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INTRODUCTION

The history of federal involvement in dam construction goes back at
least to the 1820s, when the U.S. Army Corps of Engineers built wing dams
to improve navigation on the Ohio River. The work expanded after the Civil
War, when Congress authorized the Corps to build storage dams on the upper
Mississippi River and regulatory dams to aid navigation on the Ohio River. In
1902, when Congress established the Bureau of Reclamation (then called the
“Reclamation Service”), the role of the federal government increased dramati-
cally. Subsequently, large Bureau of Reclamation dams dotted the Western land-
scape.

Together, Reclamation and the Corps have built the vast majority of ma-
jor federal dams in the United States. These dams serve a wide variety of pur-
poses. Historically, Bureau of Reclamation dams primarily served water storage
and delivery requirements, while U.S. Army Corps of Engineers dams supported
navigation and flood control. For both agencies, hydropower production has be-
come an important secondary function.

This history explores the story of federal contributions to dam planning,
design, and construction by carefully selecting those dams and river systems that
seem particularly critical to the story. Written by three distinguished historians,
the history will interest engineers, historians, cultural resource planners, water re-
source planners and others interested in the challenges facing dam builders. At
the same time, the history also addresses some of the negative environmental
consequences of dam-building, a series of problems that today both Reclamation
and the U.S. Army Corps of Engineers seek to resolve.

While Reclamation and the U.S. Army Corps of Engineers funded this
history, we gratefully acknowledge the work of the National Park Service, which
managed the project. It may be possible that some federal dams warrant in-
clusion in the National Historic Landmarks program, which the National Park
Service administers. The appendices to this book include material that will en-
able cultural resource managers to make informed decisions about the historic
value of particular dams.

We hope that you find this study as useful and informative as we do.

Ly Qo b

John W. Keys III Carl A. Strock
Commissioner Lieutenant General, US Army
Bureau of Reclamation Chief of Engineers

111



PREFACE

The concept for this study emerged in discussions between the under-
signed in the early 1990s. The U.S. Army Corps of Engineers and Reclamation
agreed to fund the project with the costs equally divided. The Tennessee Valley
Authority decided not to participate.

Eventually, the Park Service awarded a contract to the Public Works
Historical Society of the American Public Works Association. Dr. Howard
Rosen, a distinguished engineering historian, then head of the Society, and lat-
er at the School of Engineering at the University of Wisconsin, worked with us
to assemble the team of historians necessary to ensure a quality product. David
P. Billington, Gordon Y. S. Wu Professor of Engineering at Princeton University
(and a distinguished engineering historian) became the principal investigator.
Joining him were Professor Donald C. Jackson of Lafayette College, Professor
Martin V. Melosi, Distinguished University Professor of History at the University
of Houston; and Ann Emmons of History Research Associates, in Missoula de-
veloped the material relating to evaluation guidelines and dam nominations
for the National Historic Landmarks program. Acting as a peer reviewer was
Donald J. Pisani, who holds the Merrick Chair of Western American History at
the University of Oklahoma.

Through a period of years, we met with Robie Lange, Don Pisani, and
the team of authors to review drafts and discuss progress. The objectives of the
study were twofold: a history of federal dam development, concentrating on
key projects and river systems, and the drafting of documents to assist cultur-
al resource managers and others interested in nominating dams to the National
Historic Landmarks program (see appendices). The history is organized into
chapters which sometimes include both the Corps and Reclamation, but each
chapter is devoted mostly to the work of one or the other of the agencies. While
the book is very much a collaborative effort, in general each author had the pri-
mary responsibility for specific chapters: Martin V. Melosi for chapters 1 and 9;
David P. Billington for chapters 5, 6, and 8; and Donald Jackson for chapters 4
and 7. Professors Billington and Jackson shared responsibility for chapters 2
and 3.

We acknowledge the support that the leadership in each agency has giv-
en this project over the years. We also wish to thank the countless number of
Corps and Reclamation rangers, cultural resource managers, dam operators, and
others who have contributed their time and invaluable knowledge to the study.



Many reviewers at Reclamation, the Corps, and the National Park
Service reviewed this manuscript as it was edited for publication, and their com-
ments have been most helpful. Most editorial work was done by Brit Storey at
Reclamation, with the particular assistance of Andrew Gahan and David Mufioz

Last, it is worth noting that the manuscript for this book was completed
before the World Commission on Dams studies on Grand Coulee were available
for review.

Brit Allan Storey, Ph.D. Martin A. Reuss, Ph.D.
Senior Historian Senior Historian
Bureau of Reclamation Water Resources
U.S. Army Corps of
Engineers
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CHAPTER 1

“IMPROVING” RIVERS IN AMERICA:
FROM THE REVOLUTION TO THE PROGRESSIVE ERA -
RIVERS IN EARLY AMERICA

Rivers as Resource: The American Watershed System

Fresh water is a precious resource, and water from rivers, streams, and
lakes has often been regarded as an economic commodity in the United States
as in much of the world. Water is essential not only for human consumption and
for a variety of domestic purposes, but for fire protection, military defense, trans-
porting people and goods, irrigating farmlands, manufacturing, and generating
power. The great rivers and their tributaries in the United States are the primary
source of the water bounty and are major symbols of American regionalism, ulti-
mately binding together disparate areas into a powerful whole.

The American watershed system is an awesome force. The Mississippi
Basin alone drains more than 40 percent of the country’s land from the
Appalachian Mountains in the East to the Rockies in the West. To the North, the
St. Lawrence River drains the Great Lakes. In the Southwest, the Colorado tra-
verses seven states and Mexico on its route to the Gulf of California, and the
Rio Grande forms part of the nation’s southern boundary. Along the Pacific
Coast, the Columbia gathers water from the Rocky Mountains and the Cascades,
and the Sacramento and San Joaquin Rivers collect water from the Sierra
Nevada, linking inland valleys to the Pacific Ocean. The geological and human
history of the United States is linked inextricably to its rivers.'

American rivers were symbols of a burgeoning nation in the eighteenth
and nineteenth centuries. They inspired romantic renderings at the hands of art-
ists, and in some cases—as with painters of the Hudson River School in the
1820s—they were depicted as detailed landscape features with physical and
even human qualities.”> But at times they were regarded as untapped or under-
utilized resources, raw material waiting to be harnessed, managed, and exploited
for human benefit. In the neoclassical tradition of the eighteenth and early nine-
teenth centuries, “The ‘proper’ channel for a river is not necessarily the one it has
carved for itself: By means of canals and locks it can be guided by men along a
straight and level line, thereby improving upon natural design.” Rivers, therefore,
were most attractive “when they yielded to humanity’s needs, whether as mech-
anisms of transportation or as sites for nascent towns.”” For aesthetic and for
practical reasons, wild rivers served little purpose, historian Theodore Steinberg
noted:



As the [nineteenth] century progressed, a consensus emerged
on the need to exploit and manipulate water for economic gain.
A stunning cultural transformation was taking place, a shift in
people’s very perception of nature. By the latter part of the
nineteenth century, it was commonly assumed, even expected,
that water should be tapped, controlled, and dominated in the
name of progress—a view clearly reflected in the law.*

Steamboats, canals, and dams became the technologies of choice to accomplish
those goals.

To appreciate the importance of dams in the process of “harnessing”
American rivers, it is necessary to establish a context for understanding water
resource management in the United States, including relevant economic, politi-
cal, institutional, and legal issues in the nineteenth and early twentieth centuries.
Large federal dams would be designed and built from about 1930 to 1965 to fur-
ther the objectives of economic growth in a modern industrializing nation begin-
ning to blossom in the early nineteenth century.

The Rise of an Industrializing Nation

The impulse to “improve” waterways was stimulated by the pro-
found changes transforming the young nation. Beginning as early as 1820, the
Industrial Revolution ushered in a period of unprecedented economic develop-
ment for the United States. Manufacturing began to challenge agriculture as the
nation’s leading economic enterprise. While agriculture was responsible for the
largest single share of production income before the Civil War, the growth and
importance of manufacturing, especially in the East and along the Great Lakes,
rose rapidly during the decades that followed the war. In 1859, there were
140,000 industrial establishments in the United States—many of them hand or
neighborhood industries. Forty years later, there were 207,000 industrial plants,
excluding hand and neighborhood industries.’

The economic transformation of the nation paralleled the rise of cities.
The first federal census, in 1790, showed that city dwellers represented less than
4 percent of the nation’s population. Urban growth stagnated until 1820, but by
the end of the decade the urban population had almost doubled.® While only
7 out of every 100 Americans lived in cities or towns at that time, the urban pop-
ulation grew by 552 percent (from 1.1 million to 6.2 million) between 1830 and
1860, which was the fastest rate of urbanization the nation had ever experienced.’

Industrialization also inspired the mechanization of agriculture and stim-
ulated demand for a variety of products that helped to build a national market
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economy. Irrigation ultimately became a tool for expanding the agricultural mar-
ket in the West to supply a variety of goods for growing urban centers at home
and abroad. As early as the 1770s, an emerging capitalist economic system was
evident in the Northeast, the Mid-Atlantic region, the South, and the back coun-
try. A booming transatlantic market for grain and other agricultural products, a
rising number of American capitalist entrepreneurs, surplus labor available to
work for wages, and state and national governments encouraging and promot-
ing economic growth underlay the emergence of a market revolution along the
American rural frontiers.®?

The promise of economic growth had long attracted the interest of
government. In the manufacturing belt of the East coast and the Great Lakes,
the states and the federal government had been active agents in stimulating
commerce and industrialization. Competition between the states beyond the
Appalachians for access to ports on the Atlantic had been intense. Rivalries
between the states for a variety of public works projects focused on economic
opportunities to be won and lost.

The Origins of Federal Water Resource Policy

With respect to water resource issues, rivalries between the states sug-
gest a partial answer for an increased federal government role. However, no
comprehensive water resource policy ever emerged in the nineteenth or twen-
tieth centuries. Federal navigation policy, flood control policy, and irrigation
policy were conceived and administered separately over the years, and water
issues even today remain a combination of local, state, and national interest.’
Supporters of national initiatives for water and navigation projects chronically
vied with advocates of states’ rights, who opposed outright subsidies for water-
way construction. Steering a middle course, an emerging “water bureaucracy”—
including the U.S. Army Corps of Engineers, the Bureau of Reclamation, and the
Tennessee Valley Authority—often urged government planning without directly
challenging state control of water projects.'’

There is merit in Richard N. L. Andrews’ observation that federal
responsibility for water resource management “evolved almost unintentionally”
from the convergence of nineteenth-century public-land and internal-improve-
ments policies.!" Disposal of public lands set several precedents about how
the federal government would deal with the nation’s resources. At one time or
another, more than 78 percent of the nation’s 2.3 billion acres was owned by the
federal government. There was no uniform method of land distribution during
early colonial days. Since much of the frontier remained within the boundaries
of the states after the American Revolution, state legislatures often developed the
first land schemes to deal with estates confiscated from Loyalists. Land



speculation on federal lands initially focused on the Ohio River region, that

area wedged between the new nation and the vast frontier. After the Louisiana
Purchase,new land law that lowered the minimum purchase to a quarter section
(160 acres), made western migration attractive to easterners and European immi-
grants. Between 1850 and 1900 the number of farms in American territory
increased from 1.4 million to 5.7 million. Indian land rights, however, were
often ignored or manipulated in providing settlers with land. In essence, much
of the productive land in the West had already been claimed before the famous
1862 Homestead Act, and after its initial disposal, former public land increasing-
ly became a speculative commodity.'

The disposal of public lands was not merely an end in itself. From the
first land ordinances in the eighteenth through the nineteenth century, the fed-
eral government intended to generate revenue and to stimulate economic devel-
opment by a rapid transfer of public lands to private individuals. This was not
accomplished without fierce debate, characterized most graphically by Thomas
Jefferson’s image of a nation of self-sufficient yeomen farmers and Alexander
Hamilton’s promotion of manufacturing, inland navigation, and the development
of new economic markets.

In dealing with the states, the federal government could offer public
lands in exchange for their support on development projects or other policies.
Public lands also were used to provide capital for private businesses, such as the
railroads. The first land laws in the 1780s and 1790s (including the Northwest
Ordinance of 1787), however, were primarily directed toward using land to raise
revenue, to retire the public debt, and to create a market in western lands."

While land subsidies for public works projects were not provided for
in federal law, many land grants were made to subsidize road building, river
improvements, and railroad construction. For public lands to have value, they
needed to be accessible to facilitate settlement and for the transportation of raw
materials and crops to the East and to Europe. The federal government funded
“internal improvements” through general revenues, the sale of public lands, and
land grants.'* But as John Lauritz Larson perceptively observed, “The cam-
paign for internal improvements, so universally appealing in the abstract, proved
incredibly controversial at all levels of government as soon as workmen struck
their spades into the earth.”'

Prior to 1789, private investors provided internal improvements. At the
constitutional convention, Benjamin Franklin was the primary advocate for fed-
eral sponsorship for internal improvements, but he could not carry the day. The
Constitution ultimately reserved that responsibility for the states. However, with
poor economic conditions in many states, Congress began appropriating funds
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for specific improvements beginning in 1802. In 1808, Secretary of Treasury
Albert Gallatin submitted his report recommending federal aid for a system of
roads and canals that would link the Atlantic seaports with the nation’s interior.'¢

Artificial canals became the foremost technology in the early nineteenth
century to connect the riverine system to the sea. The virtue of such canals was
to ‘free’ rivers from their natural courses and to direct them into channels that
would serve the economic ends of the nation.'” East coast rivers were only nav-
igable up to the fall line, a barrier at the foothills of the Appalachians. In the
late eighteenth century, several short canals and the 27-mile Middlesex Canal in
Massachusetts had been constructed, but by 1816 only about 100 miles of canals
existed in the United States. These manmade waterways proved to be demand-
ing engineering feats and financial liabilities, and it became difficult to find
investors for new projects.

The construction of the Erie Canal, linking Albany and Buffalo by
means of an artificial waterway 364-miles in length, set off a canal boom in the
United States that ultimately attracted federal dollars to future projects. The
New York legislature authorized the construction of the Erie Canal in 1817 with-
out a promise of federal support, and the canal was completed in 1825. By 1840,
various states had invested approximately $125 million in 3,200 miles of canals.
Between 1815 and 1860, the total public and private expenditures for canal con-
struction was about $195 million. While the federal government had refused to
help New York State build its canal, and states were the primary financial con-
tributors in the early canal era, the federal government ultimately provided finan-
cial support through land grants and subscribed more than $3 million in canal
company stock. Expensive enlargement programs, the Panic of 1837, and com-
petition from railroads brought the canal boom to an end by the 1840s.'®

WATER LAW AND THE USE OF RIVERS
Mills and Dams in the Early Industrial Era

Complicating the creation of a national water resource program was the
fact that fresh water, unlike land, was common as opposed to private property.
Navigable waterways, for example, could not be treated like the public lands,
that is, could not be disposed of to generate revenue or to promote economic
development. They were open to common use and thus required special treat-
ment. Water usage also was subject to unique practices imbedded in the law."

Water, among other things, was an important source of energy before
and during the early stages of the Industrial Revolution, and was, thus, the focus
of voluminous litigation over water rights. The bulk of litigation arose from



disputes over the use of streams for waterpower.** Mills and dams raised for

the first time legal questions over the relationship between property law and pri-
vate development, when ““antidevelopmental doctrines of the common law first
clashed with the spirit of economic improvement.” Evolving water rights law
had a greater impact on the effort to adapt private law doctrines to the promotion
of economic growth than any other branch of law.*!

The water mill inevitably came into conflict with other stream uses.
Aside from the waterwheel, the dam was the most essential element of a mill.
Pre-industrial dams were low, crude structures designed to increase water fall by
raising the stream level. The dam created a storage reservoir, or millpond, which

not only obstructed navigation and log floats but also the seasonal movement of
fish.?

Water mills challenged prevailing water rights law and practices such
as riparian rights, commonly recognized in the eastern United States in the eigh-
teenth and nineteenth centuries. This English common-law doctrine grant-
ed ownership of a water privilege with the land bordering the two banks of the
stream. The landowner did not own the stream, but only the rights of water
usage. Even usage was subject to rights and claims of other users, including nav-
igation interests, owners of riparian farmlands above and below a specific water
privilege, lumber and other commercial interests, upstream communities, and
mill owners themselves.?

Before the nineteenth century, common law doctrines were generally
based on the natural flow of water, and jurists rarely looked with favor on the use
of water to irrigate or to run machinery. Possessing a narrow view of the produc-
tive capacity of water, they generally placed strict limits on its appropriation.?
With the onset of the Industrial Revolution, the increasing number of conflict-
ing claims and shades of interpretation of privilege challenged the water rights of
riparian owners.*

Since navigation rights had priority on streams sufficiently large to car-
ry regular traffic, the parts of the law referring to that activity were the least con-
troversial. As power needs increased, government officials began to favor mill
owners—especially in New England—over other riparians. This also was true
for capitalists who wanted to divert water from natural sources to build canals.?

The most typical water rights controversy pitted downstream riparian
landowners against upstream owners whose dams obstructed the natural flow of
water for mills or irrigation. Other cases pitted upstream mill owners against
downstream mill owners or landowners flooded by the dam. Some courts



virtually refused to recognize any right to interfere with the flow of water to a
mill.”

“Reasonable use,” or a balancing test, was the most important chal-
lenge to the common law doctrine of riparian water rights. Although the concept
did not find general acceptance until around 1825, some early decisions set the
stage. By the Civil War, most courts accepted a balancing test in which “reason-
able use” of a stream depended on the extent of detriment to riparian landowners
downstream.®

In determining “reasonable use,” it was common to take into account
what constituted a proportionate share of the water. In Cary v. Daniels (1844),
however, Massachusetts Chief Justice Lemuel Shaw tended to weaken the stan-
dard of proportionality by giving priority to the proprietor who first erected his
dam, thus placing greater emphasis on maximizing economic development at the
expense of equal distribution of the water privilege.” Not until the nineteenth
century was a theory of priority used offensively to maintain a right to obstruct
the flow.** What brought on the change was the building of large dams, which
widened the possibilities for injury by causing potential damage to mill owners
both upstream and downstream from the dam.

The two doctrines—reasonable use and prior appropriation—were becom-
ing less and less interchangeable, at least as they operated within the context of
economic development in the emerging industrial age. Thus a tension between
the two—which had moved beyond the natural rights doctrine characteristic of
pre-industrial societies—found its way into the courts. By mid-century, almost all
courts rejected prior appropriation because it so obviously interfered with com-
petition. Riparian rights, modified by “reasonable use,” prevailed in the East in
dealing with economic development. In addition, the advent of the steam engine
and the railroad made concessions to mill dams and canals temporary.*!

Water Law in the West

While waterpower development and canal building framed much of the
water law in the East, in the West mining activity and agriculture helped shape
the law.*? The traditional interpretation stresses that water rights in the nine-
teenth-century West, as opposed to the East, have been closely associated with
the prior appropriation doctrine.*® When Anglo American settlers arrived in the
West, neither land nor water rights issues had been clearly resolved. Until the
Civil War, the federal government controlled the public domain. Legislation
enacted by Congress in the 1860s and 1870s, however, recognized the rights of
settlers to utilize water on the public lands for a variety of purposes. Thus, the
prior appropriation doctrine in the West owes a great deal to local circumstance.*
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Donald Pisani, however, has persuasively argued that “Water law evolved slowly
in both California and the West, constructed piece by piece, like a quilt,

rather than from whole cloth.” The courts and legislatures, he added, “rarely
looked beyond immediate economic needs” in determining water rights.*

The Western Setting

In humid eastern America, water is an essential resource. But control
over water resources does not define the central character of that society. In con-
trast, water is dramatically scarce in the arid West and that “precious liquid”
occupies a pivotal position in regional development and in the larger political
economy. Much of the West’s historical character arises from a pervasive lack
of rainfall.*® It has become clear that water resources development is a key fac-
tor in regional growth.’” Moreover, in the history of western water use, the work
of the federal government—in particular the U.S. Reclamation Service after 1902
and the U.S. Army Corps of Engineers after 1933-has had enormous influence in
transforming the environment and fostering economic development.*

Precipitation in the West is not evenly distributed over the landscape,
and while billions of gallons of water might be dumped on the desert in the peri-
od of a few days or weeks, such storms can be spaced years apart. With much
surface water originating either as seasonal snowmelt or infrequent torren-
tial rainstorms, the ability to support widespread agriculture—as well as min-
ing, municipal growth, and hydroelectric power development—has by neces-
sity become dependent upon artificial means of controlling water. Leaving
aside groundwater that can be lifted to the surface by either windmills or electric
pumps, irrigated agriculture depends upon water diverted from rivers, transport-
ed in canals, and then distributed over fields to sustain crops. The engineering
techniques and the political instruments devised to foster irrigation in the West
later comprised the basis for water resources development throughout the nation.
Water in the West, of course, served many needs other than agriculture, including
mining and urban development.

The California Doctrine: 1851-1886

During the California gold rush, the right to a claim went to the first per-
son working it. Not surprisingly, this “first in time, first in right” principle (or
prior appropriation doctrine) could also apply to water—a commodity essential
to mining. A miner did not acquire property in the running water itself, but only
its use if he continued to work the claim. But this prior appropriation doctrine
coexisted with riparian rights in the 1840s and early 1850s, since many miners
did not want streams diverted from their natural courses. The California State
Legislature, eager to promote mining, supported prior appropriation for the gold
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country in 1851, the state court accepted it in 1855, followed by its congressional
endorsement for public lands generally in 1866.* The federal action endorsed
prior appropriation not only for mining, but also for agricultural, manufacturing,
and other uses, and it further acknowledged the states’ power to regulate water
rights. The prior appropriation doctrine promoted economic development, but
gave no preference to communities over individuals. Eventually every western
state endorsed some form of the doctrine, and nine states adopted it as its sole
water law.*

In practice, prior appropriation worked well enough when water was
abundant, but when scarce it created confusion. An appropriator could sue to
defend his rights, and the courts reviewed the records to determine a prior claim.
But the amount of water available was not always known. A title established in
one case protected an appropriator from one claimant only. Although the states
gradually evolved more orderly approaches, the system remained confused.!

Although California set a precedent in the application of prior appro-
priation, riparianism also gained legal recognition early in the state’s history. In
1850, the first legislature adopted as its basic system English common law, sub-
sequently modified by state courts in response to statutory and case law. “For
nearly three decades the state dealt with the problem of two contradictory legal
systems by reaffirming the legitimacy of both and seeking to soften their dif-
ferences. . . .” However, when irrigation appeared necessary for some forms of
agriculture, the courts demonstrated flexibility, “taking a cue from eastern states,
which had begun modifying their riparian law tradition in favor of some appro-
priation practices. . . .”#

Drought in the 1860s and 1870s, and especially increased irrigation,
threatened to challenge the uneasy status quo. The development of refrigerated
railroad cars, for example, meant that high-profit fruit and vegetable crops pro-
duced through irrigation could be shipped to distant markets.*

While the California courts ruled in favor of some irrigation under ripar-
ianism by the 1870s, accommodation had not been made for an irrigation boom.
During the 1880s, the area of irrigated land in the arid West increased four-or
five-fold. The clash of the water doctrines reached an acme in 1886. In Lux v.
Haggin, the California Supreme Court affirmed a dual system of water rights, the
so-called “California Doctrine.”*

The court held that riparianism was law in California, applicable in
all private lands and public lands that became privately owned. An appropria-
tor could have a superior claim if he used the water before a riparian user had
acquired the property. Timing was crucial.* As unpopular as the decision was



within the public at large—since large landholders would be affected much
less than small farmers—the California Doctrine eventually was adopted along
the Pacific Coast (Washington and Oregon) and in the Great Plains (Nebraska,
Oklahoma, Texas, Kansas, North Dakota, and South Dakota).*

In the 1880s, Colorado invalidated riparian rights to surface water and
began enforcing appropriative rights under state authority. Prior appropriation
became the sole water right and came to dominate much of the Rocky Mountain
region. Seven other states (Utah, Wyoming, Arizona, New Mexico, and Idaho)
soon accepted the “Colorado Doctrine,” with Montana and Alaska following in
the early twentieth century.?’

A third approach developed in Wyoming, emphasizing a different type
of enforcement. The state constitution gave the state title to all water. Officials
could reject water claims and overturn existing appropriations not believed to
be in “the public interest.” In essence, the so-called “Wyoming Doctrine” gave
greater protection to appropriators than under the Colorado system. Besides
Wyoming, Nebraska, Oklahoma, North Dakota, and South Dakota claimed full
control over their water.*

Despite the flurry of activity that led to the three major water doctrines,
water rights—Iet alone water policy—were not completely rationalized, nor were
conflicts ended among economic interest groups. Battles over irrigation, farming
and livestock raising, mining, and the demands of urban growth kept the water
issue center stage.

Inevitably, the federal government would be active in the controver-
sies—welcomed by some, not welcomed by others. The commitment in the ear-
ly twentieth century to the construction of federal dams in every major water-
shed occurred in the wake of contested uses of water underway for years. That
water law favored the states only complicated the ability of federal dams to pro-
vide stored water to a variety of consumers. However, under the property clause
(Article 4, Section 3) of the U.S. Constitution, the federal government had legal
authority to accept, manage, and dispose of public domain lands, and this provid-
ed the basis for subsequent laws and regulations pertaining to public lands and
other resources. With regard to water resource policy, the federal government
presumably holds “reserve rights” to enormous amounts of annual water flows in
the West, since it was the earliest formal owner of the public lands. However, the
federal government has never fully asserted these rights and the U.S. Supreme
Court has never formally recognized them.*

Prior appropriation exacted heavy social and environmental costs in the
West. Water was an economic commodity, although private gain resulting from
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the use of water did not translate into revenue for the states. Instead, several
large corporations and monopolies benefitted, and many farmers adopted
wasteful irrigation practices. Prior appropriation led to a rapid economic devel-
opment that “exacerbated the boom-and-bust mentality endemic to the min-

ing industry, encouraging speculation and maximum production.” Moreover, it
failed to preserve water quality as did riparian rights, and it allowed vast environ-
mental destruction.

Environmental policy was in the developmental stages in the late nine-
teenth century.’! The emergence of resource conservationism, as opposed to
nature preservation, emerged out of concern about the depletion of natural
resources, which could stall further economic development.®> Resource exploi-
tation was central to the actions of a rapidly industrializing society; laissez-faire
capitalism was more regaled than condemned for stoking the fires of economic
growth.> Particularly in the West, where the forests, rivers, and mineral wealth
were directly linked to economic opportunity, conservationism was largely dis-
missed in the nineteenth century.* But even practical concerns, such as the mar-
shaling of such a scarce resource as water, generated intense conflict. A more
widely held interest was how to tap yet-to-be exploited water sources.

THE U.S. ARMY CORPS OF ENGINEERS IN THE NINETEENTH
CENTURY

The Corps and the French Engineering Tradition

In a March 16, 1802, congressional act, the U.S. Army Corps of
Engineers was separated from the Corps of Artillerists and Engineers and sta-
tioned at West Point, New York. This act not only marked the reestablishment of
a separate U.S. Army Corps of Engineers (first created in 1779), but also founded
the U.S. Military Academy. The Military Academy remained under the charge of
the Corps until 1866.>

The American engineering profession in the nineteenth century was
being shaped by two European traditions. One emphasized the civilian “builder-
mechanic” model of the British; the other, the military, formally trained engineer
in the French (or Continental European) style.”® Of the two European engineer-
ing traditions, the French was the older—Ilinked to the rise of a powerful mon-
archy in the sixteenth and seventeenth centuries. French engineering success-
es included a high point in canal engineering with the 149 mile long Languedoc
Canal opened in 1681.

For a variety of largely non-military tasks deemed essential to the
national interest, the royal French government established the Corps des pont et
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chaussees (Corps of bridges and roads) in 1716, and founded the Ecole des Ponts
et Chaussees in 1747. In 1794, it founded the Ecole polytechnique, which
quickly became the international leader in technical education. Government
sponsored education, furthermore, was linked to government employment.>’

The U.S. Army Corps of Engineers became the chief American stan-
dard-bearer for French engineering. The key to the Corps’ preference for French
engineering rested not only in its connection to the military, but to the role of the
military within the state.

The influence of French engineering in the United States actually began
during the American Revolution. The reputation of the French engineers, plus
their country’s sympathies for the rebelling colonies, resulted in a period of sev-
en years when French military engineers organized and trained the American
army’s engineering corps.*® It is not surprising that when the U.S. Army Corps
of Engineers was reestablished in 1802, it embraced the French engineering tra-
dition and sought to implant it at West Point.”

The appointment of Claudius Crozet as professor of civil engineer-
ing in 1816 signaled a strong commitment to the French model. Educated at the
Ecole polytechnique and the artillery program at Metz, Crozet had been an artil-
lery officer under Napoleon. A bridge builder, he also served as an engineer in
Holland and Germany, studying the sluices and navigation jetties. In 1817, he
applied geometry to canal design in the first scientific course on construction
taught in the United States.*

In that same year, superintendent Major Sylvanus Thayer—a great
admirer of Napoleonic engineers—introduced methods of instruction using the
Ecole polytechnique as his model. He also insisted on the importance of study-
ing the French language, which he viewed as the “sole repository of military sci-
ence.” In 1837, Captain Dennis Hart Mahan completed the first American text-
book based on French engineering practice.®" The influence of the French at
West Point did not simply shape the engineering style and dictate the engineering
methods, but it also imbued the Corps with an interest in scientific design, natu-
ral philosophy, applied mathematics, and a commitment to large, state-supported
projects.®

But even those engineers who entered the Corps did not focus exclusive-
ly on military projects. They helped map the West, constructed coastal fortifica-
tions and lighthouses, built jetties and piers for harbors, and mapped navigation
channels.®
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Commerce, Navigation, and the “Steamboat Case”

The Corps’ water projects in the early nineteenth century focused pri-
marily on navigation. With the economic climate of the nation improving after
the War of 1812, the steamboat came of age. In the West, the steamboat was
vital to commerce and travel. Only 17 steamboats operated on western rivers in
1817, but there were no less than 727 by 1855.%

While states’ rights advocates typically objected to direct federal subsi-
dies for waterway construction, they were less likely to block indirect types of
federal aid, such as scientific surveys.® In 1820, Congress appropriated $5,000
for a navigation survey of the Ohio and Mississippi rivers from Louisville to
New Orleans. In the next few years, the Corps also made surveys of harbors,
coastal areas, and lead mines on the upper Mississippi. It also built jetties and
breakwaters along the Massachusetts coast and at Presque Isle in Lake Erie. But
the monetary value of all federal river and harbor projects between 1802 and
1823 was a meager $85,500.° Army engineers had demonstrated their ability to
deal with a variety of civilian projects. Nevertheless, direct federal aid to water-
ways fared little better than other forms of internal improvements in the early
nineteenth century.

The 1824 Supreme Court ruling in Gibbons v. Ogden (the “Steamboat
Case”) changed that, and also initiated the Corps’ regular participation in civ-
il works and led to its role in maintaining the nation’s inland waterways.®” The
case, producing the Supreme Court’s first interpretation of the commerce power
of the federal government, originated in 1807, when Robert R. Livingston and
Robert Fulton acquired a steamboat monopoly from the New York legislature.
Subsequently, they also petitioned other states and territorial legislatures for sim-
ilar monopolies in the hope of developing a national network of steamboat lines.
Only Orleans Territory accepted their petition and awarded them a monopoly on
the lower Mississippi.

Competitors, aware of the potential of steamboat navigation, challenged
Livingston and Fulton arguing that the commerce power of the federal govern-
ment was exclusive and superseded state laws. Legal challenges followed, and
in response the monopoly attempted to undercut its rivals by selling them fran-
chises or buying their boats. Former New Jersey governor Aaron Ogden had
tried to defy the monopoly, but ultimately purchased a license from its assignees
in 1815.% He entered business that year with Thomas Gibbons from Georgia,
but the partnership collapsed three years later when Gibbons ran an unlicensed
steamboat on Ogden’s route. The former partners ended up in the New York
Court of Errors, which granted a permanent injunction against Gibbons in 1820.
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Gibbons appealed to the U.S. Supreme Court, arguing as he did in New
York that the monopoly conflicted with federal law. After several delays, the
Court began discussing the meaning of the commerce clause in 1824, which by
that time had become an issue of wider interest. Congress was debating a bill
to provide a federal survey of road and canal routes. Southerners, in particular,
were growing increasingly sensitive to what the resolution of these issues would
mean to them as sectional disputes, especially over slavery, were heating up.

Chief Justice John Marshall could not ignore the political ramifications
of Gibbons, and thus in the unanimous decision he avoided stating flatly that the
federal government had exclusive power over commerce. Marshall articulat-
ed a broad construction of the commerce clause, but he also tried to accommo-
date state regulation of local problems and state demands for the principle of free
trade. The New York monopoly was struck down, however, based on the argu-
ment that national law took precedence over state law in case of conflict.®

While Gibbons did not settle the issue of the extent of federal pow-
er over commerce, it did provide an expansive interpretation of commerce.
Marshall stated that “Commerce, undoubtedly, is traffic, but it is something
more; it is intercourse. It describes the commercial intercourse between nations,
and parts of nations, in all its branches.”” This included river navigation, giv-
ing impetus to further federal river and harbor improvements, and thus providing
an opportunity for the Corps to play a central role in planning and construction
along commercial routes.”’ Although the Corps began to assume responsibility
for flood control in the 1880s, river and harbor work comprised a large part of its
mission in the nineteenth century.”

French Tradition versus Frontier Techniques

Shortly after the Supreme Court rendered its judgment in Gibbons,
President Monroe signed the General Survey Act on April 30, 1824, which gave
him the authority to employ engineers and Corps officers to survey “routes of
such roads and canals as he may deem of national importance in a commercial
or military point of view, or necessary for the transportation of the public mail.”
In gaining this role in civil works, including the planning and politics of inter-
nal improvements, the Corps essentially became “the engineering department of
the federal government.”” One month later, Monroe signed an additional bill for
improving navigation over sand bars in the Ohio River and for removing snags
from the Ohio and Mississippi. The $75,000 appropriation was the first that
Congress had issued for work in inland navigable waters.”

In 1826, Congress passed the Rivers and Harbors Act authorizing sur-
veys and construction for more than 20 water projects on the Atlantic and Gulf
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coasts and on the Great Lakes. Combining both planning and construction, it

is regarded as the first law of its kind, and it eventually became the model of
enabling legislation for the Corps’ navigation improvement program and later
for flood control. The act significantly expanded the work of the Corps in water-
ways engineering.”

The expanding federal program on rivers and harbors was shrouded
in controversy between 1824 and the beginning of the Civil War. The Corps
could not escape the controversy in these volatile years. It was caught between
the forces contesting the internal improvements issue, especially as the primary
agent for executing federal rivers and harbors projects. It also continued to be
locked in a contest over the application of “the polytechnic orientation that pro-
moted theory and standardization at the expense of frontier technique.”’®

Between 1824 and 1831, the Corps attempted to develop a comprehen-
sive, national system of internal improvements through its Board of Engineers
for Internal Improvements. It consisted of the French Army Engineer Brigadier
General Simon Bernard (who served under Napoleon), Colonel Joseph G. Totten
of the U.S. Army Corps of Engineers, and civil engineer John L. Sullivan.”” The
plan called for three main projects: (1) canals between the Chesapeake and the
Ohio and between the Ohio and Lake Erie and improvements to navigation on
the Ohio and Mississippi Rivers; (2) a series of canals connecting the bays to the
north of Washington, D.C.; and (3) a road from Washington to New Orleans. By
1827, thirty-five examinations and surveys were conducted, but nothing more.
By 1830, local political considerations became more influential than the overall
plan in defining priorities, and it soon became the practice of Congress to adopt
laws with this in mind.”

Navigation and the Beginning of River Dams: 1824-1865

For navigation improvements on the Ohio and Mississippi Rivers in the
early nineteenth century, the Corps focused on snag removal and channel deep-
ening. Thousands of snags—possibly more than 50,000—threatened transporta-
tion daily, and accounted for the majority of steamboat losses before 1826 and,
along with other isolated obstructions, were responsible for three-fifths of all
steamboat accidents until 1849.

Under the 1827 Rivers and Harbors Act, Congress made the first in
a series of annual appropriations (through 1838) for the removal of obstruc-
tions, reflecting a clearer understanding—after one failed contract—that snag
removal had to be ongoing. A year earlier, Henry M. Shreve had been appointed
Superintendent of Western River Improvements and was given responsibility for
snag removal. He built the first steam-power snagboat, the Heliopolis, launched
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in 1829. Shreve’s operation was so successful that no boats were lost on the
Ohio River due to snags in 1832, and the drop in insurance rates on steamboat
cargoes between 1827 and 1835 reflected the vast improvements in clearing the
channels.”

The other major improvement in river navigation in the 1820s was to
deepen channels across sand and gravel bars.** Major Stephen H. Long conduct-
ed an early experiment with wing dams (or “spur dikes”) on the Ohio River near
Henderson Island, Kentucky, about 100 miles below Louisville.®! The structure
(two rows of 1,400 piles filled with brush) extended from the bank at a 45-degree
angle. It narrowed the width of the channel, thus increasing the velocity of the
current and deepening the channel itself. The wing dam was the primary meth-
od of deepening channels on the Ohio and several of its tributaries until the late
nineteenth century. Long’s project at Henderson Island, and a similar use of a
wing dam carried out under the direction of Shreve at the Grand Chain near the
mouth of the Ohio, led to a congressional appropriation in 1831 for additional
dikes on the Ohio River. Some bars were dealt with effectively, but no system of
wing dams was in place before the Civil War.®

Snag and boulder removal in some relatively minor tributaries of the
Ohio River were inadequate to make them viable for steamboat navigation, thus
a slackwater system of locks and dams arose in the 1830s. Dams were placed
across a stream at intervals insuring a minimum depth of water year-round. Each
dam had a lock through which vessels passed. By the mid-1840s, such sys-
tems were in operation on the lower Kentucky River, and also on the Green and
Barren, the Licking, the Muskingum, and the Monongahela Rivers.

Once in place, these early slackwater systems faced financial and tech-
nical problems. Inadequate capital for repairs and maintenance delayed com-
pletion and limited their operation. Poor engineering and construction, as well
as flooding and icy conditions, limited service. Revenues did not meet expec-
tations, such as the Kentucky River project, suspended in 1842 after the build-
ing of five dams. A Muskingum project, completed in 1842, showed profit for
a decade, but then faced financial problems. The most successful project was
one on the lower Monongahela River, which benefitted from coal shipments to
Pittsburgh. Even state-supported open-channel projects had financial problems.
On the Kanawha River, smaller boats took advantage of the improvements, but
large coal barge tows could not.®

Until 1852, relatively little river work was carried out by the U.S. Army
Corps of Engineers or the Corps of Topographical Engineers.** Even with the
1852 Rivers and Harbors Act, which provided funds for dike repair and con-
struction on the Ohio and for building new snagboats, navigation improvement
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was sporadic at best for several years.*> The Democrats won the 1852 election,

kept power until 1860, and consistently opposed internal improvements, so that

Congress did not pass another general rivers and harbors bill until after the Civil
War.56

Post War Navigation and the Ohio River: 1866-1885

The years after the war witnessed a shift from specific open-channel
improvements—especially the elimination of obstructions or bypassing them
with canals—to elaborate plans for slackwater systems and storing flood waters
in large reservoirs on the headwaters.®” Pressure for federal involvement inten-
sified especially because states’ rights interests had been quelled. And the
Republican Party, strongly committed to federal public works, was in control.
Despite the rising competition from the railroads, the government focused on the
Mississippi River because of its commercial importance.

In June, 1866, Congress appropriated approximately $3.7 million for
about 50 projects and almost 40 examinations and surveys across the country. In
the 1870s alone, total appropriations reached almost $54 million. Between the
end of the Civil War and 1882, U.S. Presidents signed 16 river and harbor bills
and federal appropriations for river and harbor projects totaled over $91 million.
In 1882, Congress provided $18.7 million for 371 projects and 135 surveys.®

As a result of the 1866 Rivers and Harbors Act, William Milnor Roberts
was appointed to oversee improvements and to conduct surveys of the Ohio. In
his 1869 report, he provided a “radical” plan for a slackwater, lock, and dam
canalization. Colonel William E. Merrill, who replaced Roberts in 1870, sup-
ported the proposal because of its relatively successful use on a number of tribu-
taries.”

Ironically, those coal shippers who were dominating Ohio river com-
merce and who stood to benefit from a deepened channel and year-round naviga-
tion, argued that the dams would obstruct the channels, require breaking tows to
pass through the locks, and require heavy tolls. In addition, the flatboat and raft-
ing trade objected because the proposal would sacrifice the natural navigation of
the river for ten months of the year to gain two additional months of navigation
for larger vessels. Others warned of possible increased flood heights, stagnant
slackwater pools, and silting of river channels.

In the wake of such criticisms, Merrill began exploring alternatives. He
sent his deputy to examine movable dams in Europe where 124 movable dams
had been completed. Such dams could be raised to increase depths during shal-
low periods and then lowered when the water was high.”® As a result, Merrill
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recommended, in 1874, that a series of movable dams be utilized in the canali-
zation of the Ohio River with the first experimental movable dam and lock to
be built at Davis Island near Pittsburgh. While critics complained loudly, he
received support from the Ohio River Commission, a variety of shipping inter-
ests, and the Grange—a farmer group that hoped to undercut railroad costs.
With the additional support of the Senate Committee on Transportation Routes,
Congress appropriated funds for the project in 1875. Work began in 1878, and
eventually was completed in 1885.°!

For his movable dam, Merrill chose the design of Frenchman Jacques
Chanoine. Invented in 1852, the Chanoine wicket consisted of a line of timbers
bolted together into a rectangular panel hinged to a concrete foundation placed
on the river bottom. Upon completion, the movable dam was 1,223 feet in length
and contained 305 wickets. The wickets were raised by a grapple on a maneu-
ver boat and supported by an iron pole sloping downstream. When the river was
high, the pole was removed and the wickets returned to the river bottom. The
lock itself was 110 feet wide by 600 feet long. Both dam and lock were the larg-
est of their kind in the world. The lock also was one of the first in the United
States to use concrete instead of masonry. Although the new system, as a proto-
type, faced some problems, the critics were silenced since the Pittsburgh harbor
increased in depth and large tows could be assembled there.”

Completion of the Davis Island Dam opened a new era in the improve-
ment and navigation of the western rivers. It also marked the modern era of lock
design in the United States. While only a 174-mile section between Pittsburgh
and Marietta was completed by 1896, a series of about 50 dams extended slack-
water navigation along the Ohio by 1929.%

The Upper Mississippi and the Headwater Dams: 1866-1899

In 1866, after many attempts to channelize the upper Mississippi,
Congress appropriated $400,000 for a 4-foot-deep channel between Minneapolis
and St. Louis. In 1878, before the channel project was completed, Congress
authorized the Corps to seek a 4 '4-foot depth to the channel through the use of
wing and closing dams.”* As a result of the deepening project, the banks gradu-
ally moved inward thus constricting the river and also changing the landscape.”
The Mississippi River Commission, established in 1879, had set a goal of a min-
imum year-round channel depth of 6 to 4 ' feet from St. Louis to St. Paul, the
results of which would fundamentally change the physical character of the river.
Methods proposed included low-water dams to concentrate the flow of water in
the main channel, spur dikes or wing dams to narrow the channel in places where
the river was too wide, protection of the river banks from erosion, and occasional
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dredging. In addition, the Congress authorized reservoirs on the headwaters of
the upper river to store surplus water during the wet season.”

