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TVA Hydro Plant
Monitoring & Optimization System

WaterView

TVA Hydro Power System and WaterView Installations

TVA Hydro Power System
 30 Hydro Power Projects

 20 Tributary Plants
 9 Main River Plants
 1 Pumped Storage Plant 

 113 Total Units
 5,500 MW of Capacity
 15,000 GWh of Energy

WaterView Installations
 30 WaterView Systems

 29 Plants Fully Automated and 
Optimized

 14 Plants with Trash Rack 
Monitoring

 9 Plants with Environmental 
Monitoring & Control
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Hydro System Tools and Their Integration
System Level Optimization
1. Riverware (System Level Optimization & Scheduling)

Plant Level Optimization
1. WaterView Hydro Plant Monitoring and Optimization System (plant level optimization) 

2. MEL/MSL Calculator Tool (spreadsheet of unit power and efficiency data over the entire 
range of operating heads) 

3. HYPAS - Hydroturbine Performance Assessment System (automate process for 
generating new operating characteristics)

4. DataWolff Fleetwide Data Analysis System (fleetwide analysis for correlating measured 
and expected efficiencies for troubleshooting and setting testing priorities)

Troubleshooting Tools
1. DatAWare Data Historian Client Tool (applications for trending, dashboards, analytics, 

and ad-hoc troubleshooting)

2. PRiSM (advanced pattern recognition system for anomaly detection)

3. River Forecast Center WaterView Alarm Summary

WaterView System SummaryWaterView
TVA’s Hydro plant 
monitoring and 
optimization system 
designed to…

 Increase efficiency, 
generation, and revenue

 Improve operating 
reliability

 Improve environmental 
compliance

 Reduce intake fouling 
losses

 Reduce maintenance 
costs

 Provide data for 
analysis, forecasting, 
and scheduling

 Improve business 
performance indicators
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WaterView Integration with RFC, HDCC, and Plant ACS

Optimization Inputs

Optimization Outputs

Process Data

Scheduling Inputs

Constraints

Unit Characteristics

WaterView Real-Time Plant Optimization
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Optimization Inputs

Optimization Outputs

Process Data

Scheduling Inputs

Constraints

Unit Characteristics

WaterView Real-Time Plant Optimization

Optimization Inputs

Optimization Outputs

Process Data

Scheduling Inputs

Constraints

Unit CharacteristicsPlant and Unit Operating Data
• Headwater
• Tailwater
• Unit Power
• Unit Flow
• Unit Running Status
• Others

WaterView Real-Time Plant Optimization
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Optimization Inputs

Optimization Outputs

Process Data

Scheduling Inputs

Constraints

Unit Characteristics

Plant and Unit Scheduling Inputs
• Schedule Mode
• Schedule Value 
• Automatic Generation Control 

Request
• Unit Availability and Unit Status
• Others

Schedule
Modes

• MEL/Load
• MSL
• AGC
• Load
• Flow
• Pulse
• Rec
• Pump

WaterView Real-Time Plant Optimization

Optimization Inputs

Optimization Outputs

Process Data

Scheduling Inputs

Constraints

Unit Characteristics

Unit Constraints
• Power/Flow Minimums and Maximums
• Reactive Minimums and Maximums
• Cavitation Limits
• Avoidance Zones
• Unit Priorities
• Respecting Running Units
• Minimizing Starts and Stops
• Others

WaterView Real-Time Plant Optimization
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Unit CharacteristicsOptimization Inputs

Process Data

Scheduling Inputs

Constraints

• Unit selection
• Unit power setpoints
• Unit reactive setpoints
• Unit participation ranges
• Unit and plant capability data
• Unit and plant operating efficiency data

Optimization Outputs
MEL 

Operation
MSL 

Operation

WaterView Real-Time Plant Optimization
Maximizes efficiency and revenue for the schedule request with the given constraints.

