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1. Introduction 
Man did not weave the web of life, he is merely a strand in it.  
Whatever he does to the web, he does to himself.  
All things share the same breath— the beast, the tree, the man… 
The air shares its spirit with all the life it supports.  
Take only memories, leave nothing but footprints. 

- Attributed to Chief Seattle1 

Hydroelectric Generation has both praised and vilified. Both viewpoints are correct. It is 
one of the most powerful and long-lasting renewable energy sources, it tames rivers and 
maximizes the benefit of their water to man. However, its cost is high (literally and 
figuratively) as it floods large expanses of land (including those that are sacred), 
prevents fish from reaching their spawning streams and when dams fail, many die. 

This is the first part of a multi-post series on hydropower. This part will focus on the U.S. 
history of hydroelectric generation. Although using flowing water to perform various 
types of work dates to ancient times, using this renewable energy source to generate 
electric power was born gradually from many inventions by many early engineers and 
scientists. Then, around 1900, one major project with several parents demonstrated to 
the world what the modern grid would look like. 

In section 2 below we will review the basic inventions that led up to the seminal project, 
followed in section 3 by a description of this project, and in section 4, some other early 
ground-breaking hydro projects. 

2. Preface 
For every generation plant there are two major components: the prime-mover and the 
generator. For hydroelectric plants a water turbine or water wheel is the prime mover, 
and the generators can either be a pretty conventional, or uniquely designed for 
hydroelectric plants. 

2.1. Water Turbines 
Some of the developments in turbine technology happened in the nineteenth century. In 
1827, French engineer Benoit Fourneyron developed a turbine capable of producing 
around 6 horsepower – the earliest version of the Fourneyron reaction turbine.2 

In 1849, British–American engineer James Francis developed the first modern water 
turbine – the Francis turbine – which remains the most widely-used water turbine in the 

                                                 
1 Chief Seattle (c. 1786 – June 7, 1866) was a Suquamish and Duwamish chief. A leading figure among his 

people, he pursued a path of accommodation to white settlers... The city of Seattle, in the U.S. state of 

Washington, was named after him. A widely publicized speech arguing in favor of ecological responsibility 

and respect of Native Americans' land rights had been attributed to him; however what he actually said has 

been lost through translation and rewriting. https://en.wikipedia.org/wiki/Chief_Seattle  
2 International Hydropower Association, “A brief history of hydropower”, 

https://www.hydropower.org/iha/discover-history-of-hydropower  

https://en.wikipedia.org/wiki/Chief_Seattle
https://www.hydropower.org/iha/discover-history-of-hydropower
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world today. In the 1870s, American inventor Lester Allan Pelton developed the Pelton 
wheel, an impulse water turbine, which he patented in 1880. 

Austrian professor Viktor Kaplan developed the Kaplan turbine in 1913 – a propeller-type 
turbine with adjustable blades. 

2.2. Generators 
Initially generators were called dynamos. Invention of the first rudimentary dynamo is 
credited to Frenchman Hippolyte Pixii in 1832. Antonio Pacinotti improved it to provide 
continuous direct current power by 1860.3 

DC generators were initially popular because most applications then were DC. In 1832 
William Sturgeon invented the commutator, and with it the first rotary electric motor. 
Sturgeon's motor was the first to provide continuous rotary motion and contained 
essentially all the elements of a modern DC motor.  

Also carbon-arc-lamps were widely used before Edison invented the incandescent lamp. 
When arc lamps operated on direct current (DC) only one electrode would be consumed 
during lamp operation. Also, DC arc lamps were less noisy than AC arc lamps. 

Advances in alternating current (AC) technology opened up new realms for power 
generation. Hydropower, for example, marked several milestones between 1890 and 
1900 in Oregon, Colorado, Croatia (where the first complete multiphase AC system was 
demonstrated in 1895), at Niagara Falls, and in Japan.3 

2.3. Early Projects 
In 1880, Michigan’s Grand Rapids Electric Light and Power Co. generated DC electricity 
using hydropower at the Wolverine Chair Co. A belt-driven dynamo powered by a water 
turbine at the factory lit 16 arc street lamps. 