In fact, as early as 1870, Brevet Major General G. K. Warren recom-
mended construction of 41 reservoirs on the St. Croix, Chippewa, Wisconsin, and
Mississippi Rivers. In 1878, Representative William D. Washburn of Minnesota
raised the issue of the reservoirs again, in part to benefit his own flour mills at
St. Anthony and also to counter the growing railroad challenge. In 1880, in spite
of opposition from St. Paul, Congress made its first of several appropriations for
these headwaters dams, thus beginning a project that would be one of the earliest
large-scale systems of reservoirs constructed in the United States.”’

Congress initially authorized five headwater dams. The first and larg-
est project resulted in an experimental dam at Lake Winnibigoshish (complet-
ed 1883; reconstructed 1899), followed by dams at Pokegama Falls (completed
1885; reconstructed 1904), Leech Lake (completed 1884; reconstructed 1903),
Pine River (completed 1886; reconstructed 1907), and Sandy Lake (completed
1895; reconstructed 1911). A sixth dam was completed in 1912 at Gull Lake.
They all were located upriver from St. Paul on the main stem and tributaries of
the upper Mississippi near the river’s source at Lake Itasca. The Corps built
all of them at lake outlets in remote areas with no existing roads and few settle-
ments. The isolation of the sites led to initial construction with timber. At the
turn of the century, the dams were reconstructed with concrete.

Although historically important as a reservoir system—and for develop-
ing an efficient method of constructing a series of standardized dams—the head-
water dams project did not utilize unique technology. Each site had an earthen
embankment and a timber outlet structure footed on timber piles. The cores of
the embankments were filled with puddled clay and contained a timber dia-
phragm. The length of the dam determined the number of discharge sluices, but
each was controlled by a timber gate. All the dams had log sluices. At Sandy
Lake a navigation lock was added to serve steamboats between Aitken and Grand
Rapids.”®

Initially, civic leaders and businessmen in St. Paul had opposed the res-
ervoirs for fear that they would give Minneapolis an unfair economic advantage,
and lumbermen in northern Minnesota worried that the dams would constrain
their logging activities. Predictably, the railroads also had opposed the project.
While it was anticipated that improved steamboat navigation would be the pri-
mary beneficiary of the project, commercial interests in Minneapolis-St. Paul
benefitted the most, particularly lumber, flour milling, and waterpower.”
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In addition to political and economic rivalries, the construction of the
headwater dams also highlighted social and environmental problems that would
plague dam projects in the twentieth century. For example, the land to be inun-
dated by the construction of the Lake Winnibigoshish and Leech Lake Dams
belonged to approximately 1,300 Chippewa Indians. Constructing the dams
required taking a substantial amount of timber from the area. Also, opening the
dams damaged or destroyed the Chippewa’s wild rice fields, some of their fisher-
ies, and tamarack and cedar tree stands.

A commission in 1884 authorized to determine damages, recommended
$10,000 in property damage and an annual additional payment of $26,800, but
by 1886 even that paltry award was not paid. In 1890, the commission autho-
rized a meager appropriation of $150,000 as full payment for damages. Some
of the overflowed acres were ceded to the United States government, and all of
the lands likely to be damaged were subject to construction and building of new
dams and reservoirs.'”

The improved ability to transport lumber by water, aided by the con-
struction of the headwater reservoirs and dams, increased water pollution
along the upper Mississippi. Sawmill refuse, already a serious problem in the
Minneapolis area by the late 1870s, obstructed river navigation. The Corps
and many river interest groups favored a refuse act to prohibit such dumping.
Lumber interests, however, fought such action, in part at least because they were
not the only culprits. Minneapolis dumped approximately 500 tons of refuse into
the Mississippi each day.'”!

Changes in federal law were meant to address in some fashion pollution
problems like those faced on the upper Mississippi. With the 1899 Rivers and
Harbors Act, especially section 13 (the Refuse Act), loopholes were closed and
the law made illegal the casting of “any refuse matter of any kind or description”
into navigable waters without permission of the Secretary of War. In time, the
1899 act would be regarded as a seminal piece of legislation in the recognition of
water pollution as a major problem. It did not, however, seriously reduce pollu-
tion along the upper Mississippi or other rivers.!'??

As settlement increased along the nation’s great rivers and their tribu-
taries, a wide array of environmental issues complicated the use of the waters,
including sewage and industrial pollutants and urban and agricultural runoff.
Also, the impact of river improvements themselves in the form of dredging, can-
alizing, and dam and reservoir construction would raise serious concerns about
silting, land inundation, flooding, and threats to fisheries.

20



The U.S. Army Corps of Engineers would find themselves in the midst
of these controversies. The Corps’ status as the lead federal bureau in water
resources development was challenged at the turn of the century by the creation
of a new federal bureau focused on the arid West. The story of large federal
dams thus will involve at its center the political and technical lives of the
Corps and the Reclamation Service of 1902 (renamed the Bureau of Reclamation
in 1923).1%

WATER IN THE WEST: ORIGINS OF THE RECLAMATION SERVICE
The West Before the Nineteenth Century

Cultivation of irrigated crops in the West predates the arrival of both
Spanish and Anglo-American settlement. For instance, the Hohokam and their
predecessors used canal irrigation on the Santa Cruz River in the Tucson area as
early as 1,200 b.c., and canal irrigation was well established in the Phoenix area
by about 500 a.d. Some of these canals were quite large even by modern stan-
dards. In addition, the Pueblo Indians of the Rio Grande Valley were using canal
irrigation at the time of Spanish contact in 1540. By the time Europeans first
explored the Southwest in the sixteenth century, Hohokam culture had vanished,
a victim of unknown environmental or cultural forces. But their canals survived
largely intact; in the 1860s they were cleaned out and re-excavated by Anglo-
American settlers who transformed them into irrigation canals that still lie at the
heart of Phoenix’s hydraulic infrastructure. But prehistoric Indian irrigation did
not sustain the bulk of native food production in the West; many tribes made no
attempt to use riverflow for agriculture, and they had little or no impact on the
riparian environment.'®

In the seventeenth century, the Spanish took control over what later
became the southwestern United States, bringing with them an understanding of
agricultural techniques suitable for an arid environment. That knowledge sup-
plemented Pueblo irrigation skills. Their settlements in the Southwest involved
some development of irrigation, most notably at San Antonio, in the pueblos set-
tlements of the upper Rio Grande, and at the Franciscan missions of California.
On the whole, however, Spanish irrigation initiatives were limited in scope and
did not involve the construction of large storage dams.'® Not until large num-
bers of pioneers from the eastern United States began moving westward in the
mid-nineteenth century did interest in large-scale development of western water
resources become manifest.
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Water and Mormon Migration

The first Anglo-Americans to embrace the possibilities of irrigation tech-
nology were Mormon refugees who emigrated to Utah’s Salt Lake Valley in the
late 1840s. To survive in the wilderness, they quickly began diverting creeks
that flowed from the Wasatch Mountains, using the water for crops. This was
first accomplished at City Creek in Salt Lake City and quickly spread along the
mountains of the “Wasatch Front” that form the eastern edge of the Great Basin.

Mormon settlements centered around the small streams were able to
erect numerous irrigation systems that did not depend on large dams or lengthy
canals. Extending less than five miles on average, Mormon canals typically sup-
ported small communities comprised of farms less than 30 acres in size.!” Early
irrigation systems in Utah comprised a relatively rudimentary technological
achievement, but they proved successful in supplying food, and the communal
settlements helped to inspire western agrarian development. The Mormon’s suc-
cess in building irrigation-based communities set a precedent for later pioneers
seeking to colonize the West.!"

Most early non-Mormon irrigation development did not depend upon
a strong social mission tying together settlers. For example, Anglo-American
agricultural settlement in Arizona’s Salt River Valley dates to the late 1860s and
represents a much more prosaic endeavor. In 1867 “Jack” Swilling, a former
Confederate Army officer formed the Swilling Irrigation Canal Company and
quickly cleared out an ancient Hohokam canal. Swilling’s canal extended a mile-
and-a-half across the desert and then curved back toward the Salt River; farm
land ““under the ditch” could now be cultivated using water from the river and
resulting crops could be sold to the army outpost at Fort McDowell. By 1870,
the townsite that became Phoenix had been laid out and the Anglo-American set-
tlement of Central Arizona began to grow slowly as it met the needs of the local
Army encampment.'®

California Water Development

In central California agriculture became a major economic activity as
early as the 1850s when crops were cultivated for sale in the gold mining camps
of the Sierra Nevada. In addition, the fertile lands of the Sacramento River
Valley were developed as large farms to export wheat through the busy port of
San Francisco. These wheat fields depended upon nutrients and moisture that
had accumulated in the soils over hundreds of years and, initially, they did not
require irrigation.
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As the soils were depleted, the attractiveness of non-irrigated agricul-
ture began to fade while commercial interest in irrigation development increased,
especially in the drier lands of the San Joaquin River Valley that lay to the south-
east of San Francisco.

By 1886, there were 21 irrigation colonies in the Fresno region, covering
45,000 acres and supporting 7,500 residents. Real estate speculators and large
landholding syndicates promoted these colonies, which drew water from the
Kings River or (less frequently) from the San Joaquin River.'”

Irrigation development in the San Joaquin Valley also centered around
large tracts of land in the low-lying areas adjoining the river in the region north
of Fresno and south of Stockton. By the late 1860s, much of this rich riparian
land was under the control of a consortium of influential San Francisco business-
men headed by William Ralston of the Bank of California. Ralston and his part-
ners soon formed the San Joaquin & Kings River Canal and Irrigation Company.
In the early 1870s, the company planned a valley-wide irrigation system capa-
ble of watering hundreds of thousands of acres of land.""® Although the compa-
ny was willing to invest its own money in those parts of the system that would
divert water on to the low-lying lands that it directly controlled, they were hesi-
tant to underwrite any broader scheme without government assistance.

Rebuffed by the state legislature, Ralston approached the federal govern-
ment with hopes of obtaining a large land grant and associated canal rights-of-
way that would make the project economical. This plan also failed. However, in
early 1873, Congress authorized $6,000 for a Board of Irrigation Commissioners
to study the water resources of Central California. Their report did nothing to
further Ralston’s efforts to obtain federal help, but it was a precursor of large,
federally sponsored projects that were implemented in California in the 1930s.
Furthermore, the report enhanced the nation’s political consciousness that west-
ern agriculture represented a potentially major segment of the burgeoning nation-
al economy.

The Exploits of John Wesley Powell

By the mid-1880s, most of the small streams in the West had been
diverted for irrigation and other uses. It was becoming clear that larger dams on
the major rivers would be needed to expand water supplies. In 1888, a Senate
resolution called for the Department of the Interior to identify possible reservoir
sites and to protect them for future development. Later that year, Congress
passed another resolution designating the U.S. Geological Survey as the body to
examine the arid region, determine the capacity of streams and where irrigation
could be practiced, and arrive at the cost of construction and the capacity of
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possible reservoirs.'!" It was the 1879 publication of John Wesley Powell’s
Report on the Lands of the Arid Region of the United States that had opened the
eyes of Americans to the significance of irrigation development.'> With Powell
as a primary proselytizer, the notion that “reclaimed” land in the West might
serve a larger national purpose began to assume momentum.

Born in New York in 1834, Powell moved to Illinois as a young man and
informally explored the Mississippi River and its tributaries in the 1850s. He
had attended Illinois College, Oberlin, and Wheaton, which helped him develop
a sense of self-sufficiency and a facility for self-education. Powell served with
the Union Army during the Civil War, losing his lower right arm in the Battle
of Shiloh. After mustering out as a Major in 1865, his attention focused on the
far West; in 1868 he voyaged down the Green and Colorado Rivers.'* In 1869
he and a crew of nine men loaded up four small wooden boats and set out down
the Colorado River proper. Upon its completion, the expedition marked the first
recorded Anglo-American trip through the Grand Canyon.

The success of Powell’s journey prompted Congress to support a sec-
ond expedition through the Grand Canyon two years later. Powell subsequent-
ly published and lectured on a variety of western scientific topics centered on
the geology of the Colorado River watershed, substantially boosting his stat-
ure both within the scientific community and among the public at large as a folk
hero. After his successful navigation of the Colorado River, Powell set out to
become as knowledgeable as possible about the topography and geology of west-
ern America. His Report on the Lands of the Arid Region called for creation of a
government bureau to explore and classify western lands; this soon led to forma-
tion of the Geological Survey within the Interior Department.

Appointed Director of the Geological Survey in 1881, Powell quick-
ly became a major spokesman for development of the West’s water resources.
Because of his stature as a “scientist,” Powell found an audience in Congress
and with the American people for his claim that areas of desert land could be
“reclaimed” for agriculture by impounding flood waters for use throughout the
year. Powell’s charismatic lecturing and persuasive writing began a crusade for
opening the West to agricultural development through irrigation.'

Socially concerned citizens intent on countering the seemingly bane-
ful effects of industrial development in eastern cities saw irrigation as a way for
population growth in rural settlements. Recalling Madison’s idea of a continen-
tal nation and Jefferson’s agrarianism, advocates of this irrigation crusade con-
sidered western reclamation an ideal means for small family farms to foster the
American ideal that life rooted to the soil was better than life despoiled by the
“evil” city. Powell became prominently associated with this idealistic crusade.
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In 1888, Congress authorized Powell to head the Irrigation Survey to
explore the potential for developing western water resources. Among the many
young engineers who participated in this work were Frederick Haynes Newell
and Arthur Powell Davis, both of whom would later serve as Chief Engineer
and Director of the U.S. Reclamation Service.'> The legislation creating the
Irrigation Survey offered no indication that the bureau was conceived as a direct
antecedent for federal sponsorship or financing of irrigation projects. However,
the legislation did give Powell and his staff the power to “withdraw” public land
from entry to prevent private ownership claims from impeding economical con-
struction of a storage reservoir.''® In essence, the withdrawal authority was to
preclude speculators from using information gathered by survey personnel to
purchase, at cheap prices, choice public lands that might later be sold for large
profits.

Speculative exploitation by large landowners ran counter to the ide-
al of western irrigation for small-scale, independent farmers. But with no stat-
ed mechanism for using the Irrigation Survey’s data, the idea that reservoir sites
could be closed indefinitely to private development aroused alarm among many
westerners who already owned land in the arid region. This consternation found
political expression in the person of U.S. Senator William Stewart of Nevada
who, in his capacity as chairman of the Senate Select Committee on Irrigation
and the Reclamation of Arid Lands, prompted Congress to cut off funding for the
Irrigation Survey in the summer of 1890.'"” Furthermore, Congress enacted an
1891 law allowing individuals and private irrigation companies to file claims to
reservoir sites on public lands, providing that construction work begin within five
years.!!

The Sentimental and Practical during the 1890s

Powell had come to realize that most of the best irrigable land had
already fallen into private hands by the 1890s. He created an uproar by announc-
ing this fact at the 1893 National Irrigation Congress in Los Angeles.'” The fol-
lowing year, Powell resigned from the Interior Department, becoming a victim of
the “triumph of sentimentalism” among those who championed the social prima-
cy of the small family farm.'*

Opening the West to a new generation of yeoman farmers was popular
even among American citizens at large, many of whom had only the vaguest con-
cept of western reclamation. In the early twentieth century, sentiment for pro-
moting family farms in the arid West found political expression in a national rec-
lamation program; but while this federal program would rhetorically espouse the
ideals of the irrigation crusade, it would also provide benefits to large tracts of
land that had long since been removed from the public domain.
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Practical political efforts to promote reclamation also continued. Francis
G. Newlands, Nevada’s member of the U.S. House of Representatives, Senator
Francis E. Warren of Wyoming, and Senator Joseph M. Carey of Wyoming, per-
sisted in seeking support for western agriculture during the 1890s.'! While it
remained politically infeasible to advocate a federally controlled reclamation
program, in 1894 Congress did pass the Carey Act, which authorized the fed-
eral government to cede up to a million acres of public land to states on their
assurance that the acreage would be developed through viable irrigation proj-
ects. Eventually, these projects proved important in some northern states such as
Idaho, where the act helped fund the Milner Dam and the Twin Falls Canal that
irrigated more then 300,000 acres in the Snake River Valley. However, the Carey
Act proved too cumbersome, failing to open the public domain to widespread
irrigation.'*

Western reclamation in the 1890s has no simple narrative trajectory
leading inevitably to the U.S. Reclamation Service in 1902. Rather, a variety
of private interests as well as state and local politicians promoted initiatives to
increase agriculture and land values. Among the most prominent of these advo-
cates of western irrigation was George Maxwell, a California lawyer who, in
1897, organized the National Irrigation Association to call for federal legisla-
tion benefitting western agriculture. But also important in the adoption of the
Reclamation Act of 1902 were several broader factors including: the depression
of the 1890s that crippled construction of private irrigation projects in the West
and drove down the value of irrigable land; the rapid disposal of public land to
grazing interests and land speculators after 1889; and the desire of leading rail-
roads to boost their traffic in the West and to sell farmland.'*

The Chittenden Survey of 1897

In another strategy to attract federal support for western irrigation,
Senator Warren took the model of “river and harbor improvement” so successful-
ly used by eastern states in garnering government assistance. In 1896, he called
for a survey of reservoir sites in Wyoming and Colorado to help reduce floods in
the Missouri/Mississippi River basin. Warren justified federal support because
the Missouri was an interstate river, and because Wyoming, Colorado, New
Mexico, Arizona, Utah, and Nevada previously had received no benefits from
“river and harbor” improvements authorized by Congress.'**

Warren won approval in May 1896 for the survey. At his request, the
U.S. Army Corps of Engineers appointed Captain Hiram Chittenden to direct it.
He traveled throughout the West inspecting irrigation systems, and he examined
reservoir sites at the headwaters of the Platte and Laramie Rivers in Wyoming
and Colorado. While he held little enthusiasm for flood control from reservoirs
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placed in the lower Missouri/Mississippi river basin, Chittenden nonetheless
recommended the construction of dams at five reservoir sites (two in Colorado,
three in Wyoming) that were well-suited to support irrigation development.
Avowing that such reservoir construction could “properly be carried out only
through public agencies,” he also advised that all water stored behind govern-
ment-built reservoirs be “absolutely free to the people forever, just as the canals,
harbors, and other public works are free for general use without toll or levy of
any kind.”'?

Chittenden’s December 1897 report attracted the interest of western irri-
gation advocates, but the attention of the nation as a whole was rapidly becoming
absorbed by the impending war with Spain. Senator Warren could not entreat
Congress to consider an expansion of Chittenden’s work until early 1899. In
addition, his attempts to utilize a “rivers and harbors” appropriation for dam and
reservoir construction were thwarted by eastern congressmen who argued that
the Constitution gave a clear mandate for government control over interstate riv-
ers, but the water stored behind upstream reservoirs was not to be owned or con-
trolled by the federal government. Despite intense lobbying and political maneu-
vering on Warren’s part, the 1899 federal “rivers and harbors” appropriation
authorized no expenditure for western storage dams, and the issue of federal sup-
port for reclamation remained unresolved.'?

While Congress vacillated in the 1890s, privately financed projects con-
tinued to open land for settlement. Some proved viable, others failed.'”” The
most prominent state initiative for locally controlled irrigation districts experi-
enced only limited success. That initiative began in 1887, when C. C. Wright,

a state legislator in California, won approval for legislation allowing formation
of irrigation districts authorized to issue bonds and tax all landowners within a
district in order to pay for water supply improvements. Scores of “Wright Act
Districts” were established in California during the late 1880s and early 1890s,
but in the face of drought, the nationwide financial Panic of 1893, and the diffi-
culties in preventing financial fraud, the Wright Act came to symbolize the gener-
ic problems of locally controlled irrigation development.'?®

Newell, Roosevelt and the Move to Reclamation

Although nineteenth-century irrigation settlements in the West proved
the feasibility of building diversion dams and distribution canals, the financial
risks associated with building large remote storage reservoirs and lengthy feed-
er canals through rough terrain discouraged private financiers.'” By the turn of
the century, the possibility of “capturing the floods” for widespread irrigation
remained much more a vision than a reality. Because huge quantities of flood
water were lost to the ocean or dissipated in desert lakes, political support for
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federal intervention began to grow stronger and found its leading advocate in
Frederick H. Newell.'*

Born in Pennsylvania, Newell graduated as a mining engineer from the
Massachusetts Institute of Technology in 1885. He helped Powell administer
the Irrigation Survey and, after its demise, became the U.S. Geological Survey’s
Chief Hydrographer in 1894. Newell proudly associated himself with America’s
scientific elite.’®! As Chief Hydrographer, his mandate was to measure flows in
America’s rivers; initially he could not advocate a large-scale federal reclamation
program. However, in the late 1890s, this changed with the foundering of the
Carey and Wright acts. By 1900, Newell was interacting with key western busi-
nessmen (such as George Maxwell) and politicians (such as Francis Newlands)
to promote a federal role in irrigation among the Capital’s political leadership.
For example, in January 1901 Newell gave an evening lecture at Newlands’
home where he “showed lantern slides and talked irrigation” to 16 guests, includ-
ing the Secretary of the Interior and several members of the U.S. Congress.'*

Newell had attended the contentious 1893 Irrigation Congress which had
reacted vehemently to Powell’s report on the paucity of prime irrigable land in
the public domain. In fact, Newell even gave a speech to the Irrigation Congress
echoing Powell’s remarks.'** Despite an awareness of land ownership patterns in
the West, Newell projected a romantic image of yeoman farmers populating arid
public lands in his 1902 book Irrigation in the United States: ‘“Home-making
is the aim of this book. . .. The dead and profitless deserts need only the magic
touch of water to make arable lands that will afford farms and homes for the sur-
plus people of our overcrowded Eastern cities. . .. The national government, the
owner of these arid lands, is the only power competent to carry this mighty enter-
prise to a successful conclusion.”!*

In 1901, Congressman Newlands—working closely with Newell—sub-
mitted a proposal jointly with Senator Henry Hansbrough of North Dakota to
fund federal irrigation projects from proceeds derived from public land sales.'*
In addition, Newlands received assistance from George Maxwell who, through
his leadership of the National Irrigation Association, continued to lobby on
behalf of a national reclamation program. While political support for federal irri-
gation appeared to be rising within Congress, President McKinley showed little
interest.

Everything changed when Theodore Roosevelt became president fol-
lowing McKinley’s assassination in September 1901. Roosevelt, the popular
“rough rider” of the Spanish-American War, was an irrepressible outdoorsman
and an ardent conservationist who would not be afraid to wield the power of the
federal government in directly influencing and promoting the nation’s
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economic life. Roosevelt believed that government should play a major role in
conserving, and efficiently using, the nation’s natural resources. Conservation of
water in the West soon became a high priority for Roosevelt. In his first formal
message to Congress in December 1901, Roosevelt explicitly endorsed federal
support for irrigation by stressing that the construction of “great storage works . .
. [had] been conclusively shown to be an undertaking too vast for private effort.”
Roosevelt proclaimed that “it is as right for the national government to make the
streams and rivers of the arid region useful by engineering works for water stor-
age as to make useful the rivers and harbors of the humid region by engineering
works of a different kind.”"¢

With the new president’s vigorous support, Newlands’ bill sailed
through Congress and Roosevelt signed it into law on June 17, 1902. Advocating
a national perspective and a scientific approach to natural resource management,
the National Reclamation Act (which is sometimes referred to as the Newlands
Act) provided that:

All moneys received from the sale of public lands in Arizona,
California, Colorado, Idaho, Kansas, Montana, Nebraska,
Nevada, New Mexico, North Dakota, Oklahoma, Oregon,
South Dakota, Utah, Washington and Wyoming . . . are here-
by reserved, set aside, and appropriated as a special fund in the
Treasury to be known as the “reclamation fund” to be used in
the examination and survey for and the construction and main-
tenance of irrigation works for the storage, diversion and devel-
opment of waters for the reclamation of arid and semiarid lands
in the said states and territories.'’

As originally enacted, the Act directed the Secretary of the Interior
to select irrigation projects without any further review or authorization by
Congress. Construction would be undertaken directly by the Department of the
Interior, acting through the newly formed U.S. Reclamation Service."** Upon
completion of each project, the farmers benefitting from increased water supply
were to repay all construction costs to the federal government. This was to be
accomplished in annual payments made during the first ten years after construc-
tion was completed. Theoretically, the repaid money (not to include any interest)
would then be available to fund other federal reclamation projects.

Unlike the Carey Act, state governments would play no role in the pro-
gram’s implementation. The National Reclamation Act contained provisions
for “reserving” public lands served by irrigation projects to insure that specula-
tors would not take advantage of planned improvements, and it stipulated that
farms benefitting from the irrigation be 160 acres or smaller. Tacitly recognizing
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John Wesley Powell’s observation at the International Irrigation Congress in Los
Angeles nine years earlier, the Act also allowed land already in private ownership
to receive water from the federal projects without prejudice. But it also reflected
the enduring legacy of the “irrigation crusade” by specifying that no farmer oper-
ating an 1rrigated tract larger than 160 acres could benefit from water supplied by
a Reclamation Service project. The details of how individual projects were to be
developed (and how issues of large-scale landownership within authorized proj-
ects would be resolved) were left in the hands of the Secretary of the Interior.

In the summer of 1902, responsibility for administrating the fledg-
ling Reclamation Service fell to Newell who, not surprisingly, became the
Reclamation’s first Chief Engineer. After years of lobbying and proselytizing,
Newell now faced the challenge of actually implementing large-scale dam and
water supply projects. Although he possessed no real experience in the
construction of major engineering works, Newell could not afford the luxury of
slowly learning the skills required to plan, design, construct, and operate recla-
mation projects. The political circumstances that fostered the establishment of
the Reclamation Service also encouraged—and in fact almost demanded—that the
new federal bureau prove its service to the nation by building large storage dams
in the West as quickly as possible. Only a dozen years had passed since Powell’s
Irrigation Survey had been curtailed in response to pressure from western inter-
ests; but by 1902 the federal government was widely perceived as a savior pos-
sessing the technical skills and financial resources necessary to “make the desert
bloom” and to open a new era of regional growth.'*

The stage was set for the great confrontation between the professional
and military Corps and the amateur and civilian Reclamation Service. But the
amateurs, with strong presidential backing, would quickly become profession-
al just as the Corps, with continuing congressional support, became increasingly
civilian.

In the nineteenth century, fresh water was a commodity and rivers need-
ed to be channeled or otherwise modified to ‘improve’ them. These notions were
not abandoned in the early twentieth century, but they were certainly modified
by the efficiency concepts imbedded in progressivism, by early stirrings about
the multiple uses of rivers, and by growing interest in hydropower. By the late
1920s, the stage was set for the arrival of the Big Dam Era commencing in the
1930s.

30



PROGRESSIVISM AND WATER RESOURCES
Progressivism, Conservation, and Efficiency

Conservation became an important national issue in the Progressive Era.
Proponents were increasingly dismayed by the wanton waste and destruction
of natural resources in the name of economic progress. Some, like John Muir,
viewed preservation of public lands and pristine waterways as the only way to
stave off the worst impulses of the industrial age. But many other conservation-
ists favored the management of natural resources and their efficient use. In his
1907 conservation message to Congress, President Theodore Roosevelt stated:

As a nation we not only enjoy a wonderful measure of present
prosperity but if this prosperity is used aright it is an earnest of
future success such as no other nation will have. The reward
of foresight for this nation is great and easily foretold. But
there must be the look ahead, there must be a realization of the
fact that to waste, to destroy, our natural resources, to skin and
exhaust the land instead of using it so as to increase its useful-
ness, will result in undermining in the days of our children the
very prosperity which we ought by right to hand down to them
amplified and developed.'*

Proponents did not want to undermine development per se, but ques-
tioned short-term private gain at the expense of long-term public benefit.
Progressive Era government regulation challenged the notion of unfettered pri-
vate exploitation of resources by asserting a utilitarian ethic based on “the great-
est good for the greatest number.” But more than some generalized communal
ideal was a commitment to efficient use of those natural resources. Problems
could be solved, they believed, if well-trained experts armed with the techniques
of applied science and located within the government were the spearheads of
change. These experts came from a variety of fields, including hydrology, forest-
ry, agrostology, geology, anthropology, and civil engineering. In the Progressive
Era, governmental technical expertise addressed forest depletion through selec-
tive harvesting and planting techniques; ranching problems through new forage
mixtures, fencing, and the introduction of pure-bred stock; and water use through
dam building and new irrigation systems.'*!

Multipurpose Stirrings

During the early years of the Theodore Roosevelt presidency, prob-
lems associated with forestry received central attention. But the evolution of
American conservation policy depended upon more than the application of
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scientific forestry practices.'** To conservationists, issues concerning timber and

grass were directly linked to water. Roosevelt often stated that water conserva-
tion had to be associated with forest reserves, which preserved watersheds in tim-
bered regions. For his part, Chief Forester Gifford Pinchot supported a concept
of management of forest reserves that integrated the protection of watersheds and
grazing rights with timber management.'* It was western water development in
particular that shaped the burgeoning conservation movement in the early twen-
tieth century. The promotion of a federal irrigation program, debate over water
rights, the problem of speculation, and concern over siltation “gave rise to exten-
sive ideas about water conservation.” Historian Samuel Hays also argued that
these issues “became crystallized into an overall approach and by 1908 emerged
as a concept of multiple-purpose river development,” although that conclusion
may exaggerate the actual commitment to multiple-purpose development by
more than a decade."* The promotion of hydroelectric power—both in the East
and the West—also was crucial to the rise of the multiple-purpose movement, but
not until the end of World War 1.'*

Beginning in the late nineteenth century, hydraulics data and new theo-
ries of natural resource development and control helped bring into question water
as a single-purpose resource. Interest in irrigation, flood waters, new sources
of urban water supply, hydroelectric power, and navigation stimulated promo-
tion of broader economic development plans for whole river basins. Such plans
included the protection of watersheds, headwater reservoirs, and coordination of
the various water uses.'*® The U.S. Geological Survey is credited with advocat-
ing the idea of water as a resource with many uses. The Reclamation Service,
which was constructing reservoirs for irrigation purposes, saw the possibility of
combining irrigation storage with hydroelectric power production. However, the
Reclamation Act (1902) made no provisions for hydropower, and Congress did
not authorize the bureau to take up its general development and sale until 1906.'

Conservation leaders within the Roosevelt administration faced an array
of problems raised by various water uses and proposed water uses, but also
began to envision the possibilities of basin-wide river development. An emerg-
ing viewpoint was to avoid opportunities lost. Pinchot echoed these sentiments:
“To develop a river for navigation alone, or power alone, or irrigation alone, is
often like using a sheep for mutton, or a steer for beef, and throwing away the
leather and the wool.”'*

The multiple-purpose approach ultimately reinforced the notion that
the federal government needed to take the lead on river development because
of the complexity of the issues and because of the many jurisdictions involved.
(This was not always popular with state governments, however.) From a practi-
cal perspective, the multiple-purpose approach was not only meant to deal with
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whole river basins, but with such matters as the size, type, design, and purpose of
dams.'¥

Attention to inland waterways navigation proved an opportunity for fed-
eral officials to implement the multiple-purpose viewpoint. Waterways associa-
tions and related groups, particularly in the Mississippi basin, called for federal
aid to increase navigable depths along the rivers, but appeared to have little con-
cern for a broader approach. However, a common interest in a deep channel nav-
igable by ocean-going vessels—from the Gulf of Mexico to Chicago—seemed to
offer a chance to promote such a plan.”*® Combining the development of hydro-
electric power with the navigation goals, the argument went, could provide rev-
enue to pay for the desired river improvements.'>!

Standing in the path of the deep channel was the U.S. Army Corps of
Engineers, which blocked efforts at acquiring construction funds for the basin-
wide plan. Some believed that the Corps was stubbornly clinging to the single-
use philosophy of the past, but the Corps had good reason to regard the multiple
use idea as impractical at the time. Hydroelectric power had yet to compete on
the open market with other forms of energy. River transportation was facing stiff
competition from railroads. And the idea of building dams large and inexpensive
enough to be practical had not been tested.'>

Alternately, Representative Newlands concluded that congressional stat-
utes imposed clear limits on Corps functions and that the Corps itself narrowly
interpreted the functions assigned to it by the Congress. Of course, the Corps
may have simply been protecting its long-standing leadership role in determin-
ing waterways policy, fending off all other contenders. However, several mem-
bers of Congress also were impediments to multipurpose development. They
opposed efforts by the administration to coordinate the activities of agencies con-
cerned with water resource policy because they did not want to have their influ-
ence eroded.'>

W. J. McGee, a geologist and anthropologist, an associate of John
Wesley Powell, and a former member of the Geological Survey, was the pri-
mary architect and promoter of the new waterways movement connected to the
Roosevelt administration. To circumvent the traditionalists in the Corps and
the Rivers and Harbors Committee, McGee urged the president to appoint a com-
mission to examine possibilities for integrated river basin development.”™* In
1907, Roosevelt appointed the Inland Waterways Commission (IWC), stating
that the time had come to merge “local projects and uses of inland waters in a
comprehensive plan designed for the benefit of the entire country.”'>> This clear-
ly placed Roosevelt behind multiple-purpose river development. Beginning in
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April, the commission devoted much of its time to problems of navigation, but it
also appointed a subcommittee to examine the water power issue.'*®

In February, 1908, the commission issued its report recommending that
future plans “shall take account of the purification of the waters, the develop-
ment of power, the control of floods, the reclamation of lands by irrigation and
drainage, and all other uses of the waters or benefits to be derived from their con-
trol.”!%’

Resistance from the Corps to the multiple-purpose approach arose at
several junctures. The Corps opposed the recommendation of the Geological
Survey’s Chief Hydrographer, Marshall O. Leighton, to regulate streamflow with
reservoirs. Brigadier General William H. Bixby believed that the hydrographer’s
data was too limited to make such claims and that the economic feasibility of the
idea was questionable. While Bixby’s position did not demonstrate overt hostil-
ity to the multiple-purpose approach, it did reflect extreme caution in abandoning
basic Corps principles and historic practices.'*®

The commission also recommended that a “National Waterways
Commission” be established to coordinate the work of the Corps, the
Reclamation Service, the Department of Agriculture’s Forest Service and Bureau
of Soils, and other federal agencies.'”

But the Corps objected to bureaucratic changes proposed in the report
that would undermine its authority and stressed the primacy of navigation in fed-
eral river development. This viewpoint carried significant weight in Congress.'®
When Newlands presented a bill to carry out the recommendations of the Inland
Waterways Commission—particularly to centralize all water-resource issues
under a single agency—it received a frosty reception in the Senate and the bill
eventually died.'!

Ultimately, a joint congressional commission was created by the 1909
Rivers and Harbors Act. While not the vehicle for multiple-purpose river devel-
opment that advocates hoped, it called for several navigation improvements,
regulation of wharves and terminals, prevention of deforestation near moun-
tain streams, and legislation promoting water power development. It also rec-
ommended a federal reservoir system for flood control based on multiple-pur-
pose benefits. At this stage, the Corps remained unconvinced that the multiple-
purpose approach had broad applicability, although by World War I Congress
expanded its program to include flood control along with navigation.'®?

A spirited controversy over the damming of Hetch Hetchy Valley in
Yosemite National Park further intensified the debate over water use, and in so
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doing, also drove a wedge among conservationist groups. In San Francisco, dis-
agreements surrounding the franchise held by Spring Valley Water Company

led to provision in 1900 for a municipal water system. Reform mayor James D.
Phelan applied to the Secretary of Interior for dam construction permits along
the Tuolumne River running through the Hetch Hetchy Valley in the northern
part of Yosemite National Park. The secretary denied Phelan’s request, but the
new Secretary of the Interior, James R. Garfield, accepted the application in 1907
because he was not very interested in guarding resources for aesthetic purposes
and because he felt that the 1906 earthquake and fire in San Francisco demon-
strated a real need.'®

San Francisco officials were ecstatic, but opposition mounted. Spring
Valley Water Company voiced its objections, as did farmers in Modesto and
Turlock, who claimed the water of the Tuolumne. However, the opposition of
preservationist John Muir and a throng of wilderness advocates turned the dis-
pute into a national debate'® The effort to invade the Hetch Hetchy Valley infu-
riated Muir. “Dam Hetch Hetchy!” he declared, “As well dam for water-tanks
the people’s cathedrals and churches, for no holier temple has ever been conse-
crated by the heart of man.”'%

Muir failed to attract support from President Roosevelt, who was torn
between his relationship with Muir, concern about the reaction of Californians,
and his sympathy for resource conservationism. Muir then began a public cam-
paign to win support for protecting the Hetch Hetchy. Approval of the Hetch
Hetchy project was successfully blocked in Congress in 1909, but a bill was
passed in 1913 to transfer the proposed site to San Francisco. In 1923, the
O’Shaughnessy Dam on the Tuolumne was completed.'%

The Hetch Hetchy controversy not only shattered Muir’s vision of the
protection of the Sierra Nevada, but also divided the conservation movement. In
the hearing before Congress over the Raker Bill to approve the project, Muir and
his allies squared off against Pinchot and supporters of resource conservation. It
was a bitter squabble. Pinchot and Muir had been friends and allies in several
conservation battles. With Hetch Hetchy, Muir clearly divorced himself from the
utilitarian approach that Pinchot had come to represent.'¢’

Hetch Hetchy also was about hydroelectric power and to some degree
multiple-use. San Francisco had turned to the valley for water, but also identi-
fied three hydroelectric sites for future development. To defenders of the Hetch
Hetchy, hydroelectric power was “the Trojan Horse of the whole fight” since
dam advocates had been cool to seriously consider alternative sites that could
provide water but little prospect of hydropower. An amendment to the 1913 act
required the city to distribute hydropower from the valley directly to consumers.
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This action put the private utility, Pacific Gas and Electric (PG&E), on the same
side with Muir, but for different reasons. The city’s efforts, however, to contract
with PG&E as an agent for Hetch Hetchy power met with resistance from sup-
porters of private power. The debate was settled in 1945 when San Francisco
leased a transmission line from PG&E to deliver its power to the city. Public
power was defeated at this site, but not the desire for multiple-use.'®

The Hydroelectric Challenge

From a national perspective, hydropower was a key component in the
evolution of multiple-purpose river development and hence in the construction
of large federal dams. With respect to the latter, the recurrent use of storage res-
ervoirs to increase capacity is linked to the use of hydropower.'® The genera-
tion of power is one of the prime benefits of running or falling water, and thus
an essential resource to be conserved through wise use. It also was considered
by proponents of multiple-use as a means to underwrite the cost of dam building
and river development in general.

Prior to the advancement of hydroelectric power in the late nineteenth
century, almost 66 percent of the waterpower in use in the United States was con-
centrated in the North Atlantic States (primarily New York and New England).
The amount of water horsepower in use by eastern manufacturers far outstripped
similar use in the rest of the country. By 1920, however, demand for the distri-
bution of waterpower potential shifted to the Rocky Mountain and Pacific Coast
States thanks largely to electricity. By 1890, hydroelectric power had been suc-
cessfully applied in Europe and was making inroads in the United States.'”

While a plant in Appleton, Wisconsin, was the first to utilize falling
water to generate electricity in the early 1880s, the harnessing of Niagara Falls in
the mid-1890s brought major national attention to hydroelectric power.!”" Since
the mid-nineteenth century, there had been strong interest in utilizing the water of
Niagara Falls for power production. The falls were an excellent choice because
of their steady flow and their proximity to large populations. Until the advent
of alternating current (AC) and efficient dynamos, the project was impractical.
However, as the technology changed and the market for electricity increased, the
development of the falls became more practical. In 1895, the first of three
5,000-horsepower AC generators was installed. The completion of the plant
marked the beginning of large-scale hydroelectric generation in the United
States. With less fanfare, hydroelectric power generation began in the West—as
early as 1889 in Oregon, followed by similar ventures in California, Washington,
and Montana.'”
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Governmental regulation related to hydroelectricity evolved with the
technology. Private hydroelectric dams on waterways in the East and Midwest
increasingly interfered with navigation. Urged on by the U.S. Army Corps of
Engineers, Congress attempted to regulate dam construction through the Rivers
and Harbors Acts of 1890 and 1899, requiring that dam sites and plans for dams
on navigable rivers be approved by the Corps and the Secretary of War before
construction. Regardless, between 1894 and 1906 Congress issued 30 permits
for private dams, mostly along the Mississippi River.'”

Prior to the twentieth century, waterpower sites in the public domain
were claimed by private companies without any effort by the federal government
to reserve those sites or regulate their use. Part of the reason was ambiguity over
federal jurisdiction, and part was the lag in identifying waterpower as a central
feature of water conservation and wise use. The first step toward waterpower
conservation occurred in 1901, with passage of the Right-of-Way Act. Although
primarily intended as a way of facilitating reclamation and irrigation programs
adjacent to public lands, it was broadened to cover many utility functions. The
Secretary of the Interior could grant rights-of-way over public lands for dams,
reservoirs, waterpower plants, and transmission lines.

Private companies continued to fight for more favorable legislation, but
they accepted the permit system. By 1916, power facilities in the national for-
ests represented 42 percent of the total developed power in the western states.
President William Howard Taft’s appointment of Richard Ballinger as Secretary
of the Interior in 1909 weakened the new regulatory scheme. Ballinger refused
to apply the Forest Service permit system to waterpower sites on public domain.
In 1911, Walter L. Fisher succeeded Ballinger and decided to follow Garfield’s
policy. He had to contend with the General Land Office, which regarded the per-
mit system as illegal and thus he gave the Geological Survey the responsibility
for administering it. The revised permits included a fifty-year limited grant and
imposed a waterpower fee (“conservation charge”).!™

These efforts did not resolve the problem of waterpower development
on navigable streams. An important issue was the relationship between the mul-
tiple-purpose development of waterways and the question of financing such
development. In the 1903 veto of private construction of a dam and power sta-
tions on the Tennessee River at Muscle Shoals, Alabama, Roosevelt protected the
site for later government development, but he also helped to establish the princi-
ple of national ownership of resources previously considered only of local value.
In this particular case, Roosevelt recommended using revenue from power pro-
duction to finance navigation improvements.
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The General Dam Act of 1906 standardized regulations concerning pri-
vate power development, requiring dam owners to maintain and operate naviga-
tion facilities—without compensation—when necessary at hydroelectric power
sites. The act helped to clarify the role of the federal government in safeguard-
ing river navigability, and, in a general way, also strengthened federal regulato-
ry authority in the area of water that already had been established with respect to
forest land. A 1910 amendment to the 1906 act more closely linked hydropower
to plans for waterway improvements by requiring the Corps to take hydropower
development into account when evaluating dam construction permits. The
emphasis of the amendment was on hydropower as a financing mechanism for
navigation and flood control projects.'”

The 1906 act and the 1910 amendment, however, engendered strong
disagreements of interpretation of water development. Traditionally, the Corps
viewed power dams as obstructions to expanding navigation and only slowly was
moving toward a broader viewpoint. The Taft administration, like the Corps,
looked at dams essentially as obstructions to navigation and was no more sup-
portive of a multiple-purpose approach, approving hydropower franchises that
required neither a limited permit nor compensation. Prior to World War 1, hydro-
electric power development continued to remain a private venture.!”®

In general, the Woodrow Wilson administration showed little interest in
conservation issues. For example, Democrats usually had not favored expand-
ing government power to withdraw public lands from use, which limited equal
access to resources. However, the issue of private development of hydroelec-
tric power on navigable rivers in the public domain remained a lively issue in the
Wilson years.!”’

The desire to improve rivers through human technology had not disap-
peared in the United States by the end of World War 1. Indeed, the demand on
water resources had become greater. Large dams, rather than artificial canals and
steamboats, would become the primary tool to harness rivers. And during the
course of the next several decades, dam building greatly accelerated.

