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Presentation Overview

• RiverWare Optimization Overview

• TVA Models

• RiverWare techniques to address real-world optimization 

challenges
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Hydropower of RiverWare Optimization Users
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Optimization Overview

• Simultaneous solution of all reservoirs and all timesteps
▪ Prioritized reduction of the solution space

• Many variables and many physical and policy constraints
▪ Variables and constraints determined by method selections
▪ Policy in RiverWare Policy Language (RPL)

• Multiple-use reservoirs lead to multiple objectives/constraints
• Goal programming: prioritized soft constraints

▪ Many priority levels are possible
▪ High priority: almost hard constraints (limits, min flows, etc.)
▪ Medium priority: met except during extreme conditions
▪ Low priority: met under “normal” conditions
▪ Lowest priority: hydropower optimization
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TVA Models
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TVA Models

• Many models developed, enhanced, and used over many years
▪ Models work together

• RMO project: concentrated effort 2019-2024
• Subbasin models: Non-power (sim), Ocoee River (sim)
• Short-term: hourly timestep, 3 days, power emphasis, (opt.)
• Mid-term: 1-hour and 6-hour timesteps, ~2 weeks, 
     daily release emphasis, optimization and simulation

▪ Testing and improving

• Portfolio Optimization: RiverWare and Production Cost Model
• Long-term: 1-week solutions with 6-hour timesteps
        combined to form multi-year solutions, (rules)
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TVA Hourly Model (Short-Term Model)

• Used for creating power 
“preschedule”
▪ Day 1 (today) – update for conditions
▪ Day 2 – Main focus of decision making
▪ Day 3 – Preliminary plan

• Optimization
▪ Constrained by daily releases from MT
▪ Focus: timing of hydropower
▪ Some non-power constraints
▪ Includes Cumberland River (USACE)

• Post-optimization rules
▪ Unit considerations & Heuristics

• In use!
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Portfolio Optimization

• Joint Optimization of TVA generation = 

▪ RiverWare model (Hydropower & non-power) +

▪ Production Cost Model (all power sources)

1. RW optimization: calculate hydropower extremes

2. PCM: optimal power and hydropower within extremes

3. RW optimization: As Close As Possible to PCM solution

4. PCM: schedule remaining power given hydropower

• In use!
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Mid-Term Optimization Model

• Purpose: daily releases and power estimates

• Time: 1-hour and 6-hour timesteps for ~2 weeks
▪ Needed to capture variations in power load and value 

• Challenges
▪ Sloped storage reservoirs

− Nonlinear dynamic process with steady state modeling

− Naïve elevation constraints create perverse incentives

▪ Uncertainty, hedging and risk tolerance in practice

• Transition from Simulation to Optimization
▪ Simulate early days and optimize later days

▪ Ongoing user testing, feedback, and improvement
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Hydropower Optimization – 
Real-world Challenges

• Nonlinearity – Approximation error matters!

• Solution quality – “Real-world optimal”

• Forecast uncertainty – Don’t over-optimize to uncertain future

• Discrete unit operations – Can be computationally intensive!

• User input operations – Allow overriding opt solution

• Solution time – Trade off accuracy vs. time

RiverWare modeling techniques to address these challenges…
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Nonlinearity and Approximation Error
• Approximation error matters!

▪ Power 

▪ Sloped Storage

• Solutions:
▪ Successive linear goal programming
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Optimization Post-Opt RBSSimulation

Seed RBS

Power Approx Estimates

Refined Power Approximation Estimates

Optimization Post-Opt RBSSimulation

▪ Add refined constraints based on intermediate solution

Automated by scripts



Solution Quality – Realistic Operations
• Numerically optimal may not be “real-world optimal”

▪ “Spikey” flows, oscillations, and extreme ops

▪ “We would never operate that way!” 

• Can’t just squeeze the balloon

• Solutions:

▪ Trial objectives with relaxed constraints
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IF (Trial object constraints are fully satisfied)
 Apply standard constraints
ELSE
 Apply relaxed constraints

▪ Weights – trade off objectives (constraints) at a single priority

Especially for systems with limited degrees of freedom



Forecast Uncertainty

• Don’t over-optimize to an uncertain future

▪ Preemptive spill

▪ Early constraint violations

• Solutions:

▪ Time-weighting – applied with RPL

Higher “penalty” on earlier violations

▪ Buffers –reduce flexibility in solution to maintain flexibility for ops
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Discreet Unit Operating Points
• Unit-level operations – Computationally intensive!

• Solution:

▪ Unit heuristics in RPL

▪ Successive linear goal programming
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Plant-level with 

unit heuristics

Plant-level with 

unit heuristics
Plant-level

Plant-level with 

unit heuristics
Unit-level

Optimization Post-Opt RBSSimulation

Plant-level

Optimization Post-Opt RBSSimulation

Unit-level

Plant-level, 

unit heuristics
Unit-level, 

refined

Init rules: set 

up heuristics

Optimization Post-Opt RBSSimulation
Unit-level 

constraints
Unit-level, 

refined

Init rules: set 

up heuristics

Automated by scripts
1.

2.

3. Unit Energy 

Schedule – 

integer values



User Input Operations

• Override portions of the opt solution

▪ Some portion already scheduled

▪ Need to specify operations in some cases 

• Solutions:

▪ RiverWare automatic handling of inputs

−Objects/timesteps solved in Sim removed from Opt

− Inputs effectively highest priority constraints
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Opt override inputs

▪ RPL logic to omit constraints 

when ops are input
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