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The Colorado River Aqueduct (1933-41) is a major water conveyance 
system supplying southern California. Built by the Metropolitan Water 
District of Southern California (Metropolitan), the aqueduct stretches 242 
miles across the Colorado and Mojave deserts to supply urban southern 
California with water. In 1955, the American Society of Civil Engineers 
declared it one of seven modern civil engineering wonders In the United 
States, and in 1995, the society designated it a National Historic 
Engineering Landmark. 

Numerous engineering features mark the aqueduct, including dams, 
reservoirs, pumping plants, tunnels, canals, conduits, inverted siphons, 
and transmission lines. Each of these parts works together to provide 
what was determined to be the most efficient, cost-etfectlve, and safe 
combination of transporting water from the Colorado River to the southern 
California coastal basin. 

Yet the Colorado River Aqueduct is more than just its constituent parts. 
Its engineering slgnilicance exists within the context of Depression-era 
America, when the appearance and promotion of technological "progress" 
provided the American public with a sense of accomplishment and pride. 
As a work opportunity, the aqueduct provided jobs for more than 35,000 
people over its eight-year construction span, and over 10,000 people 
during peak periods. Metropolitan emphasized the engineering 
accomplishments and work opportunities in promotional campaigns, 
happing into an American fascination with engineering achievements 
furthered by other major projects of this time, like the Boulder (Hoover) 
Dam and the dams of the Tennessee Valley Authority. 

The following set of drawings was produced in the summer of 1998, when 
the aqueduct was a fully-operating facility and Metropolitan was 
distributing its water to more than 16,000,000 people in southern 
California. In an attempt to focus on a time in which its engineering 
accomplishments were particularly remarkable, these drawings focus 
largely on the aqueduct's original construction. 

The Colorado River Aqueduct Recording Project is part of the Historic American Engineering Record (HAER), 
a long-range program that documents historically-significant engineering, industrial, and maritime sites In the 
United States. The HAER program is administered by the Historic American Buildings Survey/Historic 
American Engineering Record (HABS/HAER) Division of the National Park Service. U.S. Department of the 
Interior. The recording project was co-sponsored during the summer of 1998 by HABS/HAER under the 
general direction of E. Blaine Oliver, Chief; and by the Metropolitan Water District of Southern California, Gary 
M. Snyder, Chief Engineer, and Wally M. Lieu, Assistant Chief Engineer. 

The measured drawings, historical report, and photographs were prepared under the direction of Eric N. 
DeLony, Chief of HAER, The recording team Included Supervisory Architect Andrew Johnston (University of 
California, Berkeley) and architects Chrysti Chun (Illinois Institute of Technology), Imola Klrlzsa'n (ICOMOS, 
Romania), Sydney Mainster (University of California, Berkeley), Elizabeth Mllnarik (University of Illinois, 
Urbana-Champaign), and Nina Shatberashvili (ICOMOS, Republic of Georgia); Project Historian J. Philip 
Gruen (University of California, Berkeley); and photographer Jet Lowe (Washington, D. C.) Additional 
drawings were provided by architects Christopher B. Brown (University of Washington) and Adrim Maksay 
(Transylvania Trust Foundation, Romania). Engineer Allien Whitsett (Metropolitan Water District of Southern 
California) provided consultation and advice. Devon Kobayashi (Metropolitan Water District of Southern 
California) served as HAER liaison. 



PREFACE 

Many projects undertaken by the Historic American Engineering 
Record (HAER) begin with a minimal amount of information. This usually 
sends historians and architects scrambling for resources to prepare for the 
documentation process. Frequently, summer HAER teams spend twelve weeks 
painstakingly interpreting site(s) with little to draw upon other than a few 
physical remains and scattered references to the site(s) in contemporary trade 
journals and public records. 

The HAER team working on the 1998 Colorado River Aqueduct 
Recording Project encountered few of these difficulties. The Colorado River 
Aqueduct is thoroughly documented from its inception to alterations made to 
the present day, and nearly all of the original historical reports, annual reports, 
magazines, specifications, drawings, newspaper articles, and photographs are 
preserved and catalogued by the Metropolitan Water District of Southern 
California in Los Angeles, California. Metropolitan made any and all of these 
materials readily available to our team for the purposes of the drawing set and 
this historical report. 

Metropolitan's collection is extensive, and we soon realized that it was 
not feasible to provide a comprehensive summary of the material in a brief 
twelve-week project. Instead, our task was to condense the voluminous 
technical information contained in the documents into a digestible and compre
hensible format. 

To limit the scope of our project and to examine the Colorado River 
Aqueduct at an important moment in American engineering history, we chose to 
focus upon its principal construction phase (1933-41). But even by focusing on 
this eight-year period, the following written report and the drawing set does not 
— and cannot — contain the amount of technical information included in the 
specifications or the annual or historical reports. Instead, our work contains 
what we considered to be the most significant, or the most interesting, aspects 
of the design and construction process. 