This early twentieth century increase in dam building brought forth a
new interest in the structural analysis and design of these huge works. Interest
focused especially on the new material of that century, structural concrete, which
was beginning to assume a major role in buildings and bridges. Thus, as the pol-
itics of dams became more complex, so did the engineering, and it is, therefore,
crucial to understand these new technical ideas and to recognize that they can be

as controversial as political ideas.
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CHAPTER 2

THEORIES AND COMPETING VISIONS
FOR CONCRETE DAMS

In this chapter, we describe the history of ideas about design and analy-
sis of concrete dams. These include stone masonry dams as well. We reserve
for a later chapter (chapter 6) the presentation of embankment dams where they
can be put in the context of the largest federal embankment dams ever built. The
design of embankment dams is part of the introduction of the twentieth century
field of soil mechanics (Geotechnical Engineering).

This chapter, therefore, presents engineering principles for concrete (and
stone masonry) dam design and describes two contrasting traditions of dam de-
sign. Dams in the massive tradition rely on their weight for safety while those
in the structural tradition rely more on their form. From these two there evolved
analytic techniques that attempted to integrate the two traditions, and that the
Bureau of Reclamation defined as the trial-load method. This chapter provides
the engineering context for considering economic implications of these designs
and gives insight into how federal agencies chose the forms for these dams. The
U.S. Army Corps of Engineers, a leader in embankment dams, did not enter the
early debate about these two traditions because it began to design high dams
in concrete in the 1930s. Its contributions in concrete dam design will be con-
sidered in later chapters (chapters 5 and 8) in the context of major dams in the
Columbia and Ohio basins.

PRE-TWENTIETH CENTURY THEORIES: THE MASSIVE TRADITION
Massive or Structural

For thousands of years, societies have stored water, altered river flow,
and transformed environments to increase food production or achieve other so-
cial and economic goals. The oldest known dams, small earthen structures built
6,000 years ago in present-day Jordan, were designed to capture rainfall for ag-
ricultural and domestic use before the water evaporated or sank into the desert
sands.!

Compared with intricate technologies such as an automobile engine or a
“spinning jenny” in a textile mill, dams represent relatively simple structures de-
signed to control water, which is relatively the same around the world. Thus, the
art of dam-building exhibits patterns that often transcend particular features of
individual cultures or environments. This is evident in two distinct dam design
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traditions—the massive and the structural-that extend back to ancient times and
found expression in the United States during the nineteenth century. They repre-
sent two relatively distinct approaches to the problem of storing water.

In its most elementary form, a dam in the massive tradition consists of
a mass of material that, by its weight alone, holds back a volume of water. Such
structures are known as gravity dams, an appropriate name because it is the force
of gravity pulling vertically down on the dam that provides resistance against
pressure exerted horizontally by water in the reservoir.> Designs adhering to the
massive tradition can be based upon sophisticated engineering analysis, but the
basic principle underlying the tradition is simple: accumulate as much materi-
al as economically or physically possible, thus ensuring that the dam will not tip
over, slide, or rupture; in turn, the massive dimensions will increase the likeli-
hood that the dam can achieve long-term stability in holding back a reservoir.

In many locales, earth and rock are available in large quantities, and of-
ten they do not require any complicated machinery for excavation or transpor-
tation. Although massive embankments comprised of earth and loose rock (of-
ten called rockfill) are susceptible to erosion or washouts, dams made of these
materials can function quite successfully in impounding water; in fact, many
dams built in the ancient world were embankment dams of earth and/or rock.?
However, such dams require some kind of relatively impervious barrier—for ex-
ample, a layer of dense earthen clay, a surface of timber planks, or a concrete
slab—either on top of the upstream face or within the dam’s interior. Otherwise,
seepage and percolation through the structure can undermine the dam and cause
collapse. To combat seepage, early dam builders filled the space between loose
rock or masonry blocks with mortar to create a waterproof barrier well suited for
a dam’s upstream face. Massive designs of this latter type are usually termed
masonry gravity dams, a name that refers to solid structures comprised of stone
blocks, concrete, or some mixture of these two.

Structural dams have existed for centuries with Roman engineers being
credited for the first arch dam and several buttress dams. After the collapse of
the Roman Empire, the structural tradition (along with large-scale dam building
in general) waned in western civilization; but during the thirteenth and fourteenth
centuries, Ilkhanid Mongols in Persia constructed arch dams including the
190-foot-high Kurit Dam that—although unrecognized until recent times—stood
as the world’s tallest dam for 500 years.*

Gravity Dam Design Theory

Dam building flourished in late sixteenth century Spain, which was then
the richest country in Europe. These early dams included the Almans, a curved
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Figure 2-1: Spanish dams of the sixteenth century began the modern era. The most important
are shown in these cross sections of the fifty-foot high Almans curved gravity dam of 1586 (left)
and the one hundred forty-foot high Alicante Dam of 1594 (right). Source: Edward Wegmann, Jr.,
The Design and Construction of Masonry Dams: Giving the Method Employed in Determining the Profile

of the Quaker Bridge Dam, (New York: John Wiley and Sons, 1889), 2nd edition revised, plate 21 (left)
and plate 22 (right).

gravity dam (50 feet high, in operation by 1586), the Alicante gravity dam
(140 feet high, 1594), the Elche arch dam (76 feet high, ca. 1650), and the
Rellue arch dam (105 feet high, ca. 1650).> During this period, Spanish engi-
neers codified the construction principles, and by 1736, Don Pedro Bernardo
Villa de Berry (a Basque nobleman) had outlined geometrical rules that pointed
toward a less intuitive approach to proportioning dams.®

Prior to the late eighteenth century, dam builders had not utilized math-
ematics to help calculate dimensions. Gradually, this began to change, as tech-
niques of physical logic, promulgated by Isaac Newton and Robert Hooke, found
their way into engineering practice.” By the early nineteenth century, several en-
gineers in France and England had published treatises on gravity dam theory.®
Although these works did not have any immediate or dramatic effect, they
established useful precedents for adapting mathematical theory to the practice of
dam design.

51



European Origins of the “Profile of Equal Resistance”

Masonry gravity dams can be built without any reliance upon mathemat-
ics, but in the nineteenth century European engineers realized that this type of
structure was amenable to a quantifiable approach to design. In the early 1850s,
a paper published by the French engineer J. Augustin Tortene de Sazilly set the
course for all subsequent work in this area of gravity dam design.” Knowing the
hydrostatic force exerted by a given height of water (which weighs about
62.5 pounds per cubic foot) and the approximate weight of masonry used in dam
construction (usually about 140-150 pounds per cubic foot), de Sazilly conceived
what he termed the “profile of equal resistance.” Using basic formulas of statics,
he developed a cross-section in which compressive stresses at the upstream face
when the reservoir is empty equal compressive stresses at the downstream face
when the reservoir is filled. In taking these two extreme conditions, he

SAZILLY'S PROFILE TYPE

SCALE OF METRES
oz s o 0w

250 250 o

i Foo | T -1”
1.56] 2.84 44
-—J;,f--—i' S LY S 18
¥
164 3_42;.._":"0_5_'..1|_2_ ___________ ,{2|
403,559 1_459_ s
]
474 _ 6Jdl 3509
_660 [ =563
I
_______ [__831_
7.07
i fo-rory 139
8.8l K A y
________ TS C SN 1. 2 S« S
043 ¢ 7u9 ¢
_______________________________
nse ;714 ) 1083 __
1306 _ [ _mo_ [ ___1222____
I i
- 698 _ . ____ 1385 _ _ __
I =
_ 38__ __, 682 ! ___ __ 516 _ _ ___
________ : -
_eso_ i _ w1 ____|
\ gas | %8 __
———————————————————— R ———
226 ol eos_ 1 _______
566

Figure 2-2: The course for designing masonry gravity dams was set in 1850 by French engi-
neer J. Augustine DeSazilly who conceived the “profile of equal resistance”. In 1858 F. Emile
DeLocre applied this theory to the 183-foot high Furens Dam across the Loire River. Source:
Wegmann, Design and Construction of Masonry Dams, 2nd edition, Plate 1.
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hypothesized a design that, at least in cross-section, would minimize the material
necessary to erect a stable masonry gravity dam.

In 1858 the French engineer F. Emile Delocre utilized de Sazilly’s the-
ory to develop a “profile of equal resistance” for the 183-foot-high Furens Dam
across the Loire River. In formulating his design, Delocre empirically analyzed

FUREN’'S DAM

SCALE 0F METRES.
0l2 4 6 8 [0
——

350 105 414

===

______ ————3]

Figure 2-3: In 1858 Emile DeLocre applied de Sazilly’s “profile of equal resistance” design
method to the Furen’s Dam across the Loire River. Source: Wegmann, Design and Construction of
Masonry Dams, 2nd edition, plate 36.
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several long-standing dams (including Almansa and Alicante in Spain) and cal-
culated that a compressive stress of 86 pounds per square inch (psi) could be
safely withstood by a masonry dam; in turn, this provided him with a compres-
sive stress that he believed he could safely use for his own design.!® Completed
in 1866, the curved gravity Furens Dam contained over 52,000 cubic yards of
masonry. Within a few years, textbooks on gravity design heralded it as the first
masonry dam “built in accordance with correct scientific principles.”!!

The Middle Third

In the early 1870s, the Scot W. J. M. Rankine confirmed the validity of
de Sazilly’s and Delocre’s work; he further observed that a stable gravity dam
must have sufficient cross-section so that the combined vector force (or “resul-
tant force”) of the horizontal hydrostatic pressure and the vertical weight of ma-
sonry will pass through the center (or middle) third of the structure at any hori-
zontal elevation.'? Should the resultant fall outside the center third, a gravity
dam will become susceptible to dangerous cracking because tension (rather than
compression) will develop along the downstream edge of the structure; the far-
ther outside the center third the resultant passes, the greater the tensile stress and
the greater the likelihood that cracking will occur. And if the resultant should
fall completely beyond the downstream edge, then the structure will “overturn.”
Although the “middle third” precept was inherently adhered to by any design de-
veloped in accord with de Sazilly/Delocre profiles, Rankine’s work established it
as an overt principle of masonry gravity design."

In the late nineteenth century, the “profile of equal resistance” served as
a design model for several major European dams including the Gileppe Dam in
Belgium (1875), and the Vyrnwy Dam in Great Britain (1890).!* It also formed
the basis for the first edition (1888) of The Design and Construction of Dams by
the American engineer Edward Wegmann. Using the design method presented in
this book, Wegmann developed a cross-section for New York City’s New Croton
Dam (originally it was to be the Quaker Bridge Dam) that achieved internation-
al renown as the “Croton Profile” and served as a basic standard for gravity dam
design. While nothing prevented engineers from developing their own particu-
lar profile for a masonry gravity design (and seemingly profound variation did
proliferate), these innovations represented only minimal variations on the basic
“profile of equal resistance.”

A Limit to Gravity Design Innovation

In 1897, E. Sherman Gould authored a monograph entitled High
Masonry Dams in which he praised: “the masterly treatise of Mr. Edward
Wegmann,” and observed that “the mathematical researches have established a
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vertical section, the base basis of which is a right-angled triangle of base equal to
two-thirds or three-quarters of its height. . . . The most refined calculations will
inevitably bring us back to the neighborhood of this form.” He proposed that we
should “start our designs by first laying down such a triangle, surmounting it by a
practical top width instead of its own sharp apex, and, if its height exceeds

80 to 100 feet, giving a flare to the lower part of the part of its inside face to ex-
pand the footing on that side.”"

COMPARISON OF PROFILE TYPES
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Figure 2-4: Edward Wegmann’s first edition of Design and Construction of Masonry Dams
appeared in 1888 with 109 pages, 59 plates, 18 figures, and 14 pages of advertising for ce-
ment, drills, hoses, steam pumps, etc. Wegmann’s expanded eighth edition in 1927 contained

740 pages, 11 drawing plates, 291 figures, and no advertising. Source: Wegmann, Design and
Construction of Masonry Dams, 2nd edition, frontispiece.
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More than 15 years after Gould’s observations, the character of grav-
ity dam design was reiterated by George Holmes Moore in a 1913 Engineering
News article that describes practically all masonry gravity dam profiles as featur-
ing “the two-three triangle” in which the ratio of height-to-thickness is at least
3:2. As Moore further observed:

In possibly no other branch of dam design is the amplification
of the unessential so marked as here, for the ‘theoretic profile’
and the ‘hyperbolic-curve’ nonsense [of some gravity design
methods] heaped upon what might be termed the standard grav-
ity section is astounding indeed. Pages, chapters, even volumes
are devoted to a discussion of gravity profiles which depart but
negligibly from a simple basic section.'®

By the early part of the twentieth century, gravity dam technology had
reached a point where relatively empirical methods of design (based upon what
Moore termed a “two-three triangle”) were sufficient to meet any real engineer-
ing needs.

The profile of equal resistance came from a consideration of two
major conditions of dam loading: reservoir empty or reservoir filled. For
the former case, the dead load of the dam, assumed to be a pure triangle in
cross section, caused a maximum vertical compressive stress f,” at the heel
of the dam (upstream edge) equal to the weight of concrete or stone above
that point or f,” = Hwc (Height H times the density of concrete "c). For the
case of the full reservoir, to the vertical stress one must add the effect of the
horizontal force F due to water pressure. This force causes the dam to bend

and thus creates maximum vertical compressive stresses at the downstream
2

H . . . ..
toe f, = Hw, — with equal vertical tensile stress at the heel. The criterion
for least resistance is that the maximum vertical compressive stress

H H> w
for case one be the same as for case two, hence Hw, = Hw,, BT Of 5=

For example, where the density of concrete W, is taken
to be 140 pounds per cubic foot and the density of water W,, to be 62.5

2

pounds per cubic foot, then % = 247(5) =225 50 that% =+225=15 or about 3/2.
This means for a dam 60 feet high, the base width would be 40 feet.

When the stresses for case two are plotted over the dam base, we find
that they form a triangle with the maximum value at the downstream toe and
the minimum (equals zero) at the heel. The centroid of that pressure lies at
B/3 from the downstream toe. Likewise, for the reservoir empty in case one,
the centroid lies at B/3 from the heel. Thus, the centroids of all loading cases
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between one and two lie between those two positions or within the middle
third of the dam width B. When the stresses for case two are plotted over the
dam base, we find that they form a triangle with the maximum value at the toe
and the minimum (equals zero) at the heel. The centroid of that pressure lies at
B/3 from the toe.

Of course, interest in other issues relating to gravity design did not re-
main stagnant and this is best reflected in concern over the influence of “uplift”
on the safety of gravity structures. Uplift is a phenomena resulting from wa-
ter seeping under/through the foundation (or into the interior of the dam prop-
er) that—because of pressure exerted by water in the reservoir—pushes upward
and increases the likelihood that the structure will slide horizontally downstream.
Uplift attracted the attention of engineers in the early twentieth century and en-
couraged both the use of thicker profiles as well as the development of grouting
and drainage techniques that would mitigate its occurrence and possible effect.

The 1911 failure of a gravity dam in Austin, Pennsylvania, led the
American engineering profession to look more closely at the influence of uplift
on dam safety, especially as it related to sliding. In addition to the force of the
water and weight of the dam, the water pressure underneath the dam produces
uplift while the cohesion between dam and rock resists sliding. In addition, the
friction between dam and foundation (usually rock) will resist sliding in propor-
tion to the vertical force W less the uplift. Neglecting cohesion and assuming
full uplift on a dam where B/H = 2/3, we find the safety factor against sliding to
be less than one. This result helps explain the Austin Dam failure, where
B/H = 0.6, and investigations after failure led to the conclusion of substantial up-
lift. Part of the solution was to increase B/H and also to drain the base to relieve
the pressure and hence reduce the uplift force to 0.5 or less."’

The most significant drawback to gravity designs involved their high
cost. While the “profile of equal resistance” offered a mathematically rational
basis of design, this did not mean that gravity dams would necessarily be cheap
to build. For major municipalities, the economic benefits that accompanied an
increased water supply might easily justify the huge expenditures required to
build large masonry gravity designs. But once cities such as Boston (with the
Wachusetts Dam completed in 1904) and New York (with the New Croton Dam
completed in 1907) erected masonry gravity structures as part of major civic
improvement projects, the technology came to represent—at least in many peo-
ple’s eyes—the most conservative, the most appropriate, and, if at all economi-
cally feasible, the most desirable type of dam.
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PRE-TWENTIETH CENTURY THEORIES - THE STRUCTURAL
TRADITION

Gravity Dams versus Structural Dams

A dam in the structural tradition in contrast to gravity designs does not
rely exclusively upon bulk; rather, it depends upon its shape—and not simply its
mass—to resist hydrostatic pressure. For example, an arch dam in a narrow can-
yon with hard rock foundations allows a significant amount of the hydrostatic
pressure to be carried by arch action horizontally into the canyon walls. Because
of this arch action, the thickness (and hence bulk) of the dam’s profile can be
much less than a gravity dam of the same height. In essence, the amount of ma-
terial in (or the mass of) a structural dam is a less important attribute than it is for
a massive dam; in a dam adhering to the structural tradition, it is more important
to develop a design that takes advantage of shape and not just weight.

In addition to thin arch dams, the structural tradition includes designs
that feature buttresses built perpendicularly to the downstream side of a relative-
ly thin masonry or concrete wall.'® Buttress structures which utilize a flat surface
for the upstream face are called flat-slab dams. Those featuring a series of arch-
es are known as multiple-arch dams. In contrast to massive gravity designs, flat-
slab and multiple-arch buttress dams are not solid monoliths that present a con-
tinuous, solid cross-section that extends the length of the structure. Often called
‘hollow dams’ because of the empty space that lies between adjacent buttresses
(which can stretch out to distances of more than 60 feet), buttress dams require
much less material than gravity dams of comparable height. Moreover, unlike
thin arch designs, buttress dams do not require relatively narrow canyons capable
of absorbing the horizontal thrust of a single, large arch.

In the abstract, the key distinction between massive and structural dams
is easy to formulate. However, the line separating the two traditions can become
blurred, especially when a structure contains enough material to function as a
gravity dam, but is built along a curved axis like an arch dam. Known as curved
gravity dams, the cross-section of such dams is sufficient for them to function as
gravity structures; it is appropriate that a curved gravity dam be considered a part
of the massive tradition because—if it were somehow straightened out and the
curve eliminated—the cross-section would still be ample to impound water with-
out tipping over.

In contrast, the profile of a thin arch dam is insufficient to resist a hy-
drostatic load simply by the force of gravity; in other words, if an arch dam were
somehow straightened, then the cross-section would prove insufficient to resist
the pressure exerted by a full reservoir. In acknowledging that thin arch dams

58



must be curved in order to be safe, we also need to recognize that all arch dams
also act to some degree as gravity designs. Phrased another way, those parts of
arch dams closest to the foundations actually resist the water pressure by grav-
ity action. How to analyze the relationship between “gravity” and “arch” action
in curved dams became an important component of early twentieth-century con-
crete dam design history.

In their basic form, massive gravity dams are relatively easy to concep-
tualize, but they require large amounts of construction material and are often ex-
pensive to build. In contrast, thin arch and buttress dams require relatively small
amounts of material but they can also entail more complicated design and con-
struction techniques. Both traditions can foster safe designs and it is not a ques-
tion of the massive being correct and the structural incorrect. For centuries they
have coexisted within the evolving art of dam-building as different engineers
within different cultures (or within different parts of a larger culture) championed
particular types of designs.

Arch Dam Theory: European Origins and the Cylinder Formula

During the late nineteenth century, gravity dam technology attracted the
most professional and public attention, but thin arch dams also began to be built
utilizing new, mathematically-based methods of design. The seventeenth cen-
tury Spanish dam at Elche and the Ponte Alto Dam in Italy featured profiles too
thin to stand as gravity structures, but it took several score more years before any
other prominent arch dams were built."” In the early 1830s, Lieutenant Colonel
John By of the British Army supervised construction of an arch dam as part of
the Kingston Canal connecting Lake Ontario with the Ottawa River. The slen-
der profile of the Jones Falls Dam (58 feet high, maximum thickness 19 feet) re-
duced the amount of masonry necessary to build the arch, and apparently this
prompted By to adopt the design in order to speed up construction.?

In the case of Francois Zola and the Zola Dam built in France starting in
the late 1840s, the role of mathematical theory in developing the design is well
known.?! In the 1830s, Zola began developing a plan to increase the water sup-
ply of Aix-en-Provence. As part of this, he devised an arch dam design with ba-
sic dimensions that were calculated using a simple equation known as the “cylin-
der formula.”

For absolute accuracy, the cylinder formula must assume that the arch
is infinitely thin and supported on completely rigid foundations. Despite being
based upon such idealized assumptions, the formula can still provide a useful
means of estimating arch stresses that, while never absolutely precise, can
represent reasonable approximations. In designing his dam, Zola conceived
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the structure as a stack of horizontal arches. At the dam’s crest—where wa-

ter pressure is low—the stack is relatively thin. As the water pressure increases,
the thickness of Zola’s design increases proportionally; significantly, the rate at
which the arch becomes thicker is based upon the cylinder formula. The Zola
Dam was completed in 1854 (after its designer’s death) and attracted attention
among engineers through the next decade. However, de Sazilly’s and Delocre’s
gravity designs apparently eclipsed any strong interest in arch dams among
European engineers, and, aside from one small structure in Australia, no other
major arch dams are known to have been built until the 1880s.%

DELOCRE'S PROFILE TYPE ZOLA DAM
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Figure 2-5: The DeLocre profile (left) is shown cut off at 38 meters to approximate the Zola
Dam (right). The cylinder formula was the basis of design for the 36.5 meter high arch dam.
It was completed in 1854 after the death of its designer, engineer Francois Zola, and was

named the Zola Dam. Source: Wegmann, Design and Construction of Masonry Dams, 2nd edition,

plates 2 (left) and 35 (right).

American Arch Dams

In 1884, the American engineer Frank E. Brown completed a masonry
arch dam in Southern California with a profile so slender that the resultant force
did not simply pass outside the “middle third,” but fell well beyond the down-
stream edge of the foundation.”® Designed using the cylinder formula, Brown’s
64-foot-high Bear Valley Dam featured a maximum thickness of only 20 feet and
dramatically demonstrated that this mathematical theory could help create de-
signs that—in comparison with gravity designs—dramatically reduced the ma-
terial necessary to build a solid masonry dam. In 1886, Brown began building
another arch structure (50 feet tall, base width 10 feet) on the Sweetwater River
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near San Diego. He erected only a portion of the dam before being replaced by
James D. Schuyler as the engineer in charge of construction. Schuyler revised
Brown’s design so that it featured a thicker profile, but the 90-foot high, 46-foot
thick Sweetwater Dam, completed in 1888, still comprised a notable arch dam
design that further demonstrated the value of utilizing the cylinder formula in
dam design.*

Constant Angle Designs

Brown’s and Schuyler’s accomplishments reflected a growing interest in
the cylinder formula among dam engineers who were attracted to the structural
tradition. Within a few years, this led to a significant design variation that rep-
resented a final important innovation derived from the theory. In the late 1870s,
the French mathematician Albert Pelletreau published a theoretical study dem-
onstrating his understanding that it was not necessary to employ the same hori-
zontal radius for all vertical elevations of the arch.”> Because the cylinder for-
mula postulates that the arch thickness is directly proportional to the radius, the
thickness of any particular arch slice can be reduced simply by making the ra-
dius smaller. Because most canyons are narrower at the bottom than at the top,
it is easy to conceptualize the construction of arch dams consisting of a stack
of arches with progressively smaller radii. Referred to as either constant-angle
arch dams (i.e., the angle generally remains constant while the radius gets small-
er) or variable-radius arch dams (i.e., the radius is variable in length rather than
constant) structures of this type can visually resemble downward-pointed cones.
Following Pelletreau’s conception of this type of dam, the idea was discussed
by the American engineers Gardiner Williams in 1904 and John S. Eastwood in
1910.%¢ Although actual construction of a constant angle arch dam did not occur
until 1913, when the Danish-born engineer Lars Jorgensen (who subsequently
moved to California) designed the Salmon Creek Dam for a hydroelectric plant
near Juneau, Alaska, the possibilities of utilizing the cylinder formula for a con-
stant angle design extend back into the late nineteenth century.”’

American and European Dam Design Practice

In assessing the state of dam design theory at the beginning of the twen-
tieth century, it is apparent that European engineers and mathematicians led the
way in hypothesizing the key design methodologies for both gravity dams and
arch dams. American engineers picked up on the basic character of these design
innovations within a short period of time and quickly developed designs in both
the massive and structural traditions comparable to European practice. Just as
European engineers innovated in both the massive and structural tradition, so too
did American engineers. Of course, particular engineers often—if not
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usually—focused their design energies on specific types of structures, and they
were not necessarily inclined to view design types outside their particular area of
expertise with great favor. But, taken as a whole, at the beginning of the twen-
tieth century, American engineers were interested in—and capable of develop-
ing—the full range of design possibilities inherent in both the massive and struc-
tural traditions. Decisions about particular designs were based on a variety of
factors, including the topography and geology of a site, the availability of con-
struction materials, the availability of labor, financial constraints imposed by the
patron or client (whether corporate, governmental, or individual), the profession-
al experiences of the design engineer, and the social importance or prominence
of the project. But there was no single or distinctive American style of dam
building that defined what would come to be built after the turn of the century.

THE STRUCTURAL TRADITION AND THE RATIONAL DESIGN OF
CONCRETE STRUCTURES

The Beginning of Rational Design

Structural engineering, as a modern profession, begins with the build-
ing of iron bridges in the late eighteenth century in Great Britain. It began be-
cause of the desire for lighter bridges that could nevertheless be as strong as or
even much stronger than those built of stone or wood. Starting with the French
schools, the Ponts et Chaussées established in 1748 and the Ecole Polytechnique
established in 1794, structural engineering by the early nineteenth century began
to be put onto a scientific basis where mathematical theory could help predict
performance and be, therefore, a guide to designing new forms.

Bridges were the primary focus of early structural theory because they
were pure structure, they had the longest spans, and they also had the most dra-
matic failures. During the last half of the nineteenth century, structural theory
became formalized, began to be used extensively for buildings, and was taught
systemically in the Polytechnic Institutes of Western Europe. By contrast with
bridges and buildings, dams did not receive the same intensive attention in
schools or in the technical literature. This was so because most dams were low
and were built of earth or rock and, thus, remained part of a preindustrial tech-
nological culture. Throughout the nineteenth century, dams received little at-
tention either in the technical literature or in schools of engineering. But at the
end of the century, four major events in the United States brought dams into the
forefront of engineering: first, cities were expanding at an unprecedented rate
and they could not grow without new sources of water; second, the new electric
power industry moved rapidly into hydroelectric stations; third, the closing of the
frontier raised strong social pressures to develop the West in large part through
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irrigation; and fourth, the 1889 Johnstown dam disaster dramatically increased
public sensitivity to dam safety issues.

Those social pressures combined with the advanced state of structural
theory to produce the desire for a more scientific treatment of dams. Engineers
believed that dams could be more rationally, hence more economically and more
safely, designed. Just at this time the use of the new and prototypical twenti-
eth century material, structural concrete, came into general practice and encour-
aged designers to abandon stone masonry, and sometimes embankment dams, for
dams built using the new material. But even where earth or rock dams seemed
still preferable, concrete became widely used in spillways, powerhouses, and di-
version works.

As the twentieth century unfolded, major dam building in the United
States and elsewhere began to take a new direction, a direction characterized by
high multipurpose dams, huge reservoirs, and the search for rational methods of
analysis as a basis for design. Almost all the large dams that are the focus of this
book reflect these trends, and, in addition, they tend to involve such a strong re-
structuring of the environment that their planning required adjudicating among
competing objectives. Of these objectives, the one that concerns us in this chap-
ter is the competing vision of structural form, characterized by the structural tra-
dition versus the massive tradition, which we can rephrase as the battle between
form and mass.

Form and Mass in Structure

In the preindustrial European world, with the notable exception of
the high gothic cathedrals, there was an implicit belief that great works went
together with massive structures which were primarily of stone. This aesthetic
of mass connoted permanence, opulence, and power; it stood in opposition to the
ephemeral wooden structures of peasants and the urban poor. To be monumen-
tal was to be safe and handsome. Skeletal metal bridges of the nineteenth cen-
tury often were banned from urban settings, and when concrete entered practice
in the 1890s, it had to be covered in, or formed to look like, stone to be accepted.
Building in the capital city of Washington reflects well this attitude. The light
iron dome of the U.S. Capitol, built by the U.S. Army Corps of Engineers, is
covered to look like masonry, and the Washington Monument, also largely built
by the Corps, is the largest stone obelisk ever erected.?® The Arlington Memorial
Bridge represents a heroic attempt to make concrete—and even steel in one
span—TIook like cut stone. The heaviness of modern buildings in the city reflect
this belief in mass over form.
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It 1s, therefore, not surprising that when large dams entered modern
America in the twentieth century, they would reflect that context, especially those
dams designed by large municipalities and agencies of the federal government.
And yet, right from the start of federal dam building in concrete with the found-
ing of the Reclamation Service in 1902, the conflict between form and mass was
immediately present, and it would remain as a continuing issue, never fully re-
solved, throughout the century. This story begins with the twentieth century,
when for its first series of major dams, this new Reclamation Service sponsored a
detailed analytic study of dams from the structural perspective.

Arch and Cantilever Behavior in Dams

A dam is really a wall or barrier that resists the pressure of water stored
in the reservoir. Consider a wall that runs straight across a valley. The wall,
when rigidly fixed into the valley floor, will hold back water by acting as a canti-
lever. In engineering terms, a cantilever is a structure rigidly attached at one end
and free of any restraint at the other. Therefore, the free end (top) of a straight
gravity dam will move horizontally as the cantilever bends downstream under
water pressure. In this way, the water load is carried down to the foundation (on
the valley floor) by bending.

Now the dam, if curved into an arch form between the sides of the val-
ley, will also carry water load to the vertical canyon walls, by compression forces
calculated from the cylinder formula. As these horizontal arches carry compres-
sion, they will become shorter and hence move in the horizontal direction down-
stream. Thus, a curved arch dam can carry loads both vertically as a cantilever
and horizontally as an arch. The challenge to the engineer is to determine how
much of the load goes to the canyon floor and how much to the canyon walls.

This issue is crucial to design because much more material is required
for safe cantilever behavior than for safe arch action. For example, designers
proportioned gravity dams (those assumed to act as cantilevers alone) with a base
thickness equal to about 2/3 of the dam height. Where the height is 60 feet and
the width 40 feet, the amount of concrete required per foot of dam length would
be V=60 x40 x 2= 1200 cubic feet. By contrast, an arch dam with a height of
60 feet would require a base thickness of about 7.5 feet from the cylinder formu-
la (for =350 pounds per square inch or psi) and, hence, a total volume of
60 x 7.5/2 = 225 cubic feet or less than 20 percent of the material required for the
gravity or massive dam.

As a result, some engineers, seeing this great advantage of arch dams,
had a strong incentive to find some rational way to determine analytically how
much load was carried by the arching action and thereby to justify designing a
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safe dam with far less material than a gravity dam carrying load by cantilever ac-
tion. Engineers consulting with the newly established Reclamation Service be-
gan this process of analysis as early as 1903.

In September 1903, the Reclamation Service held a conference of engi-
neers at Ogden, Utah, where their newly appointed (March 1903) consulting en-
gineer, George Y. Wisner (1841-1906), presented a paper which called for a thor-
ough study of stresses in high masonry (stone or concrete) dams to ensure safe-
ty and achieve minimum construction cost.” F. H. Newell, the Chief Engineer
of the Reclamation Service, asked a select committee of four, including Arthur
Powell Davis (1861-1933), later to become Director of the Reclamation Service,
to make him a recommendation, which it did formally on October 5, 1904. Its
letter spoke of the two high dams proposed for Wyoming (Pathfinder and Buffalo
Bill) and of the fact that “no thorough analysis has ever been made of the rela-
tive economy and stability of reinforced concrete dams as compared with simi-
lar dams of gravity sections. . ..” They suggested that such an analysis be com-
missioned by the Reclamation Service and they recommended Mr. E. T. Wheeler,
of Los Angeles, for the job.** Under the supervision of Wisner, Wheeler began
work in January of 1905. In March, the Board of Consulting Engineers met to
review the work and they decided to revise the dam dimensions used by Wheeler
up to then. Wheeler submitted his final report on May 5, 1905, and Wisner sent
that report, preceded by a lengthy discussion of his own, to Newell on May 16.
Its importance was considered to be so great that the Wisner-Wheeler paper was
published in the August 10, 1905, issue of Engineering News. Since this report
inaugurated the structural tradition of large-scale dam design within the feder-
al government of the United States, it is essential to explain its substance and its
impact.’!

Although Wisner proposed the study in the light of the Reclamation
Service’s new big dams—Roosevelt, Buffalo Bill, and Pathfinder, he and
Wheeler actually focused only on Pathfinder, it being the first one to be complet-
ed (1909). Wisner described how an arch dam in a narrow valley (he called it
“of short span”) carried water loads and also how it behaved under wide swings
of temperature both with the reservoir full and with it drawn down. He then gave
Wheeler’s report, which consisted of the sets of formulas for water loads: one of
which assumed that the dam carried the water pressure as a series of horizontal
arches supported by the side walls of the canyon. He then computed the horizon-
tal deflection of these arches at their crowns—essentially, only the vertical cen-
terline of the dam.

Wheeler next took a vertical slice of the dam at this centerline, and as-
suming it carried all the water pressure as a cantilever, supported only on the
floor of the canyon, he computed its horizontal deflection at various points from
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Figure 2-6: Upstream face of Pathfinder Dam on the North Platte River near Casper, Wyo-
ming. This is a masonry arch with a gravity section built 1905-1909 by the Bureau of Recla-
mation. The 214 foot height was unprecedented at the time of construction in 1909. Source:
Bureau of Reclamation

base to top of the dam. Clearly, the arch deflections and the cantilever deflec-
tions must be the same at the same points on the dam, but this two-part calcula-
tion will not give such results. Thus, Wheeler had to make a second calculation
by adjusting the amount of load taken by the arches and the amount taken by the
cantilevers. The first calculation shows that the free cantilever deflects far more

66



than the arches do in the top portion of the dam, while the reverse is true at the
bottom. Thus, the arches should carry more load at the top and the cantilevers
more at the base. This redistribution of load would eventually be called the “tri-
al-load method of analysis.” Moreover, Wheeler found that the Pathfinder Dam
could carry all the water load as a series of arches with compressive stresses un-
der 200 psi for a material (stone masonry) whose compressive strength is well
over 2,000 psi.

Next, Wheeler studied temperature stresses in Pathfinder Dam. Here,
he assumed that the temperature dropped 15°F at the top with the reservoir filled
only to 100 feet from the top and that the temperature drop decreased linearly to
zero at 120 feet below the top. This drop causes the arches to bend and deflect
in the downstream direction, causing vertical cracks in the upper arches; and the
deflection of the arches above, relative to the undeflected cantilevers below, will
cause vertical bending in the lower parts of the dam and, hence, horizontal cracks
there. This qualitative description helps explain where reinforcing steel needs
to be placed (if it were a concrete dam), but it does not give a good quantitative
measure. However, by iteration, he was able to make a more reasonable estimate
of the temperature stresses, which he then combined with the water load to give
one design condition.

The significance of this admittedly quite approximate approach is that,
for the first time, the engineers were seeking to take advantage of the true behav-
ior of a curved dam in a narrow canyon to the end of making it more

Figure 2-7: Pathfinder Dam was constructed with huge blocks of stone. Source: Bureau of
Reclamation

67



| #FAAS FFs Lk ' i FFr lssid

\ FS LA SIS LTI S . d

Y T—— |
SCALE OF FLAT

Figure 2-8: In 1905 E. T. Wheeler analyzed Pathfinder Dam for the Bureau of Reclama-

tion under the supervision of George Y. Wisner. He took a vertical slice of Pathfinder as a
cantilever and analyzed the deflections. Then he analyzed horizontal arch section to determine
deflections. The calculated deflections did not match, but this analysis provided the basis for
the trial-load method of analysis. Source: Bureau of Reclamation.

economical through saving material. But many engineers did not trust this ap-
proach. Indeed, when Wisner suggested the year before that the Lake Cheesman
Dam, near Denver, could have been designed with substantially less material had
arch action been considered, the designer replied that “the suggestions for a dif-
ferent design are for a lighter section than the one used . . . [but] when the conse-
quences of failure are very great, the engineer should build abundantly strong.””*?
Wisner was seeking to show strength does not necessarily mean more mass.

The Constant-Angle Arch Dam

In spite of the belief that neglecting arch actions would make dams
“abundantly strong,” up to 1914 there had been no public record of any arch
dam failure,* whereas numerous gravity dams had failed. In that same year, the
Danish immigrant engineer Lars R. Jorgensen (1872-c.1937) presented a paper
on the constant-angle arch dam in which he argued that counting on arch actions
realistically for high, narrow canyons would “show a savings of material of
33 percent or more over an ordinary gravity dam, and at the same time it will
possess a factor of safety more than twice as great as that of the gravity dam.”*

Jorgensen showed how to achieve an arch dam with a minimum thick-

ness at each level by using the cylinder formula and by reducing the radius of
curvature in the lower regions where the water pressure is higher. He found that
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e AR =3
Figure 2-9: In 1910 the Bureau of Reclamation completed Buffalo Bill Dam on the Shoshone

River near Cody, Wyoming. This constant radius concrete arch dam is 325 feet high. The
dam delivers irrigation water and has a powerplant. Source: Bureau of Reclamation.

as the radius decreased the volume of material needed would be a minimum if
the arc angle remained the same and had a value of about 133.6°—hence his dam
designs are called constant-angle dams.

Here we have the classic design problem well known in elevated water
tanks made in the shape of cones to keep the forces in the wall roughly constant.
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These forces come from the cylinder formula and are the product of the water
pressure and the wall radius. Thus, the design goal here is to decrease the radius
as the water pressure increases.

Jorgensen proposed the same idea for concrete dams in narrow V-shaped
canyons. He showed that the thickness for his Salmon Creek Dam would have to
have been over twice as thick as he made it if the arc radius had been kept con-
stant rather than the arc angle. Clearly, the thicker dam becomes a gravity dam
in sections with a width to height of nearly 2/3.%

Jorgensen was well aware of the arch-cantilever analysis made by

Wisner and Wheeler, and he presented a similar analysis in his 1915 paper, but
his goal was to show that by having a changing radius, i.e., one which decreased
toward the canyon floor, the arches lower down would, thereby, become stiffer
and carry more of the water load than in the case of the designs where the radi-
us did not so diminish. Furthermore, the arch behavior allows the structure to be
thinner because there is less bending than with the cantilever behavior and thus
the thinner sections near the base reduce further the cantilever action.

Jorgensen did more than present a clever design idea, he actually was
partly responsible for constructing the first such dams: the Salmon Creek Dam
in Alaska (1914) and the Lake Spaulding Dam in California (1919). In 1920,
Jorgensen reported that 25 gravity dams had failed, of which 19 were built dur-
ing the preceding 30 years, while no arch dams had ever failed. By 1931, he
would state that over 40 constant-angle arch dams had been built in the last
16 years—beginning with Salmon Creek.*

Noetzli and the Curved Dams

Strictly speaking, the analysis of Wisner and Wheeler was a trial-load
method because it assumed a distribution of loads between arches and cantile-
vers and then, after various other trials, it based design on a final iteration. Fred
Noetzli (1887-1933), a Swiss trained engineer, summarized the situation in a
landmark 1921 paper in which he reviewed the practice of arched dams, gave
relatively simple formulas for calculating the cantilever and the arch actions
in horizontally curved dams, and then applied his formulations in detail to the
Pathfinder Dam. This last part is the heart of his paper in which he
compares his semigraphical approach to the purely analytical calculations pre-
sented by Wisner and Wheeler in 1905. He concludes that his “distribution of
load between cantilever and arches compares very favorably with that obtained
analytically by Mr. Wheeler.’
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Noetzli then proceeded to discuss the central issues in concrete dam de-
sign that went beyond the statics of water-pressure loading: stresses due to tem-
perature change, to shortening of the arches under water pressure, and to shrink-
age of the concrete as well as the influence of cracks in the concrete. He showed
by simple calculations that these effects were at least as important as those due to
the statics of water pressure loading.
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Figure 2-10: In 1921 Fred A. Noetzli calculated the loading on Pathfinder Dam and showed
these graphic results. Source: Noetzli, “Gravity and Arch Action in Curved Dams,” 18.

He then discussed two ideas crucial to dam design: vertical arching and
the rigid-body overturning of curved dams. In the former case, a gravity dam
in a V-shaped canyon will surely not carry the vertical loads directly to the val-
ley floor but rather the lower section will act like an arch, transferring the loads
to the side walls of the valley. Noetzli cautioned that this behavior could lead to
very high compression stresses in the side wall near the floor where vertical arch-
ing (some vertical load for the dam weight is carried to the canyon sides by arch
action in the vertical plane) adds greatly to the compression calculated solely by
gravity and the cantilever action due to water pressure. Furthermore, he went on
to point out that pure gravity dams rarely have a safety factor against overturning
of over 2.0 and usually (where full uplift is assumed) it is close to 1.0. This sur-
prising claim allowed him to make a strong criticism of such dams, i.e., “no oth-
er engineering structure of acknowledged good design has such a small factor of
safety as a pure gravity dam.”®

Noetzli then described the rigid-body overturning of curved dams us-
ing his own term of “Curved Dams as Cylinder Hoofs.” He considered here the
curved ground plan of the dam and noted that, as the structure tends to overturn,
the moment of inertia of that plan is considerably greater than that of a straight
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dam ground plan of the same base width. Therefore, he argued, even if there
were no horizontal arching behavior (as there might not be in a wide valley) the
curved dam will have a far greater resistance to overturning than the straight
dam, especially as the curvature increases. Noetzli is here rendering a severe
criticism of the procedure which simply takes a vertical slice from a curved grav-
ity dam and studies it alone for overturning. Such a procedure fails to show any
difference between a curved and a straight gravity dam.

Finally, after a brief review of the three types of curved dams—gravity
section, reduced gravity sections, and constant angle—Noetzli gave eight con-
clusions which we can group into three categories: the superiority of curved
dams, the possibility for relatively simple analyses, and the need to consider spe-
cial features. He noted that curved dams were safer and more economical than
straight dams largely because of the hoof-cylinder behavior even when horizon-
tal arching is minimal. He argued that complex mathematical analysis could be
greatly simplified by graphic statics and confirmed by full-scale measurements.
Finally, he stressed the significance of temperature and shrinkage, of crack con-
trol, of vertical arching in narrow canyons, and of the fact that horizontal arching
may often not act.

The paper of 60 pages in the 1921 ASCE Transactions drew vigorous
discussions stretching out to 75 pages with 14 discussers, including such major
figures of the period as Lars Jorgensen, B. F. Jakobsen, A. J. Wiley, and Edward
Wegmann (all of whom, save Wiley, were like Noetzli, from Europe).** The pa-
per established the Swiss engineer as a leading theoretician for dams, and the dis-
cussion largely confirmed Noetzli’s reputation. Running through Noetzli’s writ-
ing was the two-part theme, typically Swiss, that good design implies form over
mass and that analysis—often graphically done—can be greatly simplified to im-
prove understanding as well as to encourage designers to think in terms of form
over mass. He was at great pains to stress the historical fact that mass did not
mean safety but that form, properly conceived, did so and with greater economy
as well.

Much of the discussion revolved about the relative simplicity of the
graphical approach as compared to the complexity of the mathematical one.*’
One factor in the form versus mass debate was the perception that lighter forms
needed more rigor in solution.