Just two years later, the world’s first central DC hydroelectric station powered a paper 
mill in Appleton, Wisconsin. By 1886, there were 40 to 50 hydroelectric plants operating 
in the U.S. and Canada alone, and by 1888, roughly 200 electric companies relied on 
hydropower for at least some of their electricity generation. In 1889, the nation’s first AC 
hydroelectric plant came online, the Willamette Falls Station in Oregon City, Oregon. 

3. The Birth of the Grid 
Thomas Evershed had plans for the construction of a subterranean tunnel under the 
Village of Niagara Falls, New York, from the upper Niagara River into the bottom of the 
gorge. All along the surface of the ground above the tunnel, Evershed foresaw a new 
industrial district with factories along the tops of wheel pits attached to the tunnel. 
Waterpower would turn the wheels of production.4 

                                                 
3 Power, “History of Power: The Evolution of the Electric Generation Industry,” 

https://www.powermag.com/history-of-power-the-evolution-of-the-electric-generation-industry/  
4 Paul Gromosiak, Tesla at Niagara Museum, “A Brief History of the Edward Dean Adams Power Plant,” 

Note that I get a “Not Secure” message from my browser (latest version of Microsoft Edge), but I visited 

this site many times and didn’t have any issues. Also Edge generally will not bring up sites that have real 

security issues. http://www.teslaniagara.org/wp-content/uploads/2014/12/261389503-History-of-the-

Adams-Power-Plant-PG.pdf  

https://www.powermag.com/history-of-power-the-evolution-of-the-electric-generation-industry/
http://www.teslaniagara.org/wp-content/uploads/2014/12/261389503-History-of-the-Adams-Power-Plant-PG.pdf
http://www.teslaniagara.org/wp-content/uploads/2014/12/261389503-History-of-the-Adams-Power-Plant-PG.pdf
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Evershed’s original plan was to use a series of vertical shafts connected to water 
turbines, with each shaft feeding mechanical power to a single factory on the surface. 
However, this was eventually deemed unworkable, at which point it was decided to 
generate electricity and distribute this to the factories. 

The Niagara Falls Power Company was formed, and it obtained a charter from the state 
of New York giving it permission to use water sufficient to generate 200,000 horsepower 
(149,209 kilowatts) of electricity. New York capitalists and bankers soon furnished the 
necessary funds to construct this plant. 

A number of men played critical roles in the creation of the world's first alternating 
current hydroelectric power plant in Niagara Falls. Edward Dean Adams, president of the 
'Cataract Construction Company, the owner of all of the Niagara Falls Power Company's 
stock and the builder of the power plant, helped obtain the essential financial backing. 

William B Rankine, a Niagara Falls attorney, as vice president of the Niagara Falls 
Power Company, oversaw the formation, construction and completion of the power 
plant. He also brought industries to Niagara Falls to use the power. Nikola Tesla 
described Rankine as a person "who thinks while others sleep, works while others think, 
and does while others try." 

If it weren't for Nikola Tesla's polyphase alternating current system, the Niagara Falls 
Power Company would never have been able to make enough money to pay for the 
construction of its power plant. The Village of Niagara Falls did not have enough 
industries, so it was absolutely necessary to find a way to get electricity to the many 
more businesses in Buffalo. Direct current wouldn't work. Tesla's system did… 

Powerhouse Number 1 as completed in 1895 was known as the "Electrical Wonder of 
the World." When finished its wheel-pit was 424 feet long, 17 feet wide and 178 feet 
deep. Its dimensions were 450 feet by 70 feet. Its 10 turbines produced 50,000 
horsepower (37,284 kilowatts) of electrical energy. 

The electricity for the 1901 Pan-American Exposition in Buffalo came from Powerhouse 
Number 1. On September 6, President William McKinley toured the powerhouse and told 
everyone that he was "thoroughly impressed." Later that day, he was shot by an 
anarchist at the exposition. He died eight days later. 