It should be noted that the aqueduct's significance extends both before 
and after its original construction period. Like any major water project in 
California, the Colorado River Aqueduct was (and is) bound up in the politics 
of water development — it is considerably more than just its constituent 
concrete and steel parts. The aqueduct involved tens of thousands of workers, 
state and federal legislation, major dams, and a formidable desert landscape 
with which the planners and workers had to contend. The story of the aqueduct 
— even one that focuses on engineering — cannot be properly told without 
highlighting some of the stories that surrounded its construction and made the 
project a reality. These happenings are important stories in their own right, but 
not all of them are recounted in our documentation. When some of these issues 

are touched upon in the written report, footnotes direct readers to relevant 
sources for further research. 

The construction of the aqueduct did not follow a neat, chronological 
pattern, moving west from Parker Dam on the Colorado River in 1932 and 
finishing at Cajalco Reservoir near Riverside in 1941. Instead, construction 
proceeded along many parts of the aqueduct simultaneously. While chronology 
is followed where possible or appropriate in our report and the drawing set, we 
thought they would be best organized by separating the aqueduct into its 
sections or parts. This is simply our method of organization; it is not meant to 
suggest that the construction of the aqueduct was envisioned as a series of parts 
rather than a complete unit. The order presented in this historical report is 
meant, for the most part, to cohere with the order presented in the drawings 
and, where possible, with that of the photographs. The researcher is thus 
encouraged to view the report, the drawings, and the photographs as a complete 
set, although there is information in the historical report that is not included in 
the drawings and the photographs, and vice versa. 

Because the historical report and the drawings focus on the initial 
construction, the various features associated with the system are referred to by 
their original names. For example, Lake Havasu is called "Parker Reservoir," 
Hinds Pumping Plant becomes the "Hayfield Pumping Plant," Lake Mathews 
becomes "Cajalco Reservoir," Weymouth Filtration Plant become "Softening 
and Filtration Plant," and Hoover Dam is referred to "Boulder Dam." To avoid 
confusion, the current names are often indicated in parentheses — at least with 
the first reference. 

We encountered some difficulty regarding tense shifts in the written 
text in the historical report and on the drawings, because the aqueduct functions 
today much as it did in the past. To reduce confusion, the past tense is used 
when the text refers specifically to the process as it was carried out during the 
aqueduct's construction. The present tense is employed when the text discusses 
general construction techniques or those parts of the aqueduct that operate 
today (more or less) as they did initially. 

This report has benefited from a number of individuals who offered 
their time and assistance. Engineer Allien M. Whitsett of the Metropolitan 
Water District of Southern California spent many hours pouring over drafts of 
this text, questioning some of its claims and assisting with the editing process. 
This report is the better for it. HAER Chief Eric DeLony and HAER Historian 
Rich O'Connor and read early drafts of this report and offered timely and 
pertinent suggestions. Dora Lee and Dao Dang of Metropolitan's Central 
Library went out of their way to direct the author to hard-to-find sources and 
materials. The author retains sole responsibility for any inaccuracies or 
misinformation contained in this report. 
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Project Information: This aqueduct was documented as part of the Colorado River Aqueduct 
Recording Project conducted by the Historic American Engineering 
Record (HAER) for the Metropolitan Water District of Southern California 
(Metropolitan) during the summer of 1998. The project was prepared under 
the general direction of Eric DeLony (Chief, HAER). The architectural team 
included Supervisory Architect Andrew Johnston (University of California, 
Berkeley) and architects Chrysti Chun (Illinois Institute of Technology), Imola 
Kirizsan (ICOMOS, Romania), Sydney Mainster (University of California, 
Berkeley), Elizabeth Milnarik (University of Illinois, Urbana-Champaign), and 
Nina Shatberashvili (ICOMOS, Republic of Georgia). Project Historian was J. 
Philip Gruen (University of California, Berkeley). The photographer was Jet 
Lowe (Washington, D.C.). Additional drawings were provided by Christopher B. 
Brown (University of Washington) and Adam Maskay (Transylvania Trust 
Foundation, Romania). Engineer Allien M. Whitsett (Metropolitan Water District 
of Southern California) offered advice and technical assistance. 

Booklet Information: The following text, excluding footnotes (included in the HAER report), was written by 
Project Historian J. Philip Gruen. This booklet was produced by Elizabeth Milnarik 
and J. Philip Gruen, using Aldus PageMaker 6.0. 
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CHAPTER ONE: CONTROLLING WATER 

Introduction 
The Colorado River Aqueduct is part of a long and complex story of 

water development in the west, a story that is part and parcel with the suste
nance and growth of twentieth-century southern California. This story has been 
told in myriad ways over the years, and it will continue to be told as long as 
southern Californians divert water from its natural course to irrigate farmland or 
provide urban areas with water for commercial, industrial, or residential use. 
Many scholars have attempted to tell the entire story of water in the west — 
including its political, economic, and legal aspects — even if they focus their 
discussion on particular examples or case studies, such as the Los Angeles 
Aqueduct or Boulder (Hoover) Dam. Judged along these lines, the following 
report is decidedly less ambitious. 

Too often, however, historians assume that the history of water in the 
west is tied up in the courtroom or decided at the ballot box, and they neglect 
the importance of engineering and technology to this history. To explore the 
Colorado River Aqueduct as a work of engineering — which it is — helps to 
illuminate the story of the American west as a partly technological story. The 
importance of technology to the growth and expansion of the American west 
was apparent to settlers and to those who applied new technology to the 
American landscape in the nineteenth and early twentieth centuries, but this 
understanding of history has been mostly buried or neglected by historians of 
the American west in favor of other narratives. 