The writings on curved dams continued throughout the 1920s as the na-
tion was beginning to move into the largest program of dam building ever
attempted. In the 1922 ASCE Transactions, for example, there were eight ma-
jor articles (out of 20) related to dams; Noetzli wrote one and contributed discus-
sions to five others. In his 1922 article, Noetzli developed formulas for use with
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field measurements of displacements to calculate stresses that may arise from
“water pressure, temperature, shrinkage, swelling, lateral deformation, etc. or a
combination of any or all of them.”' He was still focused on simplified mathe-
matics and the centrality of measurements, which also elicited much discussion.
Curiously, the three dams for which measurements were then available were all
outside the continental United States (two in Australia and one in Alaska).

The Trial Load Method

The articles and discussions up to 1929 discussed both arch and can-
tilever behavior and, hence, qualify as trial-load methods. However, not un-
til the 1929 article by C. H. Howell and A. C. Jaquith does the method acquire
publicly the name of “trial load.”** Both authors had worked for the Bureau
of Reclamation in Denver where they had begun to study the method in 1923;
and when the full mathematical framework appeared in 1938, Reclamation
identified seven concrete dams designed on the basis of trial load analysis:
Boulder (now, and hereafter in this study known as Hoover),* Owyhee, Parker,
Seminoe, Gibson, Deadwood, and Cat Creek (actually designed by the Navy
Department).*
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Figure 2-11: C. H. Howell and A. C. Jaquith studied both cantilever and arch action in devel-
oping what is called the “trial load method” of dam analysis. Variations in the shape of the
canyons were such that two shapes were considered necessary for realistic analysis. This is

Dam No. I. Source: C. H. Howell, and A. C. Jaquith. Paper No. 1712. “Analysis of Arch Dams by the
Trial Load Method.” Transactions of the American Society of Civil Engineers 93 (1929), 1194.
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Howell and Jaquith had completed a first draft in January 8, 1925, and
it was approved for publication on January 16.* But it did not appear until four
years later. In the final version, they defined the method as one which consid-
ers the dam to be made up of a series of horizontal arches and a series of vertical
cantilevers, with part of the water load carried by the dam considered as arches
and part by the dam considered as cantilevers. The arch loads and the cantilever
loads are adjusted so that the deflection of the arches are nearly the same as the
deflections of the cantilevers at the same points. They distinguish the trial load
method from previous similar methods by the fact that they were considering
more than the one single cantilever, which is what Wheeler, Noetzli, and others
had done. By considering a series of cantilevers, rather than one cantilever only
at the centerline of the dam, Reclamation engineers created an immensely com-
plex procedure that took the entire 266 page Bulletin (ref. 45) to explain, without
even going into any numerical calculations.

In their 1929 paper, the authors began by noting the variations in the
shapes of canyons in which dams appear and thus they established the need to
use more than one cantilever for more realistic analyses. They then proceeded to
define two designs identified only as Dam No. [ and Dam No. II. The first has a
center height of 75 feet and a base thickness of 18.75 feet, and the second has a
center height of 256 feet with a base width of 48.4 feet. In No. I, the crest length
is 469 feet, whereas No. II has a crest length of 900 feet. Not surprisingly,

No. II, with its greater length of crest, exhibits much more arch action than No. 1.

The authors then gave results for the 271 foot high Horse Mesa Dam, on
the Salt River Project in Arizona, where the base width is only 40.2 feet; there-
fore, the dam will act predominantly as an arch in the upper regions. When dis-
cussing this arch action, the authors showed that there will be bending in the
arches, especially lower in the dam and predominantly both near the valley side
walls and at the centerline of the arches. This bending results in some tension,
causing the concrete to crack, reducing the arch section and hence increasing the
compression stresses.

Finally, the paper briefly discussed the Gibson Dam, on the Sun River
in Montana, under construction in 1927 and for which the trial-load method was
used not just for analysis but for design, resulting in a “savings of more than
41,000 cubic yards of concrete over the gravity design.”

As with Noetzli’s paper, the Howell and Jaquith paper brought forward
much substantial discussion: a 34-page paper resulted in 90 pages of discus-
sion. Noetzli and Jakobsen both observed that Alfred Stucky had used the trial
load method for a Swiss dam in 1922, although the method was not so named.
In fact, Robert Maillart had used the same idea in 1902 for a water tank also in
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Switzerland.* Probably the most significant discussion from the point of view
of federal dams came from John Savage and Ivan Houk, both of Reclamation.
They gave a more detailed discussion of Gibson Dam and gave also results from
their analysis of the 405 foot high Owyhee Dam in eastern Oregon. Savage had
assumed a dominant role in Reclamation dam design and was already in 1929
deeply involved with the Boulder Canyon Project. But as the dams got high-

er and higher, Reclamation recognized the need to develop not just mathemati-
cal analyses but also physical model testing and the instrumentation of full scale
dams.
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Figure 2-12: This is Dam No. Il used by Howell and Jaquith in development of the trial-load

method of analysis. Source: C. H. Howell, and A. C. Jaquith. Paper No. 1712. “Analysis of Arch
Dams by the Trial Load Method.” Transactions of the American Society of Civil Engineers 93 (1929),
1199.

The Stevenson Creek Test Dam

During the first three decades of the twentieth century, engineers fo-
cused intently on concrete arches, creating numerous designs for bridges as well
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as dams, and stimulating more mathematically complex analytic schemes. In
1924, four of the twenty ACSE Transactions papers dealt with concrete arches,
and many of these pages were filled with formulas and tables. The 1925 ASCE
Transactions contained two extensive articles on arch analysis: one 98 pages
long with 73 pages of discussion; the other 40 pages with 61 pages of discussion.
The two articles total about 20 percent of the entire volume.

But already by 1922, some engineers became uneasy with so much ab-
straction and began to worry about field performance as opposed to office ab-
stractions. Particularly, engineers in the western states saw the need for a dif-
ferent approach to analysis, which led Fred Noetzli, one of their leaders, to re-
quest financial support from the Engineering Foundation for collecting perfor-
mance data on existing arch dams and for designing new tests and experiments.*’
Noetzli noted the national significance of arch dams—two recent papers on the
subject won the Croes Medal in 1920 and 1921 (the second highest award giv-
en by the ASCE, it recognizes contributions to engineering science)—and urged
aid for physical testing because “the methods by which most existing arch dams
have been designed are defective and more or less unreliable.” Noetzli had been
worried about the lack of field data and later that year would publish a paper on
test results in full size dams.*®

Noetzli sent a copy of his skeletal proposal to Arthur Powell Davis,
then Director of the U.S. Reclamation Service, to request his help with the
Engineering Foundation, and Davis immediately responded by sending it a
supporting letter. The Foundation requested that Noetzli prepare a program
statement which could be presented to its board in May 1922.* The board
subsequently approved Noetzli’s plan, forming a Committee on Arch Dam
Investigation. The Committee first met on January 18, 1923, in San Francisco.
This committee was chaired by Charles Derleth Jr., a professor at the University
of California—Berkeley, with Noetzli as secretary and including Frank E.
Weymouth, Chief Engineer, and John L. Savage, Chief Design Engineer, both
of the Reclamation Service.

It was becoming clear, then, that the Reclamation Service would have to
play a major role in the project.”® In December 1923, W. A. Brackenridge, Senior
Vice President of the Southern California Edison Company, proposed the build-
ing of a large scale concrete arch dam designed expressly for research, and he
further offered to provide a large amount of the money for it as well as the use of
his company’s facilities. Located on Stevenson Creek, a tributary of the
San Joaquin River about 60 miles east of Fresno, California, this test dam was
approved by the committee and construction began in August of 1925.%!
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The test arch design was
startlingly thin. The physical
structure was built in a
V-shaped canyon, to be 60 feet
high with a thickness throughout
the top half of only 2 feet, taper-
ing from mid-height to the base
from 2 feet to 7.5 feet, respective-
ly. The arch is of a constant 100
foot radius throughout.>> The tests
used mechanical strain gages, and,
from these measurements, stresses
were calculated. Deflection and
temperatures were also measured.

Meanwhile, engineers
had been collecting measure-
ments from existing dams as part
of the overall program, and they
had found discouraging results be-

'Cause O_f the dlfﬁ'cultles in relat- Figure 2-13 John (Jack) L. Savage, U. S. Reclama-
ing strains and displacements to tion Service/Bureau of Reclamation, Chief Design
loading and temperature changes.  Engineer (1916-1945). Source: Bureau of Reclama-

They debated the data from the tion.

test dam construction and instru-

mentation at a meeting in Fresno in early December, 1925.3 Reclamation was
becoming convinced that the test dam alone would no be sufficient and that a se-
ries of small scale models ought also to be included in the program.>* In early
1926, the Commissioner of Reclamation, Elwood Mead, approved funding for
part of the work with small scale models.” A report on all this work appeared in
November 1927 and on December 8, 1928, a concrete model of the Stevenson
Test Dam was loaded to destruction.*®

We can summarize the conclusions reached by the committee in late
1927 under three categories: first, the great strength of the arch dams; second,
physical experiments have given data useful to engineers developing mathemati-
cal analyses; and third, arch dams may be designed more economically (by being
thinner) in the future.”’

The full report included an analysis by Noetzli following his 1921 paper
and a summary of data on all major arch dams built in the world up to 1927
(57 in the USA, 39 abroad) and all major multiple arch dams (38 in the USA,
16 abroad). After a brief discussion on the construction, there followed an
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extensive detailing of the test results by Willis A. Slater, followed by brief reports
on the properties of concrete (by Raymond Davis of University of California-
Berkeley), on models (by Savage and Houk), on a celluloid model of Stevenson
Creek Dam (by Professor George Beggs of Princeton University), a theoretical
report (by H. M. Wester-gaard of Illinois University), and a brief discussion of
loads and concrete deterioration by Alfred Flinn of the Engineering Foundation.
An extensive bibliography ends the report. Thus, by 1927, substantial data

from both physical testing and mathematical calculations existed, but there were
conflicting views about the results.

Fred Noetzli, whose primary aim had been to use tests and calculations,
predicted in 1924 that gravity dams would be replaced by thin arch structures; he
quoted several engineers saying that “the gravity dam is a thing of the past” and
“the gravity dam is an economic crime.” He held the belief common to many in
the 1920s that “engineering science is advancing” and that a more rational
analytic base would lead to thinner and less costly structures.”® But Noetzli
did not imply that more rational would necessarily mean more complex. He
worked with graphical methods typified by his education at the Federal Technical
Institute in Zurich. He did not publish the detailed mathematical formulations
that had begun to appear in the 1920s and would culminate in Reclamation’s
1938 report (ref. 45).

This type of mathematical complexity was criticized sharply by one of
the most famous structural engineering teachers, Hardy Cross of Illinois Univers-
ity. In discussing a highly mathematical 1925 paper on concrete arches, Cross
noted the uncertainties of loadings, of actual stress, and of foundations, none of
which were dealt with in the paper which “having swallowed these ‘camels’
only the ‘gnat’ of mathematical analysis remains. The ‘gnat’ should be an hors
d’oeuvre and engineers are giving abnormal gustatory attention to it.” He goes
on to proclaim that “the theories of arch analysis which are now being
elaborated in engineering literature are distinctly ‘high brow’ in that their elabo-
rateness camouflages with erudition uncertainties and inaccuracies which are
inevitable.”

In spite of Noetzli’s hope and Cross’s warning, the profession charged
ahead with complexity of analysis and the result was that in the Bureau of
Reclamation the dams did not get thinner but thicker. A 1988 summary of this
period stated that:

Many arch dams built at the time showed a tendency for in-
creasing thickness. On the one hand the failure of St. Francis
Dam in California in 1928 had raised questions regarding the
safety of any proposed dam of large size. On the other hand, it
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seemed that the excellent results obtained at Stevenson Creek,
including a verification of the trial load method, were not car-
ried forward with these arch gravity-type dams.*

While many of these ideas and methods focused on high, single-arch
dams, another form of structural dam had appeared in the early twentieth centu-
ry, and received considerable attention in the technical literature. This form, the
buttress dam, consists of either slabs or arches supported by buttresses within the
valley. It, too, held out possibilities for lighter, more economical dams, and we
next turn to these to have a fuller picture of the choices available to the dam de-
signer in the 1920s.

Buttress Dams

Early in the twentieth century, two types of buttress dams appeared in
the United States: the flat slab and the multiple arch. Still in service today are 44
flat slab and 24 multiple arch dams over 30 feet in height, built up to 1927. None
of these are federal dams, although the Bureau of Reclamation did complete one
flat slab in 1928 (Stony Gorge) and one multiple arch in 1939 (Bartlett).®’ What
kept Reclamation from designing such dams?

Of the two types of “hollow” dams, as they were called, the flat slab
dam, while more often used, received far less attention in the civil engineering
literature than did the multiple arch dam, and for good reasons. The slab de-
signs came largely from one man, Nils F. Ambursen and his company (Ambursen
Hydraulic Construction Company), which built the great majority of the more
than 350 such dams built in the United States.®> By choosing such a design, a
federal bureau was almost precluding competition for construction. In addi-
tion, the intellectual rage of the 1920s was for concrete arches both for bridges
and dams. Between 1918 and 1929, the highest ASCE awards for papers went
to writings on concrete arches four times. In the next two highest awards, arch
studies also won four times.* No such recognition went for slab design or analy-
sis. These slab dams were usually relatively small scale—over 80 percent were
30 feet or less in height.

On the other hand, the multiple arch dams represent a quite different ap-
proach and, with few exceptions, have been well built and exist today in good
condition. Of the 30 dams over 30 feet high listed by Noetzli and completed
before 1928, at least 22 are still in service.** The leading practitioner of these
dams was John S. Eastwood (1857-1924), who, after studying engineering at
the University of Minnesota (he never graduated), went west in 1880 to work on
railroads. By 1883, he had settled in Fresno, California, and after several civil
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works jobs he became an early pioneer in the development of hydroelectric
power for California.

In 1906, while working on a plan at Big Creek to develop hydroelectric
power from the mountain valleys of central California for Los Angeles and San
Francisco, Eastwood struck upon the idea of abandoning the normal earthen dam
with a concrete corewall for a purely concrete multiple arch dam. Apparently, he
came to the idea on his own, even though Henry Goldmark in a paper of 1897,
which won the ASCE Thomas Fitch Rowland Prize, had proposed a 105 foot
high multiple arch dam for an electric company in Utah. It was never built
and its design was relatively bulky compared to the designs later developed by
Eastwood.® Eastwood lost the Big Creek project, but two years later he succeed-
ed in building the first multiple arch dam; it is located at Hume Lake in the Sierra
Nevada Mountains and was built for the Hume-Bennett Lumber Company.

Before his death in 1924, Eastwood designed a total of seventeen such
dams that were put into construction.®® These dams, and some designed by oth-
ers, consisted of relatively short span arches carrying water loads horizontally to
buttresses which take those forces vertically to the foundations. Eastwood used
simple mathematics on which to base his design, but later engineers began to in-
troduce more complex procedures in an effort to account for more detail. In a
summary treatise of 1927, Fred Noetzli presented a more rigorous approach and
used Eastwood’s Lake Hodges Dam of 1917 as a numerical example. Noetzli
had shown that the arch compression stresses would be 300 psi at 100 feet below
water level (the total height is 136 feet) with the simple cylinder formula used by
Eastwood. When including effects of rib shortening and temperature change, he
found the maximum arch compression stress to be 640 psi and a possible tension
stress of 69 psi.%’

The concrete compression strength in the 1:2:4 mix concrete of that pe-
riod was about 3,000 psi, which means that the stresses rose from 10 percent to
about 21 percent of the strength by more rigorous calculations. The small ten-
sion stress is well below that which would cause cracking (about 10 percent of
the strength). Thus, the additional rigor, while of considerable engineering inter-
est, had nothing to do with the safety of the dam. No such structure, designed in
that simple way and built by an experienced engineer like Eastwood, ever failed
because of lack of rigor in the stress calculations.

In discussing the history of dams or any other large-scale structures, it
is essential to be clear on the uses for analysis. It is a tool of design, not a means
to design, and the numerical values for stresses are always suspect in concrete
structures because they cannot be measured directly. In the Stevenson Creek
test dam studies, engineers measured only deflection and strains (which are also
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physical movements). From the strains they could compute stresses only by us-
ing an assumed relationship between them, defined as the modulus of elasticity,
which, however, is not a constant and must be estimated.

In the Stevenson Creek report, Willis Slater described results as follows:

At the 30 feet elevation the stress is 650 pounds per square inch
and is seen to be larger than the observed total stress for all
points except for a few feet close to the abutment. This stress
is about 180 percent in excess of the observed stress at the cen-
ter line, while at the abutment it is about 35 percent less than
the observed stress. At the 50-feet elevation the stress by the
cylinder formula is 217 pounds per square inch compression,
whereas the observed stress was a tension of about 125 pounds
per square inch at the crown, and a compression of about

290 pounds per square inch at the abutment. About 20 feet
from the abutment the observed stress was about 575 pounds
per square inch compression, or about 165 percent greater than
that given by the cylinder formula. It is quite obvious that the
cylinder formula is entirely inadequate to represent conditions
found in a elastic arch of this kind.®®

It is a correct conclusion that the cylinder formula gives inadequate
stress results, but, as a guide to arch dam design, it does not seem to have been
misleading. No concrete arch dam designed on the basis of that formula has
been known to fail. But in the 1920s, the ideal was for more rigor and simpli-
fied methods were considered inadequate. For the multiple arch dams, the main
problem with the cylinder formula was the neglect of bending in the fixed arch.
Eastwood recognized this, and in several of his dams he made the arches three
hinged; that is, he built the arches in two halves connected to each other and to
the abutments by rounded edges. These hinge lines, running along the sloping
upstream sides of the dam, permit the arches to rotate and thereby eliminate the
bending due to rib shortening and temperature. When Fred Noetzli studied one
of these dams (Mountain Dell from 1917) in 1925, he found no evidence of rota-
tion in the hinges and hence one could conclude that there was no noticeable evi-
dence of bending. In other words, the cylinder formula appeared to have been
validated.®

Costs in Form and Mass

Eastwood was able to build multiple arch dams primarily because
they were the least expensive designs, an important factor for private compa-
nies and local public authorities. Expense was not necessarily a factor for the
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Bureau of Reclamation. In 1928, Reclamation reported on cost estimates for two
major arched gravity dams: Gibson and Owyhee.”” For Gibson, the cost was
$2,116,745. For Owyhee, Reclamation chose a heavy arch even though it was
19.3 percent more expensive than a light arch and in spite of the good results
from the thin Stevenson Creek test dam. The Gibson Dam valley has the same
general shape as the valley in which Eastwood built the 1923 Palmdale Dam, but
the latter is about two-thirds the size of Gibson. One would expect the cost,of
Palmdale to be about two-thirds the cost of Gibson i.e. $1,400,000. Palmdale
actually cost less than $550,000.”" Thus, in both cases, Reclamation chose more
expensive solutions than it apparently needed if it had thoroughly embraced the
structural tradition

For the Mountain Dell Dam, the owner solicited bids for three different
types of concrete dams. The results are shown in Table 2.1.

Type of dam Bid Concrete

Gravity $230,000 45,000 cu. yds.
Ambursen (flat slab) $217,000 21,300 cu. yds.
Multiple Arch(Eastwood) | $139,000 14,700 cu. yds

The owner had no difficulty in choosing the Eastwood multiple arch design,
which was completed in 1917.7* The cost was 60 percent of that bid for the grav-
ity dam. Reclamation chose massive designs because it thought them safer, it be-
lieved them to appear safer, and it was not under the same constraints as private
industry to keep costs low.”

Concrete Form and Masonry Mass

By 1927, there had emerged well documented traditions of massive and
of structural dams. The structural tradition brought forth new methods of analy-
sis, both by physical test and by mathematical calculation. The goal had been
to build lighter, less expensive, and safer dams. But as the methods of analysis
became more complex, there seemed to grow an anxiety about uncertainties in
the analysis itself, and the federal agencies addressed these worries by designing
heavier structures, which they believed to be safer even though the lighter ones
were performing at least as well.

It seems to be a natural result of centralized agencies that they seek to
avoid risks, to question innovations, and to justify heavy expenditures by invok-
ing the specter of failure. But behind this apparent criticism, there lay a deep
cultural ideology that was characterized by the new and prototypical building
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material of the twentieth century. American society, and indeed western society
as a whole, reacted to reinforced concrete in a profoundly ambiguous way.

Modern concrete clearly stimulated the search for new forms that would
carry loads with less material and at least as much safety as heavier designs. But
many engineers, not seeing these possibilities or not valuing them, sought to dis-
credit this search for innovation. They saw concrete rather as a mere substitute
for stone masonry—indeed, the term masonry today still connotes both stone and
concrete. Webster’s 2005 Collegiate Dictionary defines masonry as “something
built, as by a mason, of stone, brick, concrete etc.”

Modern concrete, cast monolithically, made the building of integrated
structures possible, leading to great savings of materials and weight. But the idea
of monolithic structures set the academic mind off on a search for new mathe-
matics that left most of the practitioners bewildered. The counter-intuitive result
was an increased anxiety within the profession over these new forms that seemed
to deliver primarily new formulas. The performance of equations seemed to re-
place the performance of structure. It was much easier simply to put the new
cast material into old familiar forms. Thus, it could be given a modern look by
some surface treatment or added filigree.

American society had, by 1927, passionately embraced completely new
forms of twentieth century engineering: the automobile, the airplane, and the ra-
dio; but it was much more difficult to accept the new forms of pre-twentieth-cen-
tury engineering works for bridges, vaulted roofs, and dams. These structures
were already part of the culture long before reinforced concrete came to encour-
age their transmutation: stone arches, stone vaults, and stone dams. Had there
been no such models built into the cultural retina, the concrete arches of Robert
Maillart, the concrete thin shells of Anton Tedesko, and the concrete dams of
John Eastwood would no doubt have found widespread acceptance during the
first third of the twentieth century.

In spite of this reluctance to abandon the old forms of stone design, soci-
ety did embrace the great transforming event of electricity and its late nineteenth-
century innovation of power at a distance. Dams had, for a long time, been used
for mill power, but the power was local; it had to be used by mechanical trans-
mission. In the East, new industrial towns, such as Lowell, Massachusetts, had
sprung up in the early nineteenth century to produce textiles by water power,
but the dams were low and the power dependent upon the vagaries of river flow.
With the introduction of electric power, new possibilities arose and mainstream
dams could now become multipurpose structures. Furthermore, with the devel-
opment of the West, irrigation dams could also become multipurpose through
power production. Most significantly, the sale of power could now justify the
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cost of high dams on non-navigable rivers. Two dams illustrate this change
from single to multipurpose dams—Roosevelt Dam in Arizona built by the
Reclamation Service and Wilson Dam in Alabama built by the U.S. Army Corps
of Engineers. These two serve also as the prelude to the big dam era that would
follow soon after.

Endnotes

1. See S. W. Helm, “Jawa, A Fortified Town of the Fourth Millennium B.C.” Archaeology 27 (1974), 136-7.
2. The concept of traditions” as applied to dam design is discussed in Donald C. Jackson, Building the
Ultimate Dam: John S. Eastwood and the Control of Water in the West (Lawrence: University Press of Kansas,
1995), 18-21.

3. Nicholas J. Schnitter, 4 History of Dams: The Useful Pyramids (Rotterdam, Netherlands: A. A. Balkema,
1994), includes numerous descriptions of early embankment dams.

4. Schnitter, A History of Dams, 55-80.

5. Schnitter, A History of Dams, 123-7.

6. See J. A. Diego-Garcia, “The Chapter on Weirs in the Codex of Juanelo Turriano: A Question of
Authorship,” 217-34. Norman Smith, 4 History of Dams (London Peter Davies,1971), 117-20. Also see Smith,
192-3, for a discussion of Simon Stevin’s 1586 treatise “De Beghinson des Waternichts.”

7. J. E. Gordon, Structures: Or Why Things Don t Fall Down (New York: Penguin Books, 1978), 33-44, pro-
vides good discussion on how the late seventeenth century work of Newton and Hooke influenced the theoreti-
cal development of structural mechanics.

8.  See Peter Molloy, “19" Century Hydropower: Design and Construction of Lawrence Dam, 1845-1848,”
Winterthur Portfolio 15 (Winter 1980), 315-43, for references to dam design publications by Belidor, Bossut,
Smeaton, Coulomb, and Moseley.

9. J.A.T. de Sazilly, “Sur un type de profil d’egale resistance propose pour les murs des reservoirs d’eau,”
Annales des Ponts et Chaussees (1853), 191-222. M. Delocre, “Memoire sur la forme du profil a adopter pour
les grande barrs ages en maconnerie des reservoirs,” Annales des Ponts et Chaussee, Memoires et Documents
(1866), 212-72. Both of these references are taken from Smith, History of Dams.

10. Smith, History of Dams, 197-200. For later structures, such as the Ternay Dam (1865-68) and the Bon
Dam (1867-70), Delocre selected maximum compressive stresses of 100 psi and 114 psi, but by modern stan-
dards, even these were extremely conservative.

11. Edward Wegmann, Design and Construction of Dams, 3" edition (New York: John Wiley & Sons, 1900),
69.

12. W.J. M. Rankine, “Report on the Design and Construction of Masonry Dams,” The Engineer 33 (January
5,1872), 1-2.

13. In his article on the Lawrence Dam, Molloy reports that Moseley recognized the importance of the “middle
third” in the early nineteenth century. However, when Rankine discussed the significance of the middle third

in the 1870s, there is no evidence that anyone considered it a reiteration of previously discussed ideas. Smith
makes no mention of Moseley in his History of Dams.

14. See Smith, History of Dams, 205-6, for a discussion of how the Gileppe Dam was designed with extremely
conservative proportions. See Wegmann, Design and Construction, 3™ edition, 81-90, for descriptions of the
Gileppe and Vyrnwy.

15. E. Sherman Gould, High Masonry Dams (New York: D. Van Nostrand, 1897) 3-4.

16. George Holmes Moore, “Neglected First Principles of Masonry Dam Design,” Engineering News 70
(September 4, 1913), 442-5.

17. C. L. Harrison, “Provision for Uplift and Ice Pressure in Designing Masonry Dams,” Transactions of the
American Society of Civil Engineers 75 (1912), 142-5, with discussion, 146-225. For a modern treatment see
Max A. M. Herzog Practical Dam Analysis (Thomas Telford, Ltd.: London, 1999), 80.

18. The upstream face of buttress dams can also be built using wood planks or steel sheets; however, the most
common types of large-scale buttress dams feature upstream faces built of reinforced concrete.

19. Schnitter, 4 History of Dams, 124-7 and 144-5.

84



20. Robert F. Leggett, “The Jones Falls Dam on the Rideau Canal,” Transactions of the Newcomen Society 31
(1957-59), 205-218. Unfortunately, any theoretical calculations that may have been used to proportion the de-
sign remain unknown, and, as such, it cannot be considered a structure that used mathematical theory as a basis.
21. Smith, History of Dams, 181-3.

22. In examining the profile of the Zola Dam, it is evident that the cylinder formula was not used as a rigid
means of proportioning the structure. Rather, Zola used it as a guide to assist him in increasing the thickness of
the arch as it descended into the canyon. For the eclipse of arch dams, see Schnitter A History of Dams, 195.
23. James Dix Schuyler, Reservoirs for Irrigation, Water-Power, and Domestic Water-Supply (New York :
John Wiley and Sons, 1902), 246-256 provides a good description and photograph of the original Bear Valley
Dam. Also see F. E. Brown, “The Bear Valley Dam,” Engineering News 19 (June 23, 1888), 513-4.

24. Schuyler, Reservoirs, 213-37. As designer of this important dam, Schuyler provided an extensive descrip-
tion of it in his book. Also see James D. Schuyler, “The Construction of the Sweetwater Dam,” Transactions of
the American Society of Civil Engineers 19 (1888), 202-3.

25. Albert Pelletreau, “Barrages cintres en forme de voute,” Annales des Pont et Chaussees (1879). This refer-
ence is included in Schnitter, “Arch Dams.”

26. Gardiner Williams, discussion on “Lake Cheesman Dam and Reservoir,” Transactions of the American
Society of Civil Engineers 53 (1904), 183. John S. Eastwood, “An Arch Dam Design for the Site of the
Shoshone Dam,” Engineering News 63 (June 9, 1910), 678-80.

27. Lars Jorgensen, “The Constant-Angle Arch Dam,” Transactions of the American Society of Civil Engineers
78 (1915), 685-733.

28. Louis Torres, “To the Immortal Name and Memory of George Washington:” The United States Army
Corps of Engineers and the Construction of the Washington Monument (Washington, D.C., 1985). Albert

E. Cowdry, 4 City for a Nation: The Army engineers and the Building of Washington, D.C. 1790-1967
(Washington, D.C., 1978).

29. Wisner reviews this history in his report, George Y. Wisner, “Investigation of Stresses Developed in High
Masonry Dams of Short Span.” Report submitted to F. H. Newell, Chief Engineer, U.S. Geological Survey,
Washington, D.C., May 16, 1905, 22 pages.

30. Letter from Wisner et al., in Montrose, California, to Newell in Washington, D.C., October 5, 1904.
Response from Newell to Wisner, Detroit, October 12, 1904. The recommendation of Wheeler comes in a letter
from Wisner and J. H. Quinton to Newell on November 2, 1904. Presumably the final approval came quickly
thereafter. For details on A. P. Davis, see Charles H. Bissell and F. E. Weymouth, “Memoir for Arthur Powell
Davis,” Transactions of the American Society of Civil Engineers 100 (1935), 1582-91.

31. Letter report from Wheeler in Los Angeles to Wisner in Los Angeles, May 5, 1905, 9 pages. Covering let-
ter from Wisner in Los Angeles to Newell in Washington, D.C. May 16, 1905 with the complete report (ref. 31).
The published paper appeared as George Y. Wisner and Edgar T. Wheeler, “Investigation of Stresses in High
Masonry Dams of Short Spans,” Engineering News 54, No. 60, (August 10, 1905), 141-4. Earlier publications
did deal with the arch designs, but they appeared in obscure publications. For example, L. Wagoner and H.
Vischer, “On the Strains in Curved Masonry Dams.” Proceedings of the Technical Society of the Pacific Coast
6 (December 1889). Such articles did not have the influence of Wisner and Wheeler.

32. Discussions by Wisner of “Lake Cheesman Dam and Reservoir” Transactions of the American Society of
Civil Engineers 53 (1904), 170-172 and reply by C. L. Harrison, 203-4.

33. H. Hawgood, “Huacal Dam, Sonora, Mexico.” Transactions of the American Society of Engineers 78
(1915), 565.

34. Lars. R. Jorgensen, “The Constant-Angle Arch Dam,” 686.

35. Ifradius ®) is to decrease as pressure (P) increases, then the horizontal angle (2q) that defines the arc of
each arch slice should remain constant to follow the V-shape of the canyon walls whose width (W) is decreas-
ing linearly. Since W= 2Rsinq, the radius will decrease linearly with W so long as q remains a constant, hence
the constant angle arcH. Since arch stiffness is a function of 1/R?, the arch will lose stiffness near the base if R
is not reduced. Since cantilever stiffness depends upon T it will greatly diminish for thinner dams, especially
near the base.

36. Lars Jorgensen, “The Record of 100 Dam Failures,” Journal of Electricity, San Francisco, 44, No. 6
(March 15, 1920). Lars Jorgensen, “Memorandum on Arch Dam Developments,” Proceedings American
Concrete Institute 27 1931.

37. Fred A. Noetzli, “Gravity and Arch Action in Curved Dams,” Transactions of the American Society of Civil
Engineers, 84 (1921), 23.

38. Noetzli, “Gravity and Arch Action in Curved Dams,” 41. The low factor of safety can be calculated for
overturning as follows: For H/B = 1.5 and for no uplift S.F. = 2.00 (assuming a triangular dam section) while
for full uplift S.F. = 1.1.

85



39. Lars Jorgensen, “Improving Arch Action in Arch Dams,” Transactions of the American Society of Civil
Engineers 83 (1919-1920), (New York: 1921),316-31. His discussion appears in 84, 68-71. Jorgensen had al-
ready reported on the measurements in the Salmon Creek Dam especially related to temperature, and he had re-
ferred to observations on his Lake Spaulding Dam in discussing Noetzli’s paper.

40. William Cain, Discussion, 84, 71-91. His analysis was expanded and published as “The Circular Arch
Under Normal Loads,” Transaction of the American Society of Civil Engineers 85 (1922), 233-48. Noetzli
wrote a discussion to the paper in 85, 261-4. Also in the discussion, William Cain, a professor of mathematics
at North Carolina University, compared Noetzli’s graphical method to a purely analytic approach given the pre-
vious year by B. A. Smith and noted their close correspondence.

41. Fred Noetzli, “The Relation Between Deflections and Stresses in Arch Dams,” Transactions of the
American Society of Civil Engineers 85 (1922), 306. Noetzli also spoke of time effects and tended to discount
them in dams; today we recognize that as creep and would agree that in most cases it is not crucial for dams un-
less the compression stresses are high.

42. C.H. Howell and A. C. Jaquith, “Analysis of Arch Dams by the Trial Load Method,” Transactions of the
American Society of Civil Engineers 93 (1929) 1191-225.

43. According to Ray Lyman Wilbur and Northcutt Ely in the book Hoover Dam Documents

(Washington, D.C., Government Printing Office, 1948) discuss the name of Hoover Dam on pages 80-2. “On
September 17, 1930, on initiating construction, Secretary Wilbur issued the following order [to Commissioner
Mead]: .. .”This is to notify you that the dam which is to be built in the Colorado River at Black Canyon is to
be called the Hoover Dam . . .” in December 1930, Congressman Taylor . . . called the attention of the House
(of Representatives) to the fact that the committee (Interior Department Subcommittee on Appropriations) had
designated the dam as Hoover Dam in the appropriation bill, saying” . . . we unanimously and very gladly wrote
into this action those words making the naming of that great dam the Hoover Dam by the action of Congress .

. . so that the dam is now officially named by both the Secretary of the Interior and by Congress.” The bill be-
came law on February 14, 1931. In the next four succeeding appropriations acts, in 1932 and early 1933, the
dam was designated as “Hoover Dam.” “After Mr. Hoover left office, the Interior Department, although fail-
ing to take any formal action, avoided the use of the name ‘Hoover Dam,’ and publicized the names “Boulder
Canyon Dam’ or ‘Boulder Dam. . ..” Early in the Eightieth Congress, a number of bills were introduced to re-
store the name of Hoover Dam. . . .” On April 30, 1947, President Harry S. Truman signed a resolution restor-
ing the name Hoover Dam. Though the name “Boulder Dam” was used by Reclamation and others during the
planning and authorization phases, and later (1933 until 1947) the dam was popularly and unofficially known as
Boulder Dam or Boulder Canyon Dam, Hoover Dam was ever officially named Boulder Dam.

44. U.S. Department of the Interior, Bureau of Reclamation, Boulder Canyon Project Final Reports, Part V

- Technical Investigations, Bulletin 1, Bureau of Reclamation, Trial Load Method of Analyzing Arch Dams
(Denver Colorado: 1938), 13, 23. This 266-page report filled with mathematical formulations does not give any
numerical results and hence no interpretations of the method as to is relationship to dimensioning. The 1929
paper (ref. 44) does give some data on Horse Mesa and the Gibson dams.

45. Letters from R. F. Walter (Acting Chief Engineer) in Denver to Commissioner Mead in Washington,
January 16, 1925 and from Commissioner Elwood Mead in Washington to the secretary of the American
Society of Civil Engineers in New York, January 16, 1925. NARA, Denver, Record Group 115 [hereinafter
Record Group will be designated with RG].

46. R. Wuczkowski, “Flussigkeitsbehilter,” in Friedrich Ignaz Edler von Emperger, editor, Handbuch fiir
FEisenbetonbau (Berlin: Wilhelm Ernst & Sohn, 1911edition), 3, 348-51, 407-13.

47. Letter from Fred Noetzli in San Francisco to the Board of Trustees of the Engineering Foundation in New
York City, March 3, 1922, 2 pages.

48. Fred Noetzli, “Arch Dam Temperature Changes and Deflection Measurements,” Engineering News-Record
89, No. 22 (November 30, 1922), 930-2.

49. Letters from Noetzli in San Francisco to Davis in Washington, D.C., March 4, 1922, and from Davis in El
Paso to the Engineering Foundation in New York, March 13, 1922. See also a letter from Alfred Flinn (secre-
tary of the Engineering Foundation) in New York to Davis in Washington, March 17, 1922.

50. Letters from F. E. Weymouth in Denver to Davis in Washington, November 10, 1922, and from Morris
Bien (Acting Director) in Washington, D.C., to Weymouth in Denver, November 20, 1922. In the fall of 1922,
Weymouth asked Davis if Reclamation could not give financial support to the project; the Acting Director
agreed to some support. NARA, Denver RG115.

51. “Report on Arch Dam Investigations,” 1, November 1927, Proceedings of the American Society of Civil
Engineers (May 1928), 6, 43. In Bulletin No. 2 (June 1, 1924), the Engineering Foundation noted that the
Edison Company had put up $25,000 and another $75,000 was needed.

86



52. “AProgress Report on the Stevenson Creek Test Dam,” Bulletin No. 2, Engineering Foundation,
December 1, 1925, 8 pages. On December 1, 1925, the Engineering Foundation issued a progress report giv-
ing the dam design and the list of contributors, which was dominated by private industry. The Bureau of
Reclamation was not listed although the Bureau of Standards was, largely through the assignment of W. A.
Slater, its engineer-physicist.

53. Letter from Julian Hinds, in Denver, to R. F. Walter, in Denver, December 17, 1925. NARA, Denver,
RG115.

54. Letter from R. F. Walter, in Washington, D.C., to Elwood Mead in Washington, D.C., December 16, 1925.
NARA, Denver, RG115.

55. Letters from R. F. Walter, in Denver, to Elwood Mead, in Washington, D.C., February 11, 1926, and from
Mead, in Washington, D.C., to Walter in Denver, February 19, 1926.

56. John L. Savage, “Arch Dam Model Tests - Progress Report,” December 17, 1928.

57. “Report,” November 1927, Proceedings of the American Society of Civil Engineers (May 1928), 8-9.

58. Fred Noetzli, “Improved Type of Multiple-Arch Dam,” Transactions of the American Society of Civil
Engineers 87 (1924), 410, Closure.

59. Hardy Cross, “Discussion of Design of Symmetrical Concrete Arches by C. S. Whitney,” Transactions
of the American Society of Civil Engineers 88 (1925), 1075-7. In 1932, Cross would introduce the most sig-
nificant simplified analysis procedure ever presented for reinforced concrete frame structures. Noetzli worked
from a solid math basis but simplified it by graphic statistics (a Swiss tradition). Cain (see ref. 42) was a math-
ematician, not an engineer, and his work is very complex, but Noetzli could understand it easily. Reclamation
carried on from Noetzli’s simplified approach to develop an elaborate and highly complex mathematical meth-
od. Cross criticized all such complexity and sought to develop methods that the average practicing structural
engineer could easily use.

60. Kollgaard and Chadwick, editors, Development of Dam Engineering in the United States, 269.

61. Kollgaard and Chadwick, editors, Development of Dam Engineering in the United States, 537, 539.

62. Kollgaard and Chadwick, editors, Development of Dam Engineering in the United States, 535-8.

63. Jorgensen won the 1918 Norman Medal for his paper on multiple arch dams, Noetzli won the 1922 Croes
Medal for his paper on arch cantilever dams (no Norman Metal awarded that year), and Jacobsen won the 1924
and 1927 Norman Medals for his papers on multiple arch dams and thick arch dams respectively. B. A. Smith
won the 1920 Croes Medal, William Cain won the 1926 Croes Medal, and Charles Whitney won the 1925
Croes Medal, all three awards were for arch analyses. H. de B. Parsons won the 1925 Rowland Prize for a pa-
per on a multiple arch dam. See American Society of Civil Engineers Official Register (1982), 182-3, 186.

64. Report, 1927, Proceedings of the American Society of Civil Engineers (May 1928), 38-41 and Kollgaard
and Chadwick, editors, Development of Dam Engineering in the United States, 539.

65. Jackson, Building the Ultimate Dam, Chapters 3 and 4. For Goldmark’s design, see Henry Goldmark,
“The Power Plant, Pipe Line and Dam of the Pioneer Electric Power Company at Ogden, Utah,” with
Discussion and Correspondence. Transactions of the American Society of Civil Engineers 38 (December 1897),
246-314.

66. Jackson, Building the Ultimate Dam, 4.

67. Fred Noetzli, “Multiple-Arch Dams;” Edward Wegmann, The Designs and Construction of Dams, 8"edi-
tion (New York: John Wiley & Sons Inc., 1927), 446-50.

68. Report, 1927, Proceedings of the American Society of Civil Engineers (May 1928) 189.

69. Noetzli, “Multiple-Arch Dams,” 1927, 482.

70. “Summary of Cost, Gibson Dam,” Final Report, April 1931, 1, 11-3. Letter from R. F. Walter, in Denver,
to Elwood Mead, in Washington, March 13, 1928, which transmitted a report of the Board of Engineers for the
Owyhee Dam, February 25, 1928. NARA, Denver, RG115.

71. Noetzli, “Multiple-Arch Dams,” 1927, 486-90. Jackson, Building the Ultimate Dam, 207 gives a cost of
$435,000.

72. Noetzli, “Multiple-Arch Dams,” 478-82. Jackson gives a value of 17,750 cubic yards of concrete for the
multiple arch design but the same cost. See Jackson, Building the Ultimate Dam, 147-8.

73. Noetzli, “Multiple-Arch Dams,” see pages 187-92 for a more detailed discussion of the attitude of the
Reclamation Service (changed to the Bureau of Reclamation in 1923).

87






CHAPTER 3

EARLY MULTIPURPOSE DAMS:
ROOSEVELT AND THE RECLAMATION SERVICE,
WILSON AND THE U.S. ARMY CORPS OF ENGINEERS

FROM SINGLE TO MULTIPURPOSE DAMS
Roosevelt and Wilson Dams

Throughout the nineteenth century, people built dams either for munici-
pal storage, for water power, for flood control, or for irrigation. Many were pri-
vately built, some by local governments, but none by the federal government ex-
cept for river navigation. With only a few late nineteenth-century exceptions, all
dams were low and brought forth little modern engineering. By the end of that
century, the problems associated with erecting masonry dams gave rise to their
study, which Edward Wegmann summarized in the first edition of his classic text
on The Design and Construction of Dams (1888). He considered only mason-
ry gravity dams, and it was the Quaker Bridge Dam design, over 100 feet higher
than any previous masonry dam, that stimulated Wegmann to write his first edi-
tion. He noted only 14 American dams, none by the federal government, and
most were for municipal water supply. He did not write about earth embank-
ments, although many had been built and the U.S. Army Corps of Engineers had
long been engaged in such work for levees.'

It was not until early in the twentieth century that dams designed to
serve more than one purpose began to be built, and, then, largely because of the
growing demand for electrical power and its natural source in the flow and fall
of water. That demand, in itself, did not bring the federal government into the
building of multipurpose dams; rather, it arose from the mission that the two
agencies had: navigation for the U.S. Army Corps of Engineers and irrigation for
the Reclamation Service. No structures better show the origins of dams built for
more than one purpose than Roosevelt Dam on the Salt River and Wilson Dam
on the Tennessee River. These dams will form the central part of this chapter.

