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Electric Power Generation in Sri Lanka 

 



. 
 

Water Resources in Sri Lanka 



Cascade of Reservoirs  the Mahaweli River 

Polgolla 
Reservoir 



Major Hydropower Plants 

 in Sri Lanka 



Hydropower Plants along the Mahaweli River 

Upper  



Polgolla Reservoir 

Full Supply Level  440.74 m MSL 
Minimum operating level  438.89 m MSL 
High Flood Level 443.76m MSL 
Original storage capacity at FSL 4.6 MCM,   Catchment area 780 km2 



Location of  

the reservoir 
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Polgolla Reservoir - Bathymetry 



Polgolla Barrage 

Polgolla Barrage  
 
10 Nos of 12 m wide gates 
  
Storage capacity at FSL 
    Original 4.6 MCM 
     Now 3.4 MCM 



Siltation in Polgolla 

Reservoir   



Polgolla Hydropower 

Intake 



Capacity of Polgolla Reservoir 

Reservoir sediment is flushed by opening gates. For erosion of deposited 

sediment,  the bed shear stress should exceed the critical shear stress.  The 

bed shear stress is proportional to the vertical velocity gradient. 

-  Selecting appropriate gate operation under different inflows 

Full Supply Level  440.74 m MSL, Original storage capacity at FSL 4.6 MCM 



Governing Equations 
•Continuity equation 

 

•Momentum equations in x and y-directions 

 

In which;  



Governing Equations 



Computation of flow pattern 

Computational Model: 

iRIC Model (The International River Interface Cooperative) 

SToRM module  

System for Transport and River Modeling.  

This model is a two-dimensional depth-averaged flow 
model using a completely unstructured coordinate system 
described by a triangular mesh.  

 
Ref : Jonathan M. Nelson, Yasuyuki Shimizu, Hiroshi Takebayashi, 
Richard R. McDonald, 2010.  The International River Interface 
Cooperative: Public Domain Software For River Modeling  

 

 

 



Computational Grid  



Model Calibration 

• Upstream boundary condition  

       Mahaweli River                  62.6 m3/s,  

       Pinga oya                             0.6 m3/s 

       Rawan oya                           0.1 m3/s 

• Downstream boundary  

        Water surface elevation     440.03 m MSL 



Model Calibration 

Manning roughness,  n = 0.04 



Model Validation 

Upstream boundary condition  
     Mahaweli River                  84.76 m3/s   
     Pinga oya                             0.20 m3/s  
     Rawan oya                           0.025 m3/s 
Downstream boundary  
     Water surface elevation     440.78 m MSL 



Case Discharge 

(m3/s) 

Gate opening 

Case 1 55 2 gates at the right bank are fully 

open Case 2 111 

Case 3 55 2  gates at the left bank are fully 

open Case 4 111 

Case 5 277 
All 10 gates are fully open 

Case 6 555 

Case 7 137 5 gates at the middle of the 

spillway are fully open Case 8 277 

Application for different cases – 

Combinations of flow and gate openings  



Flow pattern - Case 1 and case 2 

  Larger flow velocities are developed at right bank. 
  Lower velocities close to barrage gates at left bank and power intake 

Case 1 55 m3/s Two gates at the right bank are fully 

open Case 2 111 m3/s 



Flow pattern - Case 3 and case 4 

 Considerable velocity development close to the barrage except in 
extreme right bank. But the velocity at tunnel entrance is very low 

Case 3 55 m3/s Two gates at the left bank are 

fully open Case 4 111 m3/s 



Flow pattern - Case 5 and case 6 

 Velocities could be seen developed though the reservoir which 
would cause better sediment sluicing.  

Case 5 277 m3/s 
All 10 gates are fully open 

Case 6 555 m3/s 



Flow pattern - Case 7 and case 8 

 higher velocity developments in the reservoir. Velocities close to 1 
m3/s    are shown at tunnel entrance and in other areas of Rawan oya 
as well. 

Case 7 137 m3/s Five gates at the middle of the 

spillway are fully open Case 8 277 m3/s 



Sediment Erosion 

Eroded depths of sediment for an inflow of 250 m3/s flow with 5 gates opened. 

Eroded volume is computed to be about 300 thousand tonnes. 