The following essay points up the importance of American engineering 
to twentieth-century American western history by examining the Colorado 
River Aqueduct: a little-studied, yet enormously significant, project. The 242-
mile-long aqueduct marches over largely untrammeled and treacherous desert 
terrain with approximately 237 miles of power lines, 92 miles of tunnels, 62 
miles of concrete-lined open canals, 54 miles of cut-and-cover conduits, 29 
miles of reinforced-concrete cylindrical inverted siphons, six reservoirs, five 
pumping plants, and four dams on its way to southern California's coastal plain. 

The difficulty of selecting the most cost-effective route from the Colo
rado River was the principal engineering problem, and this problem was noted 
frequently in the early literature issued by the Metropolitan Water district of 
Southern California (Metropolitan) formed in 1928 for the purposes of building 
and operating an aqueduct to provide water for southern California. The 
aqueduct's planners had to select a route that offered the lowest combination of 
construction costs, operating costs, and safety of construction and operation. 
This process alone took nearly seven years, while the aqueduct's actual con
struction took eight. Ultimately, Metropolitan settled on a route from the lower 
Colorado River that required the pumping of water. 

The combination of the total height that water is lifted (1,617') and the 
aqueduct's 242-mile length was unprecedented, as was the aqueduct's carrying 
capacity of 1,605 c.f.s. The vertical synchronous motors driving the pumps 
were the largest of these types of motors then constructed. The difficulties 
encountered during the construction of the Mt. San Jacinto tunnel received 
national attention, and engineers argued that it was one of the most difficult 
tunnel construction jobs undertaken in the history of world engineering. Some 
of the equipment introduced and engineering techniques employed during the 
aqueduct's construction overall were celebrated for their ingenuity and ability 
to set standards for future projects of similar magnitude. The Parker diversion 
dam had to be erected upon a foundation rock 233' deep, making the dam the 
world's deepest. The Colorado River Aqueduct overall was the world's most 
technologically-advanced water conveyance system, and its construction was a 
major engineering achievement. 

Yet the aqueduct is more than just a physical object attached to a series 
of facts and figures, slopes and formulas, equipment and materials. Its con
struction exists within the context of Depression-era America, and it is this 
context that provides much of the aqueduct's engineering significance. It was 
during this time that the appearance and promotion of technological "progress" 
provided the American public with a renewed sense of hope, promise, and pride 
during the most devastating economic crisis in twentieth century American 
history. The engineering accomplishments carried out during the project were 
pointed up in a deluge of publicity and promotional literature issued and 
inspired by Metropolitan, which tapped into and helped shape a growing 
American fascination with engineering and technology. This fascination was 
heightened by the 1930s construction of publicly-built massive concrete objects 
like Boulder (Hoover) Dam and other works erected by the U.S. Bureau of 
Reclamation, the Tennessee Valley Authority, and the Army Corps of Engineers 
in the 1920s and 1930s. 

Like any story of American technology, that of the Colorado River 
Aqueduct is also a very human story. It is a story of human solutions to 
engineering problems, and a story of failure as it is one of triumph. Although 
planners envisioned the aqueduct well before the onset of the Great Depression 
(it was not envisioned as a federal make-work project), its construction spanned 
the worst years of the Depression and offered much-needed jobs during that 
time. During the eight-and-a-half-year construction period, over 35,000 people 
found work on the aqueduct, and, during the height of construction, as many as 
10,000 workers at one time were on Metropolitan's payrolls or those of the 
numerous contracting companies who worked on the project. During the 
1930s, it was the single-largest employment opportunity in southern California, 
and one of the largest in the United States. At the same time, the project was 
not free from accidents, deaths, worker tension, or political conflict. 



To assess the importance of the Colorado River Aqueduct is to see it in 
this human context, for therein lies its greatest significance. Historians of 
Technology David Nye and Henry Petroski (at different times and in different 
ways) have reminded us that machines, engineering, and technology are not 
abstract, autonomous concepts, but are shaped and invented by human action, 
drawing upon other human successes and failures of the past. While some new 
equipment and techniques were developed to fill specific needs during the 
Colorado River Aqueduct project, most of the techniques executed during 
construction were based on their successful application or development on 
earlier projects. While different aspects of the aqueduct's engineering will be 
discussed and analyzed here, its parts and its construction must be understood 
in this historical context. 

California Water Historiography 
For much of the twentieth century, historians of the American west have 

aligned themselves alongside the theoretical fence erected by Frederick Jackson 
Turner in the late nineteenth century. Turner's "frontier thesis," which he laid 
out in an 1893 address, argued that the expansion and settlement of the Ameri
can west revealed something positive and true about American character and 
democracy. The transformation of previously "savage" wilderness into a settled 
landscape, Turner argued, also turned Europeans in Americans. Following 
Turner's lead, many historians have seen the history of the west as an important 
enterprise of expansion, settlement, and growth, where desolate and forbidding 
natural landscapes have been "conquered" by doggedly determined "pioneers" 
and brave "heroes" in the name of "progress." 