In both cases the governmental agencies adopted forms that had been
worked out by nonfederal designers. For the Reclamation Service, the struc-
tures were for storage, but for the Corps, they were run-of-the-river dams.
Municipalities had been building large storage dams of masonry in the late nine-
teenth century, and mainstream dams began to be commonly used early in the
twentieth century. The storage dams are usually marked for their height and
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often appear in narrow valleys, while the mainstream dams are low but often
built across wide stretches of river.

We have already seen how the Reclamation Service dealt with storage
dams by designing curved masonry dams, which led engineers to develop the tri-
al load method of analysis. Roosevelt Dam was such a design, but its initial de-
sign neglected completely any arch action. However, its 400 foot radius and rel-
atively thin upper regions certainly resulted in substantial load being carried by
arching. After completion of the design, it was analyzed both as an arch (with no
cantilever action) and as a cantilever (with no arch action) to estimate conserva-
tive values for its margin of safety.?

By contrast, Wilson Dam is a pure gravity structure. Its crucial prob-
lems were with the foundations and were centered on uplift, sliding, and over-
turning. In addition, much of the dam is a spillway passing that part of the river
flow not used for power. A critical issue studied since the late nineteenth century
was the downstream shape of the spillway cross section, designed to avoid sepa-
ration between the water flow and the concrete surface. This separation can lead
to a partial vacuum on the concrete, pulling it loose, and thereby forming holes
by cavitation.

The U.S. Army Corps of Engineers had studied this question of shape
in connection with dams on the Cumberland River, and in 1908 Major William
Harts directed a survey of overflow masonry weirs; i.e., spillways and other dam
cross sections for relatively low overflow dams. Carried out in detail by the ex-
perienced John S. Walker, who had been an engineer for the Corps since 1872,
the study appeared in summary form in a later edition of Wegmann’s famous
book.> Wegmann had described the general problem with water pressure, uplift
pressure, and the S-shaped curve on the downstream face. It was this type of de-
sign that would engage the engineers of the Corps as they moved toward multi-
purpose mainstream dams.*

But the movement toward such dams was controversial within the
Corps. One prime illustration came from the same William Harts in 1909.
President Roosevelt, in 1908, had articulated clearly to the Congress the multi-
purpose nature of river development by linking navigation to power. But the fol-
lowing year, as Nashville’s district engineer, Colonel Harts published eight criti-
cisms of the high dams and storage reservoirs required by multipurpose river de-
velopment. He even predicted that “it seems improbable that it [such develop-
ment] will ever be extensively used.” He was not alone in the Corps, even West
Point taught (until 1938) that such developments would be prohibitively expen-
sive.’
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Because of the naturally competing uses for dams, these objections were
not outlandish. The most serious one, referred to in the West Point text, was the
conflict between flood control and power generation. The reservoir behind the
dam needs to be kept low to be able to catch flood waters; whereas the reservoir
needs to remain full to generate maximum power. Moreover, navigation requires
the reservoir to be drawn down during periods of low water runoff so that the
downstream water level can be kept high enough for shipping and so that irriga-
tion can proceed. On the other hand, that loss of water makes recreation less at-
tractive and can hurt the value of lake side property. It is far easier to manage a
single purpose dam where the reservoir is dedicated to one or the other use. For
the Corps, this meant navigation and for Reclamation, irrigation.

The multipurpose debate is most strikingly characterized in the 1920s by
a strong opponent of Colonel Harts. Harts had become division engineer in 1920
and his opponent was Major Harold C. Fiske, then the district engineer for both
Nashville and Chattanooga Districts. Fiske, rather than Senator George Norris,
has even been called the father of the Tennessee Valley Authority. More accu-
rately, Fiske was a primary stimulus for the well-known 308 reports and “perhaps
the greatest proponent of multipurpose and comprehensive water resource devel-
opment in the nation during the 1920s.” But he would achieve that distinction at
a price. In the Corps, one did not publicly dispute a superior like Harts without it
damaging one’s career.’

Fiske was carrying on that major function of the Corps to survey rivers,
but the Corps’ river surveys had, by the early twentieth century, expanded to riv-
er basin surveys rather than just the navigable streams. So, both the Reclamation
and the U.S. Army Corps of Engineers were encouraged by the Progressive
Era President Theodore Roosevelt to view their historic missions more broadly
and to think specifically of dams as part water resources. No part of the system
would characterize that multipurpose concept better than large-scale multipur-
pose dams, such as the two named for Presidents, Roosevelt and Wilson, whose
administrations helped to define the era in which such major restructuring of the
nation began.

Roosevelt Dam, along with Pathfinder and Buffalo Bill Dams, was
a precursor to Hoover Dam, the first major multipurpose structure from
Reclamation; similarly, Wilson Dam was the precursor to Bonneville Dam, the
first major multipurpose structure designed and built entirely by the U.S. Army
Corps of Engineers. Roosevelt Dam was followed by Arrowrock, Elephant
Butte, and Owyhee Dams, all impressively large for their time, but none was
conceived as multipurpose to any significant degree. By contrast, the McCall
Ferry, Keokuk, and Wilson Dams were clearly designed for the generation of
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power with the latter two being truly multipurpose, having both navigation and
power as primary objectives.

The two agencies moved into a broader concept for their dams during
the period leading up to Hoover and Bonneville. Irrigation required study of arid
regions around and sometimes at great distance from the reservoirs. The experi-
ence of the Corps with Wilson led them to think about electrical power distribu-
tion at a distance. Even before those dams, the Corps had, for a long time, been
concerned about flooding and levees, which required consideration of more than
just navigation.

In this chapter, we shall explore the origins and developments of the
Roosevelt and Wilson Dams and end with the manner in which the Tennessee
Valley studies led Major Fiske to propose river basin studies that would lead di-
rectly to the 308 reports. These reports laid the basis for the great federal dams
that began in the 1930s amid the turmoil of the depression. But there were other
factors, both political and technological, that would influence dam building af-
ter 1932. American democracy pits the executive branch against the legislative
branch, which meant that the 308 concept, however similar it made the central-
ized organization of river basins seem, still had to pass the more localized scru-
tiny of Congress. Fiske called for a Tennessee Valley plan, to be directed by the
U.S. Army Corps of Engineers. President Franklin Roosevelt took the idea and
decided that it should be a model for other major river basins, but the Congress,
after approving the Tennessee Valley Authority, would go no further.

Thus, the story of major dams in the other basins exhibits continued con-
flict between the President and Congress and between these two federal agencies
themselves. The resolution of the conflicts, or more accurately the physical re-
sults of these conflicts, illustrate how the American system of politics operated
in the 1930s and still operates even at the beginning of the twenty-first-century.
Because of the uniqueness of each major basin—the Colorado, the Columbia, the
Missouri, the Central Valley of California, and the Ohio-upper Mississippi—the
resolutions would turn out to be unique to each basin. The major dams we have
chosen to study tend to be significantly different from each other, both in their
forms and in their associated politics.

YEARS OF TURMOIL: FROM RECLAMATION SERVICE TO BUREAU
Newell, Davis and Wisner

When the Reclamation Service was authorized in the summer of 1902,
Frederick H. Newell had worked for the U.S. Geological Survey for almost 15
years. He began with Powell’s Irrigation Survey in the late 1880s, and,
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after Congress withdrew support for this initiative, he repositioned himself as the
Geological Survey’s Chief Hydrographer in charge of measuring the flow of riv-
ers throughout the United States. Based in Washington, D.C., Newell cultivated
relationships with political and cultural leaders through participation in non-gov-
ernment organizations (such as the National Geographic Society); by the start of
the new century, he was acknowledged nationally as a prominent irrigation ad-
vocate. Nonetheless, at the time of his appointment as Chief Engineer for the
Reclamation Service, his professional experience had been almost entirely that
of an administrator. He had not been involved in the design, construction or op-
eration of any functioning irrigation projects, nor had he supervised the design or
construction of any large dams or water storage structures. In this light, it is not

Figure 3-1: Frederick H. Newell, U.S. Reclamation Service: Chief Engineer (1902-
1907); second Director (1907-1914). Source: Bureau of Reclamation.
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surprising that Reclamation Service records contain little evidence of Newell’s
involvement in the bureau’s technical work.’

In Newell’s place, Arthur Powell Davis functioned as the Reclamation
Service’s senior official responsible for matters of engineering; in 1902, he
was appointed Assistant Chief Engineer, and, after Newell’s formal designa-
tion as Director in 1907, he assumed the title of Chief Engineer. A nephew of
John Wesley Powell, Davis received an engineering degree from Columbian
University (later renamed George Washington University) in Washington, D.C.
After graduation in 1888, he joined Powell’s Irrigation Survey and remained

Figure 3-2: Arthur Powell Davis, U. S. Reclamation Service: Assistant Chief Engineer
(1902-1907), Chief Engineer (1907-1920), Director (1914-1923). Source: Bureau of

Reclamation.
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through the 1890s as an employee of the U.S. Geological Survey.® Davis was
active in undertaking field work—for example in 1897 he authored a detailed
Geological Survey publication outlining possible dam and irrigation projects on
the Gila and Salt Rivers in Central Arizona’—but, like Newell, he had not been
substantively involved in the actual operation of irrigation systems or the con-
struction of dams prior to formation of the Reclamation Service.

As a means of facilitating Reclamation’s engineering work, Newell in-
stituted a system of consulting “engineering boards.” These boards usually con-
sisted of three men who were either high-level, full-time Reclamation Service
employees (known as supervisory engineers) or part-time consultants (designated
consulting engineers). These boards—which sat atop a hierarchy of district engi-
neers (who were originally assigned responsibility for a state or territory and later
given jurisdiction over districts encompassing more than one state), planning and
construction engineers for specific projects, engineering assistants, and engineer-
ing aides—were authorized to prepare, review or approve plans related to various
projects.!® The need for a fairly elaborate system of project administration was
largely dictated by the geographically-diffuse character of Reclamation’s work;
for example, a 1904 letter from Charles Walcott (Director of the U.S. Geological
Survey and Newell’s immediate superior) to the Secretary of the Interior explain-
ing Reclamation’s organization reported that:

ST e,
alt River Project, May 15, 1941. Source:
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Figure 3-3: (Theodore) Roosevelt Dam on the S
Bureau of Reclamation.
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The plan of organization is necessarily different from that which
would be adopted if all of the work were concentrated in one
state or locality. It would be a comparatively small matter to
supervise the work under these circumstances. The conditions
are such that plans must be prepared and executed almost si-
multaneously in 13 states and 3 territories and in localities hun-
dreds of miles apart. Hence it becomes necessary to have at
each point men located to carry on certain work and other men
so situated that they can travel from point to point and give ex-
pert information and advice.'!

As a result, each Reclamation project was overseen by a separate and distinct
“engineering board,” but many supervising and consulting engineers served on
more than one board.

When selecting an engineer to provide advice on large-scale dam de-
sign, Newell turned to George Y. Wisner, a 63-year-old hydraulic engineer from
Detroit, Michigan. Prior to 1903, Wisner’s professional interests focused on is-
sues such as sanitary engineering, harbor development, and water transportation

—
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Figure 3-4: Engine room and cable towers on the east side of Roosevelt Dam during con-
struction (1903-1911). Source: Bureau of Reclamation.
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along the Great Lakes and the Mississippi River.!? Wisner may have lacked ex-
perience in irrigation, storage dam construction, and western water projects in
general, but this did not deter Newell from appointing him as a senior member
of engineering boards for several projects. In addition, Wisner was also called
upon to take responsibility for mathematically analyzing arch dam designs for
the Shoshone and Pathfinder reservoir sites.”* Wisner’s participation in the early
work of the Reclamation Service was unquestionably important, but he remains
a problematic figure because, after his unexpected death in July 1906, his name
practically never appears in regard to any ongoing bureau projects; in addition,
neither Newell, Davis, nor anyone else associated with the Reclamation Service
prepared a “memoir” (or obituary) recounting his career for publication in the
Transactions of the American Society of Civil Engineers, something that was a
common practice for senior members of the profession.

The Salt River Project

Under Newell’s leadership, the early Reclamation Service planned
and built several irrigation systems. These included the Salt River Project
in central Arizona, the Truckee-Carson Project in Nevada (later named the

;‘?.T LE]

Figure 3-5: This November 1, 1909, photograph shows the large blocks of stone used in

construction of Roosevelt Dam. Note the powerhouse in the lower right corner of the picture.
Source: Bureau of Reclamation.
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Newlands Project in honor of Francis Newlands), the Milk River Project along
the Canadian border in northern Montana, the Shoshone Project near Cody in
Northern Wyoming, and the North Platte Project in southeastern Wyoming and
western Nebraska. These early projects were spread out to encompass as many
different states as possible. This action reflected both the legal requirement that
monies accrued from public land sales be expended on projects in those states or
territories where the land was sold and Newell’s desire to obtain widespread po-
litical support for the newly established Reclamation Service. But, in attempt-
ing to plan and implement several major reclamation projects within a time span
of only a few years, great strain was placed on Newell, Davis, and the entire bu-
reau staff. The pressure on the nascent organization was further exacerbated by
Newell’s arguments, expressed prior to the bureau’s formation, that extolled the
scientific expertise and skill of the federal government in constructing projects
beyond the capacity of privately-financed enterprise.

Newell’s bureau never suffered from any cataclysmic dam failure and—
within this context—avoided any disasters related to technical competence. But,
in an economic context, Reclamation experienced shortcomings related to cost
overruns as well as lengthy delays in project completion. One of the most prom-
inent of Reclamation’s early efforts was Roosevelt Dam, built as part of the Salt
River Project in central Arizona. A brief review of this project offers insight into
the problematic success of the Reclamation Service.

Roosevelt Dam

At the time of its authorization in 1902, the Reclamation Service was in-
tended purely as a means of providing federal support for irrigation in 16 west-
ern states. Electric power production was not perceived as a primary or essential
purpose of the Reclamation Service, and projects initially were not intended to
serve “multiple purposes,” but rather were to focus on supplying water for irriga-
tion. However, once construction commenced on a dam and irrigation system,
purposes other than irrigation could become integrated into it.

Anticipation of the benefits to be accrued by Reclamation Service en-
deavors did not derive from any emphasis that they might serve “multiple pur-
poses.” Rather, they were promoted by Frederick Newell as providing an ef-
ficient means of financing large-scale public works that would avoid wasteful
spending and offer value to American society beyond the scope of what private-
ly financed irrigation projects were capable of. Efficiency (by which they meant
primarily minimizing cost)—and not “multiple-purpose”—would become the
hallmark by which early Reclamation Service projects were judged by the water
users who would assume responsibility for repaying the costs of these projects.
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To better understand how the early Reclamation Service grappled with
the problems and opportunities that confronted it in the decade or so after 1902,
the following discussion focuses on Roosevelt Dam in central Arizona. Selected
by the Secretary of the Interior as one of the Reclamation Service’s first five
authorized projects, Roosevelt Dam was erected in concert with land own-
ers in the greater Phoenix region (known as the Salt River Valley Water Users’
Association) in what became known as the Salt River Project. The Salt River
Project eventually came to include a significant hydroelectric power component.
And it came to embroil Newell and the Reclamation Service in a struggle with
the Water Users’ Association over repayment of—and control over—a project
that dramatically exceeded initial cost estimates and engendered skepticism over
the actual “efficiency” of the Reclamation Service. This struggle was not unique
to Roosevelt Dam and the Salt River Project, but, in fact, it reflected difficulties
that encumbered Newell and the Reclamation Service on a region-wide basis.

Modern irrigation development in the Phoenix area commenced in the
1860s, when Jack Swilling (an ex-Confederate soldier) and other early Anglo set-
tlers cleaned out an ancient canal originally built by the Hohokam Indians."* In
the 1870s and 1880s, several privately owned canals began to draw water from
the Salt River, fostering concern that the river’s natural flow could not serve all
the competing ditches.!” In reaction to this concern, an 1889 survey expedition,
sponsored by the City of Phoenix and Maricopa County, located a large reservoir
site about 60 miles east of Phoenix, just downstream from where Tonto Creek
enters the Salt River.'® Known initially as the Tonto Dam site, it became the
site of Roosevelt Dam (named after the sitting President) when the Reclamation
Service initiated plans to build one of its first large dams at the location.

In the early 1890s, the privately owned Hudson Reservoir and Canal
Company filed an application to build a large dam at the Tonto site.!” Exactly
how close the Hudson Company ever came to actually building a dam at the site
remains obscure, and certainly no construction work of any scale or significance
ever occurred. But plans for the Hudson Company’s Tonto Dam were widely
disseminated and they received prominent notice in the first edition of James D.
Schuyler’s book, Reservoirs for Irrigation, Water-Power and Domestic Water
Supply, published in 1901. Among the more striking aspects of the Hudson pro-
posal was its inclusion of a 6,768 horsepower hydroelectric power component in
the project, or, as Schuyler described the plan, “a combined irrigation and elec-
tric-power project, the same water being used for both purposes.”'® The revenue
derived from the sale of electric power to businesses and consumers throughout
the region was envisaged as playing a key role in paying the bonds necessary to
finance construction.
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At the start of the twentieth century, Phoenix’s civic leaders began lob-
bying for federal assistance to build a storage dam at Tonto. At first, this lob-
bying focused on gaining approval for the issuance of publicly-backed bonds to
help support dam construction (federal approval was necessary because Arizona
was a territory and did not become a state until 1912); but once Theodore
Roosevelt became president in September 1901, Phoenix leaders changed strate-
gies and started advocating direct federal involvement in sponsoring the work."
In 1903, their lobbying bore fruit when the Secretary of the Interior selected the
Salt River Valley for one of the Reclamation Service’s first major projects.?

Although financing for early Reclamation Service projects was intended
to come from the proceeds of public land sales, almost all of the almost
200,000 acres of land to be served by the Salt River Project was in private
hands.?! Nonetheless, the Salt River Project offered the Reclamation Service an
opportunity to develop one of the West’s premier reservoir sites. And this op-
portunity appeared to Newell as too attractive to pass by. For Phoenix boosters,
the federal government was a welcomed supporter for their dreams of storing the
flood waters of the Salt River behind a large dam, especially because it appeared
that the private investment market had no interest in assuming the risk of financ-
ing such an endeavor. Reclamation Service Chief Engineer Newell’s promise of
an efficiently and economically prudent plan to build Roosevelt Dam under fed-
eral auspices generated excitement and anticipation on the part of Phoenix area
farmers and residents. But, as will be seen, this same excitement and anticipa-
tion eventually spawned resentment when Newell could not deliver completion
of the Roosevelt Dam project in a timely and economical manner.

In 1903, Newell directed his Assistant Chief Engineer, Arthur Powell
Davis, to take the lead in organizing work on Roosevelt Dam and urged him to:

Concentrate your energies as far as practicable on the pushing
forward of the Salt River Project . . . and laying out a scheme of
further work, involving the purchase of lands, rights of way,

etc. ... %

In selecting a design for Roosevelt Dam, Davis adopted a masonry
curved gravity design that depended upon its huge mass for stability. In the late
nineteenth century, masonry gravity dams had become the standard for metropol-
itan water systems (i.e., New York’s Croton Dam and Boston’s Wachusett Dam),
and Newell and Davis apparently considered it appropriate that their bureau’s
most visible dam project an aura of permanence and stability similar to dams
built by major municipalities.” Although the Reclamation Service never ex-
plicitly stated that Roosevelt Dam was to mimic major structures of the Eastern
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United States, there is no evidence that alternatives to a masonry curved gravity
design were ever contemplated.**

In the 1890s, the Hudson Reservoir and Canal Company publicized a
masonry curved gravity dam design for the Tonto site.> Later, in 1902, Davis
proposed a structure that closely resembled the Hudson Company’s plan, and this
was subsequently adopted for construction.”® As Newell later wrote:

We [the Reclamation Service] have been inclined to adhere to
the older, more conservative type of solid dam, largely perhaps
because of the desire not only to have the works substantial but
to have them appear so and recognized by the public as in ac-
cordance with established practice.?’

With storage dams, Newell’s concern for appearance and its effect on
public perception was particularly acute:

Plans for the construction of storage works, while they must be
prepared with regard to reasonable economy, must be [under-
taken] with a view to being not merely safe but looking safe.
People must not merely be told that they are substantial, but
when the plain citizen visits the works he must see for himself
that there is every indication of the permanency and stability
of a great storage dam . . . he must feel, to the very innermost
recesses of his consciousness, that the structure is beyond all
question.”®

Given such sentiments as expressed by the top official in the ear-
ly Reclamation Service, the choice of a masonry curved gravity design for
Roosevelt Dam—without serious consideration of possible alternatives—becomes
more understandable.

The selection of a basic design represented one of the least problematic
aspects of early planning for the Roosevelt Dam project. Because of the Tonto
site’s remote location (more than 60 miles from a railhead in the Phoenix/Tempe
area and 40 miles from the railroad that reached the mining town of Globe), a
special effort was needed to build the arduous “Apache Trail” supply road con-
necting Phoenix to the site. Essentially, all supplies necessary to build the dam—
other than those procured locally-would have to be hauled in by mule teams over
the 60-mile-long Apache Trail. This would prove logistically cumbersome from
the time that early construction work commenced in 1904 until formal comple-
tion of the masonry dam in 1911. The other key component of the project neces-
sary to complete before work on the dam proper could start was the construction
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on the upper Salt River of a diversion dam connected to the damsite by a 19-mile
long canal. This canal was designed to provide water to a hydroelectric
powerplant that would generate the electricity necessary to operate equipment
(including the aerial cableway) at the dam site.

The masonry blocks comprising the bulk of the dam were quarried
from the site’s canyon walls and placed via the aerial cableway strung across the
site. The concrete used to bond the masonry blocks into a monolithic mass was
formed using cement produced at a cement mill built by the Reclamation Service
a few hundred feet upstream from the site. The cement mill represented an at-
tempt to limit the amount of construction material that would have to be hauled
in over the Apache Trail. But while the cement mill certainly eliminated the need
to haul in cement, it required large quantities of fuel oil to be imported to operate
the high-heat cement kilns, and securing a reliable fuel oil supply proved to be a
troublesome task.?’

To allow excavation of the site down to bedrock, an initial diversion tun-
nel was driven through the southern canyon wall, starting in 1905. Later sup-
plemented with a second diversion tunnel drilled through the north abutment,
this initial diversion tunnel proved too small to handle the heavy floods that de-
scended down the Salt River in 1905. Eventually the dam site was successfully
excavated down to bedrock, and, commencing in 1906, masonry blocks began
to be placed as part of the dam proper. But construction constituted a long slow
process that taxed the patience of the Reclamation Service staff, the citizens of
greater Phoenix and U.S. citizens as a whole, who wondered how large a federal
expenditure the project would entail before reaching completion.

Rather than take direct responsibility for hiring and supervising the labor
necessary to build Roosevelt Dam, Newell and Davis sought to contract out as
much work as possible. As Davis explained:

The Department and the Director, as well as most of the con-
sulting engineers, are strongly in favor of doing work by con-
tract wherever this is practicable, even if in advance it may not
seem the most economical method.*

At Roosevelt Dam, the contract method proved disastrous in building
the 19-mile-long “power canal” system designed to supply hydroelectric
power during the construction of the dam proper. Originally estimated to
cost $215,260, this power canal (along with its diversion dam and associat-
ed hydroelectric powerplant) eventually cost over $1.4 million to complete.’!
Reliance upon outside contracts also led to the selection of John M. O’Rourke &
Company of Galveston, Texas, as the main contractor for the dam although the
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firm was new to Arizona and had no experience in dam construction.> In 1905,
O’Rourke came in with a low bid of $1,147,000 to complete the main structure
of the dam up to the 150-foot-level in less than two years.*

Because of heavy flooding that wreaked havoc with the construction
site, it may have been impossible for any company or organization to have built
Roosevelt Dam in a timely, cost effective manner. However, O’Rourke never
came close to meeting the terms of the original contract. By the spring of 1907,
when the vast majority of the structure was to have been complete, O’Rourke
had placed only five percent of the total masonry required.** In fact, the dam did
not reach the 150-foot level until November 1909, more than two and one-half
years past the deadline stipulated in the original contract. Final completion of
the structure occurred in February 1911.

As exemplified by the experience with O’Rourke, the use of a contract
system did not prove effective in insuring that expenditures by the Reclamation
Service could be easily controlled. At the same time, a prominent attempt by
Newell and Davis to limit costs by avoiding the use of the contract system also
proved problematic. Roosevelt Dam consists primarily of large sandstone
blocks bonded together by concrete, requiring large quantities of cement. In his
original 1902 design proposal, Davis estimated that purchasing cement and de-
livering it to the Roosevelt site would cost $9.00 per barrel; at the same time,
Davis reported that cement using local limestone and clay deposits could be pro-
duced for about $2.00 per barrel.*® As a result, the Reclamation Service opted to
build and operate its own cement mill at Roosevelt despite subsequent offers by
private companies to deliver cement on-site for as low as $4.51 per barrel.*

After construction of the cement mill commenced in March 1904, it took
the Reclamation Service a year to get the cement mill operating because “the in-
accessibility of the dam site caused long delay in securing the necessary equip-
ment for economical and rapid work.”” And after operations began, the need
to fire the cement kilns with imported fuel oil largely offset any advantages that
accrued by using locally available limestone at the plant. Fuel oil came to the
Salt River Valley from California by railroad and was then hauled overland sixty
miles to the cement plant. Because of a railroad tank car shortage and problems
with the haulage contract, the cement plant suffered from periodic shutdowns
throughout the construction process.”® The cement plant ultimately worked, but
the original cost estimates proved to be too optimistic. Instead of $2.00 per bar-
rel, the per unit cost came to $3.14 per barrel; and this figure was reduced be-
cause an additional 60,000 barrels (out of a total of 338,000) were produced for
the Granite Reef Diversion Dam.* The Reclamation Service’s effort to manufac-
ture cement at Roosevelt Dam was hardly a disaster, but it suffered from
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significant cost overruns that exceeded original estimates and demonstrated that
avoidance of the contract system also posed pitfalls for the Reclamation Service.

Costs for the Roosevelt Dam exceeded original estimates and the overall
project proved much more expensive than anticipated in 1903. Whereas the dam
project was originally estimated to cost about $1.9 million (including the power
canal, powerplant, cement mill, hydraulic gates, tunnels, roads, and “damage to
private lands”), it ultimately cost more than $3 million dollars—and this figure ex-
cluded more than $1 million for land purchases, placement and repair of hydrau-
lic gates, tunnel excavation and road construction, as well as more than
$2.3 million for the entire electric power system.*® Hopes for financing the Salt
River Project with monies derived from public land sales in Arizona Territory
quickly faded, and initial project costs eventually exceeded $10 million.*' Some
of this increase resulted from economic inflation that afflicted all aspects of the
U.S. economy, and some of it resulted both from raising the height of Roosevelt
Dam and from the Reclamation Service taking responsibility for building a
new diversion dam at Granite Reef. But, much of it also resulted from the
Reclamation Service’s failure to efficiently build facilities such as the power ca-
nal and to develop plans related to the dam proper that were feasible for the con-
tractor to implement in a timely manner.

In the case of the contract that O’Rourke signed to complete the main
bulk of the dam in 24 months, the unrealistic expectations—and the inexperience—
of the Reclamation Service were particularly in evidence. Even at the time,
there should have been little reason for Newell or Davis to have believed that—
even under the best of conditions at the remote Tonto site—O’Rourke could suc-
cessfully meet the original terms of his contract. Consider the following contem-
poraneous situation. It took Boston’s Metropolitan Water District 49 months
(June 1901-July 1905) to construct the Wachusett Dam and place 273,000 cubic
yards of masonry; and this was at a site directly accessible to a railroad and in
the midst of a major industrial region.** In contrast, O’Rourke had offered to
erect approximately the same quantity of masonry in only 24 months in a remote,
harsh wilderness with a minimal supply of local skilled labor.

The Reclamation Service’s problems did not arise unexpectedly near the
project’s end; even during the earliest phases of construction, Newell knew that
expenditures were escalating out of control. By the end of 1905, almost
$3.5 million had been contractually obligated for the Salt River Project, prompt-
ing Newell to express concern over “the enormous expenditures which have been
made in Arizona,” while bemoaning that “we have already allotted to this project
a very large sum, more than can easily be defended, and the allotment has been
so liberal that I did not suppose that we should come to an end so quickly. The
end, however, has been reached. . . .”*
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This financial predicament did not abate after 1905, and, as O’Rourke
fell further behind schedule, the notion of the Reclamation Service as an
efficient engineering organization became difficult to sustain. But Newell could
not easily confront Reclamation’s failures because this brought the skills and pro-
gressive attributes of the Reclamation Service into question. Meanwhile, resi-
dents of the Salt River Valley participated in the effort to reduce the repayment
requirements of the 1902 Reclamation Act, and, especially after the Roosevelt
Dam began storing water, they did not hesitate to express dissatisfaction with the
Reclamation Service.*

Based on the legislation authorizing the program, Newell had insisted
that beneficiaries of Reclamation Service projects pay their full costs (exclud-
ing interest charges). But in the wake of financial overruns exemplified by what
transpired in the case of the Salt River Project, Reclamation’s ability to pursue
such a policy faltered. In his 1901 message to Congress, President Roosevelt
had set a high standard for federal reclamation in assuring the American people
that:

No reservoir or canal should ever be built to satisfy selfish per-
sonal or local interests, but only in accordance with the advice
of trained experts. . . . There should be no extravagance, and
the believers in the need of irrigation will most benefit their
cause by seeing to it that it is free from the least taint of exces-
sive or reckless expenditure of the public moneys.*

Unfortunately, cost overrun problems were endemic with Reclamation
Service projects, and Newell, one of Roosevelt’s “trained experts,” could not eas-
ily justify what opponents might term “excessive or reckless expenditure of the
public moneys.”® While Newell held to the view that the original repayment
terms should be enforced, the Westerners who were to bear the brunt of increased
construction costs expressed outrage and sought politically expedient ways to re-
duce their financial liability.

A few months after the completion of Roosevelt Dam, Newell expressed
dismay at how members of the Salt River Valley Water Users’ Association were
attempting to evade payment as stipulated under the original terms of the
National Reclamation Act:

It is not wise to let it be understood that the project is completed
and that the Valley has nothing more to expect. This has been
emphasized by a number of the citizens who have implied that
now that there is nothing more to be had out of Uncle Sam they
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can concentrate their energies on securing deferred payments,
or even the repudiation of a whole or a part of the debt.

[ have been astonished at the way this feeling has apparently
spread. . . .Y

As reflected in his concern for monumentality in dam design, Newell
was drawn to the construction of huge structures as symbols both of safety and
of his bureau’s ability to accomplish great things. And—despite the fact that it did
nothing to open up the public domain to new farms—Roosevelt Dam represented
an opportunity to develop one of the West’s best reservoir sites. But when the
Reclamation Service floundered in economic difficulties, his enthusiasm for this
and other bureau endeavors waned. He expressed his disappointment in 1910 by
acknowledging that:

The outlook is very dubious, and we [the Reclamation Service]
do not know from day to day what will occur. I am keeping

the work going as well as I can under the circumstances, but, of
course, there is not the feeling of satisfaction or of enthusiasm
which formerly existed.*®

Newell possessed no personal financial cushion to fall back on (in con-
trast to his colleague and contemporary Gifford Pinchot who left his post as
Chief Forester of the U.S. Forest Service in 1910 after clashing with the Taft
Administration), and he lingered on as nominal leader of the Reclamation
Service until 1914, when he was finally dismissed by Franklin Lane, Woodrow
Wilson’s Secretary of the Interior. But from 1910 onwards, the financial prob-
lems of the Reclamation Service were so manifest that Newell’s original hopes
and ambitions for the bureau were forever lost.

Of course, this does not mean that structures such as Roosevelt Dam dis-
appeared from the landscape or that the condition of western water development
reverted back to a pre-1902 world. Taking Roosevelt Dam as an example, we
can see what transpired in a more general context for Reclamation Service proj-
ects as a whole. Although the cost for the original Salt River Project that the Salt
River Valley Water Users’ Association was responsible for repaying remained
at the substantial figure of $10.2 million, the federal government adopted a for-
giving posture as to the terms for this repayment; it was not completely paid off
until 1956—thirty-five years later than it should have been paid under the orig-
inal terms of the Reclamation Act, but within the terms of that Act as amend-
ed. Perhaps even more importantly, control over the operation of the entire Salt
River Project—including Roosevelt Dam and all associated electric power facili-
ties built as part of the project—was transferred from the federal government to
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the Salt River Water Users’ Association in 1917.% At the time that control of the
Roosevelt facilities was transferred to the Water Users’ Association, the power-
plant at Roosevelt had a rated generating capacity of 9,500 kW.*°

From 1917 on, the Reclamation Service (and later the Bureau of
Reclamation) certainly remained involved in activities associated with the
development of the Salt River watershed. But this development did not depend
on the work or planning of Reclamation staff. In fact, the construction of the
three large hydroelectric power dams on the Salt River below Roosevelt Dam
(Mormon Flat, Horse Mesa, and Stewart Mountain Dams) that were constructed
in the 1920s was handled by the Water Users’ Association with funding
provided by bonds sold on the private investment market.>! In essence, the
history of Roosevelt Dam and the Salt River Project highlights how tenuous the
Reclamation Service’s role in western water development became before the
authorization of the Boulder Canyon Project in the late 1920s. The Reclamation
Service/Bureau never lost all relevancy, but compared to the heady days of
1904—05, the Reclamation Service/Bureau of the early 1920s had lost much of
its luster and influence. It would take the construction of Hoover Dam to bring
it back; and it would take Hoover—combined with the economic effects of the
Great Depression—to establish that multiple purpose dams dependent upon
hydroelectric power revenues could become a central component of federally
financed water projects in the West.

Crises and Rebirth

After Newell’s formal resignation in late 1914, Arthur Powell Davis
was appointed Director of the Reclamation Service. Under Davis’s leadership
the bureau completed some prominent large-scale concrete dams, including the
348-foot-high Arrowrock Dam in southern Idaho and the 306-foot-high Elephant
Butte Dam in New Mexico, but its financial problems did not abate. In the early
1920s, severely depressed agricultural prices prompted Congress to enact repay-
ment “moratoriums” that relieved project beneficiaries from meeting their annual
obligations until prices rebounded. This was welcome news for farming in-
terests, but it also highlighted Reclamation’s financial difficulties. By 1923,
Reclamation had expended over $135 million dollars while repayments totaled
less than $10 million. In reaction to these problems, Davis was fired as Director
in 1923 and the name of the bureau changed to the Bureau of Reclamation.*

Elwood Mead and Reclamation

After Davis’s dismissal, Secretary of the Interior Hubert Work estab-
lished a special Fact Finding Commission to examine the financial and oper-
ational problems that plagued the federal reclamation program.>* Formed in

107



September 1923, this commission included several prominent men involved

in western development and agriculture, including Thomas Campbell (a for-
mer governor of Arizona), James Garfield (the Secretary of the Interior under
Theodore Roosevelt), John Widstoe (a highly regarded agricultural scientist
and former president of Utah State University), and Elwood Mead. Mead had
been a longtime champion of western irrigation, dating back to the 1890s when
he served as Wyoming’s first state engineer. He later became head of irriga-
tion investigations for the Office of Experiment Stations in the U.S. Department
of Agriculture and—prior to the formation of the Reclamation Service in 1902—
clashed with Frederick Newell over issues involving the proper role of the feder-
al government in promoting irrigation.>*

Mead advocated a smaller-scale, more community-oriented approach
to federal reclamation than Newell, and-rather than promote the idea of increas-
ing water supplies by building large-scale storage dams—Mead considered it
o - 7 more important to
B s b | teach farmers bet-
: ] ter techniques of ir-
rigation that would
help eliminate prob-
lems such as over-
watering and salt ac-
cumulation. After
Newell’s ascension to
the leadership of the
Reclamation Service,
Mead remained
with the Agriculture
Department for a
few years while also
teaching part-time
at the University
of California as
a Professor of
Irrigation; in 1903
he published a well-
regarded book on
Irrigation Institutions
that described in de-
tail the practical and
legal character of ir-

Figure 3-6: Elwood Mead, Commissioner of the Bureau of Recla-  rigation in various
mation from 1924 to 1936. Source: Bureau of Reclamation. western states.”® In
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1907, Australian officials invited him “Down Under” to take charge of Victoria’s
State Rivers and Water Supply Commission. Originally planning to stay only a
year, he remained in Australia until 1915 and oversaw the settlement of sever-

al irrigation communities sponsored by the state government. After Australia’s
entry into World War I, he returned to the United States, becoming Professor of
Rural Institutions at the University of California, Berkeley. Drawing upon his
experiences in Australia, he wrote Helping Men Own Farms, a book that champi-
oned the ideal of the small-scale farming community.® He also assumed leader-
ship of the California Land Settlement Board and supervised the establishment of
two state-sponsored irrigation colonies in northern California, beginning in 1918.
The Durham and Delhi colonies proved unsuccessful (in fact, by the early 1930s,
both were abandoned), but Mead’s reputation survived intact.’’

At the time Mead joined the Department of the Interior’s Fact Finding
Commission in 1923, he was considered a leading authority on irrigation. In ad-
dition, he had been unsullied by any association with the Reclamation Service
during the previous two decades. As a result, when the Commission wrapped
up its investigation, Mead was considered a logical person to take charge of the
Bureau of Reclamation and revitalize the federal government’s reclamation pro-
gram. Appointed Commissioner of the Bureau of Reclamation in April 1924,
Mead assumed responsibility for putting the bureau on a solid financial foun-
dation in which repayment obligations would be met by project beneficiaries.
Congress also addressed this issue by establishing 40 years as the standard time
period for reimbursing the government for project costs (although in some cases
payments could stretch out for more than 100 years).”® As a key part of his plan
for stabilizing Reclamation, Mead established a policy of completing and devel-
oping existing reclamation projects instead of initiating new projects; the effect
of this policy can be seen in the construction of new dams such as Stoney Gorge
(part of the Orland Project) and Gibson (part of the Sun River Project) that con-
tributed to existing federal projects. At times, Congress authorized new initia-
tives (such as the Owyhee Project on the Oregon-Idaho border), but in the early
years of Mead’s leadership most Reclamation work focused on already estab-
lished projects.

In his speeches and writings, Mead continued to champion the ideal of
small-scale, community-based irrigation systems.” But during his time in of-
fice, a completely different justification for federally sponsored water proj-
ects emerged. The catalyst for this new type of project came from Southern
California’s desire to tap into the water resources of the Colorado River. The
idea of building a large storage dam across the Colorado River at Boulder
Canyon (located on the Arizona-Nevada border) derived from a desire both to
protect California’s Imperial Valley (located just north of the Mexican border)
from floods and to provide the valley with additional water supply; by the early

109



1920s, this idea had been picked up by civic boosters in greater Los Angeles who
perceived such a dam as a key element in their plans to increase municipal wa-
ter supply by building a long aqueduct across the Mohave Desert.® Promoted

as a multipurpose structure that would provide water for irrigation and munici-
pal development, hydroelectricity, and flood control, Hoover Dam represented a
far different project from what Mead was promoting in terms of small-scale ru-
ral settlement. Justified largely in terms of hydroelectric power generation (the
sale of power—and not revenue derived from agricultural production—-would com-
prise the financial foundation of the Boulder Canyon Project), Hoover Dam came
to represent a whole new type of project. Authorized in December 1928, the
Boulder Canyon Project came into existence well before the onset of the Great
Depression. But the model it established—especially in regards to the genera-
tion and sale of hydroelectric power—became a powerful and prominent part of
large-scale dam building during the Great Depression of the 1930s.

YEARS OF INDECISION: FROM NAVIGATION TO POWER
Floods and Politics

Congress, having given the Corps responsibility for river navigation in
the nineteenth century, found early in the twentieth century that river floods were
commanding increasing political attention. If irrigation brought the Reclamation
Service to life, floods gave new direction to the Corps as the century began, and
both bureaus would quickly face the third great river issue, hydroelectric power.
Early in the century, there seemed to be little overlap because the Reclamation
Service had to stay in the West and the Corps’ big problems lay to the east—
especially in the gigantic watershed of the Mississippi, Ohio, and Tennessee
Rivers.

The devastating Pittsburgh flood of 1907 badly damaged the steel city,
and the Ohio floods of 1913 (especially in the Miami Valley region) killed
467 people and cost nearly $150 million. Finally, with more floods raising po-
litical pressure, the representatives agreed to form a House Committee on Flood
Control in 1916 and then passed the Flood Control Act the next year. Although
limited to the lower Mississippi and the Sacramento Rivers, this Act was a ma-
jor landmark in government because, for the first time, Congress openly allocat-
ed funds for flood control. It began long-range planning, it included the require-
ment for local cost sharing, and it directed the Corps that whenever it undertook
flood control studies it had to include a comprehensive assessment of the water-
shed or watersheds.*'

After World War 1, Congress turned to river issues in 1920 with passage
of the Water Power Act,but it failed to address the issue of combined usage
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until 1925. Then, on February 25, 1925, the House Rivers and Harbors
Committee asked the federal government to estimate costs for a

comprehensive survey of navigable rivers, to which the Corps replied in 1926
with House Document 308. This major report identified the 180 rivers and nu-
merous tributaries to be studied with navigation and water power in mind.
Congress authorized the studies in 1927, and then disaster struck. It was the
Mississippi flood which Herbert Hoover, then Secretary of Commerce called the
“greatest disaster of peace times in our history.”®* Between 250 and 500 people
were killed, more than sixteen million acres flooded (an area larger than Rhode
Island, Delaware, Connecticut, New Jersey and Massachusetts combined),
41,000 buildings destroyed, 162,000 homes flooded, and 325,000 people tended
by the Red Cross in temporary camps. This mammoth flood proved that the “le-
vees only” policy of previous years was an enormous error.*

That error had been introduced by Andrew A. Humphreys, Chief of
Engineers of the Corps, in his 1861 book written with Henry L. Abbot, Report on
the Physics and Hydraulics of the Mississippi River, and the error had been the
policy of the Corps until the 1927 flood forced it to face the river’s reality and to
think about such measures as storage dams on tributaries.* Thus, the rise of hy-
droelectric power and ravaging floods brought the Corps into the big dam busi-
ness in a major way.

Still, the Corps had already been drawn in by war, and that experience
helped prepare it for the huge surge in dam building that would characterize the
next half century. For the origin of the Corps’ work on multipurpose dams, we
turn to the work of one primary figure, Hugh Cooper, and to the origins and com-
pletion in 1925 of one huge structure, Wilson Dam, on the Tennessee River at
Muscle Shoals, Alabama.

Muscle Shoals: The Battle for Control of Hydropower

Hydroelectric power development in the early twentieth century
American West touched only lightly on the issue of public power. However, fed-
eral ownership and operation of hydroelectric facilities in the rural South, espe-
cially at Muscle Shoals on the Tennessee River, led to more vigorous interest in
the issue. World War I was primarily responsible for turning Muscle Shoals into
a national controversy over the issue of public power and economic develop-
ment.

With the prospect of American participation in the war, Congress ap-
propriated $20 million in 1916 for the production of nitrate (a necessary ingre-
dient in explosives). President Wilson chose Muscle Shoals as the site for a ni-
trate plant because of the area’s potential for generating abundant, inexpensive
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electric power—an essential factor in extracting nitrogen from the atmosphere.
In 1918, two nitrate plants were built and work began on what later was named
Wilson Dam (completed in 1925). The total government investment for the proj-
ect eventually came to approximately $145 million.

Figure 3-7: Wooden formwork was used to cast the arches over the spillways at Wilson Dam.
Source: U.S. Army Corps of Engineers.

