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Monday Morning

0815 – 0840 Introduction

0840 – 0900 Session #1 Hydro Overview

0905 – 1005 Session #2 Harnessing the Water

Break

1020 – 1120 Session #3 Turbine Basics   

1125 – 1225 Session #4  Generator & Electrical Sys Basics

Lunch



Monday Afternoon

1340 – 1440 Session #5  Hydro in a Power System

1445 – 1545 Session #6  Day to Day Hydro Operations

Break

1605 – 1650 Session #7  Natural Resource Stewardship

1655 – 1700 Recap



Tuesday Morning

0800 – 0830 Warmup and Stretching

0830 – 0915 Session #8  Dams & Water Quality

0920 – 1020 Session #9  How Projects are Regulated

Break

1035 – 1135 Session #10 Communicating Hydro's Value

1140 – 1230 Course Wrap-up



introduction



7



8

What Nature Gives Us | Geographic Fuel Variability

Source: NOAA, rainfall distribution 2010



What Nature Gives Us | Runoff Variability
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What Nature Gives Us | Annual & Seasonal Fuel Variability
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US Hydropower Capacity and Generation

Historical trends in Capacity and Generation
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US Hydropower Capacity and Generation

Historical trends in Capacity and Generation

KiloWatt-Hours

GigaWatts



What Nature Gives Us | Runoff to Generation
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FUNDAMENTALS





harnessing the power
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How Hydroelectric Power Is Harnessed

▪ Elevation difference creates head pressure and water motion.
▪ Created by natural geography or by dams.

Photo courtesy of Voith Hydro
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Convert the Potential Energy of Water at Elevation to 
Kinetic Energy Delivered to the Turbine

• Elevation difference (head) creates the water flow
• Turbines are used to convert hydro into electrical energy

Power = f (Head, Discharge, KL)

▪ Q, Discharge or flow drives

output of the plant

▪ H, Head drives type of plant

▪ KL, energy losses

(hydraulic, mechanical, 

electrical)

P

Q
H

Graphic  courtesy of Voith Hydro



Conventional Hydro
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Conventional Hydro

20

Reservoir water surface 
operating range



Conventional Hydro
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Conventional Hydro | Run-of-the-River
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turbine basics
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Bulb turbines

Pelton turbines

Francis

turbines

Kaplan turbines
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Graphic  courtesy of Voith Hydro

Efficiently Convert the Kinetic Energy of Head x Flow to Rotational Energy 
(Inertia) with the “right” Turbine
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Specific Speed = function of flow and turbine characteristics



Turbine Types

Francis Turbines

▪ Mid Head

▪ Mid Flow
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Pelton or Impulse Turbine

▪ High Head

▪ Low Flow



Turbine Types

Horizontal Axial Flow Bulb Turbine

▪ Low Head

▪ High Flow

Vertical Axial Flow Turbines

▪ Low Head

▪ High Flow
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generator/motor basics



Vertical Axis Generator



Horizontal Axis Generators
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Hydro Pumped Storage
Motor-Generator/Pump-Turbine (typical configuration)
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Hydro Power for Energy Storage
Pumped Storage

Pumped storage

plant

Switchyard

Reservoir

Intake

Plant & Reservoirs



Operational Schematic | Pump Mode – Beginning of Cycle (1 of 2)

Pump Flow

Lower Reservoir

Kilowatts in from Gen-Tie
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“Empty” Upper Reservoir



Operational Schematic | Pump Mode – End of Cycle (2 of 2)

Lower Reservoir

33

“Full” Upper Reservoir



Operational Schematic | Generation Mode – Beginning of Cycle (1 of 2)

Gen Flow

Lower Reservoir

Kilowatts out to from Gen-Tie
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Operational Schematic | Generation Mode – End of Cycle (2 of 2)

Gen Flow

Lower Reservoir
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daily operations & power grid basics



Regional Operation Grid

Regional Transmission System

Distribution System
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The Duck Curve: What is it and what does it mean?

Energy Alabama. 2017.05.29.
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“Local” solar generation depresses 

GRID provided generation





~10% Reserve

Supply = Generation + Reserves + Imports







stakeholder basics
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Multiple Uses / Multiple Benefits

Dams and Reservoirs provide other attributes than power

Flood / Storm Control Navigation

IrrigationWater Supply & 

Drought Mitigation
Recreation
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Fish Passage

Dissolved Oxygen

Fish PassageFish Passage

Environmental Considerations

▪ Fish Passage

▪ Instream Flow Releases

▪ Water Quality -- Dissolved Oxygen, 

Temperature, Turbidity

Water Quality
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Fish Passage

▪ Hydroelectric dams can impede migrating fish.
▪ Several methods are used to divert fish 

around the turbines.