Powerhouse Number 2 was constructed from 1899 to 1904. Built on the other side of the 
inlet canal, the tunnel had to be extended another 650 feet.to connect with its wheel-pit. 
Its 11 turbines (one on permanent stand-by) would produce 50,000 horsepower making 
a plant capacity of 74,570 Kw… 

Directly across the inlet canal from Powerhouse Number 1 was the Transformer House, 
where the 2,200 volts produced in the Powerhouses was stepped up to 22,000 volts 
before sending electricity to distant locations. Built at the same time as Powerhouse 
Number 1, the Transformer House was originally 90.5 feet long and 39 feet wide…  

Large generation projects, transmission lines (albeit at a voltage we now use for 
distribution) carrying power to a distant city: the first instance of the modern grid. 
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4. Other Major Early Projects 
This section will focus on large hydroelectric projects built in the U.S. in the early-to-mid 
1900s. Each subsection below describes a single project, and subsections are mostly in 
chronological order. See the reference below more information on early projects. 

https://en.wikipedia.org/wiki/Hydroelectric_power_in_the_United_States  

By 1920, 40% of the total electric energy generated in the US came from 
hydroelectricity. In 1920, the U.S. Army Corps of Engineers was authorized by Congress 
to build dozens of hydroelectric power stations over the subsequent decade.5 

In the 1930s, the Great Depression led to the New Deal through which the US 
government funded … many hydroelectric plants…. By the 1940s, nearly 75% of power 
in the US West and Pacific West regions came from hydroelectric plants. 

4.1. Big Creek Hydroelectric Project 
The Big Creek Project was the vision of California engineer John S. Eastwood, who first 
surveyed the upper San Joaquin River system in the late 1880s and mapped potential 
sites for reservoirs and hydroelectric plants...6 

In 1902 Eastwood took his plans to William G. Kerckhoff, a Southern California 
businessman who was affiliated with Henry Huntington, a wealthy developer and power 
magnate from Los Angeles. Huntington was the founder of the Pacific Light and Power 
Company (PL&P), which was struggling to boost its generating capacity due to fast 
growth in Los Angeles and its suburbs... Hydro-electricity was seen as an attractively 
cheap alternative to thermal power stations, and the San Joaquin River was the only 
river close enough to Los Angeles and large enough to generate the kind of power 
Huntington envisioned… Huntington was impressed by Eastwood's studies and hired 
him to PL&P granting him 5,400 shares in return for making a thorough survey and a 
final plan for the hydroelectric system. Eastwood conducted the surveys between 1902 
and 1905. 

…Construction was postponed for many years. By 1905, Eastwood had developed his 
initial proposal for the system, consisting of a large reservoir and two powerhouses 
along Big Creek, a major tributary of the San Joaquin. During this time Eastwood 
pioneered the design of the multiple-arch dam; he would later become renowned for the 
building of this type of dam across the West. 

By 1907, PL&P was almost ready to begin construction, but was further set back by the 
Panic of 1907. Then in 1910, Huntington… fired Eastwood as chief engineer… In 1912 
Eastwood was removed from PL&P altogether when Huntington assessed all shares 
valued at $5 in order to finance the project. Eastwood was unable to pay his resulting 
$27,000 assessment and was forced to give up his stake. Nevertheless, PL&P retained 
his original plans for the project. 