Figure: 3-8: Wilson Dam at Muscle Shoals on the Tennessee River was constructed under
contract by the U. S. Army Corps of Engineers. Source: U.S. Army Corps of Engineers.
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Figure 3-9: On July 13, 1923, open gates on the north end of Wilson Dam produced turbulent
flow. Source: U.S. Army Corps of Engineers.

The development of Muscle Shoals raised many questions about the
government’s role in projects affecting navigation, flood control, economic reha-
bilitation, conservation of agricultural lands, regional planning, development of
natural resources, and the generation of power. The last issue took priority in the
postwar years after passage of the Federal Water Power Act of 1920 and the agi-
tation of midwestern progressives who sought stricter regulation of water pow-
er.% For many years, the Federal Water Power Act of 1920 proved to be relative-
ly weak in practice. While the Act permitted federal supervision of hydroelectric
facilities on both public lands and navigable streams and established the Federal
Power Commission (FPC), the Commission was generally limited to licensing
and site location. Flood control and irrigation were not included, power revenues
were not linked with multiple-purpose dam construction, and federal revenues
derived from hydroelectric facilities proved to be small. And, both the Tennessee
River and the Boulder Canyon Project were excluded from the purview of the
FPC.%

Immediately after World War I, Secretary of War Newton D. Baker at-
tempted to turn the nitrate plants over to private companies for production of
fertilizers. Attracting no takers, a bill was introduced in Congress to create a
government corporation for that purpose, but it failed. In March 1921 the new
Republican Secretary of War, John W. Weeks, announced that the government

113



would accept bids for the facility, which it would be willing to sell for a reason-
able price.

A bid from Henry Ford to buy the Wilson Dam and generating plant
set off a major dispute over control of Muscle Shoals. The bid attracted sup-
port from Secretary of Commerce Herbert Hoover, Thomas Edison, the Farm
Bureau, several key southern politicians, and local developers in the Tennessee
Valley. Power progressives fought the bid vigorously, as did southern power
companies who feared the competition, and southern manufacturers who were
skeptical of Ford’s motives. Locally, the distaste for land speculators reinforced
the notion that the Ford offer was exploitative. With the groundswell of opposi-
tion, especially championed by Senator George Norris of Nebraska, Ford with-
drew his offer. The Muscle Shoals Inquiry Commission, appointed by President
Calvin Coolidge, recommended in 1925 that the properties be leased to a pri-
vate operator for fertilizer production and only incidentally for power production.
Lukewarm interest in the recommendation resulted in no lessee being secured.
And while Norris continued to push for public operation of the site, the time was
not right for public power.®’

Hugh Cooper, McCall Ferry, and Keokuk

Electric power characterizes as well as does any technology the tension
so typical in the United States between individual freedom and government reg-
ulations, between private industry and public works. This tension, intensified
by the debate over power from Niagara Falls, led to the Burton Bill of 1906 that
brought government into Niagara River and Great Lakes water regulation while
angering private power companies.® This issue was to become far more impor-
tant with a dam planned by the Corps a decade later at Muscle Shoals.® This
far larger project would demand far better engineering, and for that the Corps
reached out to the leading designer of such works, Hugh Cooper.

Hugh Lincoln Cooper (1865-1937) left home after graduating from high
school in 1883 determined to become an engineer. In 1885, he began to work
on bridges, especially on the construction of steel bridges. By 1894, he had de-
cided to leave bridge engineering and to focus on hydroelectric power projects,
something quite new. He soon became an expert in the design of such plants
and worked on design and construction in the United States, Canada, Brazil,
and Mexico. He surveyed, designed, and built a 100,000 hp powerplant for the
Electrical Development Company of Ontario above Horseshoe Falls in Niagara,
Canada. His reputation grew, and in 1905 he opened his own office in New York
City. He was shortly to take up his best known work to date, the McCall Ferry
hydroelectric powerplant on the Susquehanna River.” The McCall Ferry Power
Company had positioned the dam at the center of a circle whose 70 mile radius
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included Philadelphia, Baltimore, Wilmington, and Harrisburg so that the
market for power existed and the new technology of high voltage transmission
could easily send it to profitable centers. The company also explicitly insisted
that the work be “absolutely first class” in the light of the many poorly built fa-
cilities like Hales Bar that had sprung up.”" Cooper designed the dam and power
house and also oversaw the construction from 1906 to 1908.

With the McCall Ferry Dam, Cooper established a structural type that
became characteristic of main stem dams over the next 75 years. It is a low grav-
ity dam made of unreinforced concrete, roughly triangular in section. Internal
concrete stresses were not critical. Rather, the studies focused on foundation
pressures and overturning safety. This latter required that the dam’s vertical
weight be large enough to prevent the horizontal water pressure load from tip-
ping the dam over by rotating it about the toe. (See Wilson Dam discussion be-
low.) Far more technically challenging than stresses and overturning was the
construction process in the 2,700-foot-wide fast-flowing river. Cooper devised
a system whereby half the river was blocked by a cofferdam to allow construc-
tion there while the river ran through the open half. The river was then direct-
ed through the partly completed dam while the second half was cast within a
new cofferdam. This was a major undertaking and it prepared Cooper well for
his next step, one which brought him into close contact with the Corps and the
Mississippi River.

When Cooper moved from the Susquehanna to the Mississippi, he left
the provincial and entered onto the world stage: the Susquehanna with a maxi-
mum flow of 50,000 cubic feet per second compared to the Mississippi with over
370,000 cubic feet per second. The mightiest American river had never been
dammed below Minneapolis, even though the Corps had been working on the
river for almost a century.”> The big change, of course, was hydroelectric pow-
er, and the early 1890s saw formation of the Keokuk and Hamilton Water Power
Company named for the two towns facing each other in lowa and Illinois. In
1901, Congress approved a power project for the company that involved a wing
dam (really a slanted jetty) and a power canal but no river dam.” The company
could not finance it, but, the following year, the Rivers and Harbors Act called
for a survey at Keokuk to study a possible dam.

The survey report by Montgomery Meigs (son of the Union
Quartermaster-General during the Civil War) was favorable, and, in 1905, the
Congress authorized the power company to proceed. Even the railroads called
for better river navigation, and, in the spring of 1908, President Roosevelt, with
typical Teddy flourish, sailed from Keokuk to Memphis in what was acclaimed
as the “largest steamboat parade in history. . . .
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Meanwhile, in 1907, Cooper began to study the Keokuk Dam project
and to raise funds for its construction. He went to the nation’s leading consult-
ing electrical power engineers, Stone and Webster of Boston, who that year had
formed Stone and Webster Management Association to handle powerplant con-
struction.” Together with Cooper, they formed the Mississippi River Power
Company of Boston with Edwin Webster as president and Hugh Cooper as vice
president and chief engineer. Cooper designed the project, hired his own work-
ers, and supervised all the construction. It was the largest hydroelectric plant in
the world.”

What began to develop early in the century were huge dam projects, like
McCall Ferry and Keokuk across wide rivers and Pathfinder and Buffalo Bill
within high narrow canyons. The wide river dams were only justified because
of hydroelectric power, whereas justification for the high narrow dams lay in
water storage and irrigation. In the former type, design interest focused more on
the power house and penstocks than on the dam structure; whereas in the latter,
the structure caught the imagination of engineers. This contrast paralleled that
contemporaneous structural development in bridge design where some engineers
built long concrete viaducts with little intrinsic structural interest while others
imagined wide spanning suspension forms of breathtaking daring.

But if Cooper’s low wide dams were not structurally innovative, his
means of construction were pioneering. Indeed, at Keokuk the brilliance of his
plan would catch the attention not only of the international profession but also of
the local citizenry. As the Engineering News reported in 1911, two years before
completion,

Engineering works rarely receive much attention on the part of
the public, but the work at Keokuk forms a local attraction, the
people of the surrounding country having a popular interest in
“the big dam across the Mississippi,” as the project has been

in the public eye for so many years. In fact, excursions are run
from nearby points to Keokuk, with the dam as the main attrac-
tion. To meet this condition and still provide for excluding the
public from the works, the power company has erected on each
side of the river a covered pavilion or observation platform,
which is provided with seats and from which there is a very
good view of the work as well as of the scenery along this part
of the river.”’

Essential features of the performance were the steel travelers, huge
truss bridges that moved out over the river from both shores to place the total of
540,000 cubic yards of concrete, the most ever used in a dam up to then.”® That
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immense mass would, however, be more than doubled in Cooper’s next major
work in which the Corps would play a much larger role than it had at Keokuk.

From Muscle Shoals to Wilson Dam

Nothing illustrates better the Corps’ ambiguity toward river develop-
ment than their activities on the Tennessee River during the first two decades of
the twentieth century. This uncertainty and at times hostility toward multipur-
pose dams mirrored a great national debate during the progressive era about the
role of the federal government in the development of natural resources, a debate
that extended from river basins to oil trusts.

The story of Muscle Shoals characterizes this debate while also cen-
tering on the world’s largest dam built up to that time. If the Keokuk project
“marked a serious shift of direction for navigation improvement,” the Tennessee
River dam brought the Corps into multipurpose dam building in a major way.”
The 58 steel gates above the concrete dam permitted a maximum flow at Muscle
Shoals of 950,000 cubic feet per second, or over 2.5 times the flow at Keokuk.*

Before the turn of the century, the Corps had proposed development at
Muscle Shoals, but not until 1909 did any serious action begin when a special
board of engineers concluded a study with the cautious observation that . . . any
partnership relation between the United States and a private corporation is nec-
essarily to be closely scrutinized as the results in the past have been that the gov-
ernment, as a party to such agreements, has usually suffered thereby.”

Nevertheless, the Board admitted that times were changing and that wa-
ter power may “require a new departure in governmental policy.”®! After an
abortive 1914 attempt to get Congressional approval, Major Harry Burgess of
the Nashville District took charge and produced a monumental 1916 report that
lay the technical basis for the development at Muscle Shoals. Before any proj-
ect could begin, however, the war intervened, and, in the fall of 1917, President
Wilson chose Muscle Shoals as one site for a large nitrate plant to make muni-
tions and ordered the Corps to begin work on a hydroelectric facility to power
the plant. This was a completely new venture for the Corps, and they called on
the acknowledged leader in such works, Hugh Cooper.

Meanwhile, two weeks after Woodrow Wilson’s second inauguration in
early March, German U-boats sank three American ships, and, after much ago-
nizing, the President told a special session of Congress on April 2 of the neces-
sity for war. Congress confirmed the state of war by April 6. Immediately, Hugh
Lincoln Cooper, aged 52, volunteered to serve, and in May he received a

117



commission as a major of engineers. By July, he was in France planning base-
port facilities; in October he was promoted to Lt. Colonel.®

The Corps, back home, was struggling with its huge new project in
Alabama, and in March of 1918, at the urging of the Chief of Engineers of the
Army, Cooper was transferred to Muscle Shoals, where he made a careful study,
many recommendations, and redesigned the entire project. He was quickly
promoted to colonel, but in May, he was transferred back to France. He never
knew why he had been transferred.® Cooper himself, in a 1922 testimony to the
Military Affairs Committee of the House, confessed that he “never knew exactly
how that happened.” He also displayed his consternation that, although he was
the designer of the entire project and responsible for its construction, the govern-
ment refused to pay him anything.** Cooper apparently had failed to appreciate
that his time as a U.S. Army Corps of Engineers officer could not be compensat-
ed beyond the normal remuneration given to an officer of his rank.

Just before Armistice Day, on November 9, 1918, construction resumed
on the dam while the Corps made more subsurface tests and, following Cooper’s
recommendations, began to make design sketches. Cooper, meanwhile, had
gone back into private practice and then, on May 21, 1920, the Corps signed a
contract with Hugh L. Cooper & Co. that put the company in charge of design,
construction, and inspection of the entire project. Cooper began work, and by
election day 1920 he had completed numerous drawings laying out the dam and
powerhouse.® From then until 1924, Cooper produced drawings and supervised
construction.

The politics of how the dam came to be used raged through Congress
during the 1920s while the Corps moved toward large scale dams of which
Wilson was its first major effort. The dam itself represented the largest of its
type; the overflow masonry weir dam. There are 58 openings formed by a grav-
ity dam 95 feet high and 101 feet wide at its base surmounted by 18 foot high
steel control gates and all flanked by buttresses that support a continuous arch
bridge. The shape of the gravity section followed from those at McCall Ferry
and Keokuk; this shape had evolved from late nineteenth-century dams, such as
that at Holyoke across the Connecticut River which was completed in 1899.%
The principal problems in design for these mainstem, or run-of-the-river, dams
is sliding and uplift instability as well as foundation scour at the downstream toe.
For these reasons, such dams are wider than they are high, have a counter curva-
ture on the downstream face, and are supplied with drains to control water pres-
sure under the dam base.

Cooper’s design solved these problems, and the dam has not had any
significant structural difficulties since its completion in 1925 after all
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1,350,000 cubic yards of concrete were in place. Cooper was particularly me-
ticulous in his concrete control, a major factor in the dam’s satisfactory perfor-
mance.’” Power generation began on September 12, 1925, and by June of 1926
six generators were operating to produce an average of about 112,000 hp, or
83,500 kW of power.®® The full power planned was about 600,000 hp from four
30,000 hp units and fourteen 35,000 hp units.* This immense project moved
newly elected Franklin Roosevelt to state in a 1933 address at Montgomery,
Alabama, “My friends, I determined on two things as a result of what I have
seen today. The first is to put Muscle Shoals to work. The second is to make of
Muscle Shoals a part of an even greater development that will take in all of that
magnificent Tennessee River. . . .

Before the president created TVA and took Wilson Dam away from the
Corps, another major political event would firmly fix the Army engineers in the
multipurpose mode.

From the Tennessee River to House Document No. 308

Long before Franklin Roosevelt expressed his goal of developing the
entire Tennessee basin, the Chief of Engineers of the Corps, General Lansing
Beach, had ordered a study of that potential.

The Rivers and Harbors Act of June 5, 1920, authorized the
U.S. Army Corps of Engineers to make preliminary examinations and surveys
of the Tennessee River and tributaries, and General Beach ordered the survey by
letter on June 30, 1920. Beach had verbally explained:

the intention of Congress to include studies of present or poten-
tial hydroelectric developments, the mineral and industrial re-
sources of this region, drainage, flood protection, and such other
allied subjects as may reasonably appear to have an appreciable
influence on the project that may be finally recommended for
adoption for the improvement of navigation.”

In short, Beach asked for a comprehensive report with navigation included but
not the central issue. He assigned that task to a young officer, Major Harold C.
Fiske, commander of the Nashville District.

Because of limited funds, Fiske decided to use the new technique of
aerial photo topographical mapping. Developed only during the World War, the
method served Fiske well as he began in 1921 to take photos from a flimsy De
Havilland airplane at a 12,500-foot altitude.” Gerard Matthes concluded his
1923 paper on the survey by stating that “the general plan . . . was first conceived
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by Major Fiske. It is only fair to state that it was due to his resourcefulness and
keen personal interest in the survey and the development of the details, that it
was possible to accomplish so much with the small funds available.””

Fiske submitted his preliminary report on January 15, 1921, with the
recommendation that a full survey be carried out and that it include all the as-
pects mentioned by General Beach in June of 1920.** On January 29, 1921,
Colonel Harts, Fiske’s superior, wrote to the Chief of Engineers that, “For the
foregoing reasons I do not feel that I can consistently recommend the survey
that is proposed by the district engineer.” His reasons came down to the image
of the Corps as a bureau for navigation only. He claimed that a complete sur-
vey had been made in 1909, when he was district engineer, solely for navigation;
so no new one was needed. Harts criticized Fiske’s preliminary report for being
“clearly an investigation into the water-power possibilities, mostly on the tribu-
taries, with no explanation as to how it is expected that navigation will be bene-
fitted thereby.” Moreover, he continued, “the cost of the proposed survey

is so far beyond what seems reasonable that it should, in my opinion, not be
commenced. . . .””?

General Beach supported Fiske, but instead of the over $500,000 re-
quested, Fiske got a mere $20,000. Undaunted, he kept up his preliminary work
over the next year and submitted another, briefer report on March 15, 1922,
recommending a series of specific studies for a reduced cost of $250,000.”° A
new division engineer, Colonel C. W. Kutz, again objected to the report on the
grounds of slighting navigation in favor of power and of being far too costly.”’
On April 4, the Board of Engineers for Rivers and Harbors reported that “This
purpose is commendable but Congress has never sanctioned an inquiry of this
kind and therefore no authority appears to exist for making it [the Fiske sur-
vey].””®

In spite of division disapproval again, General Beach still supported
Fiske and recommended “that an appropriation of $250,000 be made for continu-
ing the work and that the full amount for completing the survey, viz., $515,800,
be authorized.” On September 22, 1922, the Congress agreed that Fiske’s de-
tailed survey could continue.” By early 1924, it had proceeded far enough
that the House Committee on Rivers and Harbors on March 31, and April 1,
could subject the survey to a thorough critique, resulting in the observation that,
“Major Fiske’s plan [is] ‘astounding and amazing’ and [it was] at this session
[that] the suggestion was first made that similar surveys should be initiated on
other rivers of the United States.” The result of this review and recommendation
appeared in the Rivers and Harbors Act of March 3, 1925 (section 3), which au-
thorized and directed the U.S. Army Corps of Engineers and the Federal Power
Commission jointly to prepare cost estimates for comprehensive surveys of all
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navigable streams and their tributaries, except the Colorado River, where hydro-
electric power appears to be practical.!®

Fiske’s report in 1926 recommended public and private cooperation, and
he set the precedent for the national survey that was soon to follow. However,
his enthusiasm got him into deep trouble with his superiors, and, because he di-
rectly proselytized members of Congress, the Chief of Engineers reprimand-
ed him. Nevertheless, his irregular behavior was crowned with success when
Congress, “astounded” by the excellence of his surveys, authorized similar sur-
veys throughout the nation.'”!

The 308 Reports

In a letter report of April 7, 1926, the Chief of Engineers, responding to
the 1925 Act, gave detailed costs for studying “navigable streams upon which
power developments appear to be feasible.” This is House Document No. 308
which, in just over four pages, laid out a national program of immense scope for
which the surveys would cost $7,322,400.'> Clearly, this implied that the Corps
would enter the multipurpose dam business, but it did not settle the issue of pub-
lic versus private development. The document referred to private activity. This
issue would not be fully resolved until after 1932, but the direction for power
and navigation had been set and now both federal agencies; Reclamation and the
Corps, were to begin a new adventure that would lead to clash and compromise.

The 308 document set the stage for multipurpose dams by its focus on
river basins with a combined use for navigation and power. The document itself
was signed by the Chief of Engineers and the executive secretary of the Federal
Power Commission.

For the major rivers, the surveys were to determine: discharge, locations
and capacities of reservoir sites, location and practicability of dam sites, capaci-
ties of power sites, present and prospective power markets available, best plan of
improvement for all purposes, preliminary cost estimates, and feasibility of the
best plan. Relationship to navigation was to be identified, and, where the ben-
efits were sufficient, the federal government could share in the cost. But power
costs were assumed to be the responsibility of private companies.

There were twenty-four separate surveys ranging from the Raritan
River ($19,400) to streams (except the Mississippi) that drained into the Gulf of
Mexico ($909,000). For the Tennessee, the cost estimate was $300,000; for the
Columbia, $734,100; for the Missouri, $425,000; for the Ohio, $393,100; and for
California, $420,000. The surveys, which were also to consider flood
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control, were written into law by acts of Congress on January 21, 1927, and
May 15, 1928.

With the 308 surveys before Congress, Wilson Dam complete, and
Reclamation planning its most ambitious project, at Hoover Dam below Las
Vegas, the landscape was set for major restructuring. The state-of-the art
in dam design and construction appeared in 1927 in the eighth and last edi-
tion of Wegmann'’s treatise on dams. Coupled with the great flood on the low-
er Mississippi, this treatise and the 308 document marked the end of an era
and, soon thereafter, the beginning of a time of social trauma and technological
achievement.

In his introduction to the eighth edition, Edward Wegmann noted two
major changes from his 1888 first edition: one was the inclusion of “a math-
ematical discussion of multiple-arch dams” and the other was the immense
growth of the field so that his first treatise of 109 pages, 59 plates, and 18 fig-
ures had grown in 39 years to “740 pages of text, 191 plates, and 291 figures in
the text.”!® Things had gotten more complex and dams more numerous. These
changes were characteristic of all engineering and, indeed, of all society.

On June 1, 1927, the locks opened at Wilson Dam, and commercial
transportation began. Ten days earlier, Charles Lindbergh touched down at
Le Bourget Aerodrome, Paris, to symbolize dramatically a new pathway for
transportation. In June, France returned to America the draft Kellogg-Briand
Treaty in which the two governments renounced war with each other, while ear-
lier, in January, the Allies abolished their control commission for supervising
German disarmament.'™ This was a year largely of optimism as grand plans
were laid for peace and prosperity. Among them were the plans for river basins
in the United States.

We move now to the individual river basins and their most significant
multipurpose dams, beginning with the Boulder Canyon Project planned, with no
reference to any 308 report, during the prosperous 1920s. The project’s greatest
symbol is Hoover Dam, the third'® of these presidentially-named structures and,
by far, the best known. When completed, it was the highest dam ever built, used
the most concrete, generated the most power, and impounded the largest reser-
voir. It stands as a great monument to American engineering, but it has also a
great story to tell about its political, economic, and urban history. To that story
and that monument we now turn.
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CHAPTER 4:

THE BOULDER CANYON PROJECT:
WATER DEVELOPMENT IN THE
COLORADO RIVER BASIN, AND HOOVER DAM

THE COLORADO RIVER: IRRIGATION AND FLOOD
The River

With an average flow of about 14 million acre-feet per year, the
Colorado River does not stand as an American giant in terms of the water vol-
ume it carries. The mighty Columbia River, in the Pacific Northwest, carries al-
most ten times as much water, and many rivers in the humid East (such as the
Susquehanna, the Delaware, the Hudson, and the Connecticut) are comparable
to the Colorado in terms of annual flow. But the Colorado drains one of the dri-
est regions in North America, and the water that passes through its channel is a
rare and precious resource; the muddy, turbulent stream stands in stark, dramatic
contrast to the arid terrain of the southwestern landscape. In absolute terms, the
Colorado River may not be a large river, but within the context of its surrounding
environment it offers possibilities of social and economic development that im-
bue it with enormous significance. And this significance is reflected in the politi-
cal battles that accompanied efforts by government officials, businessmen, boost-
ers, engineers, and the citizenry as a whole to take control of the Colorado and
utilize its water for the purposes they thought most advantageous.

The construction of dams, powerplants, canals, and aqueducts to effect
control over the Colorado unquestionably represents a story of technological de-
velopment and—over time—advancement. But the story of where, when, and
how these technological artifacts came to be built is, of necessity, a political sto-
ry—a story of how American political institutions were utilized by the nation’s
citizenry (acting through a dynamic matrix of individuals, organizations, com-
panies, and interest groups) to foster the implementation of specific engineering
systems serving the desires of particular groups of people. The Colorado River
flows through seven western states, and each of these states is populated by peo-
ple who see (and who have long seen) the river as an appropriate source of eco-
nomic benefit for their state and their projects.

In terms of how Hoover Dam came to be built and how the dam re-
lates to the overall development of the Colorado River, the driving force behind
the project is easily traced to political and business interests tied to Southern
California. The technological and legal initiatives central to the construction of
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the river’s first major storage dam all emanated from California and were de-
signed to facilitate: (1) the agricultural development in the Imperial Valley, and
(2) the municipal growth of greater Los Angeles. The irony of this circumstance
is that California provides very little water to the flow of the Colorado; nonethe-
less, California occupies a geographical and topographical relationship to the
river that facilitated its ability to utilize the flow before any other states in the
Southwest could develop projects of comparable scale or economic importance.

Because the total flow is so limited (at least in terms of the amount of
land that can conceivably benefit from it) and the possible uses so vast, it did not
take long for citizens of the various states to begin to perceive other states as
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potential competitors. For many years, this competition remained hypothetical
and abstract, but things began to change in the early 1920s when serious and em-
inently plausible initiatives were advanced to erect what became the first

major storage dam across the stream. With the completion of Hoover Dam, uti-
lization of the river’s resources would pass from the realm of the possible to the
realm of reality. And because of how American society (acting through state
laws, federal statutes, and constitutional rulings by the judiciary) had formulated
the legal structure of water rights on a national level, the placement of this huge
technological construct into the riparian landscape of the lower Colorado River
represented (and would effect) a huge political ordering of how the river’s water
resources would be allocated and used for generations to come.

Thus, while the story of dam building along the Colorado River might
appear, at first glance, to constitute a tale of developing engineering expertise
brought to bear on problems involving such things as diversion tunnel blasting or
concrete placement, in aggregate it represents something much more complicated
(although the process of dam-building was nothing if not complicated in its own
terms). The political character of dam-building is certainly not a unique charac-
teristic of the Colorado River basin, but the history of the river’s development
offers a particularly engaging example of how dam-building is inextricably inter-
twined into the political fabric of American life.

The Bureau of Reclamation and the West

By the beginning of the 1920s, the feasibility of building large-scale
water projects in the West could no longer be dismissed as fanciful dreaming.
Several projects, some sponsored by the federal government and some under-
written by private capital, had demonstrated the possibility of transforming the
arid western environment through the control and diversion of regional water
supplies. Most of these involved agricultural development, while some focused
on hydroelectric power production or municipal water supply. The organization,
funding, and implementation of these various endeavors may have differed, but
they all provided evidence that increased utilization of water resources could fos-
ter increased economic growth.

While not the only player in the game of big dam construction, during
the first two decades of the twentieth century, the federal government made ma-
jor contributions to the art of hydraulic engineering. The Reclamation Service
may have failed in its efforts to achieve the high (and perhaps unrealistic) stan-
dards of managerial efficiency and financial success that Frederick Newell her-
alded at the time of its original authorization; nonetheless, it had proved beyond
cavil its ability to plan and complete big construction jobs in remote and difficult
locations. While the ideal of promoting the family farm never disappeared from
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official bureau rhetoric, during the 1920s and into the 1930s, Reclamation gradu-
ally reshifted its energies toward projects with economic goals extending far be-
yond simple agricultural production.

In its first two decades, the Reclamation Service included hydroelectric
power production as part of some projects (most notably the Roosevelt Dam in
Arizona). However, in the first two decades of the Reclamation Service’s exis-
tence, electric power production always remained ancillary to irrigation and was
never pursued as a central goal, tenet, or objective unto itself. Eventually identi-
fying (and promoting) its work in a more broad-based manner that extended be-
yond an agricultural focus, by the mid-1920s the renamed bureau began to more
directly focus on fostering a range of benefits that could include flood control,
hydroelectric power, municipal water supply, and—Iast but not least—irrigation.
Because of the scope and scale that multipurpose projects both encompassed and
required, Reclamation’s interests gradually expanded beyond efforts to build in-
dividual dams and water supply systems. Instead, it began to conceive its mis-
sion as one dedicated to planning—and implementing—the hydraulic develop-
ment of entire river basins.

The ascension of federally sponsored multipurpose dams did not derive
from some master plan conceived in the Reclamation Service conference rooms
in Washington, D.C., or Denver, Colorado. Rather, it slowly evolved out of a
longstanding tradition (dating as far back as the U.S. Supreme Court’s 1824 rul-
ing in Gibbon v. Ogden) that the federal government maintained a special con-
stitutionally-derived authority over navigable waterways. During the late nine-
teenth and early twentieth centuries, the legal orientation of the U.S. judicial sys-
tem was not one that encouraged an active (some might say intrusive) role for the
federal government in the economic affairs of the United States. From a vantage
point at the start of the twentyfirst century, it might seem perfectly natural—if not
inevitable—that the federal government would take on responsibility for erect-
ing huge water supply and electric power systems. But prior to the 1930s, dur-
ing which the lingering devastation of the Great Depression fostered a complete
rethinking of how government should interact with the national economy, it was
not at all obvious that such projects represented initiatives properly undertaken
by a federal bureau.

Certainly, the passage of the National Reclamation Act in 1902 and
subsequent actions such as Theodore Roosevelt’s convening of a National
Conservation Convention at the White House in 1908 offer evidence that—at
least in the minds of many progressive conservationists—there existed a role
for the federal government in economic and natural resource development.
Furthermore, the national debate over control and regulation of water power that
extended from the Roosevelt Administration through the establishment of the
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Federal Power Commission in 1920 reflected a willingness on the part of the
American electorate to accord a federal role in overseeing hydroelectric power
production by privately-financed electric power companies. Nonetheless, the no-
tion that the federal government would assume direct responsibility for financ-
ing and building dams and water control systems dedicated to generating electric
power for public consumption and to supporting non-agricultural (i.e., municipal/
urban) water supply systems was not at all obvious prior to the 1930s.

Any telling of the story of how the federal government came to em-
brace multipurpose projects focused around river basin development cannot be
completely comprehensive if focused on only a single river or a single dam proj-
ect. For example, the controversy over how (or whether) the federal govern-
ment should become involved in the business of electric power production came
to the forefront of the national political arena in the 1920s during debate over
how Muscle Shoals (Wilson) Dam should be integrated into the economy of the
Southeastern United States.! A narration of the federal/river basin/hydroelec-
tric power story might simply take Wilson Dam and analyze its history as rep-
resentative of how a federal presence in such affairs—while originating prior to
the Franklin Roosevelt Administration—did not become fully manifest until the
coming of the New Deal.? Certainly, there would be some truth to such a por-
trayal and the importance of the Wilson Dam/TVA connection in regard to the
ascendance of federally owned hydroelectric generating plants cannot be dis-
counted. But such a story would leave a mistaken impression that the Roosevelt
Administration’s New Deal activism—or special defense-related motivations—
comprised a necessary factor in the implementation of federal multipurpose proj-
ects.

A key initiative that complicates any historical interpretation positing the
New Deal as an essential factor in the rise of federally sponsored river basin de-
velopment concerns the authorization and construction of Hoover Dam. Located
across the Colorado River about 150 miles downstream from the Grand Canyon
(and only about 25 miles east of Las Vegas, Nevada), this massive curved gravity
concrete dam was formally authorized by the Boulder Canyon Project Act, which
was signed into law by President Calvin Coolidge in December 1928. Clearly,
the approval of the project by a Republican president famed for his view that “af-
ter all, the chief business of the American people is business” (and approved long
before the stock market collapse of October 1929) reveals that Hoover Dam must
derive from something much more than a simple “reaction” to the economic
downturn of the Great Depression.

In addition, the fact that it was named Hoover Dam by President
Hoover’s Secretary of the Interior, Ray Lyman Wilbur in 1930, also speaks to its
origins as something quite different from a New Deal project (a note on
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Figure 4-2: This early 1930s map shows the relationship of the Imperial Valley to the
Colorado River, including the site of Hoover (Boulder) Dam and the delta lands of northern
Mexico. Source: Bureau of Reclamation.

nomenclature: early planning perceived Boulder Canyon as a logical site for a
dam across the lower Colorado River and for this reason proposed legislation au-
thorizing the dam was titled “Boulder Canyon Project Act”). However, as early
as 1924, it was recognized that nearby Black Canyon offered a better site for a
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large dam, and—despite being characterized as Boulder Dam—the structure, as
it stands today, is located in Black Canyon).

The first of what came to be characterized as multipurpose dams—and as-
sociated river basin initiatives—involved plans to create a huge reservoir on the
lower Colorado River to serve agricultural and municipal interests in southern
California. The huge concrete gravity dam responsible for creating this reservoir
revolutionized the way the federal government participated in water control proj-
ects.

Early Developments and the Imperial Valley

The origins of Hoover Dam lay in an ambitious, privately financed proj-
ect to irrigate southern California’s Imperial Valley with water from the Colorado
River. As conceived by the Colorado Development Company in the late 1890s,
this scheme diverted water from the river to a huge tract of desert land just north
of the California/Mexico border. Significantly, much of this land lies below sea
level, which makes it relatively easy for water to flow to the valley; at the same
time, this distinctive topographical condition also makes the valley susceptible
to flooding. In the absence of human interference, the flooding of the valley oc-
cured in cycles of hundreds or thousands of years depending upon silt accumula-
tion in the river’s delta flood plain. With human manipulation of the river in or-
der to foster irrigated agriculture, the possibility of flooding assumed a new di-
mension, not because settlers wanted to flood the Imperial Valley but because
of unintended consequences that could result from the construction and clearing
of canals connected to the mainstem of the Colorado. To understand better how
floods affected development of the Imperial Valley and the eventual construction
of storage dams on the Colorado River, it is necessary to consider the character
of the river’s entire watershed.

The tributaries of the Colorado River drain over 200,000 square miles
of land varying in elevation from over 14,000 feet to sea level (and even lower).?
The main river is primarily fed by a few large tributaries flowing west and south
out of the Rocky Mountains. The most important of these include the Green
River flowing out of Wyoming and through eastern Utah; the Yampa, White and
Gunnison Rivers flowing out of western Colorado; and the San Juan River flow-
ing out of northwestern New Mexico. In aggregate, these streams contribute al-
most 90 percent of the river’s annual flow, and they constitute what is commonly
called the Upper Basin. The above-named tributaries feed into the main stem of
the Colorado River before it reaches the forbidding canyon lands of southwest-
ern Utah where the streambed flows through a series of gorges and canyons lying
hundreds to thousands of feet below the surrounding mesas and plateaus. After
crossing the Utah/Arizona border and passing the famous river crossing point
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known as Lee’s Ferry, the Colorado flows westward through the Grand Canyon.
Soon afterwards, it reaches the Boulder and Black Canyons that straddle the
Arizona/Nevada border. Turning southward once it reaches the vicinity of Las
Vegas, Nevada, the Colorado River soon forms the 250-mile-long border be-
tween the states of California and Arizona. Finally, at a distance of

1,450 miles from its headwaters in Colorado, the Colorado River enters—at least
it did prior to the erection of large storage dams—the state of Sonora, Mexico, and
disperses across an expansive delta. Only then does it drain into the shallow arm
of the Pacific Ocean known as the Gulf of California.

Figure 4-3: A newly planted grapefruit orchard in the Imperial Valley, circa 1920. Source:
Bureau of Reclamation.

With a flow that can range in intensity from 2,500 to over 300,000 cu-
bic feet per second, the annual capacity of the Colorado River is not particular-
ly remarkable if compared with rivers in the humid region of the eastern United
States. But the river drops thousands of feet in its journey seaward and offers
the possibility of developing significant amounts of hydroelectric power, espe-
cially if seasonal floods can be captured behind high storage dams and gradually
released through turbine/generators. The power potential of the stream attracted
little attention prior to the twentieth century because the possibility of harnessing
its energy seemed remote and impractical. Instead, during the nineteenth centu-
ry, the lower reaches of the stream from Mexico up along the California/Arizona
border—which constituted a relatively flat stretch of river unencumbered by rap-
ids or rocky shoals—was initially utilized to support steamboat traffic serving
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mining districts in the region.* Within the larger scope of the national economy,
this steamboat traffic was of minor importance. It quickly dissipated by the early
1880s, after the Southern Pacific Railroad completed its southern transcontinen-
tal line through Arizona and New Mexico. In a strictly economic context,

the Colorado’s short-lived steamboat trade would barely rate a footnote in the
history of the American Southwest. But within a legal context, the existence of
this steamboat traffic demonstrated that the stream was unquestionably “navi-
gable” and, thus, subject to federal jurisdiction based upon long-standing legal
precedents involving interstate commerce.

In contrast to the lower Colorado River (which had been known to
Spanish explorers as far back as the sixteenth century), the Upper Basin of the
river’s watershed (i.e., the territory upstream from the Grand Canyon stretching
into Utah, Colorado, and Wyoming) constituted one of the last great “unknown”
regions of the North American Continent. Characterized by a rugged terrain in
which the river proper often lay far below the level of the surrounding country-
side, exploration of this region was the focus of John Wesley Powell’s famous
Colorado River expeditions of 1869 and 1871.°> By the end of the nineteenth
century, the upper Colorado River watershed was long past being “unknown”
by Anglo-American society at large. But, aside from a relatively small num-
ber of irrigation diversion ditches serving communities such as Grand Junction,
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Colorado, the water resources of the Upper Basin remained largely unexploited
in terms of economic development. Similarly, by 1900, only a relatively small
amount of irrigation development had taken place in the Lower Colorado Basin
near Blythe, California, where a small portion of the river flow was diverted onto
bottom lands paralleling the river in what came to be called the Palo Verde Valley
(although in truth it is more properly characterized as encompassing part of the
lower Colorado River Valley). Aside from this (and a few other minor irrigation
diversions along the length of the stream), the Colorado still flowed free and un-
fettered in its journey through the delta to the Gulf of California. With the com-
ing of the twentieth century, this would quickly change.

As far back as the 1850s, Oliver Wozencroft, a pioneering Anglo-
American who traveled through Southern California in the wake of the Gold
Rush, had come to appreciate the agricultural possibilities that were afforded
by the distinctive topography of the lower Colorado River Delta. Specifically,
Wozencroft and his engineer colleague, Ebenezer Hadley, realized that an an-
cient channel of the river (long-since filled in with sediments) had once car-
ried water directly into the Imperial Valley.® The reason for subsequent change
in the location of the main course of the river away from this channel related
to the huge amount of sediment carried by the river. Prior to the construction
of major storage dams, the river deposited, on average, approximately 130,000
acre-feet of sediment atop its delta every year. As the river neared the Gulf of
California, the streambed flattened out, the rate of flow decreased, and the sedi-
ment “load” gradually settled out-thus, slowly but surely raising the level of
the streambed. As with all river deltas (including the mouths of the Nile River
in Egypt or the Mississippi River in Louisiana), this buildup of silt eventually
proves so great that the river will overflow its banks and naturally “discover” a
new, less silt-clogged, steeper, and hence more physically advantageous route to
the sea. In the case of the lower Colorado River, the Pacific Ocean did not rep-
resent the only possible outlet; in fact, because much of the Imperial Valley lies
below sea level, it offers an even more “logical” destination for the river than the
Pacific Ocean because it can allow for a steeper, faster flow. In fact, the region
now known as the Imperial Valley had once been a part of the Gulf of California;
it was only due to the accumulation of sediment in the Colorado Delta that it be-
came separated from the Gulf and was allowed to become dry land below sea
level. As Wozencroft discovered, in ancient times the river had carried fresh wa-
ter into the Imperial Valley as a result of shifting distributor channels. And there
was no reason why—with a little human assistance—it could not do so again.

Wozencroft died before any serious effort was made to develop the
Imperial Valley as an irrigation settlement, but not before he had attracted con-
gressional interest in surveying and assessing the proposed scheme. By the
1890s, his basic idea was picked up by the engineer, Charles Rockwood, the
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irrigation promoter and developer, George Chaftey (who had previously been in-
volved successfully in establishment of the irrigation colony at Ontario, west of
San Bernardino); and other investors in the California Development Company.
Rockwood, Chaffey, and their company are generally credited for popularizing
the name Imperial Valley in place of the much less evocative term “Colorado
Desert” used previously to denote the region.” But beyond helping coin a more
attractive name for the valley, the California Development Company also under-
took practical and vital engineering work beginning in 1896.% Most importantly,
this entailed cleaning out silt from the ancient channel (usually called the Alamo
River) that had once flowed into the valley. Rockwood and Chaffey intended to
rehabilitate the channel as the right-of-way for a major irrigation canal.

Just north of the Mexican border on the California side of the river, the
company “cut” a short canal connecting the existing riverbed to the ancient chan-
nel. Fitted up with wooden headgates intended to control the amount of flow al-
lowed into their canal, this deceptively simple system provided a successful and
relatively inexpensive means for diverting water into the Imperial Valley. In the
short term, the company’s plans to make the desert bloom proved surprising-
ly easy to implement—nature had accomplished most of the “excavation” work
hundreds of years earlier—and, by 1902, thousands of acres of prime agricul-
tural land was in process of being irrigated and made economically productive.
However, two potential problems, one political and one environmental-techno-
logical, threatened the endeavor’s long term success.

The first of these problems derived from the political reality that the an-
cient river channel used by the California Development Company crossed over
the international boundary and ran for about fifty miles through Mexican ter-
ritory before reentering the United States at the southern edge of the Imperial
Valley. Although the Mexican Government allowed the canal to traverse its ter-
ritory, under the jurisdiction of a separate Mexican company associated with the
California Development Company, there remained concern that international po-
litical action—not to mention the possible action of bandidos—might cut off the
valley’s water supply. In addition, the company’s agreement with Mexican au-
thorities stipulated that Mexico reserved the right to draw half of the water flow-
ing through the canal for use on land lying outside the United States.

As it turned out, most of the Mexican acreage eventually watered by
the Alamo Canal was controlled by Los Angeles businessman and Los Angeles
Times publisher Harry Chandler. Clearly, the politics of operating an
international canal to serve the Imperial Valley were complicated by the fact that
the financial interests of some highly influential American businessmen did not
stop at the border. Nonetheless, there existed strong feelings among many west-
erners that a canal lying entirely within U.S. territory would be in the national
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interest. By the early 1920s, this sentiment had coalesced into a movement to
win federal support for what came to be known as an “All-American Canal,” en-
tirely within the bounds of U.S. territory.

The second potential problem facing the California Development
Company system was inherently environmental (and hence technological) in
character. Specifically, it related to the short “cut” excavated between the ancient
Alamo River channel and the main channel of the Colorado as it existed at the
start of the twentieth century. After this cut was made into the river bank, water
quickly began flowing into the valley and agricultural and economic growth rap-
idly followed. By October of 1903, 100,000 acres were under cultivation and the
valley supported a population of 4,000.° As a result of this remarkable growth,
demand for water also grew, but the company had difficulty keeping the Alamo
Canal free of silt and thus capable of sustaining its maximum potential carrying
capacity. As it turned out, silt accumulation proved particularly troublesome in
the excavated section of the canal closest to the river, thus prompting the com-
pany to excavate two new (and larger) openings into the river a short distance
downstream from the original “cut.” As before, water flow was to be controlled
by wooden “headgates” designed to ensure that uncontrolled heavy floods could
not pour into the Alamo Canal and down toward the Imperial Valley.!°

In the late spring of 1905, the possibility of diverting too much water
through this new diversion system became reality. In June of that year, heavy
floods washed out the new headgates and huge—essentially uncontrolled—quan-
tities of water began surging into the Imperial Valley. As more water flowed out
of the “old” channel of the Colorado River, the “new” Alamo River canal deep-
ened and widened. In turn, this process of erosion allowed more water to be di-
verted and the “new” channel continued to increase in size. The Southern Pacific
Railroad (whose trackage passed through the valley and which—as a freight car-
rie—maintained a strong economic interest in the valley’s agricultural produc-
tion) worked valiantly, in concert with the California Development Company, to
dump trainload-after-trainload of rock to close off the canal entrance with a rock
embankment."!

For months this effort had little effect as the Colorado reached flood
stages unprecedented in the short time period that Anglo-Americans had come to
know and study the stream. Appeals were made to the federal government to aid
in staunching the flow through the Alamo Canal, but, while sympathetic to farm-
ers in the valley, President Theodore Roosevelt refused to directly aid or interfere
in what he and his Administration perceived as the affairs of a private corpora-
tion.!? The California Development Company undertook its work as a private,
non-governmental initiative and—after the project had encountered severe diffi-
culties—Roosevelt saw no reason that U.S. taxpayers need be drawn into a costly
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effort to rescue the company. In a January 1907 message addressed to the Senate
and House of Representatives, Roosevelt specifically responded to pleas for di-
rect government intervention:

The California Development Company began its work by mak-
ing representations to possible settlers of the great benefits to
be derived by them by taking up this land. A large amount of
money which might have been used in needed works was ex-
pended in advertising and in propounding the enterprise. The
claims were not only extravagant, but in many cases it ap-
pears that willful misrepresentations was made . . . the money
thus obtained from settlers was not used in permanent develop-
ment, but apparently disappeared either in profits to the princi-
pal promoters or in the numerous subsidiary companies. . . . At
the present moment there appears to be only one agency equal
to the task of controlling the river, namely the Southern Pacific
Company, with its transportation facilities, its equipment, and
control of the California Development Company and subsidiary
companies. The need of railroad facilities and equipment and
the international complications are such that the officers of the
United States, even with unlimited funds, could not carry on the
work with the celerity required. . . ."?