Spilling
Surface Water 

Collector
Fish Diversion 

Screens
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Key Factors Influencing Survival

Reducing Fish Entrainment
▪ Escapable approach velocities
▪ Inlets positioned in lower fish density zones
▪ Use fish-friendly deterrents and screening systems

Reducing Fish Injuries
▪ Consider fish size when designing turbine 
▪ Require smooth concrete and steel surfaces
▪ Improving water quality (DO)
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Dissolved Oxygen Enhancement

Aeration improves water quality by increasing DO levels
air introduced into the water passing through turbine

two-phase mixture causes oxygen to pass from higher to lower 

concentration (gas to liquid)

Restore tailrace DO levels to 4-6 mg/liter
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Aeration Techniques Within Turbine

     Distributed Air

water water

  Peripheral
        Air air/water mixture

DR

DE DEF

           Central Air   

 Vacuum Breaker
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Advanced Fish Friendly Turbine

Conventional Design

New MGR Design
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Oil Free Turbines

Oil-less and greaseless designs can be combined with Fish Friendly 
Kaplan turbines to reduce water contamination.

Oil-less water filled Kaplan hub

Photos& Graphics  courtesy of Voith Hydro



Instream Flow

Instream Flow
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– Some multi unit plants have had one unit redesigned to pass much 
smaller flows.

– Others utilize small standardized units for cost effective solutions

Photos& Graphics  courtesy of Voith Hydro

Minimum Stream Flow



emerging opportunities
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Developing Hydropower Technologies

Ocean / Tidal
▪ Wave
▪ Current
▪ Thermal

In Stream
▪ Current
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Developing Hydropower Technologies

Tidal Dam
▪ Sea water flows into (and out of) a natural basin 

▪ Dam creates head 
▪ Classical hydro technology
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Tidal Current
▪ Kinetic energy of the periodically returning tides is harvested

▪ Tidal current plant is a dam-free 

free-flow hydro power plant

Graphics courtesy of Voith Hydro

Developing Hydropower Technologies
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Developing Hydropower Technologies

Wave
▪ Wave motion - buoy

Courtesy Aquabuoy system 
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New Hydropower Technologies

Wave
▪ Wave surge compressing air as it runs through air turbine

Driving force 

component

Wells Turbine

Mutriku’s harbor Breakwater
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Developing Hydropower Technologies

In Stream / Hydro Kinetic
▪ Kinetic energy of the current is harnessed

Hydro+ , Courtesy of Hydro Green Energy, LLC       Project at Hastings, MN 

http://www.hgenergy.com/hydro.html
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Current Issues – The Grid 

Wind, Solar and Hydro Integration

When the wind is not blowing or the sun is not shining, pump 
storage can act as a large battery.

▪ Reserves
▪ Frequency regulation

Time

Breakdown

Primary control

Secondary control

minutes reserve
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Time

Breakdown

Primary control

Secondary control

minutes reserve
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Energy Frequency Storage
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Pumped Storage Growth, U.S. vs. Europe
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wrap-up





You’re Gonna Need…



68

Increased hydro capacity meeting future demand by 

▪ upgrading existing hydro stations and leveraging existing 

infrastructure

▪ Increasing unit availability by decreasing unit forced outages and 

planned maintenance outage durations

Increased energy storage capacities by 

▪ recognizing the economic value of pumped-storage hydro 

storage/ancillary services and high-capacity battery lifecycle

Faster reacting generators and turbine by 

• integrating technology and machine design

Faster reacting electric grid protection systems by

▪ installing faster cyber-secured communication systems and devices

We’re Gonna Need…



▪ National Hydropower Association
http://www.hydro.org

▪ Federal Energy Regulatory Commission

http://www.ferc.gov/industries/hydropower.asp

▪ Canadian Hydropower Association

https://canadahydro.ca

▪ HydroWorld

http://www.hydroworld.com/index.html

http://www.hydro.org/
http://www.ferc.gov/industries/hydropower.asp
https://canadahydro.ca/
http://www.hydroworld.com/index.html
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