                                                 
5 Radoslav Stompf, Fuergy, “Hydroelectricity of the 20th Century,” July 25, 2019, 

https://www.fuergy.com/en/blog/hydroelectricity-in-the-early-20th-century  
6 Wikipedia Article on Big Creek Hydroelectric Project, 

https://en.wikipedia.org/wiki/Big_Creek_Hydroelectric_Project  

https://en.wikipedia.org/wiki/Hydroelectric_power_in_the_United_States
https://www.fuergy.com/en/blog/hydroelectricity-in-the-early-20th-century
https://en.wikipedia.org/wiki/Big_Creek_Hydroelectric_Project
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PL&P began construction on the Big Creek Project in February 1910. Huntington placed 
George Ward in charge of the project and hired the Boston engineering firm Stone & 
Webster to oversee construction… 

Work on the dams and powerhouses themselves started in the summer of 1912, with the 
construction of three concrete dams … 

In November 1913, PL&P's Redondo generating plant in Los Angeles suffered a failure, 
and on November 8 the company made the decision to switch to Big Creek power for the 
first time. The transmission of 240 miles was one of the longest in the world at the time. 
The difficulty of the engineering work on Big Creek was compared to that of the Panama 
Canal, which was also under construction at the time. 

As World War I began, construction temporarily ceased on the project… Interest in 
expanding the project resumed with the economic boom after the war... 

Expansion of this hydro project continued through the 1980s and included three 
additional phases of construction.  

The second phase expansions increased the generating capacity by six times – from 70 
to 425 megawatts. Annual generation rose from 213 GWh in 1914 to 1,600 GWh in 
1928… 

At the end of the final phase, the project’s total capacity was over 1,000 MW, and its 
annual production was almost 4,000 GWh. 

4.2. Hoover / Boulder Dam 
Hoover Dam is a concrete arch-gravity dam in the Black Canyon of the Colorado River, 
on the border between the U.S. states of Nevada and Arizona. It was constructed 
between 1931 and 1936 during the Great Depression and was dedicated on September 
30, 1935, by President Franklin D. Roosevelt. Its construction was the result of a 
massive effort involving thousands of workers, and cost over one hundred lives.7 

Since about 1900, the Black Canyon and nearby Boulder Canyon had been investigated 
for their potential to support a dam that would control floods, provide irrigation water and 
produce hydroelectric power. In 1928, Congress authorized the project. The winning bid 
to build the dam was submitted by a consortium called Six Companies, Inc., which 
began construction of the dam in early 1931. Such a large concrete structure had never 
been built before, and some of the techniques were unproven. The torrid summer 
weather and lack of facilities near the site also presented difficulties. Nevertheless, Six 
Companies turned the dam over to the federal government on March 1, 1936, more than 
two years ahead of schedule. 

Hoover Dam impounds Lake Mead, the largest reservoir in the United States by volume 
(when it is full). The dam is located near Boulder City, Nevada, a municipality originally 
constructed for workers on the construction project, about 30 mi southeast of Las Vegas, 
Nevada. The dam's generators provide power for public and private utilities in Nevada, 
Arizona, and California. 

Name Confusion: When Secretary of the Interior Ray Wilbur spoke at the ceremony 
starting the building of the railway between Las Vegas and the dam site on September 

                                                 
7 Wikipedia article on Hoover Dam, https://en.wikipedia.org/wiki/Hoover_Dam  

https://en.wikipedia.org/wiki/Hoover_Dam
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17, 1930, he named the dam "Hoover Dam", citing a tradition of naming dams after 
Presidents, though none had been so honored during their terms of office… 

After Hoover's election defeat in 1932 and the accession of the Roosevelt administration, 
Secretary Ickes ordered on May 13, 1933, that the dam be referred to as "Boulder Dam". 
Ickes stated that Wilbur had been imprudent in naming the dam after a sitting president, 
that Congress had never ratified his choice, and that it had long been referred to as 
Boulder Dam... 

In the following years, the name "Boulder Dam" failed to fully take hold, with many 
Americans using both names interchangeably and mapmakers divided as to which name 
should be printed. Memories of the Great Depression faded, and Hoover to some extent 
rehabilitated himself through good works during and after World War II. In 1947, a bill 
passed both Houses of Congress unanimously restoring the name "Hoover Dam." Ickes, 
who was by then a private citizen, opposed the change, stating, "I didn't know Hoover 
was that small a man to take credit for something he had nothing to do with." 

