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THE ULTIMATE GOAL OF MATHEMATICAL 
OPTIMIZATION 

 

The use of mathematical optimization in reservoir 
operation together with artificial intelligence 
techniques and remote sensing for runoff forecasting 
will introduce the kind of revolution into water 
resources that driverless cars are introducing to 
transportation industry. 
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- Basin Management models focus on DECISION 

MAKING, which amounts to finding the best way to 

set reservoir releases and water abstractions from 

the river at water intake structures. 

- Reservoir Releases are DEMAND DRIVEN. 
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Most models nowadays rely 
on the concept of 
“Reservoir Rule Curve” 
which was introduced to 
prevent reservoirs from 
premature emptying. 
The problem associated 
with designing the shape of 
the rule curve is that its 
ideal shape is unique for 
each hydrologic year and it 
depends on the starting 
storage. 
The best possible solution 
for each year that was 
requested by NCA cannot be 
guaranteed by relying on 
the rule curve concept. 
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Since the rule curve 
concept cannot 
deliver the best 
solution, an 
alternative is the 
MTO concept, which 
can be used to 
simultaneously 
optimize reservoir 
operation and 
demand reduction. 
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Basin Models with MTO capabilities 

a) RIVERWARE (CADSWES Institute, Colorado); 

b) OASIS (Hydrologics Inc., USA) 

c) HEC-ResPRM (only monthly time steps, network 

flow solver) 

d) WEB.BM (Optimal Solutions Ltd., Canada) 

 

The first two models are offered through commercial 

license, while the other two are free.  HEC is no longer 

providing a download link for HEC-ResPRM on their 

official web site. 
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Channel Routing within MTO framework 
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Upper Narmada River Basin 
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a) Accuracy of input is important. The current 
practice is to use rainfall-runoff models to estimate 
natural flows, which leads to this: 
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R1 = Qr1+V1/T+NE1 

Qr1+R1-2= Qr2+V2/T+NE2+Qcu 

Qcu 

Qn   : natural flows 

Qr2 

1 
Qr1 

2 



International Conference on  
HYDROPOWER AND DAMS DEVELOPMENT FOR WATER AND 

ENERGY SECURITY – UNDER CHANGING CLIMATE 
 

OPTIMIZATION RESULTS- TAWA RESERVOIR WATER SUPPLY 
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OPTIMIZATION RESULTS- TAWA RESERVOIR OPERATION 
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- Use historical natural flows as input into a 
stochastic hydrologic model to generate 1000 
years of inflows 

- Create 1000 years of perfect rule curves 
- Analyze the solutions statistically 
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WEB.BM Solution Modes 
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- STO with rule curves or reservoir zones 
 

- STO/MTO combined for short term forecasts 
(seasonal option allows overwriting input data with 
current data from the field) 
 
 
 
 
 

- MTO for one year at a time or for all years at once 
(used only for planning studies) 
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www.riverbasinmanagement.com 
www.optimal-solutions-ltd.com 
 

http://www.riverbasinmanagement.com/
http://www.optimal-solutions-ltd.com/
http://www.optimal-solutions-ltd.com/
http://www.optimal-solutions-ltd.com/
http://www.optimal-solutions-ltd.com/
http://www.optimal-solutions-ltd.com/
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Main WEB.BM Features 

18 

- Web application LP-based River Basin 
Management model (COIN-OR library) 

- Free access (www.riverbasinmanagement.com) 
- Google Maps interface 
- Able to model variable time step length as well as 

to include both reservoir and channel routing 
equations directly into the optimization process as 
constraints to optimization. 
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Thank you 
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