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INTRODUCTION: RIVER BASIN MANAGEMENT
Management of river systems and understand its dynamic nature to scale up optimal water governance.

Water Allocation 

Planning

Transparent 

Governance

Transboundary 

Water

Decision and 

conflicts



OBJECTIVES

MINIMIZE FLOOD 

DAMAGES
MANAGING ENVIRONMENTAL 

FLOW DEFICITS

MINIMIZE IRRIGATION 

DEFICITS

MITIGATING CLIMATE 

CHANGE CRISIS

CURBING UNNECESSARY 

RELEASES
MINIMIZE EVAPORATION 

LOSSES

Additionally, there are several constraints that must be satisfied, such as, relative deficit sharing across given irrigation blocks, 

reservoir storage constraints, evaporation constraints, canal outflow constraints, maximum canal and channel capacities and so on. 



KEY TECHNOLOGIES 

GEOSPATIAL DSS

Real-time visibility of river basin 

basin performance, location 

analytics, land use changes, yields, 

inflows and discharges

AI & ML MODELLING

Automating Hydrology(HEC-HMS), 

Hydraulic(HEC-RAS), model with 

dynamic data to provide real-time 

intelligence and prediction of inflows 

INTERNET OF THINGS

Weather station automated AWS, 

level and flow sensors leverage 

operational insights along with 

rainfall data etc.



KEY TECHNOLOGIES: aquaWISETM Platform 

Able to ingest data from 

different sensors, machine 

and business systems

Deep expertise in the 

application of data science 

and big data modelling

User centric smart 

dashboards that provide 

multi level business 

insights

Enable high performing 

business processes 

through actionable 

intelligence
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Center of Excellence > 



Solution Highlights

Allocation & Accounting Reservoir Planning & Operations Intelligent Analytics 

Annual  state wise water utilization 

insights along with flow details and 

withdrawals

Storage details, information on 

water inflow and discharge 

Visibility on water distribution 

across reservoirs and demand 

blocks  

Realtime Monitoring Flood Risk & Safety Alerts and Advisories 

Insights on current water 

levels, utilization, real-time 

storage information  

Operational insights, alerts on 

basin performance leading to 

timely risk mitigation  

Early warnings on emergency 

situations, impact assessments 

and dam safety    

Empowering sustainable water resource management for cohesive transboundary basin governance and   

leverage equitable distribution with multiple stakeholders.



Technical Methodology
Current approach uses a mixed integer and binary linear programming-based optimization approach to replicate 

real water and power grid systems and provide optimized solutions for their operation based on their objectives

Hydro-Meteorologic 

timeseries data

Physical data related to 

reservoir, dam , reach

Water time series Demand 

Data across users

BUSWISE: Load and 

Generators 

Water and Power System variables: Time series, Tables, Initial 

conditions, Targets, unit commitments etc

Choice of Objective(s), Time periods, Day-ahead run, Time 

horizon, maximize economic, maximize environment, minimize 

operation cost, LMP stack, generator priority

Optimization Programs Inventory

Compliance with 

storage limits, 

rule curves etc

Compliance with 

reservoir outflow 

and flood limits

Accuracy of power 

computation and 

evaporation 

computation

Seasonal and Annual 

allocations – Planning 

Scenarios

Real time operation

Water Release schedule

• Hydropower

• Spill

• Irrigation 

• Domestic

• Industry

Power System side 
• CO2 footprint 

• Pricing

• Generator run 

schedule
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HYDROPOWER OPERATION MANAGEMENT (DSS)

Cost: Operation,

start, stop

Ramp up/down, unit 

commitment

Water System

• Rule curve storage targets

• Mass Balance

• Area Elevation Capacity curve

• Stage Rating curves

• Surface Precipitation and 

Evaporation

• Min/max/flood targets of 

generators, storage and 

conveyance systems.

• Deficit sharing policies

• Demand Priorities

• Turbine Efficiency curve

Power System

• Load Balance

• Unit commitment

• Min/Max/Ramp of

generators

• Transmission

Bottle neck

• LMP Stack

• Min startup and 

shutdown

• Generator 

Efficiency

Current MILP Solvers: GUROBI, IBM, 

LPSOLVE, COIN-OR etc.

In Future

• Genetic Algorithm

• Dynamic Programming

• Quantum Programming

Compliance with 

Mass Balance, Load 

Balance

Compliance to LMP, 

Unit commitment, 

transmission 

constraints

Compliance to 

deficit sharing 

among sector wise

demand policies.