The installed capacity of Hoover/Boulder Dam is 2,080 MW. The annual production is 
4,200 GWh. 

4.3. TVA Projects / Fontana Dam 
While President Roosevelt intended for TVA to improve the quality of life of individuals in 
the Tennessee Valley via flood control, navigation and affordable electricity, the TVA Act 
also mandated TVA to provide for the national defense. In fact, TVA contributed greatly 
to national defense during World War II.8 

The United States’ entry into World War II in December 1941 created an immediate and 
vital need for electricity to power factories that made wartime goods, such as aluminum 
for warplanes. The National Defense Council called on TVA to build hydroelectric dams 
quickly to help win the war. 

TVA moved swiftly to support war industries by engaging in one of the nation’s largest-
ever construction programs. At the program’s peak early in 1942, 28,000 TVA workers 
were building 12 hydroelectric dams and a large steam plant. When the war ended in 
1945, TVA’s generating capacity exceeded 2.5 million kilowatts (2,500 MW), which was 
three times the region’s total power supply when TVA began in 1933. 

Fontana Dam, celebrating its 75th year of operations in 2020, stands out as one of these 
emergency power projects… With a projected 2.8 million cubic yards of concrete, 
Fontana would be the fourth largest all-concrete dam in the country and TVA’s largest at 
the time… Construction began on January 1, 1942, and less than three years after 
project authorization, Fontana was completed… 

The installed capacity of Fontana Hydroelectric Plant is approximately 240 MW.9 

4.4. Grand Coulee Dam 
Grand Coulee Dam is a concrete gravity dam on the Columbia River in the U.S. state of 
Washington, built to produce hydroelectric power and provide irrigation water. 

                                                 
8 Tennessee Valley Authority, “Power to Win”, https://www.tva.com/Energy/Our-Power-

System/Hydroelectric/Power-to-Win  
9 Wikipedia article on Fontana Dam, https://en.wikipedia.org/wiki/Fontana_Dam  

https://www.tva.com/Energy/Our-Power-System/Hydroelectric/Power-to-Win
https://www.tva.com/Energy/Our-Power-System/Hydroelectric/Power-to-Win
https://en.wikipedia.org/wiki/Fontana_Dam
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Constructed between 1933 and 1942, Grand Coulee originally had only two 
powerhouses. A third powerhouse was completed in 1974 to increase energy 
production, makes Grand Coulee the largest power station in the United States by 
nameplate-capacity at 6,809 MW.10 

The proposal to build the dam was the focus of a bitter debate during the 1920s between 
two groups. One group wanted to irrigate the ancient Grand Coulee11 with a gravity 
canal while the other pursued a high dam and pumping scheme. The dam supporters 
won in 1933, but, although they fully intended otherwise, the initial proposal by the 
Bureau of Reclamation was for a "low dam" 290 feet (88 m) tall which would generate 
electricity without supporting irrigation. That year, the U.S. Bureau of Reclamation and a 
consortium of three companies called MWAK (Mason-Walsh-Atkinson Kier Company) 
began construction on a high dam, although they had received approval for a low dam. 
After visiting the construction site in August 1934, President Franklin Delano Roosevelt 
endorsed the "high dam" design which, at 550 ft. high, would provide enough electricity 
to pump water into the Columbia basin for irrigation. Congress approved the high dam in 
1935 and it was completed in 1942… 

Power from the dam fueled the growing industries of the Northwest United States during 
World War II. Between 1967 and 1974, the third power-plant was constructed. The 
decision to construct the additional facility was influenced by growing energy demand, 
regulated river flows stipulated in the Columbia River Treaty with Canada, and 
competition with the Soviet Union. Through a series of upgrades and the installation of 
pump-generators, the dam now supplies four power stations with an installed capacity of 
6,809 MW. As the centerpiece of the Columbia Basin Project, the dam's reservoir 
supplies water for the irrigation of 671,000 acres. 