Whether the direct involvement of the federal government would have
actually accelerated the process of staunching the flow into the Imperial Valley
remains uncertain. Given the enormous effort made by the Southern Pacific on
its own account, it is difficult to imagine that federal action would have made
any dramatic difference in the practical work to close the breach. As it turned
out, above average flooding in the Colorado River watershed during this period
clearly exacerbated the problem of protecting the valley; eventually, the flood-
ing through the Alamo Canal was brought under control, but it took almost two
years—and an expenditure of two million dollars—before the “cut” was closed. In
terms of the physical environment, the flood permanently inundated thousands
of acres of land under a newly created lake that came to be known as the Salton
Sea. Even today, the Salton Sea (which is primarily fed by subsurface irrigation
drainage rather than surface flow) remains an enduring, essentially permanent,
part of the Southern California landscape that bears prominent witness to the ef-
fect of the 1905-07 Colorado River floods and the ability of humans to dramati-
cally (if unwittingly) transform the hydraulic landscape.

As a result of the tremendous disaster attending these floods, the
California Development Company entered bankruptcy in 1909, but not before
most of its assets had been absorbed by the Southern Pacific Railroad in the wake
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of efforts to finance the flood control campaign.'* In 1911, landowners in the
valley who had previously relied upon the California Development Company for
their water supplies formed the Imperial Irrigation District. This locally admin-
istered governmental authority was designed to operate the regional water sup-
ply system to promote the political and economic interests of those people who
had invested in the valley. In 1916, the Imperial Irrigation District formally pur-
chased the water supply system from the railroad (for about $3 million dollars in
irrigation district bonds) and assumed all responsibility for delivering water to
the valley’s farmers."

Once the flooding had been checked in 1907, the valley resumed agri-
cultural production (minus thousands of acres of low-lying land now permanent-
ly inundated by the Salton Sea). But, understandably, fear that another uncon-
trolled “break” might occur remained very real and acted to reduce land prices
in the valley. Although the Imperial Irrigation District did not place any limita-
tions on the size of individual land holdings within the district, the formation of
this public entity (directors of the district are chosen by public election) helped
downplay the notion that irrigation in the valley was simply a private endeavor
that should depend upon private resources for its growth and development. And
soon the district and its boosters began clamoring for federal support to aid them
in their desire for flood protection and for protection from Mexican interference.

THE FEDERAL INITIATIVES
The Fall/Davis Report

Even before the conclusion of World War I, the Imperial Irrigation
District sought assistance from the federal government to help plan an engineer-
ing project that would excavate a completely new canal entirely within U.S. ter-
ritory. After the end of the war came in late 1918, the district also began to seek
federal support for construction of a flood control and storage dam somewhere in
the lower Colorado River Valley—most likely in the Boulder Canyon region—
that would capture annual floods and thus protect the valley from any possible
reoccurrence of the disastrous inundation of 1905-07. In holding back flood wa-
ter, such a dam could also serve to increase the amount of water available for irri-
gation in the watershed below the dam, including the vast expanse of the greater
Imperial Valley.

As early as 1902, Arthur Powell Davis, who was then the assistant chief
engineer of the Reclamation Service, initiated preliminary studies of how to
develop the resources of the Colorado River. Although serious efforts to con-
struct a major storage dam across the stream were not pursued at the time (the
scale and potential cost of the endeavor paled in comparison to the perceived
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short-term benefits to irrigation development), one of the Reclamation Service’s
early projects involved building the Laguna Diversion Dam to irrigate riparian
lands surrounding the settlement of Yuma, Arizona, a short distance north of the
Mexican border. Between 1902 and 1919, the issue of lower Colorado River de-
velopment never dropped from consideration by the Reclamation Service, but it
was overshadowed by the myriad other projects that the bureau was construct-
ing throughout the West. However, at the end of World War I the Reclamation
Service had completed many of the large projects that had occupied its atten-
tion during the previous decade (including, most recently, Arrowrock Dam in
southern Idaho and Elephant Butte Dam in New Mexico), and the ability of
Reclamation to devote major time, energy, and resources to a lower Colorado
River storage dam became more feasible.

In 1915, Davis had taken over command as director of the Reclamation
Service. Based upon his earlier studies, he was familiar with engineering issues
related to building a big dam on the lower Colorado. He also understood that
such a project would potentially involve construction of one of the largest, most
prominent, and most visually dramatic dams in the world. Thus, when it became
clear that boosters in the Imperial Valley were willing to push the U.S. Congress
to support federal financing for development of the lower Colorado River Basin,
Davis made clear that the Reclamation Service would be willing to assist in de-
veloping plans for such work. In the words of California water historian Norris
Hundley:

The proposed legislation [for an All-American Canal] imme-
diately caught the eye of Arthur Powell Davis. . .who saw it

as a perfect opportunity to raise anew his dream of harness-

ing the Colorado River. . .. The canal made sense, conclud-

ed Davis, but only if it were part of a larger design. To build
such an aqueduct without also constructing dams to control “the
flood menace” would doom the canal to a short life. . . . Davis
told all who would listen [that the Imperial Valley problem]

“is inseparably linked with the problem of water storage in the
Colorado Basin as a whole.”!®

As a result of political activism on the part of the Imperial Irrigation
District and encouragement from Davis, in May 1920 Congress approved a study
that authorized the Reclamation Service to develop preliminary plans for an All-
American Canal and a Colorado River storage dam.'” Known as the Kincaid Act
(in recognition of its sponsorship by the chairman of the House Committee on
Irrigation, Moses Kincaid of Nebraska), this action represented the beginning of
practical planning for what came to be the Hoover Dam.'®
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When formally issued in 1922, the study authorized by the Kincaid
Act was known as the Fall/Davis Report because it was officially prepared un-
der the auspices of Secretary of the Interior Albert Fall and Reclamation Service
Director Davis. In the report, Davis strongly advocated constructing a large
storage dam that would do much more than simply store floods and protect the
Imperial Valley; he proposed that hydroelectric power production be considered
a key part of the project and that construction costs be underwritten by the sale of
hydroelectric power made possible by the dam.

This proposal made sense from a strictly practical point of view because
there was no question that huge amounts of power could be generated by a dam
extending to a height of over 500 feet and holding back a reservoir of more than
20 million acre-feet of water. From a political perspective, the notion of using
electric power revenues as the primary means of financing the dam was much
more problematic because it raised questions as to the proper place of the fed-
eral government in the generation and sale of electricity. The privately-financed
electric power industry controlled most of America’s electric power grid in the
1920s, and it lobbied on the local, state, and federal level for favorable legislation
that would reinforce its ability to retain that control. A huge federally financed
dam on the Colorado River that was to be paid for by hydroelectric power reve-
nues represented a threat to private control. As such, Davis’s plan spurred oppo-
sition—or at least serious concern—among business interests that wished to limit
the role of government in America’s economic life.

In the political environment of the pro-business 1920s, when the
Republican Party controlled both the White House and Congress, the “public
power” issue was always a source of contention regarding the proposed Boulder
Canyon Project. In terms of constructing a “high storage” dam, it proved impos-
sible for anyone to devise a practical alternative scheme that could pay for the
dam in the assured and reliable manner that proponents of hydroelectricity could
claim. Hydroelectricity offered the only economically feasible means of building
a “high storage” dam. As a result, during subsequent debates about the project,
the possibility of building a smaller-scale (and hence less expensive) “flood con-
trol” dam on the lower Colorado was often projected by “private power” advo-
cates as a more reasonable alternative. Such a dam could be erected without reli-
ance upon hydroelectric power sales. In essence, it represented less of a threat to
the private electric power industry. But a smaller dam devoted simply to “flood
control” and irrigation would not allow full storage and use of the Colorado
River’s flow. Davis and the engineers of the Reclamation Service saw this as a
needless and undesirable inefficiency. In this context, Davis, local Congressman
Phil Swing, and others interested in the economic development of Southern
California, proved unwilling to accept a smaller “flood control” dam as a true al-
ternative to a “high dam.”
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As part of the Fall/Davis Report, Davis took on the task of develop-
ing a basic plan for the design and construction of a high dam and hydroelec-
tric powerplant in the vicinity of Boulder Canyon. Although the Reclamation
Service recognized that there were other possible storage dam sites along the
length of the Colorado River (in fact, such sites as Glen Canyon would eventu-
ally be developed after World War II), Reclamation quickly focused on Boulder
Canyon because of its large storage capacity and its proximity to prospective wa-
ter users and electric power consumers in Southern California.

Both Boulder Canyon and the nearby Black Canyon (which lies about
20 miles further downstream) offered dramatic, narrow gorges with steep walls
extending upwards from the riverbed for hundreds of feet. Investigations initial-
ly focused on Boulder Canyon (hence the name chosen for the project) but, early
in the process, studies were also carried out at Black Canyon in order to find the
best possible site.

The Design of Hoover Dam
During the early planning stages for what became the Boulder Canyon

Project, Arthur Powell Davis and his staff made an effort to consider a range of
possibilities for the design of the big storage dam on the lower Colorado. Based

Figure 4-5: The Black Canyon damsite, circa 1921. Source: Bureau of Reclamation.



upon the Reclamation Service’s experiences with the Roosevelt, Elephant Butte,
and Arrowrock Dams, it is not surprising that a massive masonry gravity de-
sign attracted the interest of Davis, his Chief Engineer Frank Weymouth, Chief
Designing Engineer John L. Savage, and Project Engineer Walker Young. The
Reclamation Service had experience building massive embankment dams (such
as Belle Fourche in South Dakota and Strawberry Valley in Utah) as well as
thin arch concrete masonry dams (Pathfinder and Shoshone (Buffalo Bill), both
in Wyoming). In this context, the decision to utilize a curved gravity concrete
design did not come without some consideration of alternative designs. How-
ever, the selection did come quickly and without public review of alternative de-
signs.'?

In late 1920, Davis initiated correspondence with Lars Jorgensen, a
European-trained engineer who had become a prominent advocate of thin arch
dam design (especially constant angle arch dams), for the purpose of discern-
ing whether a storage dam of this type might be feasible to build across the low-
er Colorado.”” While previously Davis had been prominently associated with
massive gravity dams such as Roosevelt and Arrowrock, he retained an interest
in thin arch designs, and his interaction with Jorgensen testifies to this point.*!
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Figure 4-6: A preliminary design (from a blueprint) for a gravity dam at the lower site in
Black Canyon, December 22, 1923. Source: Bureau of Reclamation.
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During the next year, the use of a thin arch design (either constant radius or con-
stant angle) officially remained a possibility but little action to forcefully pro-
mote such a design is evident in available records.?

In contrast, the notion that the Reclamation Service would rely upon a
massive design was publicly expressed by Davis as early as October 1920, even
before he corresponded with Jorgensen, when he wrote the Chief Engineer of the
Los Angeles County Flood Control District in response to a “request for some
information concerning tentative plans made for a dam in Boulder Canyon.”

At that time, Davis indicated that “studies have been made for a section of ma-
sonry or concrete of the gravity type, and a rockfill and earth section, the lat-

ter, however, not being regarded as certainly feasible.”” In early 1924 (after
Davis had been displaced as Director of the Reclamation Service and immediate-
ly prior to the appointment of Elwood Mead as Commissioner of the Bureau of
Reclamation), Weymouth submitted a “Report on the Problems of the Colorado
Basin”—oftentimes simply referred to as the “Weymouth Report”—in which
Volume Five focused on “Boulder Canyon: Investigations, Plans and Estimates.”
In this report, no mention is made of any thin arch designs that may have been
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outlets through the structure, circa 1924. Source: Bureau of Reclamation.
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considered for the big storage dam. Instead, Weymouth reported only that “stud-
ies have been made of rock-fill and concrete dams of various types” and went on
to explain:

There is a grave question whether life and property below a
dam of such unprecedented height and a reservoir of such enor-
mous capacity should through the construction of a rock fill
dam be subjected to a risk which could be removed by the
adoption of a concrete dam. . . . With all possible safeguards
taken in the construction of a rock-fill of the height proposed it
must be admitted that its overtopping would result in its certain
and sudden destruction with overwhelming disaster in the val-
ley below. The dams adopted are believed to be the safest that
can be built—concrete dams of the gravity type built on a curved
plan—and estimates prepared indicate that the concrete dams
could be built at less cost than rock-fills of the same height.
[Note: The use of the plural ‘dams’ in this quotation refers to
three designs of various heights—ranging from about 525 feet
to over 700 feet—developed for the same site].>*

In other words, Weymouth’s report reveals that, although Reclamation
estimated that there existed some economic advantages of a massive curved
gravity design over a rock-fill structure, concerns over the possibility that a rock-
fill design might someday be overtopped comprised a key rationale for selecting
a curved gravity design. In fact, Weymouth went so far as to advocate a curved
gravity design that would not feature any type of spillway by noting that over-
topping could probably be prevented by opening up all possible discharge outlets
through the powerhouse and the dam. But even if the flooding overwhelmed the
capacity of these discharge outlets, Weymouth counseled that:

Any overtopping would be of short duration and the dams have
been designed to pass rare floods over the top with safety which
can not be done in the case of a rock-fill dam.*

Instead of special spillways driven through the rock abutments,
Weymouth proposed that outlet pipes (controlled by huge valves) be built direct-
ly into the dam itself. These would be able to draw water from the lower depths
of the reservoir and discharge it from the downstream face of the structure. The
other—and more advantageous—means of discharging water from the reservoir
would be through penstocks drilled through the rock abutment along the Nevada
side of the canyon walls; these would feed into a hydroelectric power house
about a half mile downstream from the dam where they would deliver water to
large-scale turbine/generator units. In formulating a basic plan for how best to
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construct the dam, Weymouth also proposed that the same tunnels used to carry
water to the powerhouse provide vital service during the construction process.
Specifically, they were to be used to divert the flow of the Colorado River around
the dam site so that temporary rock-fill cofferdams could protect the site from
flooding and allow excavation down to bedrock foundations in the middle of the
stream bed.

Thus, by the beginning of 1924, the Weymouth Report laid out the ba-
sic features of what would become Hoover Dam. Over the next four years,
Weymouth’s proposal underwent careful consideration by Reclamation, and
by 1928 it had undergone significant revision at the hands of John L. Savage.
The most important of these revisions involved the drilling of diversion tunnels
through both the Nevada and Arizona abutments (two tunnels on both sides of
the river), the construction of two “glory-hole” spillways that would connect into
the diversion tunnels and provide insurance that the dam would never be over-
topped, and the construction of powerhouses in both Nevada and Arizona that
would tap into the diversion tunnels (and to other tunnels connected to outlet
towers built directly upstream from the dam).?

Clearly, these changes represent important alterations to the Weymouth
design and are of importance in defining the form of the dam, powerhouse, pen-
stock, and spillway system as it was actually built. But-beyond the driving of
spillway discharge tunnels to feed into the diversion tunnels—they do not consti-
tute anything that cannot be understood as an evolution of the Weymouth design.
And even the addition of spillway tunnels represented an uncomplicated (yet no
doubt imaginative) expansion of the diversion tunnel system.

During the mid-1920s, the specific character of the Hoover Dam de-
sign continued to evolve as more was learned about geological conditions and as
Reclamation became interested in utilizing the “trial load” method of design to
confirm the safety of the massive curved gravity design. While the “trial load”
method of analysis (see chapter 3) undoubtedly figured into the final dimension-
ing of the dam’s profile, it did not prompt any dramatic changes or modifica-
tions.”” In fact, it is difficult to discern any radical differences between the pre-
liminary profile that accompanied Weymouth’s 1924 report and the design as
built. Both represent curved gravity designs featuring extremely ample gravity
sections and the use of “trial load” techniques of analysis did little in terms of al-
tering the basic form of the design. In the same way, research on scale models
of the dam also figured into Reclamation’s analysis of structural safety and gave
them greater confidence in its stability, but it is difficult to perceive how the basic
form of the design was altered by such work.
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Figure 4-8: Plan and section of Hoover Dam as revised by John (Jack) L. Savage, circa
1928. Source: Bureau of Reclamation.

Near the end of the approval process for the Boulder Canyon Project,
Congress authorized the formation of a special “Colorado River Board” that
would be separate and distinct from Reclamation’s own consulting engineers
(and hence, would presumably provide an independent analysis of the proposed
dam’s safety and feasibility). This board approved the dam’s basic design, but
recommended that the maximum allowable stresses in the massive structure be
reduced from 40 tons per square foot to 30 tons per square foot. Although this
might have appeared to the layperson as a rather simple way to increase the
strength of the design, to Reclamation it represented a problem in the sense that
any real effort to strictly adhere to this requirement would have significantly
added to both the bulk and cost of the dam.

Without directly resisting this directive, Reclamation, nonetheless, made
no significant alteration to the design as proposed in Savage’s November 1928
report. Instead, Reclamation opted to claim that more sophisticated mathemati-
cal analysis (in line with the “trial load” method) indicated that the proposed
design in fact did not exceed a maximum allowable stress of about 33 tons per
square foot, and this was considered adequate to meet the 30 tons psf criteria. In
Mead’s words: “It is not believed that the maximum stress as finally determined
will appreciably exceed the 30-ton limit. It is believed that the general plan
of the dam can be agreed upon without serious difficulties.” In the end, the
Colorado River Board’s recommendation had no substantive effect on the final
design.
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Figure 4-9: California’s interest in development of the lower Colorado River was evidenced
by William Mulholland’s active support of the project. Pictured here about 1924 he gestures

during an inspection tour near the Boulder Canyon damsite, indicated by the arrow. Source:
Boulder Dam Association pamphlet, item in the private collection of Donald C. Jackson.

In his 1928 “Revised Plan,” Savage took care not to criticize
Weymouth’s Report as being somehow faulty and in need of correction. Rather,
he simply stated that “The Weymouth plan for the dam and power plant . . . con-
stitutes a preliminary study on which to base an estimate of cost. This plan was
not intended as a final design and should not be considered as such.”” In this
context, it 1s important to note that the design of Hoover Dam cannot be as-
cribed to any single individual, but instead represents a collaborative effort that
extended over several years time. Davis, Weymouth, and Savage all played im-
portant roles in overseeing preparation of the basic design and, in concert with
other Reclamation Service staff members, deserve credit as designers of Hoover
Dam.*

The preceding discussion has focused on the technical and engineer-
ing aspects of the basic dam design. In contrast, the architectural treatment of
the dam’s surface features was handled in a very different manner and emanat-
ed from a source quite distinct from Reclamation’s Denver office. During the
1920s, the architectural treatment of the dam was assumed to adhere to a neo-
classic style featuring design motifs such as eagles with wide-spread wings. In
1931, long after all the major technical issues involving the design had been de-
termined, Reclamation brought in Los Angeles architect Gordon Kaufmann to
develop a more modern appearance for the dam. By simplifying the surface
treatment of the design and utilizing a monumental art deco style, Kaufmann cre-
ated an evocative, streamlined facade for the massive structure. Ironically, the

151



prominence of the dam in American culture is, no doubt, tied in large part to its
modernistic design motif, but the circumstance of hiring a non-government ar-
chitect to carry out this work occurred very late in the design process and was
very much separate and distinct from the rest of project.’!

Selection of the Black Canyon Site

At the beginning of the Reclamation Service’s work in developing
plans for a storage dam on the lower Colorado, it was assumed that the struc-
ture would be built in the narrow gorge known as Boulder Canyon. During the
early planning stages, attention did not focus so much on the precise location of
where the “Boulder Dam” would be erected as it did on the notion that the dam
should be built somewhere downstream from the Grand Canyon and in a loca-
tion that would be relatively accessible to the electric power market of Southern
California. Thus, in 1920-21, the advocacy of a dam at Boulder Canyon was
undertaken by the Reclamation Service in the context that this represented a
more desirable alternative than a dam upstream from the Grand Canyon at Glen
Canyon or Lee’s Ferry.*> But as early as December 1921, Davis realized that it
would be desirable to explore the possibility of using a site in Black Canyon as
an alternative to Boulder Canyon. The two canyons were only about 20 miles
apart (Black Canyon is further downstream) and both offered steep, narrow
gorges topographically well suited for a dam. And in the larger context of the
Colorado river basin, they provided essentially the same possibilities of service
to southern California interests.

Because Black Canyon lay a bit further down the river, and at a some-
what lower elevation, it represented an opportunity to develop a small (yet not
insignificant) additional amount of hydropower that would otherwise be difficult
to develop. As Davis counseled Weymouth:

I am inclined to think it best to make one or more borings at
Black Canyon, because a dam at that point would utilize about
thirty feet of fall which occurs between that point and our camp
at Boulder Canyon, and this fall cannot be utilized in any other
way. ™

At the same time, Black Canyon was not so far downstream that it could not in-
undate the excellent reservoir site lying upstream from Boulder Canyon. By the
beginning of 1922, the Reclamation Service was carrying out geological explora-
tions at Black Canyon to discern the quality of bedrock at the site and the depth
of excavation that would be required for dam foundations. In July, Weymouth
reported to Davis that initial investigation of the upper end of Black Canyon
(termed line “A”) did not appear promising and he went so far as to state that:
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The foundation rock at line A in Black Canyon is not suitable
for bearing pressures of 40 tons per square foot as used on the
granite of Boulder Canyon, [and] the soft and porous structure
of some of the rock may render this site entirely unsuitable for
such a high dam. In this connection I will say that I am person-
ally very doubtful of the feasibility of a dam 600 feet high in
Black Canyon, unless the conditions at the lower site prove to
be very much better. . . .3

With this less than encouraging prognostication, studies soon focused on
the lower end of Black Canyon (line “D”). As it turned out, conditions at this lo-
cation proved better than at the upper end and, following a two day field visit in
November 1922, Davis could report to Weymouth:

No one doubts the entire feasibility of the Black Canyon site.
The rock in the bottom of line D is much better than that se-
cured at the head of the canyon last year . . . I think we should
make a choice between Black and Boulder Canyons as soon as
possible so as to stop expenditures at the site rejected.®

With this endorsement and encouragement, attention soon shifted to
Black Canyon, and, in early 1924, it was officially recommended as the site of
the proposed dam. As the Weymouth Report explained the situation:

An extensive geological examination has been made . . . [and
while] both dam sites [Boulder and Black Canyons] are excel-
lently adapted to the construction of a very high dam . . . the
granite of Boulder Canyon is superior to the breccia of Black
Canyon for carrying great loads . . . [nonetheless] the investiga-
tions led to the adoption of the lower site in Black Canyon for
the reason that it is more accessible [for construction equipment
and materials]; the maximum depth to bedrock is less . . . than
at the upper site in Boulder Canyon and for the same height of
dam the reservoir capacity is greater.*

Thus, the selection of Black Canyon was not made because it offered
better geological conditions (in fact, by this criteria it was judged less desirable
than Boulder Canyon), but because it could provide for a larger reservoir and
would allow for a less costly structure based upon savings in material and logisti-
cal expenses. By the time this decision was made, however, so much effort had
gone into the promotion of a “Boulder Canyon Project” that no effort was made
to transform the nomenclature to the “Black Canyon Project” or “Black Dam.” *’
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Nonetheless, from 1924 on, all work related to Hoover Dam revolved around the
lower site (line “D”) in Black Canyon.

Congressman Phil Swing

With the attention that attended submittal of the Fall/Davis Report,
the possibility of federal involvement in building some type of storage dam
across the lower Colorado River gained political credibility. The effort to keep
this possibility alive and in the national public conscience was championed by
Congressman Phil Swing, who represented the Imperial Valley as well as other
parts of Southern California. Working in his official capacity as a member of the
U.S. House of Representatives, throughout the 1920s, Swing assumed responsi-
bility for keeping the All-American Canal and what quickly came to be known as
the Boulder Canyon Project in the public eye. Working with California Senator
Hiram Johnson, Swing kept abreast of all the political nuances related to the
Boulder Canyon Project, and he made sure that, during the 1920s, Congress was
presented with a series of Swing-Johnson Acts positing federal authorization of
the project.

Herbert Hoover remains closely associated with the Boulder Canyon
Project because of his work in negotiating what became known as the Colorado
River Compact; and because he served as U.S. President during the time that
construction work began on the high storage dam. His name was attached to the
dam through the action of his Secretary of the Interior. Hiram Johnson is well
remembered by historians for his early advocacy of progressive political reforms
in the face of the Southern Pacific Railroad’s “Octopus” (and for his intransi-
gent “isolationism” in the realm of international politics during the 1930s). In
contrast, Phil Swing never attained lasting fame as an advocate of the Boulder
Canyon Project. But, in truth, Swing was the most important and persistent po-
litical proponent of the first high dam to be built across the Colorado River.

A native Southern Californian, Phil Swing was born near
San Bernardino in 1881. After graduating from Stanford Law School in 1905,
Swing moved to the Imperial Valley in 1907 where he experienced first hand
the environmental and economic damage wrought by the floods of 1905-07. He
quickly established a law practice in the valley and, in 1911, proved instrumental
in the formation of the Imperial Irrigation District; in 1912, he formally entered
the political arena and was elected District Attorney for Imperial County. Failing
to win reelection in 1914, he reentered private practice and, after a new board of
directors was elected for the irrigation district in 1916, served as legal counsel
for the District. In this capacity, he took on the work of advocating federal sup-
port for the All-American Canal and for flood control along the lower Colorado.
Specifically, in 1918 he journeyed to Washington D.C. where he negotiated a
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contract with Secretary of the Interior Franklin Lane whereby the district would
pay two-thirds of the cost of a federal survey of possible right-of-ways for the
All-American Canal.*®

Later, in 1919, Swing again utilized his position as chief counsel for the
Imperial Irrigation District to support legislation presented by California’s 11th
District Representative William Kettner that would have authorized federal guar-
antees for up to $30 million worth of district bonds to finance an All-American
Canal. In July 1919 hearings before the House Committee, Swing first stepped
before a national audience to make a plea that would be repeated and expanded
upon in the decade ahead:

Is the government to stand idly by and complacently watch for-
eign lands develop by sapping the life out of an American com-
munity when the remedy is easily within reach without cost to
the government of a single dollar? We are here simply asking
for a chance to live.”

The legislation proposed by Kettner never made it out of committee (al-
though it served as an important precursor of the Kincaid Act passed in 1920).
However, at the same hearings that Swing appeared before to advocate Kettner’s
bill, Arizona Congressman Carl Hayden raised questions as to the desirability of
Congress acting too quickly or precipitously to support the All-American Canal.
Specifically, Hayden brought to the forefront concerns over how such legislation
would affect water rights along the Colorado River:

But you [Kettner and supporters of the All-American Canal]
are now coming to Congress asking that an extraordinary thing
be done by the passage of this legislation, and Congress must
look to the development not only of the Imperial Valley, which
is your particular interest, but the Colorado River valley as a
whole, and that can only be fully developed by storage.*

Hayden also raised concerns over how any major, federally supported ir-
rigation work on the lower Colorado would relate to or affect the water rights of
various states; in so doing, he helped accelerate events that, by early 1922, would
result in Congress authorizing a conference among the states within the Colorado
River watershed.

For Swing, it initially did not appear as though his appearance in
Washington D.C., in 1919 would set the stage for a more dramatic and
substantive move to the nation’s capital. In August 1919, he was appointed a
California Superior Court judge by Republican state governor William Stephens,
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and he held that prominent and prestigious position for the next year. But in

the summer of 1920, he learned that Kettner would not run for reelection and
Swing immediately announced that he would seek the now-open congressional
seat. This district encompassed far more territory than the Imperial Valley—it
stretched westward to the Pacific Ocean and northward to the Sierra Nevada and
covered seven counties—but Swing proved adept in garnering support from San
Diego and Anaheim and San Bernardino and myriad communities in between.
With the Republican Party representing a majority of voters in the district, he
won handily in the general election of November 1920.*!

Upon arriving in Washington, D.C., as a U.S. Congressman, Swing took
on the task of championing a Colorado River storage dam and an All-American
Canal as his primary political responsibility. Acting in concert with California
Senator Hiram Johnson, during his first term in office, Swing introduced legis-
lation designed to accomplish this goal. Known publicly as the Swing-Johnson
Act, this legislation called for:

construction of the All-American Canal and of a dam at or near
Boulder Canyon. It provided for the leasing of the power privi-
leges by the Secretary of the Interior and stated that construc-
tion was not to begin until the lands to be irrigated were legally
obligated to pay their proper proportion of the cost.**

The first Swing-Johnson bill remained in committee and never even came before
Congress for a formal vote. Undeterred, the two legislators reintroduced their
proposal three more times over the next six years and gradually fine tuned it in
order to define more specifically the work to be financed. By 1928, the proposed
Swing-Johnson Act called for a dam with a reservoir capacity of at least

26 million acre-feet and the construction of a powerplant by the federal gov-
ernment that could then be leased to other organizations (be they public or pri-
vate) for actual operation and power generation.* But beyond discussion of the
size and operation of the proposed dam and powerhouse complex, there existed
a more basic issue that needed to be addressed before Congressional approval
could become possible.

Debate over the Swing-Johnson Act continued in Congress until
December 1928. In retrospect, the reasons it took so long for the legislation to
win approval are not difficult to discern. First, the costs of the proposed work
were estimated at several tens of millions of dollars (the final Swing-Johnson
Act authorized a federal expenditure of $177 million); to many non-western con-
gressmen as well as to proponents of privately financed electric power
companies, this seemed a waste of taxpayer money and an ill-considered invest-
ment of public monies. Of course, repayment to the federal government was
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stipulated as part of the proposed legislation, with the dam proper to be paid for
over a period of 50 years (including 4 percent interest) by proceeds from the sale
of hydroelectric power generated at the dam.* Nonetheless, this plan to cover
the cost of the project in a manner that hypothetically would relieve federal tax-
payers from paying for the project prompted skepticism. But beyond concern
over the cost of the project and the propriety of government power development,
the most significant obstacle to the Swing-Johnson Act in its early history
focused around widespread fears over California’s desire to control the Colorado
River. These concerns soon figured prominently into political negotiations relat-
ed to the proposed project.

The Colorado River Compact

Before any serious political action could occur relative to the Boulder
Canyon Project, important issues related to water rights needed to be addressed
by the various states holding an interest in the water resources of the Colorado
River. The river’s watershed encompasses parts of seven states. Four of these
(Wyoming, Colorado, Utah, and New Mexico) are termed the “Upper Basin”
states; the other three (Nevada, Arizona, and California) are the “Lower Basin”
states, which, essentially lie downstream from Lee’s Ferry near the Utah/Arizona
border. The river is one of the most important sources of water in the Southwest,
and every state in both the Upper and Lower Basins wanted a share of the river’s
flow.

Except for water used by farmers in the Imperial Valley (and a few
other locales such as the Palo Verde Valley near Blythe), most of the river’s flow
remained unused and unclaimed by the early 1920s. Under the doctrine of
appropriation, rights to this water would accrue to whatever person or organi-
zation first diverted it for “beneficial use.” As a result of a 1922 U.S. Supreme
Court ruling focused on a dispute between Colorado and Wyoming over claims
to the North Platte River, it became clear to students of western water law that
a strict application of the appropriation doctrine (“first in time, first in right”)
would apply to competing claims no matter what state they originated in. With
California poised to lay claim to vast quantities of flow stored at Boulder
Canyon, the other states in the Colorado River watershed became concerned that
California would eventually monopolize control over the entire river simply be-
cause water could be more quickly, easily, and profitably diverted along the
lower reaches of the stream.

Congressman Phil Swing’s most insightful biographer has perhaps best
summarized why it was necessary for the southwestern states to come together
and agree on how to allocate the river’s annual flow. Acting under the author-
ity of the federally sponsored Colorado River Commission (with Secretary of
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Commerce Herbert Hoover serving as chairman) representatives from all seven
southwestern states came together to forge a fractious document known as the
Colorado River Compact:

The upper states devoutly desired the water rights they would
gain through the compact, rights which would be lost if allowed
in the lower basin without it. The compact meant that the fast-
er-developing lower states would have a limitation placed on
their right to appropriate water. . .. The upper states feared that
their future growth, dependent upon water supply, would be for-
ever stunted unless they restrained the ability of the lower states
to use more water. A dam on the Colorado such as the Swing-
Johnson bill called for could store the entire annual flow and
regulate its release. . . . Fast-growing California was ready to
put this water to beneficial use, thereby gaining a legal right to
it. The upper states could not permit a dam without a compact
which would assure them of their share of the river at some fu-
ture date when they could utilize it.

Swing and other Californians appreciated that they needed the politi-
cal support of most (although not necessarily all) western congressmen if they
ever hoped to get federal authorization and financing for the dam and the All-
American Canal. And to get this support they were willing to accommodate the
Upper Basin states by agreeing to limit the amount of water that the Lower Basin
states could legally claim.®

In the Fall of 1922, the seven states of the Colorado River Basin met
near Santa Fe, New Mexico, for an extended conference in which they ham-
mered out an agreement governing future water rights allocation.*® The result-
ing Colorado River Compact divided the river into an Upper Basin and a Lower
Basin. The annual flow of the river (generously estimated at 18 million acre-
feet per year with two million reserved for delivery to Mexico) was to be divided
equally between the two basins. In addition, California agreed to limit its con-
sumption to 4.6 million acre-feet per year. The Upper Basin states were support-
ive of the compact’s terms because they would be guaranteed future use of seven
and one half million acre-feet per year without fear that California could preempt
their claims. In the Lower Basin, Nevada was satisfied because the eventual con-
struction of a dam at Boulder Canyon would foster general economic develop-
ment in the state’s southern region; California was generally pleased because, de-
spite giving up potential rights to unclaimed water in the lower Colorado River,
they garnered political support from Upper Basin states that would prove invalu-
able in the battle for congressional approval for the Boulder Canyon Project.
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In contrast, Arizona remained bitterly opposed to the Compact and refused to
ratify it.

Arizona’s opposition stemmed from the fact that the Lower Basin, as a
whole, and not individual states, was guaranteed rights to half of the river’s flow.
Because California’s efforts to utilize the river were much more advanced than
Arizona’s, it was possible that California could monopolize control of the Lower
Basin’s allotment with Arizona permanently deprived of use of the river. The
legal battle between Arizona and California over water rights came to the fore-
front with the Colorado River Compact and remained intense until a U.S.
Supreme Court ruling in the early 1960s finally brought it to an end. In the short
term, Arizona’s opposition to the Compact was obviated by having the other
states agree that it would be enforceable if ratified by six of the states in the ba-
sin. Although not ideal from California’s perspective, this proved useful in fur-
thering political support for a dam at Boulder Canyon.

After Arizona balked at approving the Colorado River Compact as draft-
ed in November 1922, the states that did ratify the original compact were not
legally bound to accept the revised Compact that called for the approval of
only six states. Thus, when it came time to ratify the “six-state” Compact, the
California state legislature voted that California’s ratification would become
effective only upon the passage of federal legislation that:

authorized and directed the construction by the United States
of a dam in the main stream of the Colorado River, at or below
Boulder Dam, adequate to create a storage reservoir of a capac-
ity of not less than twenty million acre-feet of water.?’

Thus, the final and official ratification of the Colorado River Compact
did not occur until March 1929, after federal legislation for construction of
Hoover Dam had been approved by Congress and the President. Just as authori-
zation of the Boulder Canyon Project had depended upon a political resolution of
the Colorado River water rights issue, so too did official implementation of the
Compact depend on approval of a federally sponsored storage dam at or below
Boulder Canyon. The two were born out of the same desires of California politi-
cal and business interests to gain access to the waters of the Colorado River.
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CALIFORNIA AND POWER

Municipal Demand: Los Angeles and the Metropolitan Water District
of Southern California

The origins of a large-scale storage dam on the lower Colorado are
tied undisputedly to issues involving irrigation in—and flood control for—the
Imperial Valley. But the political and economic leverage that Imperial Valley in-
terests could bring to Congress in lobbying for the Boulder Canyon Project re-
mained relatively limited so long as the initiative focused primarily on agricul-
tural production. Since 1902, the track record of federally sponsored irrigation
projects in meeting repayment schedules had proved dismal. This circumstance,
more than any other, prompted Davis’s dismissal as Director of the Reclamation
Service in 1923 and brought about extensive political consideration of how the
Service would carry on its future work.*

In official terms, Reclamation held to the ideals of promoting the fam-
ily farm and of having Reclamation project beneficiaries pay back the federal
government in a responsible, business-like manner. This was certainly the pro-
gram that Elwood Mead promoted when he was appointed Commissioner of
Reclamation in 1924.% But reconciling such a program with a huge undertak-
ing designed to promote the interests of large-scale farmers in the Imperial Valley
represented no simple task.

In this context, the notion that the Boulder Canyon Project would serve
municipal water supply needs in greater Los Angeles also did not square eas-
ily with the small-farm agricultural orientation of Reclamation that Mead cham-
pioned. Nonetheless, the alliance between Imperial Valley farmers and Los
Angeles boosters quickly became central to the effort to win approval for the
Boulder Canyon Project. It is impossible to know what would have transpired
if Los Angeles had not come to embrace Hoover Dam as vital to its continued
regional growth. But, as structured in the federal legislation actually passed in
1928, it is equally impossible to imagine how the fourth Swing-Johnson Bill
could have become law without a strong financial commitment from the urban-
ized taxpayers (and voters) of greater Los Angeles.

The story of how late nineteenth and early twentieth-century
Los Angeles grew as a result of its ability to control a regional and extra-
regional water supply is well known. In the nineteenth century, city officials
focused on gaining complete control over the Los Angeles River, based upon the
idea that the city possessed a “pueblo right” to the entire stream as granted by the
Spanish monarchy.”® Working from the economic and political base afforded by
control of the Los Angeles River, in the early twentieth century,
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William Mulholland supervised construction of a remarkable, and controversial,
200-mile-long aqueduct to carry water from the Owens River to consumers in
the City of Los Angeles.”® Completed in 1913, the Los Angeles aqueduct from
Owens Valley proved vital in supporting a huge regional economic boom that
engulfed greater Los Angles during the teens and early 1920s. Specifically, the
population of the region jumped from 668,000 to 1,085,000 between 1910 and
1920, and there existed every expectation and hope among Los Angeles boosters,
businessmen, and the general population as a whole that this growth would con-
tinue for the foreseeable future. In fact, the population of the region jumped to
2,491,000 by 1930.>* Such hopes, and expectations, of course, depended upon a
reliable water supply.

In the early 1920s, the Owens River had not been tapped to its capacity
by the City of Los Angeles, but—even as some farmers from the valley launched
a dramatic (yet ultimately futile) bombing campaign to disrupt operation of the
aqueduct—it was understood that the river could only partially meet the future
needs of the region. Thus, with an electorate now attuned to the economic ben-
efits that could accrue from massive public investments in large-scale water sup-
ply systems, city officials focused on potential new sources of water. The rela-
tively small rivers within easy reach of Los Angeles offered little possibility of
development because of existing claims to their stream flow. But the seemingly
remote Colorado River presented a very different set of issues in terms of how it
might serve as a source of supply.

With the Colorado, the issue was not so much the availability of water—
in the early 1920s, most of the river’s flow remained unused—but rather the diffi-
culties of financing, building, and operating a reliable aqueduct across more than
200 miles of rugged, imposing escarpment encompassing the expansive Mohave
Desert. With confidence that the physical and technological challenges of a
Colorado River-to-Los Angeles aqueduct could be met, in June 1924,

Los Angeles formally filed a claim to 1500 cubic feet per second of the
Colorado’s flow (amounting to about 550,000 acre-feet per year).”! While sig-
nificantly less than the 3 million+ acre-feet per year diverted into the Imperial
Valley, this claim, nonetheless, represented an enormously significant event in
the history of the Southwest. Los Angeles had announced its intention to utilize
the Colorado for municipal development and, based on its track record in taking
control of the Owens River, there existed little reason to think that the city would
not act successfully upon this intention. In acknowledging the priority of claims
made by the farmers in the Palo Verde and Imperial Valleys, Los Angeles did not
threaten the legal status of water rights claimed by its California brethren

(in contrast to the future claims of other states in the Colorado basin). As a re-
sult, the agricultural interests that Congressman Swing had originally perceived
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as the beneficiaries of the Swing-Johnson Bill could now look to urban areas
along the Pacific Coast as partners in promoting the Boulder Canyon Project.

After Los Angeles formally proposed drawing water from the Colorado,
lobbying for the project quickly expanded as urban boosters formed the
Colorado River Aqueduct Association to complement and assist the Boulder
Dam Association that had already been formed at the behest of Swing and the
Imperial Irrigation District. Significantly, Swing himself addressed the initial or-
ganizational meeting of the Colorado River Aqueduct Association in Pasadena
in September 1924.>* Drawing upon a sophisticated sense of public relations,
during the next five years the two associations churned out a succession of pam-
phlets designed to raise awareness of and appreciation for the importance of
Hoover Dam. With titles such as “The Story of a Great Government Project for
the Conquest of the Colorado River” and “The Federal Government’s Colorado
River Project,” these promotional publications addressed both a national audi-
ence as well as Southern Californians who were, quite unabashedly, urged to
contact their friends and relatives outside California to support federal approval
of Hoover Dam.> One of the most overt of these promotional pamphlets (which
appeared near the end of the approval process in late 1928) was actually printed
by the Los Angeles Department of Water and Power and counseled:

Write or telegraph today to your friends, relatives and former
business associates in other parts of the United States. Give
them the facts about Boulder Dam. Urge them, in turn, to com-
municate immediately with their Senators and Congressmen to
the end that these members of Congress actively may support
the pending Boulder Dam Bill. Help secure Boulder Dam leg-
islation at this session of Congress!*¢

In filing claims to the Colorado River, the City of Los Angeles served
as the catalyst for what became known as the Colorado River Aqueduct. But the
scale of the project represented something more than the city could (or wished
to) develop on its own. At the September 1924 meeting of the Colorado River
Aqueduct Association, city officials supported the formation of a region-wide
committee to explore how the proposed aqueduct could benefit—and draw sup-
port from—communities lying outside the city’s municipal boundaries. The for-
mation of a powerful regional authority existing above the level of cities and
municipalities but below the level of state government would have to be ap-
proved by the California State Legislature (as well as pass constitutional muster
by the California Supreme Court) but, nonetheless, the Colorado River Aqueduct
Association soon focused on the need for forming such an authority to finance,
construct and operate the proposed aqueduct.
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In early 1925, the state legislature considered legislation to authorize the
formation of metropolitan water districts. The legislation passed the state senate
but failed to win approval in the state assembly that spring.”” In the wake of dif-
ficulties winning state approval for a regional metropolitan water district,

Los Angeles voters plowed ahead in June 1925 and approved a $2 million bond
issue to fund surveys, engineering, and other preliminary work on planning for
the aqueduct. As Los Angeles Mayor George Cryer indicated in a speech before
the Boulder Dam Association that same month:

No circumstance has been too insignificant to be seized upon by
them [opponents of the Boulder Canyon Project] and exagger-
ated into evidence of the desire of California, and particularly
Los Angeles, to gain an undue advantage from the development
of the [Colorado] river and ruthlessly to disregard the rights of
less powerful communities and sections. As mayor of the City
of Los Angeles, I hope I may, here and for all time, allay the
distrust of the motives, purposes and objects of the great city
for which I speak, and of the rich and populous area in Southern
California having a common interest with Los Angeles. . . . The
small city must be given an equal opportunity with the larger
city to secure and enjoy the power benefits of the development.
In bringing to the coast an additional water supply of domestic
water, imperative to the growth of this section, all cities desiring
to participate in the cost of the necessary works and the benefits
to be derived therefrom must be given full and fair opportunity
so to do—and this without any coerced annexation to or consol-
idation with Los Angeles.*®

With this type of public reassurance, “small cities” such as Pasadena,
Anaheim, Long Beach, Burbank, Glendale, and Santa Monica could take some
comfort that the new aqueduct was not being promoted simply as a way for
Los Angeles to extend formal control over them. In promoting an intermunicipal
agency to administer the proposed aqueduct, Mayor Cryer further indicated that:

Los Angeles desires partners in the benefits of the waters of the
Colorado River, but it wants no unwilling partners. Neither
does it wish to be an unwelcomed partner. Its great desire, both
in respect to domestic water and in respect to power is to work
in full harmony with its sister cities. . . .