MEL/MSL Calculator for Refining Preschedule
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Optimized for Peak Efficiency and Unit Transitions

Plant Efficiency for Optimized and Delayed Transitions

84

85

86

87

88

89

90

91

92

93

0 200 400 600 800 1000 1200

Plant Load (MW)

P
la

n
t 

E
ff

ic
ie

n
cy

 (
%

)

Optimized Transitions Delayed Transitions Ramping Up

1        2        3        4        5        6        7        8

7 Types of Optimization

Optimized for:
1. Plant Schedule Requests (knowing the best plant loads to request to 

operate at peaks instead of in valleys) *O1*
2. Unit Selection (selection of more efficient units)  *O2*
3. Unit Setpoints (plant level optimization using direct search, reduced 

gradient, and heuristic methodologies)  *O3*
4. Continuous Head Changes (re-optimize on a 1-minute basis)  *O4*
5. Unit Transitions (ideal unit loading and unloading transitions)  *O5*
6. Reduced Damage (operating within safe limits to minimize mechanical and 

electrical damage to units) *O6*
7. Reduced Wear and Tear (minimizing starts/stops by respecting running 

units and utilizing unit priorities)

Result:
Increased plant efficiency, generation, revenue, and reliability.
Reduced maintenance cost and wear & tear on the units.
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Hydroturbine Performance Assessment System
• Excel-based automated curve generation system
• Scales up physical model data from turbine manufacturer to prototype curves
• Adjusts prototype curves to reflect performance test results
• Defines true performance of the hydroturbine over the full range of operating heads

Physical Model Data Test-Adjusted Characteristics

Individual Unit Operating Characteristics for WaterView Optimization

 Head, flow, power, and 
efficiency data for each of the 
113 hydro units at TVA

 Provide the expected unit 
performance under any 
operating conditions

 Indicate the MIN and MAX 
safe operating limits and the 
peak efficiency (MEL) for any 
head condition

 Utilized in WaterView 
optimization systems

 The curves do change over 
time due to equipment 
upgrades and unit degradation

 Accuracy of the curves is 
continuously evaluated
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Evaluates how well the existing operating characteristics correlate with the measured 
plant performance data

1. Identify measurement problems with plant instrumentation
2. Identify operational issues
3. Define testing priorities based on accuracy of the curves and energy production 

of the unit

DataWolff Efficiency Correlation Analysis System

DataWolff Efficiency Correlation Analysis System
Evaluates how well the existing operating characteristics correlate with the measured 
plant performance data

1. Identify measurement problems with plant instrumentation
2. Identify operational issues
3. Define testing priorities based on accuracy of the curves and energy production 

of the unit

2005 TVA System Correlation Efficiency (93.5%)
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Fleetwide 
Data Analysis 

System

WaterView 
Optimization 

System

Performance 
Testing    

Program

Automated  
Curve 

Generation 
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Instrumentation Accuracy

Updated Characteristic Curves            
To Evaluate Accuracy & Test Priorities
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Verified Characteristic Curves

Define Safe Operating Limits

Input to Power Simulation Studies Input to System Scheduling & Forecasting Tools 

Maintaining Accurate Operating Characteristics for Optimization

Flow Measurement Using Winter-Kennedy Taps

Page 20

• Measured flow is a function of the differential pressure between the piezometer taps
• Accurate flow measurement depends on a uniform flow pattern
• Accurate flow is needed to measure the true performance of the hydroturbine

Francis Type Turbine Kaplan Type Turbine
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Absolute Flow Measurement Using Current Meters

Current Meter Test Equipment

Questions?Keys for Success

1. System level scheduling and 
optimization (Riverware and 
MEL/MSL Calculator)

2. Real-time plant optimization 
(WaterView)

3. Maintaining accurate operating 
characteristics for optimization 
(HYPAS and DataWolff)

4. Turbine flow measurement for 
tracking unit performance 
(calibrated W-K Taps)

5. Integration of systems and tools
6. Troubleshooting tools for detecting 

and resolving problems (DatAWare 
and PRiSM)

7. Focus on continuous improvement
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Troubleshooting Tools

1. DatAWare Data Historian Client Tool (applications for trending, dashboards, analytics, 
and ad-hoc troubleshooting) *TT1*

2. PRiSM (advanced pattern recognition system for anomaly detection) *TT2*

3. River Forecast Center WaterView Alarm Summary  *TT3*
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Data Historian Client Software (DatAWare) *O*

Power Loss Due 
to Intake Fouling

Data Historian Client Software (DatAWare)