The reservoir is called Franklin Delano Roosevelt Lake, named after the United States 
President who presided over the dam's authorization and completion…  

4.5. Shasta Dam 
Shasta Dam is a concrete arch-gravity dam across the Sacramento River in Northern 
California in the United States. At 602 feet (183 m) high, it is the eighth-tallest dam in the 
United States. Located at the north end of the Sacramento Valley, Shasta Dam creates 
Shasta Lake for long-term water storage, flood control, hydroelectricity and protection 
against the intrusion of saline water. The largest reservoir in the state, Shasta Lake can 
hold about 4,500,000 acre-feet. 

Envisioned as early as 1919 as an effort to conserve, control, store, and distribute water 
to the Central Valley, California's main agricultural region, Shasta was first authorized in 
the 1930s as a state undertaking. However, bonds did not sell due to the onset of the 
Great Depression and Shasta was transferred to the federal Bureau of Reclamation as a 
public works project. Construction started in earnest in 1937... it was finished twenty-six 
months ahead of schedule in 1945. When completed, the dam was the second-tallest in 
the United States after Hoover... 

                                                 
10 Wikipedia article on the Grand Coulee Dam, https://en.wikipedia.org/wiki/Grand_Coulee_Dam  
11 The Grand Coulee is an ancient river bed in the U.S. state of Washington. This National Natural 

Landmark stretches for about 60 miles southwest from Grand Coulee Dam to Soap Lake, being bisected by 

Dry Falls into the Upper and Lower Grand Coulee. For more information see: 

https://en.wikipedia.org/wiki/Grand_Coulee  

https://en.wikipedia.org/wiki/Grand_Coulee_Dam
https://en.wikipedia.org/wiki/Grand_Coulee
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Even before its dedication, Shasta Dam served an important role in World War II 
providing electricity to California factories, and still plays a vital part in the management 
of state water resources today. However, it has greatly changed the environment and 
ecology of the Sacramento River, and flooded sacred Native American tribal lands. In 
recent years, there has been debate over whether or not to raise the dam in order to 
allow for increased water storage and power generation, a proposal opposed by tribes 
and environmental experts because of negative impacts from water diversions from river 
flows needed by endangered fish including salmon species. 

The installed capacity of Shasta hydroelectric plant is 676 MW, and its annual energy 
production is 1,935 GWh (2001–2012). 

4.6. The Dalles 
The Dalles Dam is a concrete-gravity run-of-the-river dam spanning the Columbia River, 
two miles east of the city of The Dalles, Oregon, United States. It joins Wasco County, 
Oregon with Klickitat County, Washington, 300 miles upriver from the mouth of the 
Columbia near Astoria, Oregon. The closest towns on the Washington side are 
Dallesport and Wishram.12 

The Army Corps of Engineers began work on the dam in 1952 and completed it five 
years later. Slack water created by the dam submerged Celilo Falls, the economic and 
cultural hub of Native Americans in the region and the oldest continuously inhabited 
settlement in North America.  

On March 10, 1957, hundreds of observers looked on as the rising waters rapidly 
silenced the falls, submerged fishing platforms, and consumed the village of Celilo. 
Ancient petroglyphs were also in the area being submerged. Approximately 40 
petroglyph panels were removed with jackhammers before inundation and were placed 
in storage before being installed in Columbia Hills State Park in the 2000s. 

The reservoir behind the dam is named Lake Celilo and runs 24 miles up the river 
channel, to the foot of John Day Dam. The dam is operated by the U.S. Army Corps of 
Engineers and the power is marketed by the Bonneville Power Administration (BPA). It is 
part of an extensive system of dams on the Columbia and Snake Rivers. 

Installed capacity of The Dalles hydroelectric plant is 1,878.3 MW with a maximum of 
2,160 MW. Annual energy production is 6,180 GWh. 

                                                 
12 Wikipedia article on The Dalles Dam, https://en.wikipedia.org/wiki/The_Dalles_Dam  

https://en.wikipedia.org/wiki/The_Dalles_Dam