  

For erosion of deposited sediment,  the bed shear stress should exceed the critical 

shear stress.  The bed shear stress is proportional to the vertical velocity gradient 



Critical shear stress  
 

• On the surface 1.3 N/m2, U.S. Geological 
survey Scientific Investigations Report 2008–
5093 

• At a depth of 1 m sediment deposition was 
selected as 2.07 N/m2 (HR Wallingford, 1992) 

•  For a depth up to 2m the critical shear stress 
was selected as 5 N/m2 (Mahamood, 1987).  



CONCLUSIONS 

• A two-dimensional hydrodynamic model  has been set up for 

the Polgolla reservoir to  compute flow patterns under 

different inflows and barrage gate opening combinations, and 

a model was  introduced to  to estimate erosion depths and 

volumes 

• For efficient flushing of sediment , it is recommended that 

5 gates are opened when the discharge is 200-300 m3/s 

all the gates are kept open with higher discharges of peak 

floods.  

 

 



River downstream of the Polgolla Reservoir 

Thank you 



 
 
 
 
 

Thank you!!! 





Electric Power Generation in Sri Lanka 

 



• Data sources 

– Sri Lanka Mahaweli authority 

– National building research organization 

– Ceylon electricity board 

– Sri Lanka flood control and disaster management 

center 

– Previous researches carried out about Polgolla 

reservoir 

– Field measurements 

 



Packages available for computational 

modelling  

 • 2D modelling 
• NASIR 
• MIKE 21 
• MIKE 21C 
• TISAT 
• CE-QUAL-W2 
• CCHE-2D 
• GSSHA 2D MODEL  
• SMS River Modelling  
• iRIC  
• FLOW 2D 

 

• 1D modelling 
• HEC River Analysis System  
• MIKE 11  
 

• 3D modelling 
• FLOW 3D 

 



iRIC 

• THE INTERNATIONAL RIVER INTERFACE 
COOPERATIVE: Public domain software 
for river modeling 

• The iRIC software interface includes 
models for 
– Two- and three-dimensional flow 

– Sediment transport  

– Bed evolution 

– Groundwater-surface-water interaction  

– Topographic data processing 

– Habitat assessment 
Jonathan M. Nelson, Yasuyuki Shimizu, Hiroshi Takebayashi, Richard R. McDonald, 2010.  The 

International River Interface Cooperative: Public Domain Software For River Modeling, 2nd 

Joint Federal Interagency Conference, Las Vegas, NV, June 27 - July 1, 2010 



Why IRIC  
• Is freely available 

• Allows easy modelling of very complex channel 
geometries and let multiple inflows and outflows to be 
incorporated 

• Handles rapidly varied flows easily 

• Has relatively simpler methods of setting boundary 
conditions at arbitrary shaped obstacles 

• Provides easy methodology for users to change the 
models  

• Can be accessed easily 

• Comprises with more models with a wider range of sub 
model tasks 

• Has better treatment of time variations and better tools 
for 3D visualization     

 



Selection of the solver… 

• NaysCube 
• CERI1D 
• FaSTMECH 
• SToRM 
• Nays2DH 
• NaysFlood 
• River2d 
• Delft3d 
• NaysEddy 
• SRM 

 
 

Nays2DH is a 
computational model 
for simulating horizontal 
two-dimensional (2D) 
flow, sediment 
transport, 
morphological changes 
of bed and banks in 
rivers. 

 
 

  It is a combination of  
Nays2D and Morpho2D 

Nays2DH 



Model Generation 

• Selected interface – iRIC 

• Bathymetry  –  NBRO 

• .tpo (topography) file generation - ArcGIS 

• 11940 grid points covering the reservoir area. 

 

 



Data of Polgolla Reservoir (Polgolla Pond):  
Full Supply Level  440.74 m MSL 
Minimum operating level  438.89 m MSL 
High Flood Level 443.76m MSL 
Dam crest Elevation 447.45m MSL  
Original storage capacity at FSL 4.657 MCM 



The critical shear stress  
On the suface 1.3 N/m2, U.S. Geological survey 
Scientific Investigations Report 2008–5093, 
At a depth of 1 m sediment deposition was 
selected as 2.07 N/m2 (HR Wallingford, 1992). 
 For a depth up to 2m the critical shear stress 
was selected as 5 N/m2 (Mahamood, 1987).  