While Turner wrote primarily about the western landscape as it was 
shaped by agrarian settlement, others have applied that theory — whether 
consciously or unconsciously — to the landscapes of water. Thus, many 
scholars have seen the history of water in the west as a history of intrepid 
explorers and brilliant engineers who have helped "tame" natural "menaces" — 
such as the "unruly" Colorado River — and have thus contributed to western 
settlement and growth. 

Since the 1960s, however, this pristine picture of western American 
history has been muddied by a broader understanding of western American 
history. This history includes the roles played by Native Americans, Hispanics, 
and Chinese, and it has become popular to understand this history not as an 
accomplishment but as an ethnocentric story of conquest and ruthless Anglo-
American domination. Where practitioners of this so-called "new" western 
historical approach have dealt with issues of water, they have interpreted that 
history essentially as one of manipulation, greed, profit, and environmental 
devastation, seeing water viciously snatched away from its natural habitat and 
artificially re-routed to serve corporate and big-city interests. Under the critical 

lens of this methodology, engineers are regarded with suspicion, and scholars 
frequently point to their profit-driven ulterior motives. 

It is not the purpose of this report to either align with or counter these 
approaches, although both should be taken into account to provide a more 
comprehensive picture of western American water history. To be sure, works 
following the path of the "new" western history should be applauded for 
requiring historians to confront large gaps in the history of the American west 
that have been excluded in favor of the patriotic and sanitized view put forth by 
much of the earlier literature. 

Yet much of the "new" Western history judges the actions of individuals 
and events of the past with the standards of today's culture, where environmen
tal considerations and conservation issues play a greater role in our assessment 
of water development in the west. In seeking to explore the aqueduct as a 
product of the state of American engineering and technology in the 1930s, it is 
perhaps more useful to attempt to understand it in its original context, where a 
different set of cultural conditions may have applied. But even as an example 
of water manipulation in the west, the Colorado River Aqueduct has been 
largely overlooked in the scholarly literature. 

Before the Aqueduct 
The 233-mile-long Los Angeles Aqueduct (1908-13), built to serve the 

water needs of a city with a population of two million people and to last some 
forty to fifty years, has been afforded most of the attention because of the 
conflict it generated in the Owens Valley, because of the "land rush" that it may 
have inspired, and because of the conspiracy charges that surrounded the real 
estate speculation and subsequent development of the San Fernando Valley. 
The Los Angeles Aqueduct fits nicely with the current academic paradigm, 
fostered by practitioners of the "new" western history, that views all water 
development as manipulation and conquest in the pursuit of capital accumula
tion. Thus, in books about water in the west, the stories are usually about the 
Los Angeles Aqueduct, not the Colorado River Aqueduct; about the Boulder 
Dam or the St. Francis Dam, not Parker Dam; about Owens Lake or Mono 
Lake, not Parker Lake (Lake Havasu); and about engineer William Mulholland, 
not engineers Frank Weymouth or Julian Hinds. Some scholars have devoted 
entire books to the Los Angeles Aqueduct and its controversy; others have used 
it as the focal point around which they have constructed their arguments about 
water development in the west. 

Even so, the fact that city officials in Los Angeles had to buy land and 
transport water from more than 200 miles away in Inyo County points up the 
scarcity of water in the region and reveals — or at least implies — some truths 
about the climate in the southern California region. It is well-known that the 
area from Los Angeles to San Diego is essentially a desert, with a rate of 



precipitation averaging 15" per year. Annual rainfall fluctuates, however, and 
the area had experienced many years with an average above 20" prior to the 
construction of either the Los Angeles or Colorado River aqueducts. On the 
other hand, the region had also suffered consecutive years with an average 
rainfall below 10", and this usually constituted a drought. Studies revealing that 
the Los Angeles region had experienced long periods with little rainfall led 
William Mulholland and others to look beyond local water supplies as the 
region's population expanded exponentially in the late nineteenth and early 
twentieth centuries. 

Nevertheless, settlers in the region in the late eighteenth century were 
able to rely upon the intermittent rainfall and the local supplies provided by 
underground springs and the Los Angeles, Santa Ana, and San Gabriel Rivers 
and their watersheds — which were prone to periods of either extreme aridity 
or sporadic flooding. Early Spanish settlers founded the Pueblo de Nuestra 
SeFwra la Reina de Los Angeles — the old town of Los Angeles — and claimed 
the "pueblo water right" as they diverted water from the Los Angeles River. 
This so-called water right, which communities in the southwestern United 
States traced back to rights protected under the 1848 Treaty of Guadalupe 
Hidalgo, generally favored the water needs of communities over private 
individuals. The members of the city of Los Angeles in 1850 claimed such a 
right and the California courts backed them, granting the growing city exclusive 
rights to the water in the Los 
Angeles River and its 500-
square-mile watershed. This 
pueblo water right — particularly 
where it concerns the city of Los 
Angeles — continues to hold a 
central place in the debates about 
the Los Angeles water supply 
system today. 

Along the banks of the 
Los Angeles River, these settlers 
built earthen dams to divert water 
for irrigation and domestic use. 
The earliest documented aque
ducts in southern California were 
open ditches (called zanjas) and 
water wheels that transported 
water from the river to residences 
and fields. The most intensive use for the region's water came initially from 
agricultural development, but by the late-nineteenth century, with a growing 
regional population requiring water for irrigation, domestic, and commercial 

use, the surface supply from the region's rivers was running low. 
Settlers began tapping into the groundwater basins by digging wells. 

