Africa involving this model have shown that, if 

properly calibrated, the model allows for an accurate simulation of runoff generation and river flow at all time scales 

(daily, seasonal, interannual variability). This applies to the flood peaks of the rainfall season as well as to the 

declining flows during the dry season. For the Kagera Basin the continuous model is used to simulate long-term 

series of inflows to the Rweru Lake sub-system and to RRFHP for a historical reference period (1970 – 2019).  

This hydrological model of the main system is providing boundary conditions for the hydraulic model of the Lake 

Rweru sub-system as daily values of Nyabarongo River inflows and Rweru Lake levels. Based on these inputs and 

the hydraulic conditions, the hydraulic model determines the outflows from the sub-system into the Akagera River 

towards the hydropower plant and returns it to the main modelling system for further computation of the relevant 

water balance processes between Lake Rweru and the RRFHP.  

2.3 The sub-system of hydraulic river and lake outflow modelling 

The hydraulic sub-system simulates the relevant flows for the pre- and post-avulsion condition, in particular:  

• river flow entering the lake,  

• river flow bypassing the lake, and   

• lake outflow and total outflow of the subsystem. 

These flows are being computed as a function of the actual Lake Rweru level, the Nyabarongo River inflow into the 

sub-system, and the hydraulic conditions (i.e. pre- or post-avulsion, see Fig. 4). The hydraulic sub-system is 

represented by a 2-dimensional hydrodynamic model which is prepared for the pre- and post-avulsion states, see Fig. 

5. Several input-datasets are considered for its setup and calibration including pre-avulsion LiDAR [5], cross-section 

measurements and previous model analysis [1], and to the extent possible post-avulsion bathymetry and newly 

measured hydrometric data. The commercial hydraulic software tool hydro_as-2d is applied which solves the 

unsteady shallow water flow equations with a finite-volume scheme on a flexible mesh. 

 



  
Fig. 5. Detail of draft hydraulic model of pre-avulsion (left) and post-avulsion conditions 

 

Modelling of the lake outflow accurately is a key issue. The outflow channel is a self-forming channel and its 

dimensions could change over the years. The future lake outflow might also be affected by the delta which is 

developing in Lake Rweru since the avulsion had re-directed the river into the lake. Also, the influence of floating 

vegetation dominated by Cyperus papyrus and Water hyacinth could temporarily block the outflow channel and be of 

relevance.  

2.4 Model results 

The modelling study is currently in progress.   

With the coupled modelling tools of the main and sub-system for the pre- and post-avulsion conditions both long-

term 50-year daily inflow series to RRFHP are computed, based on historical precipitation and climate data. These 

simulations include a representative number of (very) wet, dry and average years. Combining these results with 

parameters of the hydropower plant such as maximum turbine capacity, the relevant head and efficiency allows 

assessing how the river avulsion is expected to change the long-term inflow regime and energy generation patterns of 

the RRFHP. In particular, the modelling system allows to simulate all water balance components on a daily time step 

for the pre- and post-avulsion condition, such as:  

• Water volumes flowing into and out of Rweru Lake & Lake level  

• Evaporation and other losses  

• Precipitation on the lake 

• Changes in lake storage  

• Seasonal flow characteristics  

• River discharge and turbine discharge at RRFHP  

Thus, the model results will finally serve as decision support for the expected avulsion-induced changes which will 

be supported by a high level screening of possible measures to mitigate potential negative impacts on RRFHP’s 

energy generation.   

 

3. Model capability expansion 

In the current study the impacts on RRFHP’s energy generation are assessed under historic, observed climatic 

conditions of the past 50 years. A possible extension of the study would be to investigate future flow conditions and 



energy generation under climate change influence. To this end, the hydrological model could be applied with the 

latest projections of future rainfall in the Akagera basin, using the most recent and detailed climate change 

projections for Africa as available in the CORDEX climate model ensemble that are readily available for 

hydrological modelling [6]. This would allow to estimate changes in future inflow conditions and expected energy 

generation e.g. for the next 20-30 years, i.e. when RRFHP is fully under operation. 

Shifting the focus from the long-term projections to short-term forecasts for the next 1-7 days, the hydrological 

model could be extended to an operational inflow forecasting system, as similar systems with this hydrological 

model have been recently installed to support daily hydropower operations in West Africa and southern Africa [4]. 

During the latest extreme flood in April 2020 the hydrological model was used to assess the flood contribution from 

the Nyabarongo and Ruvubu rivers for total flow at RRFHP construction site. Running the model with near real-time 

satellite rainfall data and the latest rainfall forecasts from a weather model showed that the peak flow at RRFHP was 

mainly contributed by the Ruvubu River, whereas the main volume of (attenuated) flow was contributed by the 

Nyabarongo River with strong flood attenuation in the flood plains and Lake Rweru. The successful application of 

the hydrological model with real-time data during the April 2020 flood demonstrated that the model could be 

embedded in a fully operational inflow forecasting system as used also for the Zambezi and Niger rivers [4]. This 

would provide timely information on energy generation forecasts and evolving flood and drought conditions to 

support hydropower operation and reliable electricity generation at RRFHP. 

4. Summary and conclusions 

The paper presents the analysis framework of a river avulsion that had progressively formed upstream the Regional 

Rusumo Falls Hydroelectric Project (RRFHP), which is currently under construction in the boundary region of 

Rwanda, Burundi and Tanzania. Before the avulsion developed the main river was passing Lake Rweru in close 

distance. The avulsion now re-directs these flows through the lake, so the hydropower plant is eventually fed by the 

lake outflow instead of the river flow. This physical alteration bares the risk of changes in the flow regime at the 

hydropower plant and its energy generation. These avulsion-induced changes are currently analysed.    

As reliable hydrological long-time measurement series of the pre-and post-avulsion conditions do not exist, the 

investigation of the avulsion’s impacts is, among others, based on modelling long-term inflow and energy generation 

series for both conditions. The analysis approach couples modelling the basin’s hydrologic water balance processes 

as the main system with modelling the hydraulic flow distributions and lake outflow processes as the sub-system. 

The model results will allow to quantify the expected avulsion-induced changes and will serve as a decision support 

for potential further mitigation options. 

Finally, the paper addresses questions typical to the hydropower industry that can be investigated by expanding the 

presented modelling framework: Climate change ensemble analysis on the upcoming decades’ energy generation and 

a fully operational inflow and generation forecasting system that also considers flood and drought conditions. 
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