Turbine power 
oscillations

Turbine power 
oscillations fixed 
by speed adjust

*O*
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Advanced Pattern Recognition Software (PRiSM)

 Advance Pattern Recognition (APR) allows for 
Dynamic Alarm Limits

 Improves reliability by using advanced 
techniques to detect and diagnose asset 
anomalies more quickly
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*O*

WaterView Alarm Summary *O*
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System Level Optimization Tools

RiverWare Model for Hydro System Scheduling *O*
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WaterView Unit and Plant Characteristics *O*

Plant Level Optimization Tools
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WaterView Real-Time Plant Optimization

Economic Benefits of Optimization
Testing
• Ranking of unit efficiency for unit commitment
• Adjust to changes in efficiency and shape over time
• Identify cam adjustments to improve unit efficiency and capacity
• Identify cavitation and vibration avoidance zones
• Identify runner seal wear effects on unit performance
• Provide independent verification of ACS & WaterView instrumentation accuracy
• Identify trash effects and the impact on flow profiles
• Evaluate the effects of aeration on unit performance
Characteristics
• Develop test adjusted characteristics over the full range of operating outputs and heads
• Provide test adjusted characteristics for system-level scheduling
Monitoring
• Provide continuous data for verification of operating characteristics
• Provide remote index testing capabilities
• Utilize the accurate characteristics for optimized plant performance
Verification
• Provide for condition-based testing instead of time-based testing
• Determine the best use of testing funds through system-wide evaluation of unit efficiencies
• Rank units for testing based on both efficiency loss and energy loss
• Evaluate the accuracy of unit characteristics over the full range of operating outputs and heads
• Identify measurement problems, such as flowmeter problems
• Identify operational problems, such as blade cam problems
• Identify curves requiring extension
• Provide analysis of new characteristics before implementation
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7 Types of Optimization

Optimized Plant Schedule Request (8-Unit Plant)

Scheduling for Most Efficient Loads
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Optimized Unit Selection (Variation in Shape & Efficiency)

*x*

*O*

Optimized Unit Setpoints (WaterView Optimization Screen)

Unit 1 (MEL)

Unit 2 (MSL)

*O*
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Optimized for Continuous Head Changes

Plant Efficiency for Optimized Transitions
and Changes in Head
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Optimized for Unit Transitions (Loading of Units)

Plant Efficiency for Optimized and Delayed Transitions
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Optimized for Unit Transitions (Unloading of Units)

Plant Efficiency for Optimized and Delayed Transitions
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Optimized for Reduced Damage (Operating within Constraints)
SAMPLE ADJUSTED CAVITATION CHARACTERISTICS
(Power Vs Gross Head Data for Various Tailwater Elevations)
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Optimization Details

• The WaterView optimization engine uses direct search, reduced 
gradient, and heuristic methodologies to determine a unit 
configuration maximizing plant efficiency.

• For unit commitment, WaterView methodology honors unit 
ramping, unit running, unit priority (and several other ) constraints
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Organization and Mission

Where is PM&D in the TVA Organization?

Je
ff

 L
ya
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h

Generation
Gen. Cons., Proj. 

& Serv.

Power Operations
Gas and Hydro

Generation 
Services

Fleet Optimization

Asset Reliability
Asset Reliability 

Applications

PM&D

Asset Support

Asset Planning

Field Services

Eng. & Tech. 
Programs

Coal

Coal and Gas 
Services

Chief Nuclear 
Officer

Communications 
and Marketing

Operations

External Relations
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The TVA Mission

TVA MISSION
Serve the People of the Valley.

POWER OPERATIONS
Provide low-cost, reliable coal, gas, and hydro generation while keeping our people 
safe and ensuring compliance with environmental regulations.

GENERATION SERVICES
Provide efficient, valuable, and sustainable core services that enable Power 
Operations to deliver low cost, reliable coal, gas and hydro generation while keeping 
our people safe and ensuring compliance with regulations.

ASSET RELIABILITY
Optimize fleet reliability by delivering comprehensive asset management services. 
This is achieved through effective risk management.

PM&D CENTER
Transform data into actionable information to lower cost and 
improve reliability.

TVA 
Mission

Power 
Ops 

Mission

Gen. 
Services 
Mission

Asset 
Reliability 
Mission

PM&D 
Center 

Mission
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