Some wells were pumped and others were artesian wells where water flowed up 
naturally from internal pressure to supplement the surface supply. In the early 
twentieth century, some of these wells yielded an aggregate of 300 c.f.s., but by 
1930 nearly all of these artesian wells had ceased to flow. Most of them, in 
fact, had been replaced by electric motors and gas-driven pumps that had been 
available since the 1880s. By the early twentieth century, some of these wells 
could yield an average aggregate of 300 c.f.s. Use of these artesian wells lasted 
well into the twentieth century, but their overall use had already begun to 
decline when electric motors and gas engines became commercially available 
by the 1880s. Electrically-operated wells, allowing for an easier and more 
efficient way to pump water, soon sprouted across the southern California 
landscape. By 1940, there were approximately 30,000 of these wells in the 
region. 

Yet the abundance of these electric wells suggests more about the need to 
supply a growing a regional population with water than it does about securing a 
permanent water supply for the city of Los Angeles. Indeed, as early as 1892, 
with the city's population over 50,000 and its water supply under the control of 
the private Los Angeles Water Company, water from the Los Angeles River was 
disappearing and the underground water table in southern California was being 
depleted. The city's population doubled by 1900, and in 1902, voters approved 
a bond measure to form a public water company. William Mulholland, then 
superintendent of the private water company, joined the newly-formed public 
water district (the Los Angeles Department of Water and Power) and began the 
search for more water — a quest that eventually led to the construction of the 
Los Angeles Aqueduct. Mulholland's search and the political, economic, legal, 
and social legacy of the Los Angeles Aqueduct have been analyzed in some 
detail by scholars, and need not detain us here. 

However, few of these scholars have discussed the engineering of the Los 
Angeles Aqueduct in much detail. When the aqueduct has been analyzed for its 
engineering, it has been generally seen as an isolated engineering "wonder" in 
part because of its construction under difficult conditions with equipment and 
vehicles that, in retrospect, appear "primitive." Few scholars, however, have 
noted the rather modern technology that was used and the engineering connec
tions between that project and the Colorado River Aqueduct. 

The construction process of the Los Angeles Aqueduct was considerably 
more sophisticated than a frequently-published photograph of mules hauling 
sections of 36-ton siphons might indicate. Power shovels, dredges, air ham
mers, blasting powder, and concrete were all used to facilitate construction of 
the 232-mile gravity-flow system — a water system far larger than any that had 
ever been constructed in the United States. Workers blasted through mountains 



to bore 142 tunnels, including the difficult five-mile Elizabeth Tunnel through 
the Sierra Madre mountains, which took the duration of the project to construct. 
Concrete was used so extensively overall that the Los Angeles Department of 
Water and Power built a mill in the limestone and clay-rich foothills of the 
Mojave Desert near the town of Monolith to produce Portland cement. 

While some of the methods of transport may seem antiquated relative to 
the trucks hauling materials and parts to sites along the Colorado River Aque
duct, many of these materials and parts were quite similar. Although the Los 
Angeles Aqueduct did not require any pumping plants, it was comprised of 
tunnels, open canals, siphons, conduits, and reservoirs in varying combinations 
to keep water flowing and to most effectively deal with the region's geology. 
And a variety of the engineering techniques and disasters experienced during 
the construction of the Los Angeles Aqueduct — including tunnel floods — 
reappeared some twenty years later further south. 

Similarly, many of the same parts were used for the construction of the 
110-mile Catskill Aqueduct to supply fresh water for New York City, built in 
two stages, from 1907 to 1927. The first stage, completed between 1907 and 
1917, involved the construction of a 92-mile aqueduct with cut-and-cover 
conduits, steel-pipe inverted siphons, gravity and pressure tunnels, reservoirs, 
and distribution lines from a reservoir created by the damming of Esopus 
Creek. This stage also included the construction of a deep-rock tunnel 1,000' 
below the Hudson River. The second stage extended the system 33 miles north 
to another creek, requiring the ten-year construction of the 18-mile Shandaken 
tunnel. It is arguably the Catskill Aqueduct, and neither the Los Angeles 
Aqueduct nor the Colorado River Aqueduct, that established modern water 
supply development and distribution practices. 

While the Colorado River Aqueduct is linked to both the Catskill 
Aqueduct and the Los Angeles Aqueduct in engineering techniques, the 
connections between the two California-based aqueducts went beyond engineer
ing. It is also possible to make connections, as some scholars have, between 
southern California's water supply systems and its urban growth. The connec
tions between the Los Angeles Aqueduct and the development of land in the 
San Fernando Valley has been frequently noted by scholars of urban history; 
similarly, it is possible (although more difficult) to make an argument linking 
the overall growth of urban southern California to the Colorado River Aque
duct. 

Furthermore, officials who went after Colorado River water knew that 
diversion from a federally-administered waterway, such as the Colorado River, 
would at least avoid the legal difficulties regarding land and water rights 
encountered during (and after) the construction of the Los Angeles Aqueduct. 
(The taking of water from the Colorado River, however, sparked new interstate 
controversies.) While there were proposals to take more water from the Owens 

Valley (in addition to those proposals to take water from streams feeding Mono 
Lake), investigations had failed to reveal the rightful owner of that water, and 
the city of Los Angeles did not want to get any deeper into the legal entangle
ments with which it already faced in that area. 

