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Implementing Smart Digital Solutions For Power and 
Water Management



Introduction



Need for Smart Digital Solutions in Hydro Operation
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Smart Digital 
Solutions: Scope

Water 
Management 

System

Planning

Short-Term 
Scheduling

Real-Time 
Control

Hydro-Thermal/ 
Coordination

Water Quality

Load and 
Market 

Interface with 
External 
Systems

Centralized 
Hydro Data 

Management

Water Demand 
Forecasting

Inflow 
Forecasting



Benefits of Digital Solutions for Operations
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Å Optimization and Economic Benefits: 
Potentially of the order of 1% to 5%

Å Assist planners, schedulers and 
operators in investigating alternate 
scenarios

Å Training of new staff

Å Greater automation



Hatch Power and Water 
Resource Modelling

ӟ Hatch (formerly Acres) has a long history of world-class 
simulation and optimization of power and water resource 
systems 

ӟ 1970s developed and applied Acres Reservoir Simulation 
Package (ARSP

ӟ ARSP implementations over 30+ years

ӟ Vista Decision Support System (Vista DSSTM) developed in 
1990s through present time 

ӟ Diverse implementations of Vista DSS and continuous 
evolution



Vista DSSTMSolution Overview 



VistaDSSTMPlanning + Scheduling Software 
for Hydroelectric Operations



Forecasting

ӟInflow Forecasting
ӟMet Data representation
ӟRainfall-runoff  model 
ӟWatershed model calibration
ӟLong term forecast
ӟShort term forecast
ӟAutomatic adjustment for actual flows

ӟIrrigation Water Demand Forecasting 
ӟMet data representation
ӟEvapotranspiration calculation
ӟWater Demand model
ӟLong Term seasonal forecast



Planning and Scheduling
ӟLong Term Planning
ӟStochastic optimization
ӟSeasonal reservoir 

trajectories
ӟLong term generation and 

transactions
ӟValue of water in storage

ӟShort Term Scheduling
ӟOptimal water allocation
ӟPlant and unit dispatch
ӟShort term transactions

ӟBid curves
ӟHydro-Thermal coordination



Simulate Real-Time Operation

ӟPlant dispatch

ӟUnit Dispatch

ӟWater levels

ӟConstraint 
monitoring

System Load
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Study Applications

ӟUpgrade and rehabilitation studies

ӟUnit upgrade

ӟAdditional storage

ӟRedevelopment studies

ӟRelicensing

ӟIntegrated resource planning

ӟWind integration

ӟNew facilities



ӟLarge and small hydro plants

ӟStorage

ӟHydro-Thermal generation

ӟExchange of energy with 
neighboring countries

ӟOther renewables

ӟModel both hydraulic and 
transmission networks

ӟEnergy and Ancillary services

Flexible Models 



History of Deployment



Experience in Applying Decision 
Support Systems



Climate Change ӛ
Reservoir Management

ӟMajor Canadian utilities using 
the Vista DSS. Hatch has worked 
closely with them for decades. 

ӟSome evidence of increased 
climate variability evident in 
recent decade(s)

ӟExtremes  dry/wet

ӟTiming of spring runoff

ӟMakes reservoir 
management more 
challenging
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EasternCanada



Reservoir Management: Adaptive Decision 
Support Systems vs. Guide Curves
ӟGuide Curves (GC) are still commonly used to manage reservoir  

ӟGC  are static and usually derived from historic water levels

ӟ0=>D=;L GH=J9LAGFK MF<=J ӑ9N=J9?=Ӓ ;GF<ALAGFK

ӟAdaptive Decision Support Systems
ӟDynamic, no pre-determined plan

ӟRespond to inflow forecasts, price, load uncertainty

ӟAnalysis revisited every week

Copyright © Hatch 2016. All Rights Reserved.



Multi-Use Reservoir Management in Asia

ӟHydropower is an important but not primary 
objective in reservoir use 

ӟMultiple stakeholders

ӟChanging conditions due to:

ӟEconomic development

ӟClimate change

Copyright © Hatch 2020. All Rights Reserved.



Long Term Planning with 
Vista DSSTM(Sri Lanka)

ӟ35 reservoirs (/tanks)

ӟ30 irrigation areas

ӟ15 hydro plants

ӟ20 major 
diversions/ canal

ӟComplex and large system given 
country size

ӟSeasonal Operating plan

ӟShort term operation



Multi-Objective Operation: Hydro Generation

Copyright © Hatch 2020. All Rights Reserved.

