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1. Introduction 
Large dams play an important role in promoting economic and social development in many countries (Samuel Fosu Gyasi, 2018). Though damming activity has many beneficial aspects, it brings several kinds of threat to the people settled near the dam (Sumanta Bid, 2019). Failures resulting from constructed dams have produced some of the greatest disasters. Accelerated climate change has been recorded in recent decades, which is of particular concern as it may lead to more frequent and severe rainfall events around the world in the future, particularly in arid and semi-arid areas (Amirhossein Shadmehri Toosi, 2019). The failure of Nalubale dam and its extension, Kiira dam is of particular concern because its failure has the potential to cause destruction of other dams like Bujagali and Isimba dam downstream. Numerous authors have dealt with the issue of dam breach modelling (Říha, 2020) . Despite the fact that many studies have been undertaken on cascade dam risk assessments, there is still an absence of studies on a multi-criteria assessment of the associated risks. Adopting a multi-criteria risk assessment approach is a robust methodology for integrated assessment of flood risks.

2. Methodology 
[bookmark: _Hlk71105841]A terrain model was created from a Digital Elevation Model of 30m-by-30m resolution using RAS mapper in HECRAS. Using geometrical HECRAS tools the cross-sectional data was input and used to modify the terrain. Bujagali and Isimba dam were then incorporated in the model. A 2D flow area was drawn and mesh formation of 40m-by-40m mesh grid for spatial modelling was used. Inlet and outlet boundary conditions were created. Breach flow Hydrographs of Kiira and Owen falls were adopted in the inflow boundary conditions after creating a restart file. Unsteady flow analysis was used where a computation interval of 1 sec was applied to the calculations. Three criteria were identified for adoption of a multi-Criteria analysis. Warning time is a benefit while peak outflow discharge and maximum flood depth are a disbenefit. A cascade dam break Impact index which represents the level of impact associated with a dam in a cascade dam break was developed. The weights of the peak outflow discharge were assumed to be equal while the warning time should serve to reduce the magnitude of the Cascade dam break Impact index. By using matrices, the value equivalent for each criterion were integrated with the respective weight as follows;

Where  represents the Cascade dam break Impact Index for any dam

3. Results 
Overtopping failure
Figure 1 below shows the maximum water surface elevation along the river reach. 
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[bookmark: _Ref71125086]Figure 1: Maximum water surface elevation
When the breach outflow flow hydrograph of Owen falls and Kiira dam was input at the inflow boundary condition and considering the dam crest level (1114.5m) at the Bujagali dam, the maximum water surface elevation at Bujagali was 1117.971m. Therefore, the Bujagali dam will be over topped. Considering the dam crest level (1057.50m) at Isimba dam and the maximum water surface elevation of 1059.242 m at Isimba dam, it implies that the dam will be over topped.

Breach outflow hydrographs
Failure was set to start when the water surface elevation at Bujagali dam was 1114.65m while for while Isimba was set at 1057.65m. Figure 2 below shows that the breach outflow hydrograph at Bujagali has a maximum discharge of 11302.73m3/s while Isimba dam breach outflow hydrograph has a maximum discharge of 17737.52 m3/s as shown in Figure 3.

[bookmark: _Ref71118354]Figure 2: Outflow Hydrograph for Bujagali dam

[bookmark: _Ref71123104]Figure 3: Outflow hydrograph for Isimba dam breach
Inundation mapping
The RAS mapper tool was used to produce inundation maps from the simulated breach. Figure 4 below shows an area within the vicinity of Bujagali dam flooded to a depth of 3.039m. Figure 5 below shows structures within the vicinity of Isimba dam flooded to a depth of 1.60m
















[bookmark: _Ref71120954]Figure 4: Bujagali dam before (left and after (right) dam break







[bookmark: _Ref71121555]Figure 5: Isimba dam before (left) and after (right) dam break


Cascade Dam Break Index
The Cascade dam break Impact Index is given by;

The CDBI Nalubale dam== = 6542.8478
The CDBI Bujagali dam=== 4284.0465
  The CDBI Isimba dam=== 8855.2838

4. Conclusion and recommendations 
Due to the presence of dams upstream of Owen falls and its extension Kiira dam, analysis was carried out to determine the risk posed to Bujagali and Isimba as a result of dam failure at Owen falls and Kiira power stations in order to make decision on what dam safety priority. Results indicate that Bujagali and Isimba dam will likely be over topped. In the event of failure, the breach outflow hydrograph at Bujagali has a maximum discharge of 11302.73m3/s while Isimba dam has a maximum discharge of 17737.52 m3/s. This will result into catastrophic flooding in the downstream area which may result in huge loss of human life and property. The locals need to be sensitized on the danger the dam break can pose. By using a multi criteria approach, the Isimba dam is the most impacted by the cascade dam break. 
Bujagali dam has a siphon spillway. When modelling, the siphon was modelled as sluice gates because HECRAS didn’t have the option. I therefore recommend a better representative model for the siphon spillway. The resolution of the Digital Elevation Model used was 30m. When drawing the bank lines, there is accuracy needed. This can result into some errors when generating the cross-sectional data. I therefore recommend a DEM of a better resolution for more accurate results. More cross-sectional determinations of the river need to be carried out. There were five stations along the river that I was able to obtain cross sectional data from Directorate of Water Resources Institute, that is Nalubale dam, Kiira dam, Bujagali dam, Isimba dam and Mbulamuti gauging station. I therefore had insufficient data on the cross sections. Due to lack of sufficient data, missing values of altitude along the Nile were obtained by interpolation between known ones.  Also missing cross sectional data was modelled as average values of the known cross sections.  
Some building structures and power transmission areas of Bujagali and Isimba dam should be relocated because they are within the probable flood zone. 
5. Experience/lessons learnt in the CAWESDEA internship programme 
Being a young Graduate Civil Engineer, the CAWESDEA internship program was a doorway to the water sector. Through my data collection phase, I was able to learn about the different roles of the country’s water related sector agencies for example, the Ministry of Energy and Mineral Development, Directorate of Water Development etc. I was attached to Uganda Electricity Generation Company Limited where I did my research on a dam break. The research enhanced my competency in using different modelling software like HECRAS, Arc GIS, as well as gaining more knowledge about dams and bathymetrical survey. As part of the set requirements under the program is to publish the research through an Internationally accepted journal. I made two attempts on which the first attempt was rejected but after addressing the journal concerns, the research paper was assigned a manuscript number Hydrology-D-21-00068. 
Apart from learning the HECRAS software, doing the research inculcated a reading habit. The reading skill enabled me to have innovative capacity to add to what has already been done by other researchers. Overall, the Internship has been a good experience. I have gained and have high hopes of finally publishing my research paper. 
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Ouflow hydrograph for Isimba dam breach
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