Finally, the growth of the Los Angeles region since the importation of 
water from the Owens Valley went beyond expectations, and what officials had 
assumed would be enough water to supply the needs of the city for some forty 
to fifty years suddenly seemed to be barely enough to supply the existing 
population. By the early 1920s, a lingering drought had reduced the overall 
flow of water in the Los Angeles Aqueduct to nearly half capacity and the 
region's groundwater supplies were still apparently dropping. While the Los 
Angeles region had not quite reached a crisis point, this situation nevertheless 
spurred city officials to look for another water supply. 

Necessary Legislation 
It is impossible to pinpoint exactly when the search for another water 

supply began and who initiated the search, however. Most accounts credit 
Mulholland as solely responsible for this, pointing to an October 1923 Colorado 
River trip he took with other engineers from the Los Angeles Department of 
Water and Power. The party apparently traveled to the Colorado River by train 
to determine whether that river would provide a reliable supply of water for 
urban use. 

They also pondered the feasibility of pumping that water to the coastal 
plain — the lower Colorado River, for example, was well below the elevation of 
the southern California coastal plain, and an aqueduct would require massive 
amounts of electrical power to operate a pumping system to get water over and 
through the mountains to the Los Angeles region. This would be a far more 
costly undertaking than an entirely gravity-operated water supply system, like 
the Los Angeles Aqueduct. The trip was publicized by local newspapers that 
ran photographs of Mulholland and fellow engineer Henry Van Norman aboard 
a rowboat on the river, raising public consciousness about the need for another 
water supply while suggesting the desire to conquer this "wild" and "unruly" 
natural feature — the Colorado River. 

But it is more likely that Los Angeles city officials had begun consider
ing an additional water supply as early as 1920. When Mulholland appeared 
before the House Committee on Irrigation and Reclamation in 1924, his trip 
was spurred by the aforementioned drought that had plagued southern Califor
nia since the early 1920s. And while Mulholland spoke before the house 
committee as an employee of the city of Los Angeles and stressed the city's 
needs ahead of the region as a whole, he mentioned both the city and the region 
at different times, noting that the water shortage was not merely a problem for 
the city of Los Angeles. 



A new water supply for California would also depend upon the passage 
of two important pieces of legislation. The first of these was the controversial 
Colorado River Compact, which divided the seven states of the Colorado River 
watershed into an upper basin (Wyoming, Utah, Colorado, and New Mexico) 
and a lower basin (California, Nevada, and Arizona). With the exception of 
Arizona, this arrangement was agreed upon in 1922 by representatives from 
each of the states, and each basin was to be allocated 7.5 million acre-feet of 
Colorado River water per year. California claimed the rights to 4.4-million acre 
feet of this allocation, and in July of 1924, the city of Los Angeles filed a claim 
for 1.1 million of California's share. This compact was eventually ratified, but 
not without protest from Arizona — a protest which eventually turned into the 
longest and most expensive court case involving water in the nation's history. It 
also resulted in some costly delays on the aqueduct project, particularly in 
relation to the construction of Parker Dam (see chapter three). 

Much of the debate swirling around the compact was related to the 
concurrent proposal to build a dam at Boulder Canyon on the Colorado River 
— a dam which California supported but many other states, seeing no benefit in 
its creation, did not. Mulholland's appearance in Washington D. C, for 
example, was specifically related to the first of four Swing-Johnson bills 
advocating this dam's construction. The bill, named for California Congress
man Phil Swing (Imperial County) and California Senator Hiram Johnson, was 
first introduced into Congress in 1923. It called for a high dam at the Boulder 
Canyon location for the purposes of flood control and water "conservation" — 
in this case, conserving it mostly to provide convenient water diversion for 
farmland in California's Imperial Valley near the U. S.-Mexico border. Moves 
toward introducing this legislation had been in the works at least since 1919. 

With an eye toward developing a water conveyance system that would 
require power to pump the water from the Colorado River, Mulholland claimed 
that Los Angeles would fail to obtain that power without the construction of 
this dam. The dam, he contended, would not only provide electrical power but 
had the further advantage of de-silting the notoriously rough Colorado River 
water by storing it first in a giant reservoir. According to Mulholland, the river 
in its current state was "wasting" a considerable amount of water by flowing 
naturally to the Gulf of California — water that could otherwise be put to 
"beneficial" use. 

In speaking to the House Committee on Irrigation and Reclamation, 
Mulholland argued that Los Angeles faced certain doom if its water needs were 
not immediately addressed: 

"...last year was a dry year, you will remember; and 
last year the supply from the Owens Valley dropped down to 
270 c.f.s. Now that in the face of our rapid growth was a 
disturbing thing, especially so soon after our construction. 

But here comes another dry year, and even worse; so that at 
that time there is very slim promise of a supply from the 
Owens River, and the condition is absolutely alarming. And 
this committee has got to come to our relief and give us the 
means of a larger and more secure water supply, or we are 
ruined." 