ӟSignificantcontribution: 30-50%

ӟPeakingcapability



Multi-Objective Operation: 
Irrigation

ӟ Irrigation as a primary
objective

ӟRice paddies(40% of all crops)

ӟNon-paddy crops

ӟDistribution to diverse areas

ӟManagement of water 
shortages

Copyright © Hatch 2020. All Rights Reserved.



Water Availability/ 
Shortage Analysis

ӟTime series analysis

ӟReliability criteria

ӟInteractive use for crop 
selection

Copyright © Hatch 2016. All Rights Reserved.



Use of Water Management System for Decision 
Making

Copyright © Hatch 2016. All Rights Reserved.



Flood and Spill management in South-East 
Asia

ӟIntense Rain Events

ӟNeed for accurate 
forecasting

ӟMinimize spill

ӟDam safety consideration

Copyright © Hatch 2016. All Rights Reserved.



SarawakEnergy,Malaysia
Inflow Forecast and Dynamic Dispatch

Balingian

Sibu

Mukah

Miri

Kuching HQ

Sejingkat Tun Abdul Rahman

Tg Kidurong

Bakun

Murum

Baleh

BakunDam, 2,400MW

Murum Dam, 944MW

BalehDam, 1,285MW

BatangAi Dam, 108MW

BatangAi



High Quality Weather 
Forecast
(Envision Digital)

Inflow Forecasting

Physical 
characteristics, 
Real-time data

River Routing
(Simulation)

Flow Routing and 
Water Level 

Forecast

VistaDSS

Natural Inflows

Flow and Flood Forecasting



High Quality Weather Forecast



Precipitation Forecast



Inflow Forecast



Market Deregulation

ӟMany regions have markets for
ӟEnergy 
ӟAncillary Services (Reg-up, Reg-

down, spin and non-spin)

ӟHydro generation usually an 
energy limited resource and 
hydro is ideally suited for A/S

ӟTrade-off between offering 
energy or A/S into market

ӟJoint optimization is needed

Å Spin
Å Non-Spin
Å Regulation Up
Å Regulation Down

Energy



Short Term Scheduling 
and Market Bids (CA, USA)

ӟTwo River System

ӟTen powerhouses

ӟ1,000 MW

ӟSeven Major Dams

ӟGeneration and A/S bid 
into CAISO market



ST ӛJoint Optimization and Bid Creation Process

ӢJoint Optimization of Energy and AS 
over the duration of the run

ӢMaximize Economic Objective Function 
(EOF) while meeting constraints

1. Joint 
Optimization

1. Energy Bid 
Curves/Cost

1. Back Casting

Verify Schedule

Ready to submit 
A/S Costs and 

Energy Bid 
Curves



Step 1:  Optimization of Energy and A/S 
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Step 2: Bid Costs Analysis

ӟPrice sensitivity analysis

ӟGet optimal energy for each 
price



Å Price Volume curves based on price-volume sensitivity analysis
Å Direct output of the ST short term model ӛBid analysis

Step 2:  Results Energy Bid Curves 



Price 
Forecast

MW

All Hours

Compare vs. 
schedule in 

Step 1

Step 3: Backcasting



Real-Time Operation in Western US

ӟCoordination between cascading hydro plants 

ӟLoad balance requirements

ӟAutomated generation control while handling 
water management

Copyright © Hatch 2016. All Rights Reserved.



Chelan County PUD
Efficient Dispatch with RTVista (WA, USA)

ӟTwo plants in cascade: 

ӟRocky Reach: 1000 MW

ӟRock Island: 650 MW

ӟ5-minute load/ inflow forecast

ӟ4 second load signal 

ӟRT Vista used on-line in 

ӟPlanning mode --5 min resolution

ӟInstantaneous mode ӛ4 sec updates

ӟOver 1000 tags communicated with SCADA 
via OPC at every cycle



Scope: Automated Optimal Control in Real 
Time

ӟMeet Load

ӟMeet license requirements

ӟOptimal water 
management (Smart AGC)

Load



Solution Strategy

ӟTwo-stage strategy

ӟOptimization based

ӟPerformance driven

ӟBuilt-in simulator