Compliance to

generator wise

min/max/ramp 

constraints



Solution Approach
Empowering sustainable water resource management for cohesive transboundary basin governance and   

leverage equitable distribution with multiple stakeholders.

built capability in 

platform that 

seamlessly integrates 

with sources like web-

services, IoT, SCADA, 

Mobile app, APIs, web-

scrapping etc.

Dynamic Data

cloud scalable 

architecture that can 

manage load-based 

auto-scaling will be 

boon to arrive the 

feasible solution 

within right time. 

Cloud 

run in parallel servers 

as well to see the 

results and compare 

the results to get the 

best outcome

Optimizer 
Inventory

designed to provide 

user-based data entry, 

indentation and 

advisory roles, and will 

connect inward and 

outward to the model 

seamlessly

ERP approach

designed to take any 

kind of the data 

related to water 

system, power system 

and price market

Scalability

Adopted Binary and 

Mixed Integer based 

linear programming to 

keep higher accuracy 

of the solution

Linearization

automated the 

process of preparing 

matrix vector for 

variables, objective 

functions, and 

constraints

Automation of 
MILP



Case Study: Narmada River Basin Optimization

14
Major dams

Operations optimization

34537
MCM water

Distribution optimization

1.94
Million-hectare area for 

irrigation



Case Study: Narmada River Basin Optimization

Avoid Flood 

Losses

Avoid Flood 

Losses

Equal Deficit 

Sharing 

Equal Deficit 

Sharing 

Maintain 

Environmental Flows

Maintain 

Environmental Flows

Reduce 

Demand Deficit

Reduce 

Demand Deficit

Avoid Flood 

Losses

Equal Deficit 

Sharing 

Maintain 

Environmental Flows

Reduce 

Demand Deficit

OBJECTIVE

River basin planning for 

water allocation

River basin planning for 

water allocation

In season operation 

with release targets

In season operation 

with release targets

Automation of annual 

water accounting

Automation of annual 

water accounting

River basin planning for 

water allocation

In season operation 

with release targets

Automation of annual 

water accounting

RESULT
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Linear Programming Techniques (Revised Simplex 

Method)

Breaking of non-linear, multi-objective problem 

statement into a linearized, single objective problem.

Used LpSolve library, an open-source linear programming 
solver based on revised simplex method. And Java for 
other development purpose.

Simple user interface for defining river networks, time-

steps, input data and control inputs.

The main challenge involves breaking of a non-linear and multi-objective problem statement into a linear and 

single objective model. The final linear model was implemented using LpSolve as the base solver for optimization, 

integrated with Java, which has been used as the main programming language. 

Optimization Model
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Optimization Model



Model Illustration



User Friendly Model builder

Web Based Model, User can setup 
from any where in the world and 
collaborate with remote teams

Easy and intuitive interface which 
allows anyone to use effortlessly with 
no limit on models to run in 
background 

Very easy to customize variables and 
objective functions for multiple 
objectives by changing priorities or 
operational constraints 

Autonomous models running on 
cloud with ML, ingesting real-time 
weather and inflow data to provide 
optimal solutions in near real time
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Tributary

Upper Reach

9.9

POINT OF INTEREST 
& CATCHMENT AREA

Inflow Value at point of interest = Constant

+ ((√Flow-6*CF-6) + (√Flow-5*CF-5) + …+(√Flow-

1*CF-1) + ∑ (CR-6(x) * R-6(x)) + ∑ (CR-5(x) * R-

5(x)) +…+ ∑ (CR-1(x) * R-1(x)))

Where the parameters of the formula is explained below,

i. CR is the Co-efficient got from the model for the Rainfall
ii. CF is the Co-efficient got from the model for the Flow
iii. Flow is the flow at a particular point
iv. X represents the locations those are the strategic upstream points that affect a particular location. Hence these are

are all cumulatively summed up for a particular location for each day
v. All the negative numbers are representation of days i.e, -1 represents 1-day before

ML Mode predicted 
flow at point of 
interest

• The Decision Support 
system uses Machine 
Learning (ML) Algorithms 
to predict the inflow 

• the system leverages the 
last 30 years of historical 
data of Rainfall and Inflow 
into particular locations.

Model in action



Model Demo



Immersive Visualization

GIS MIMIC/ Schematic View

MIS TRENDS

Click to Watch Dashboard Visualisation  https://youtu.be/Mk8RVKii0Pc



THANK YOU

Amit Mishra,
Mobile: 8897701243

Mail: amit@vassarlabs.com