The fourth Swing-Johnson bill was finally signed in December 1928 by 
President Calvin Coolidge, but what became known as the "Boulder Canyon 
Project Act" did not become effective until President Herbert Hoover declared 
it so the following year, authorizing $165 million to build both the dam and the 
All-American Canal for the Imperial Valley near the international border. 
(Interestingly, while officials in southern California promoting a new aqueduct 
depended upon the electrical power provided by Boulder Dam, the Bureau of 
Reclamation, builders of Boulder Dam, also depended upon Metropolitan's 
promise to purchase a large portion of Boulder Dam power to prove that the 
dam project was economically feasible.) 

Importantly, too, the construction of Boulder Dam provided a contextual 
link to the Colorado River Aqueduct that went beyond its function. Although 
the Boulder Canyon Project Act was approved before the onset of the Depres
sion (like the bond issue authorizing construction of the Colorado River 
Aqueduct), the dam's erection during the early years of the Depression provided 
thousands of jobs and did eventually receive New Deal funding. As 
Metropolitan's Board of Directors would turn to New Deal-created funding 
from the Reconstruction Finance Corporation (R.F.C.) to finance the aqueduct's 
construction, Boulder Dam's construction was also assisted by a large amount 
of funding from the New Deal's Public Works Administration (P.W.A.). 

President Franklin D. Roosevelt made Boulder Dam the highlight of 
what could be called his "New Deal" world of dams — a world of large, 
concrete, publicly-built 1930s dams that also included Fort Peck Dam (Mon
tana), Bonneville and Grand Coulee Dams (Washington), the dams of the 
federally-backed Tennessee Valley Authority, and the Colorado River 
Aqueduct's diversion dam near Parker, Arizona. While was not quite as bulky 
as most of these dams, Parker Dam's width at the top is more than twice that of 
its base, and its deep 235' excavation to bedrock was an achievement in its own 
right. 

The sheer mass of these dams, with their overwhelming amount of 
concrete and the national attention they inspired, may have also provided a 
much-needed psychological boost to an American population mired in eco
nomic woes. Donald C. Jackson has written that a "celebration of mass" 
became the dominant ideology associated with dam construction in the 1930s. 
The more material these dams required, he has argued, the more adulation they 



received. 
Although the immediate benefits of Boulder Dam would only affect a 

small portion of the American population, the American public at large was 
nevertheless fascinated with this giant concrete arch dam. Tourists flocked to 
the narrow red rock canyon between Arizona and Nevada to watch the construc
tion and kept coming after the dam was finished. The Bureau of Reclamation, 
in charge of building the dam, was not prepared for the hundreds of thousands 
of tourists who came to Boulder Dam during construction, but it was prepared 
for their post-construction visits: many parts of the dam's interior, for example, 
were designed specifically for their accommodation. 

While the massive amount of concrete in its arched form was enough to 
allow the Boulder Dam to function properly, engineers at the Bureau of 
Reclamation chose to embellish it as a monument to American engineering. 
Plaques and inscriptions to the dam's builders and those involved in funding its 
construction grace the roadway, and a memorial to those who died during 
construction, mosaics, and the imposing black granite winged human sculptures 
— the "Figures of the Republic" — call the attention of passersby on the 
Nevada side. 

Similar features, albeit on a smaller and less noticeable scale, also appear 
along parts of the Colorado River Aqueduct. This was probably not a coinci
dence, for the Bureau of Reclamation was responsible for the design of both 
Boulder Dam and Parker Dam, and Six Companies, Inc. — the contracting 
company that built Boulder Dam — was also ultimately responsible for the 
construction of the aqueduct dams at Parker, Gene, and Copper Basin. 

CHAPTER TWO: PROMOTING WATER 

Selling Metropolitan 
While the Boulder Canyon project was getting bandied about in Con

gress, Los Angeles region officials set to work creating legislation necessary to 
turn the aqueduct proposal into a reality. In September of 1924, "farsighted 
officials" of the Los Angeles Bureau of Water Works and Supply (a division of 
the Los Angeles Department of Water and Power) created the "Colorado River 
Aqueduct Association." This association was entrusted with the task of drafting 
a bill for the creation of a metropolitan water district that would sell bonds and 
carry out the construction of the aqueduct. After Mulholland and others lobbied 
for three years, the "Metropolitan Water District Act" was passed by the 
California state legislature in May of 1927, allowing for the formation of 
metropolitan water districts that could "...incur bonded debt and to acquire, 
construct, operate and manage works and property, providing for the taxation of 
property therein..." The Metropolitan Water District of Southern California, 

then, was a direct outgrowth of the Los Angeles Department of Water and 
Power, and functioned under its aegis until May 1, 1930, when funds and 
equipment became available for Metropolitan to exist on its own. In 1925, the 
Los Angeles Bureau of Water Works and Supply, with Mulholland as chief 
engineer, began using $2 million from a city bond measure for surveys to 
determine the best route for an aqueduct from the Colorado River. 

The Metropolitan Water District of Southern California was incorporated 
on December 6, 1928 with eleven member cities: Anaheim, Beverly Hills, 
Burbank, Colton, Glendale, Los Angeles, Pasadena, San Bernardino, San 
Marino, Santa Ana, and Santa Monica. Voters from each of these cities ap
proved a ballot measure to join Metropolitan, and in August of 1931, Compton, 
Fullerton, Long Beach, and Torrance also joined, while Colton and San Bernar
dino dropped out. This left Metropolitan with thirteen members, whose first 
priority was the construction of the Colorado River Aqueduct. 