With this vision of cooperation in mind, the legislation that eventually
fostered organization of the Metropolitan Water District of Southern California
(MWDSC) allowed Los Angeles the right to appoint half of the board members
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charged with controlling the MWDSC; the remainder would be split between the
other cities and water districts opting to join the district in accordance with the
assessed value of land lying within their boundaries. Los Angeles could not
outright dictate the actions of the MWDSC, but—given that it would generate
the most financial support for the project based upon assessed land values—Ilittle
could be done without its approval.

In early 1927, legislation was again proposed in Sacramento authoriz-
ing the formation of metropolitan water districts in California, and this time ap-
proval came over only minimal opposition (the State senate’s approval was unan-
imous while the assembly passed it on a vote of 63 to 2).% To understand the
importance of the legislation (and the consequent formation of the MWDSC) to
Hoover Dam, it is necessary to appreciate how important it was for proponents
of the Boulder Canyon Project to be able to assure skeptics that the federal gov-
ernment would actually be paid back the money used to build the Hoover Dam.
In this regard, the Colorado River Aqueduct was not to be constructed using any
federal funds; on the contrary, it was to be financed through bonds that would be
guaranteed by the MWDSC’s ability to levy real estate taxes against all property
within the district. But even more importantly, the MWDSC was to be the most
important customer for the power generated at Hoover Dam. As stated in the
MWDSC’s first annual report:

It was early recognized that to secure favorable consideration
[by the U.S. Congress], the [Boulder Canyon] project must

be self-supporting and that the power to be generated from

any development which was built must find a market which
would eventually return all costs of the entire project to the
Government. As additional engineering work for a Colorado
River Aqueduct was done it became evident that any practicable
diversion of the river must be made at an elevation lower than
that of much of the area to be served, and would involve pump-
ing. Such pumping was practicable only if a large amount of
power could be obtained at a low price. This created, at once,

a potential market for a substantial part of the power from any
major Colorado River development. When these facts, as well
as the need for an additional domestic water supply in Southern
California were laid before Congress support for the Swing-
Johnson measure became easier to obtain.®!

In other words, the need to draw huge amounts of electric power to fa-
cilitate operation of the Colorado River Aqueduct provided a means of assuring
hesitant Congressmen that Hoover Dam would not become some kind of white
elephant, generating huge quantities of power that no one would want—or pay
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for. The MWDSC would be in a position to sign contracts guaranteeing power
sales and, in turn, the federal government (and federal taxpayers) could rest as-
sured that such contracts would be honored because California’s Metropolitan
Water District act granted to the MWDSC the right to directly tax land within its
service area.

To make sure that nothing could impede the enforcement of this taxing
authority—and hence the political foundation of Hoover Dam’s financing—the
legality of the Metropolitan Water District act was brought into question before
the California Supreme Court in early 1928, and in August of that year, it was
ruled constitutionally valid. Formal organization of the MWDSC quickly fol-
lowed as the electorates of Los Angeles, Pasadena, Burbank, Anaheim, and sev-
eral other cities in Southern California voted to include themselves in the district
on November 6, 1928. Thus, as consideration of the Boulder Canyon Project
by Congress entered its final stage in December 1928, any questions as to the
feasibility of power sales from Hoover Dam could be addressed and countered
with great confidence. The Boulder Canyon Project was poised for final approv-
al. All that remained was resolution of how public and private power interests
would share control over the proposed dam’s generating capacity.

The Politics of Hydroelectric Power and Approval of the Boulder
Canyon Project

Of Hoover Dam’s many “purposes,” the most important in terms of
both financing the project and heralding a new role for the federal government
in the West involved the generation of hydroelectric power. But because of its
importance, hydroelectric power was also a highly controversial aspect of the
project. In the political context of the 1920s, when President Calvin Coolidge
could arouse favorable support by averring “after all, the chief business of the
American people is business” it was not at all apparent to a large constituency
within the Republican Party that the federal government should take any active
role in the generation or distribution of electric power.!

After the New Deal, it was easy to perceive the federal government
as a primary—perhaps even central—participant in the West’s electric power
grid, but this was hardly the case at the start of the century. Prior to the 1920s,
Reclamation had built a few hydroelectric powerplants with an aggregate
generating capacity of less than 50,000 horsepower. In contrast, by the ear-
ly 1930s, privately-financed electric power companies in the West owned and
controlled plants with a combined generating capacity of more than 3.5 million
horsepower.® Thus, a federally financed Hoover Dam, with an ultimate generat-
ing capacity of more than 1 million horsepower, represented something very dif-
ferent from anything previously proposed for the West.
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Figure 4-10: Cover of pamphlet encourag-
ing citizen support of Hoover (Boulder)
Dam, 1928. Source: Boulder Dam Associa-

tion pamphlet, item in the private collection of
Donald C. Jackson.

The distinctive—if not exactly
revolutionary—nature of what
Reclamation proposed in terms of devel-
oping the hydropower potential at
Black Canyon becomes apparent in its
own description of the project as pub-
lished in the 1927 edition of Edward
Wegmann’s Design and Construction of
Dams. In describing the “primary ob-
jects” of the dam as (1) “permit[ting] the
use of the normal flow of the Colorado
River in the Upper Colorado Basin, with-
out injury to the prior rights below the
reservoir,” (2) “[supporting] irrigation
and domestic [use],” and (3) “provid[ing]
flood protection,” Reclamation very
much downplays the importance of hy-
droelectric power. In fact, the proposed
dam site was simply described as “pre-
senting attractive possibilities of power
development, [but these are] incidental to
the use of the water for the primary ob-
jects of the reservoir.” Unquestionably,
the economic viability of the proposed
dam was inextricably linked to hydro-
power revenues, but this did not mean
that such a linkage was always trumpeted
as a “primary objective” of the dam; es-
pecially while Calvin Coolidge resided in
the White House.®

While the opposition of the private
electric power industry to the Boulder
Canyon Project was quite real, it mani-
fested itself in ways that advocates often
found frustrating (if not difficult) to coun-
ter. For example, Phil Swing believed

that the reluctance of Utah Senator Reed Smoot to support the project derived
from Smoot’s close relationship with the Utah Power and Light Company, which
was in turn controlled by the New York-based holding company Electric Bond
and Share; but despite the logic underlying Swing’s suspicions they were dif-
ficult to prove.*® In opposing the power generating aspects of the Hoover Dam
project, proponents of private power generally conceded that flood control
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constituted a useful and desirable objective. As such, they championed the con-
struction of a dam about 300-feet high at a site near Topock, California, and
hence referred to as Topock Dam, that would be big enough to hold back the riv-
er’s annual floods but not big enough to foster large-scale, year-round electric
power production.®’

Like the Boulder Dam Association, private power interests sponsored
the publication of pamphlets supporting their point of view. However, these of-
ten appeared without any direct sponsorship tying them to private industry. For
example a handsome, 103-page booklet published under the seemingly benign
title “Boulder Dam: Complete Bibliography, References, Engineers’ Charts,
Studies and Reports, the Swing-Johnson Bill, Minority Reports and General
Comments” offers no information indicating who published it. But a read-
ing of the text reveals a decided aversion to the power generating aspects of
the project. For example, the booklet reprints an article entitled “Danger in the
Boulder Canyon Project” written by Phillip Cabot, Lecturer on Public Utility
Administration at the Harvard Business School. In this, Cabot expresses argu-
ments that would have pleased private power executives:

Considering the nature of the interests involved, the Colorado
River flood control project is probably a legitimate enterprise
on which the United States may embark. . . . But unfortunately
the proposed development does not stop there. The scope of the
enterprise has been greatly enlarged (if not inflated), so as to in-
clude the generation of electric power on a very large scale. . . .
Clearly the production of electric power at this point is a high-
ly speculative enterprise, and there is grave doubt whether the
power generated in a desert hundreds of miles from any avail-
able markets can be sold at prices which will pay an adequate
return upon its cost. . . . But whether the enterprise will pay or

ONE WAY TO HELP

With Congress once more in session, Southern California is presenting a solid
front in the vitally important task of securing adoption of the Boulder Dam project Bill.
The Bill already has been adopted by the House of Representatives. As Congress con-
Ecnpd on December 3, the Bill was pending before the Senate as the first order of

usiness.

Your help is urgcntIE needed in securing the adoption of this Bill. The Los Angeles
Chamber of Commerce has pointed out one way in which you may render aid. Here
1t 183

Write or telegraph teday to your friends, relatives and former business asso-
ciates in other parts of the United States. Give them the facts about Boulder Dam.
Urge them, in turn, to communicate immediately with their Senators and Con-
gressmen to the end that these members of Congress actively may support the
pending Boulder Dam Bill.

Help secure Boulder Dam legislation at this session of Congress!

Figure 4-11: Los Angeles city officials distributed fliers in 1928 to encourage citizen
support. Source: Boulder Dam Association, item in the private collection of Donald C. Jackson.
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not is really beside the point, because there is a far more impor-
tant objection to the development of electric power by the fed-
eral government as part of this flood control project.®®

Cabot goes even further by characterizing California’s advocacy of
“Boulder Dam” as a bold assault on the federal treasury in order to benefit the
state at the expense of the nation:

It is easy to see why the Senators and Representatives from
California are so keenly in favor of the Boulder Canyon Project
as now proposed. They want cheap power in California. . . .
But it is hard to believe that the Senators from the other parts
of the country will develop equal enthusiasm. From the point
of view of the nation as a whole there is no convincing argu-
ment in favor of the additional expenditure and additional risk
involved in adding a ‘tail” of electric power to the dog of flood
control and reclamation. The result will probably be to bur-
den the nation for the benefit of California, which is unwise,
if not illegal. . . . It is disheartening to find some of our ablest
Government leaders favoring such a scheme.®

Despite the efforts of private power advocates to convince Americans of
the importance of keeping electric power production out of government control,
the general public grew wary of what was frequently characterized as the “Power
Trust.” In the spring of 1928, this wariness blossomed into widespread skepti-
cism following the release of a Federal Trade Commission study documenting

FACTS TO REMEMBER

Here are a few facts about Boulder Dam
that may be of interest to your friends in
other parts of the United States.

1. Construction of Boulder Dam is pro-
vided for in the Swing-Johnson Bill, adopted
at the last session of Congress by the House
of Representatives, and now pending before
the Senate.

2. Boulder Dam will not cost the taxpayers
of the Nation one cent. The Bill now pending
before the Senate provides that it must be
financed entirely through the sale of the vast
quantities of hydro-electric power to be gener-
ated at the dam site.

3. Boulder Dam will control the flood
waters of the Colorado River and forever pro-
tect Imperial Valley and other sections of
Californmia and Arizona against the growing
Colorado flood menace.

4, Boulder Dam will create a great reser-
voir for the storage of flood waters now
wasted into the sea.

5. A portion of the water stored in the
Boulder Dam reservoir will be available for
Los Angeles and other Southern California
cities which urgently need additional domestic
water, These cities stand ready to pay for this
water when it is made available by the dam.

6. The high dam provided for in the
Swing-Johnson Bill will be the site for the
generation of 1,000,000 horsepower of hydro-
electric energy to be used by factories, mines,
ranches and homes in the Southwest.

7. A special engineering commission ap-
pointed by the Secretary of the Interior and
headed by General William L. Sibert recently
reported to President Coolidge that the
Boulder dam project is entirely feasible and
practicable from an engineering standpoint.

Figure 4-12: “Talking points” provided in 1928 to help citizens join the fight for approval of
Hoover Dam. Source: Boulder Dam Association, item in the private collection of Donald C. Jackson.
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how the private power industry worked to influence (if not outright manipulate)
public opinion regarding the value of publicly-owned and administered power
systems.” Evidence was brought to bear on how $400,000 was raised and allo-
cated by the National Electric Light Association specifically to fight Hoover Dam
and how politicians, academics, and other prominent figures were engaged to op-
pose the dam.”

Swing and Johnson were able to take these revelations and, during the
final months of battle over the Boulder Canyon Project Act, use them to good
advantage. Arguments denigrating the power generating aspects of the project
were now much easier to characterize as propaganda from the “Power Trust” and
the idea of building a dam only big enough for flood control faded from serious
consideration. In December 1928, during the final “lame duck” session of the
70™ Congress and after the Metropolitan Water District of Southern California
had been formally organized to build the Colorado River Aqueduct, the fourth
(and final) Swing-Johnson Bill was passed by Congress and signed by President
Coolidge. In this Act, power generation remained as a keystone of the project,
but some significant concessions were made to private industry.

First, while the power generating plant at Hoover Dam would be built
and owned by the federal government, actual operation of the plant would be
leased to non-federal organizations. Second, private power companies (most
prominently Southern California Edison Company) would be allowed to compete
in bidding for the purchase of power from the dam. The precise allocation of
power privileges was not determined until 1930, when Secretary of the Interior
Ray Lyman Wilbur finally authorized leases that governed use of Hoover Dam
power for 50 years after the plant came on-line. As stipulated by Wilbur, over
64 percent of the dam’s power was reserved for use in Southern California,

36 percent went to the Metropolitan Water District of Southern California to
pump water through the Colorado River Aqueduct, a little more than 9 percent to
the Southern California Edison Company (and other private power companies),
and about 18 percent to the City of Los Angeles and other municipally-owned
utilities in Southern California. In contrast, both Arizona and Nevada were allot-
ted 18 percent of the dam’s power, although it would be many years before these
states were able to develop markets large enough to utilize their full allotments.
With power allocations and contracts in place, financing of the Boulder Canyon
Project became ensured, and in 1931 the focus shifted to actual construction.
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Figure 4-13. Alternative routes for the Colorado River Aqueduct. The route built is labeled 74B and leaves the Colorado

River from Lake Havasu above the Parker damsite. Source: Charles A. Bissell, compiler and editor, The Metropolitan Water
District of Southern California: History and First Annual Report (Los Angeles, 1939), 68.

170



HOOVER DAM
Construction of the Dam

Budgeted at $177 million, the Boulder Canyon Project would fi-
nance construction of a massive concrete storage dam and excavation of the
All-American Canal feeding into the Imperial Valley. The Government billed
it as a multipurpose project because it would foster irrigation in the Imperial
Valley, supply municipal water for greater Los Angeles via the Metropolitan
Water District’s Colorado River Aqueduct, generate hydroelectric power for the
Southwest, and provide flood control for the Lower Colorado Basin. But for all
these goals to be met, it was first necessary to actually build a 726-foot-high bar-
rier capable of impounding almost two year’s average flow of the Colorado river.
Throughout the 1920s, Bureau of Reclamation engineers planned how this might
be accomplished. In 1931, the actual work commenced of building what now—
thanks to the September 1930 pronouncement of Interior Secretary Ray Lyman
Wilbur—was called Hoover Dam.

While work on the dam was to be closely supervised by the Bureau of
Reclamation, long-time Reclamation engineer Walker Young took charge at the
site, responsibility for construction was to be taken by a private contractor who
had won the job by submitting a low bid in competition with other prospective
bidders. The largest single federal contract ever let out for bids until that time,
the building of Hoover Dam attracted the attention of some of America’s largest
civil engineering contractors when it was first advertised in January 1931. In a
story that is well told by Joseph Stevens in his book Building Hoover Dam: An
American Adventure, the scale of the project proved so great that several promi-
nent entrepreneurs and companies—including the Utah Construction Company,
Morrison-Knudsen, the Bechtel Company, and Henry Kaiser—pooled their tal-
ents into a joint corporate initiative called Six Companies Inc. and submitted a
winning bid slightly less than $49 million that won them the right to build the
dam.”

Although many people figured into Six Companies’ successful effort in
building Hoover Dam, in terms of the day-to-day work that actually transpired in
the forbidding environs of Black Canyon, none was more important than Frank
Crowe. For twenty years after joining the Reclamation Service as a young en-
gineer in 1905, Crowe had worked on a variety of Reclamation Service proj-
ects, including construction of the concrete curved gravity Arrowrock Dam in
Idaho. In 1925, he left government service and joined the dam-building outfit
of Morrison-Knudsen, based in Boise, Idaho. Drawing upon his experiences in
both government and private engineering work, Crowe took charge of the
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Figure 4-14. Profiles of preliminary Colorado River Aqueduct routes. Note the varying
lengths studied. Source: Bissell, The Metropolitan Water District of Southern California, 81.
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complicated task of coordinating work in Black Canyon so that Six Companies
could meet its contractual obligation of completing the dam within seven years.”

In basic terms, building the dam relied on a few components that were
key to its systematic and timely completion. Of course, construction of a rail
and road transportation system connecting Black Canyon to the Union Pacific
Railroad and to the outside world in general (via Las Vegas) was vital. And elec-
tric power needed to be brought in over a 220-mile transmission line extend-
ing out of San Bernardino, California. But for Crowe, the most critically impor-
tant aspect of the project concerned the driving of four 56-foot diameter diver-
sion tunnels (they would be reduced to 50-foot diameter after being lined with
concrete) that would eventually carry the full flow of the Colorado River around
the dam site and allow the foundations of the dam to be excavated down to sol-
id bedrock. From a construction point-of-view, nothing of substance in terms of
pouring concrete in the dam or powerhouses could be accomplished prior to di-
version of the river through these lengthy tunnels (in aggregate they stretched for
more than three miles through the rock abutments of the canyon). And in a
financial context, Six Companies’ contract stipulated that the full diversion
would be accomplished
by October 1, 1933.
The company would
incur a $3,000 per day
fine for every day it
was late in meeting this
deadline.”™

Thus, for both
financial and practical
reasons, the driving of
the diversion tunnels
became of paramount
importance to the com-
pany and lent an air
of urgency to the start
of construction in the
spring of 1931. This
air of urgency was fur-
ther exacerbated by the
thousands of potential
workers who migrated
toward Las Vegas be-
cause they perceived

Figure 4-15: Downstream view of Hoover Dam on the Colorado
the River. Source: Bureau of Reclamation.
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project as a source of desperately needed jobs.” Although many arguments were
made by Southern Californians during the 1920s as to why the Boulder Canyon
Project should be built, the role of the project in providing employment in the
midst of hard economic times was not one of them. But in the period following
the dam’s approval in December 1928, the nation’s economy lay shattered in the
wake of the stock market crash of October 1929. By the time actual construction
commenced in Black Canyon, the project had spawned a new objective focused
around what could be termed “work relief.” In this context, the dam assumed a
new role in the national consciousness, one that was not so much tied to the eco-
nomic growth of Southern California, as it was to a larger national purpose fo-
cused around overcoming adversity in difficult times—and what could be more
“American” than that?

Although the Hoover Administration remained generally opposed to fed-
erally financed relief projects designed to give an artificial boost to the economy,
it was quite willing to promote and encourage the job opportunities that attended
construction of Hoover Dam.” Thus, for a range of reasons, Reclamation, Six
Companies, and Crowe were anxious to get work underway at Black Canyon as
quickly and as fully as possible in the spring and summer of 1931. Unfortunately
for prospective laborers and their families, housing conditions near the site were
abysmal at this stage of the project (construction of accommodations at the fed-
erally controlled Boulder City would not be complete for several more months),
and as the heat of the summer descended on the site, fourteen workers died from
heat prostration. Working conditions in the diversion tunnels proved especially
dangerous, but this did little to deter Crowe from pushing ahead as hard as possi-
ble on this critical phase of the project.”’

As a result of tremendous physical hardship and apparent wage cuts in-
voked by Six Companies during the summer of 1931, labor unrest grew. In
early August, discontent became manifest in a project-wide strike encouraged
by radical labor leaders from the Industrial Workers of the World (the IWW or
“Wobblies”).”® In fending off this strike, Six Companies and Reclamation shared
a common interest in resisting any labor demands that threatened to impede com-
pletion of the dam. Elwood Mead succinctly expressed the federal government’s
position by characterizing the strikers as “impossible” and averring that “the
present wage rate on Hoover Dam is considerably above that of the surrounding
region.”” Thus, once the strike was broken in mid-August by the importation
of workers from Las Vegas willing to abide by the rules and wages established
by Six Companies, particularly troublesome strikers found little support from
Reclamation or other federal officials in their efforts to regain employment.

In even more substantive ways, Reclamation supported Six Companies
in terms of working conditions in the tunnels and demonstrated how federal
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administration of the project proved advantageous to the contractor. Specifically,
this involved Six Companies’ reliance upon gasoline-powered trucks and internal
combustion engines within the diversion tunnels in order to facilitate the rapid
removal of rock that had been blasted from the tunnel facings. Of course, opera-
tion of internal combustion engines in poorly ventilated, confined spaces offers
ideal conditions for carbon monoxide poisoning. For this reason, Nevada mining
law specifically forbade use of such equipment underground. During the sum-
mer of 1931, Nevada officials took legal action to prevent Crowe from using in-
ternal combustion engines inside the diversion tunnels, something he strongly
resisted because his plan for meeting the river diversion deadline required com-
pleting the tunnels as rapidly as possible; in turn, this depended upon large trucks
that would drive directly into the tunnels and carry out debris on a “round the
clock” basis—during January 1932 this reached a peak when as much as

16,000 cubic yards of rock was hauled away every day.®

Reclamation sided with Six Companies and argued that, because the
dam was being built by the federal government on land that had been designated
a “federal reservation,” state law held no power over possible construction
methods. After Nevada’s state inspector of mines brought legal action to enforce
state law and provide safe working conditions at the dam site, Six Companies
and Reclamation obtained a restraining order allowing them to proceed until a
panel of federal judges in San Francisco ruled upon the merits of the case. By
the time the ruling came in April 1932, much of the tunnel excavation work had
been finished; regardless, the court upheld Six Companies’ and Reclamation’s
right to abrogate state law on this issue.®! Later state court fights focused on civil
law suits that sought to win financial judgments against Six Companies for work-
ers who claimed to have been injured by the underground operation of internal
combustion engines. A source of some embarrassment to Six Companies, these
civil disputes dragged out until 1936 when they were ultimately resolved in
out-of-court settlements for an undisclosed sum.*? But in the larger scheme of
things, the federal legal “umbrella” proved remarkably useful to Crowe and Six
Companies in allowing them full control over the dam site without worrying
about state regulations.

Work on the tunnels proceeded at a furious pace during 1931 and 1932.%
Although some difficulties accompanied unforeseen floods in February 1932,
the river ran relatively low during the spring and summer of that year and, with
the coming of low water in the fall, conditions looked good for diversion of the
Colorado River out of Black Canyon. Beginning in early November, Crowe’s
crews began dumping rock across the stream bed in order to erect a tempo-
rary cofferdam. As this mound of debris gradually rose upwards, it elevated the
height of the river. On November 14, 1932, water began spilling into the diver-
sion tunnels on the Arizona side of the construction site. With this, the mighty
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Colorado River had been “tamed,” and excavation of the site became possible.
The building of the dam soon entered a new phase.

The diversion of the river allowed for site preparation to begin in ear-
nest, but even before this occurred the abutments along the canyon walls
had been subjected to an intensive effort to chip and drill away loose rock.
Undertaken by daring “high scalers,” this work was accomplished by men who
rappelled down the slopes of the canyon walls carrying heavy jack hammers;
their purpose was to remove any loose rock or potential debris that could impede
a tight, solid connection between the dam’s concrete and the rock abutments.
Similarly, completion of the cofferdams (one on the upstream side of the site,
one on the downstream side) allowed Crowe’s men to remove all loose dirt, sedi-
ment, and rock lying in the riverbed that would prevent the concrete bottom of
the dam from forming a tight, solid connection with the bedrock at the bottom of
the dam. Excavation into the bottom of Black Canyon commenced in November
1932, and by early June 1933, Six Companies was ready to start the actual place-
ment of concrete.™

Figure 4-16: Looking across Hoover Dam during construction from the Nevada side on
June 2, 1934. Source: Bureau of Reclamation.

176



4 : e o e | A
ol - e e A X

F MLLL LAV ol 270

o

Figure 4-17: Hoover Dam and Lake Mead viewed from the Arizona side on April 20, 1954.
Note, in the upper right corner, the Nevada side channel spillway which discharges into an
inclined tunnel which connects to one of the four original tunnels built to divert water around
the construction site. Source: Bureau of Reclamation.

Compared to the uncertainties that accompanied the efforts to drill the
diversion tunnels, the pouring of concrete represented a much more predictable
and controllable task—although it was, nonetheless, a complicated and poten-
tially dangerous coordination of men and machines and huge batches of wet con-
crete. During the more than two years preceding the first placement of concrete
on June 6, 1933, Crowe and Reclamation had overseen the erection of an elabo-
rate concrete-making plant that could draw in materials (i.e., sand and gravel)
from the local area and process them in a concrete mixing plant above the dam
site on the Nevada side of the river. From here, large batches of freshly mixed
concrete (carried by buckets with a capacity of eight cubic yards) could be deliv-
ered to various parts of the ever-rising dam via cableways strung across the width
of the canyon.®

Recognizing that the dam could not be formed in one continuous pour,
Reclamation’s design called for the concrete to be placed in an assemblage of
“blocks” that could be cast independently and allowed to harden before the pour-
ing of adjoining blocks.?* To allow the massive concrete structure to cool in a
controlled (and relatively rapid) manner—something that was necessary because
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of the heat released by the concrete as it hardened—an extensive system of one-
inch diameter cooling pipes (measuring about 592 miles in total) was embed-
ded in the dam. These pipes, which represented a technology that Reclamation
had first experimented with during the construction of Owyhee Dam, in Oregon,
a few years earlier, contained cooled water that served to draw off excess heat
from the hardening concrete (resulting from what engineers term the “heat of
hydration”) and prevent the creation of potentially dangerous temperature cracks
within the interior of the dam. Water passed through the cooling coil pipes at a
rate of at least three gallons per minute and, at the completion of construction,
Reclamation estimated that about 159 billion BTUs (British Thermal Units) of
energy had been extracted out of the dam by this method.*

After the first few weeks of pouring concrete, the construction pro-
cess became regularized and relatively routine (at least compared with the early
stages of construction), although it never became simple. The growing skill of
Crowe’s workers and the efficiency of the concrete delivery system becomes ap-
parent in reviewing the quantities of concrete placed on a monthly basis: In June
1933, 25,000 cubic yards of concrete were poured; two months later, in August,
it reached 149,000 cubic yards; and in March 1934, it reached a peak of over
262,000 cubic yards—the equivalent of 1,100 buckets per day, or about one
every 78 seconds. By December 1934, more than three million cubic yards of
concrete had been poured into the dam; in early February 1935, the structure
“topped out” with delivery of the last batch of concrete.’ At this time,
Reclamation dropped three of the massive bulkhead gates placed across the
openings of the diversion tunnels, leaving the outer Nevada tunnel to release
flows to meet the needs of downstream irrigators. Later, in 1935, the fourth gate
fully blocked the Colorado River in its journey toward the Pacific. Gradually,
the reservoir behind the dam began to rise and the hydraulic character of the once
free-flowing stream experienced a dramatic transformation.

While work building the dam proper proceeded through 1934 and into
1935, other tasks such as building the powerhouses, the outlet towers, the spill-
ways, and the tunnels that served them continued apace. A year later, in March
1936, the dam and powerhouses were officially declared to be complete and—as
Six Companies officially left Black Canyon—Reclamation assumed responsibil-
ity for installing the initial set of hydroelectric turbine-generator units in the pow-
erhouses.*’

On October 7, 1936, water passed through one of the recently complet-
ed main turbine-generator units, and, two days later, hydroelectric power first
surged out of Black Canyon into Southern California via a transmission line built
by the City of Los Angeles. It would take until June 1937 before full-scale, con-
tinuous, commercial power transmission would occur, but, from that time on,
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the power generating capacity of the Boulder Canyon Project became a cen-

tral feature of the Southwest’s power grid. By 1940, ten distinct power lines
emanated out of Black Canyon, including the Metropolitan Water District of
Southern California’s line to pump water through the Colorado River Aqueduct.®
Although the installation of the 17 main turbine-generators (each with an initial
generating capacity of 115,000 hp) in the dam’s powerhouses extended over a
period of years (the final unit would not come on line until 1961), the initial gen-
eration of power in 1936-37 was the beginning of the process whereby operation
of the dam could (quite literally) generate the income that would pay for its con-
struction.

The Legacy of Hoover Dam

Few actions better symbolize the political character and importance of
the Boulder Canyon Project than Interior Secretary Ray Lyman Wilbur’s deci-
sion in 1930 to change the name of Boulder Dam to Hoover Dam. President
Herbert Hoover himself appears to have played no role in encouraging this name
change, but he gladly accepted such a prominent and public association with
the dam. In fact, perhaps the only other act that fully compares with Wilbur’s
move in symbolizing the political power projected by the dam’s image involves
the decision of President Franklin Roosevelt’s Interior Secretary Harold Ickes to
change the name back to Boulder Dam shortly after Hoover’s departure from the
White House.* Ickes perceived the dam as a major construct holding wide pub-
lic appeal during the Depression, and, under his administrative eye, the Bureau
of Reclamation continued to push hard to bring it to completion—during 1934,
he made certain that $38 million from Public Works Administration funds were
available to keep the project moving along as fast as possible.” At the same
time, Ickes held no great political affection for Six Companies and—in contrast
to Wilbur—was quite willing to confront the dam’s main contractor over labor
issues.”!

The Roosevelt Administration’s desire to affiliate itself with the dam
became fully manifest in September 1935 when the President personally vis-
ited Black Canyon to dedicate the completed dam. In his remarks, Roosevelt
celebrated the dam’s “superlative” dimensions and avowed that “this morning I
came, I saw, and I was conquered as everyone will be who sees for the first time
this great feat of mankind.” Paying homage to “the genius of their designers . .

. the zeal of the builders . . . [and especially] the thousands of workers who gave
brain and brawn to [the] work of construction” he characterized the dam as a
“twentieth century marvel” and as “an engineering victory of the first order—
another great achievement of American resourcefulness, skill and determina-
tion.”” By portraying the dam in such broad terms, Roosevelt elevated the proj-
ect above the political and economic aspirations that drove Southern Californians
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to push for its authorization in the 1920s. In essence, Roosevelt raised the dam’s
importance to almost mythological proportions in portraying it as a great symbol
of mankind’s ability to tame nature through technology and human effort.

Although Roosevelt’s speech in Black Canyon was hardly the first time
that a politician had drawn upon a public works project to symbolize the ad-
vance of American civilization, the speech represented an important public event
in which a large multipurpose dam was imbued with national values of seem-
ing universal benefit. In such a context, the legacy of Hoover Dam continued
to be felt for decades to come as multipurpose dams proliferated within river
basins throughout America. Often viewed as a manifestation and extension of
New Deal public works spending initiatives, the fact that the original, federal-
ly financed, multipurpose storage dam designed to be paid for by the commer-
cial sale of hydroelectric power was not born out of the Great Depression (or
out of efforts to alleviate the effects of the Depression) is something that should
give pause to anyone wishing to paint large-scale federal dam-building in simple,
broad-brush strokes.

In a broad context, Hoover Dam came to represent a major shift in three
key aspects of western water policy: (1) municipal water supply now consti-
tuted a suitable purpose for Reclamation projects; (2) electric power generation
was now considered acceptable as a major component of federally financed proj-
ects; and (3) because much of the privately held land in the Imperial Valley was
in large tracts that stood in significant contrast to the “160-acre/small farm ideal”
originally heralded in the 1902 Reclamation Act, implementation of the Boulder
Canyon Project Act represented an expanded relationship between the federal
government and private landowners in the West.

In a more focused context, the legacy of Hoover Dam was also ex-
pressed in how the Colorado River basin developed in the wake of the Boulder
Canyon Project. First, construction of the river’s first major storage dam as a
federal project provided the rationale for preventing any private electric pow-
er company from ever erecting a hydroelectric powerplant along the mainstem
of the river. Even before the completion of Hoover Dam, the Federal Power
Commission had initiated wholesale rejection of any private power applications
to develop the Colorado River on the grounds that they might interfere with in-
terstate allocations of water under the terms of the Colorado River Compact
(which, of course, did not become effective until authorization of the Boulder
Canyon Project).”

Second, the Boulder Canyon Project marked a point at which individual
states came to appreciate the implications of large, inter-basin transfers of water
and the need to protect their interests through agreements (such as the Colorado
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River Compact) or court action (such as Arizona’s resistance to California’s
claims to the Colorado River). Looking more closely at the long-simmering dis-
pute between Arizona and California, the completion of Hoover Dam in 1935 al-
lowed Six Companies to immediately shift Frank Crowe and its attention to the
construction of Parker Dam, and to commence work on a key component of the
Metropolitan Water District of Southern California’s Colorado River Aqueduct.
Parker Dam would straddle the Colorado River about 150 miles below Hoover
Dam. Significantly, this project-which was paid for by MWD-was officially
built by Reclamation, a tactic made necessary by the fact that fully half of the
dam was in the state of Arizona.

An important, yet oftentimes overlooked, legacy of the Boulder Canyon
Project is that, in 1931, the U.S. Supreme Court ruled that Arizona could do
nothing to prevent construction of Hoover Dam on constitutional grounds
(derived essentially from the fact that the lower Colorado River was navigable
and thus federal control over the dam could be justified in terms of the
U.S. Constitution’s interstate commerce clause).”* Thus, despite Arizona’s
objections that Parker Dam was in truth simply a component of Southern
California’s water supply system, the fact that it was being officially built by
Reclamation proved sufficient to counter such claims; as such, Arizona’s attempt
to launch an “Arizona Navy” to protect its side of the Parker Dam site foundered
in the wake of the massive federal legal presence that had been established to
control the Colorado River.”

Not surprisingly, construction of Parker Dam under the auspices of
Reclamation did not bring an end to Arizona’s struggle with California over the
flow of the lower Colorado. Instead, it merely served to intensify the state’s
desire to push its legal claims in federal court. After almost three more decades
of battle, the U.S. Supreme Court ruled in 1963 that California could be forced
to limit its withdrawals from the Colorado in order to insure that Arizona would
be able to take its fair share of the stream. On the surface it appeared as though
this ruling did nothing to alter the basic allocations set forth in the Colorado
River Compact. California was still assured of receiving 4.4 million acre-feet
of Colorado flow per year; the difference came in California’s ability to draw off
half the “surplus flow” that might exceed the stipulated allocations.

In its 1963 ruling in Arizona v. California, the Supreme Court restrained
California from using more than 4.4 million acre-feet per year and set the stage
for Arizona to win congressional approval for a huge, federally financed aque-
duct, known as the Central Arizona Project, to pump water out of the Colorado
and deliver it to greater Phoenix and Tucson.”® Without laboring upon the myr-
iad details attending approval and construction of this project, what is important
to stress is that resolution of the conflict between Arizona and California came
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within a federal forum and that federal financing of the Central Arizona Project
was absolutely critical for it to be built. Whereas in the 1920s and 1930s the fed-
eral role in building Hoover and Parker Dams had been used to thwart Arizona
efforts to block construction, by the 1960s, the federal government had become
the means by which Arizona would implement its own technological system for
tapping into the Colorado. The beneficiaries may have changed over the years,
but the fact that the federal government had assumed legal prominence over the
Colorado remained constant.

GLEN CANYON DAM
The Upper Basin

In the Upper Basin states, the Boulder Canyon Project represented the
catalyst for the Colorado River Compact and—while it was recognized that con-
struction of Hoover Dam would necessarily precede any work building large fed-
eral reservoirs in the Upper Colorado Basin—there developed a strong belief that
federally financed dam projects would soon commence in the region upstream
from Black Canyon. Public notice of such a program appeared in 1946 with the
Bureau of Reclamation’s publication of the large-format, 292-page The Colorado
River: A Natural Menace Becomes a National Resource (it also carried the im-
posing subtitle, “A Comprehensive Departmental Report on the Development
of the Water Resources of the Colorado River Basin for Review Prior to
Submission to Congress™).”® In this report, scores of prospective projects were
noted throughout the basin and justified in terms of the economic benefit that
would accompany their completion. This plan represented the logical outgrowth
of the water allocations stipulated in the Colorado River Compact. The time had
come for the Upper Basin to get their share of federal support for developing the
river basin and—under the name Colorado River Storage Project—this initiative
received congressional approval in 1956. Like the Boulder Canyon Project, it
was to be financed by revenue derived from the sale of hydroelectric power.”

As it turned out, the first major Reclamation project planned for the
Upper Basin precipitated an environmental discussion on a scale compara-
ble only to the dispute that raged over San Francisco’s plans to build a dam in
Yosemite National Park.” In the 1930s, Reclamation planners had targeted the
large basin at the confluence of the Yampa and Green Rivers as an excellent site
for a large storage dam in the Upper Colorado Basin. Located along the Utah/
Colorado border about 50 miles south of Wyoming, the site of the proposed
Echo Park Dam also happened to lie within the boundaries of Dinosaur National
Monument (a part of the National Park System). In the late 1940s, Echo Park
Dam was publicly proposed as one of the first components of the Colorado River
Storage Project. Quickly, members of the Sierra Club, the Wilderness Society,
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and other advocates of the National Park Service rallied to protect Echo Park
from inundation. They tenaciously lobbied Congress, and, by 1956, were suc-
cessful in eliminating federal support for the dam. But in winning the environ-
mental battle for Echo Park, they acquiesced in agreeing not to oppose another
large dam that Reclamation planned to build in the Upper Colorado Basin.'®

_‘-‘ - T
Facs

Figure 4-18: Glen Canyon Dam under construction on August 10, 1962. Source: Bureau of
Reclamation

Of course, the Glen Canyon Dam site (located on the mainstem of the
Colorado River only a few miles upstream from the spot marking the division
between the Upper and Lower Basins) had long been familiar to Reclamation. In
fact, it had figured as a possible alternative to Boulder/Black Canyon in the early
1920s. By the 1950s, Reclamation was eager to begin construction of a 700-foot
high dam at Glen Canyon. Glen Canyon Dam would be another major step in
the development of the Colorado as a source of hydroelectric power for the bur-
geoning Southwest. Whereas Echo Park lay within a part of the National Park
System, and, thus, comprised a site well suited for wilderness advocates to
defend, the Glen Canyon Dam and reservoir site simply encompassed federally
owned land and thus was easier to justify in terms of inundating for the greater
public good. Although the canyon lands upstream from Glen Canyon could cer-
tainly have been characterized as a natural (and national) treasure, they held no
place in the national public consciousness and no great movement developed to
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protect them. Thus, when Congress agreed in 1956 to protect Echo Park, wil-
derness advocates offered little protest against approval of Glen Canyon Dam in
what could later be understood as a de facto compromise regarding development
of the two dam and reservoir sites.'"!

Design of Glen Canyon Dam and Beyond

In terms of design, the Glen Canyon Dam differed from Hoover in its
use of an arch design featuring a profile insufficient to stand as a gravity dam.
In this strictly technological context it diverged from the precedent set by the
Boulder Canyon Project and, instead, drew from Reclamation’s work in build-
ing thin arch dams that extended as far back as Pathfinder and Shoshone (Buffalo
Bill) Dams prior to 1910.

The early version of the trial load analysis, improved by Noetzli in 1921
and further refined by Reclamation engineers in the late 1920s, laid a firm basis
for its use on Glen Canyon Dam. This confidence helped lead design engineer
Louis Puls to decide on a dam far thinner than Hoover and thus rely on arch ac-
tion instead of only cantilever behavior. There were other reasons too. Concrete
quality had improved since the 1920s, so the 415 psi stress limit at Hoover Dam
could be increased to 1,000 psi for Glen Canyon.'®

However, somewhat negating the advantages of improved concrete, the
canyon walls at Glen Canyon were sandstone, a weaker material than the walls
of Black Canyon. Therefore, the stress at the arches abutments was kept at
600 psi by thickening the arches as they approached the canyon walls. The
weaker walls also required the injection of a grout curtain to strengthen the foun-
dations and control seepage under and around the dam.

Glen Canyon Dam also differed from Hoover in that the storage capac-
ity of the reservoir was not really necessary to provide for downstream irrigation
and municipal use. But the two major dams shared a strong and common lin-
eage in terms of electric power production. With a design capacity of more than
a million horsepower, Glen Canyon Dam was intended first and foremost to be a
“cash register” facilitating the sale of electric power to the greater Southwest,'*
and to deliver the Upper Basin’s annual water commitment to the Lower Basin.

The approval of Glen Canyon Dam in the 1950s may have spurred little
public protest, but by the time the huge concrete arch structure was completed
in 1964, America’s burgeoning community of wilderness advocates (a group of-
ten simply tagged as “environmentalists”) had come to perceive the inundation
of the canyon land above Glen Canyon as a terrible tragedy.'™ Subsequently, the
outrage felt by environmentalists in the mid-1960s over Reclamation plans to
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build additional hydroelectric dams along the stretch of the Colorado River be-
tween Black Canyon and Glen Canyon—and flood portions of the lower Grand
Canyon—proved of sufficient political potency that Congress refused to autho-
rize their construction.'” While other Reclamation dams were completed in the
Upper Colorado Basin during the 1960s and early 1970s, the defeat of the
so-called “Grand Canyon dams” heralded the beginning of a new era in western
dam-building.'%

Figure 4-19: Glen Canyon Dam looking upstream at the powerhouse on June 9, 1964. Source:
Bureau of Reclamation.

In recent years, the place of Hoover Dam in the national consciousness
has not escaped reassessment prompted by the environmental concerns over
large-scale dams that flowered in the post-Glen Canyon era. To be sure, the
image of Hoover Dam as a symbol of technological prowess and of the human
spirit overcoming adversity still holds sway over many people. Not the least of
these is Joseph Stevens, author of Hoover Dam: An American Adventure, who
avows that “in the shadow of Hoover Dam one feels that the future is limit-
less, that no obstacle is insurmountable, that we have in our grasp the power to
achieve anything if we can but summon the will.”'”” In an essay with the less-
than-subtle title “Hoover Dam: a Study in Domination,” environmental
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historian Donald Worster offers a different view of the dam’s larger cultural
meaning. In ways that most likely would rankle, if not infuriate, everyone who
supported the authorization—or cheered the construction and completion—of
Hoover Dam during the 1920s and 1930s, Worster makes a point regarding the
water storage along the Colorado River that “it is not ‘man’ who has achieved
mastery over western American rivers, but some men.”'”® Whether one agrees
with Worster as to the social and economic benefits and costs associated with
both Hoover Dam and dams built in its wake, it is, nonetheless, hard to deny that
they derived from the interests of “some men” rather than “mankind” in general.
Thus, we should not be so surprised that the dams have in the past and will likely
in the future comprise sources of controversy. As part of that oftentimes contro-
versial-yet often celebrated—process, the federal government (acting through the
Bureau of Reclamation) came to play a critically important role in implementing
the Boulder Canyon Project and all subsequent hydraulic engineering work of
any significance within the Colorado River basin.
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