In 1931, the original 1927 act was amended to stress the "urgency" of 
holding a bond election to build an aqueduct that would secure the "peace, 
health, and safety" of southern California citizens. Metropolitan's primary 
mission was to supply "the area within its boundaries with water for domestic 
and industrial uses, and incidentally to provide a means of creating a water 
supply for such surrounding areas as later may find it advantageous to join in 
the enterprise." 

Promoting the Aqueduct 
The aqueduct, however, still had to await passage of the $220 million 

bond issue before construction could begin. To assure its passage, Metropoli
tan, led by Don J. Kinsey (assistant to Metropolitan's General Manager and 
Chief Engineer Frank E. Weymouth), spearheaded a campaign to emphasize the 
aqueduct's necessity. Kinsey tirelessly promoted the aqueduct through articles, 
pamphlets, and speeches, continuously reiterating the "urgent need" for water 
and upholding the Colorado River as the only logical place where that supply 
could be found. The material produced by Metropolitan included the publica
tion of numerous brochures, some of which were mailed to customers with their 
water bills, and the production of an early talking motion picture called 
"Thirst" that was shown in 200 area theaters. 

A Los Angeles-based, Metropolitan-sponsored "Citizens Colorado River 
Water Committee," chaired by John G. Bullock of department store fame, also 
formed to promote the project, and branch committees were created in each of 
the member districts. Among other things, this committee published a newspa
per, produced weekly radio programs accentuating the need to secure water for 
the purposes of "maintaining population and property values," hung banners 
across downtown streets, and distributed automobile windshield aqueduct 
stickers. Local newspapers, stressing employment opportunities, the belief that 



the project would be self-supporting, and the idea that it would not increase the 
tax burden, also backed the project. Mulholland knew the importance of the 
press in shaping public opinion; in his 1924 meeting before the House Commit
tee on Irrigation and Reclamation, he claimed that he paid no attention to the 
press, but that a "man trying to do useful work... as he needs their help might 
go after [the press] and encourage them, and get away with it." 

By August of 1931, over 4,000 Los Angeles businesses were supporting 
the aqueduct and, the day before the September 29, 1931 election, a reminder 
to approve the bond was printed on every bottle of milk delivered in Southern 
California. Later that day, the measure passed with a five-to-one margin in 
each of the member districts. 

Before construction could begin, however, Metropolitan had to find 
somebody to buy the bonds — a difficult process because effects of the Depres
sion were beginning to be felt by late 1931. To help get the aqueduct started, 
the R.F.C., a newly-created federal loan institution (part of the Roosevelt's New 
Deal), made an initial commitment of $40 million on the stipulation that 
Metropolitan's aqueduct would eventually pay for itself. After some legal 
complications, the R.F.C. eventually funneled the rest of the money to the 
aqueduct project. 

Surveys, Geology, and Route Selection 
Although the bond measure authorizing construction was not approved 

until 1931, much of the legwork to determine the aqueduct's route had already 
been completed. In fact, Mulholland and others had initiated a large-scale 
mapping of the desert region through which the aqueduct might cross back in 
October of 1923, when he pointed to the Colorado River as the still-untapped 
supply that could provide an adequate, alternate water supply for Los Angeles. 
Prior to the 1920s, most of the area remained inadequately mapped, and 
surveyors, engineers, and geologists — working originally for the Los Angeles 
Bureau of Water Works and Supply — traversed over 25,000 square miles of 
rugged and barren desert to draw detailed topographic maps of the region and to 
build various structures to assist in testing the initially suggested routes. This 
process took seven years — nearly the time it took to build the aqueduct itself. 

The surveying process was crucial to the construction of the aqueduct; 
without an accurate mapping of the region, engineers could neither determine 
the aqueduct's alignment nor its physical features, and it would have been 
impossible to estimate aqueduct costs, which would be borne by the taxpayers. 
An extraordinarily expensive bond issue would have had a difficult time earning 
voter approval. The varied topography of the region — with mountains 
interspersed among the vast expanses of the desert landscape — did not lend 
itself to the obvious selection of an aqueduct route. In all, surveyors investi
gated more than 100 different routes between 1925 and 1931 before settling on 

a route beginning near the Arizona town of Parker. 
In the first couple of years of the survey process, some funding from Los 

Angeles water bureau revenues allowed for small teams of surveyors to spread 
out across the desert. These surveyors first pieced together already-existing 
United States Geological Survey topographic maps to estimate initial costs and 
determine locations for survey field offices. Many of these maps, however, 
lacked detail and did not provide the information necessary for designers to 
map an aqueduct route. When the bureau received $2 million from a city-
issued bond in 1925, however, surveying began a more expansive role. 

By 1926, hundreds of surveyors, using transits, rods, and chains, had 
taken over the vast expanse of the desert southwest — from the Grand Canyon 
to Baja California. They made area maps on 20" by 30" sheets, working 
predominantly at a 10,000' = 1" scale, but providing larger-scale maps in areas 
that required greater detail. They also produced a huge 25'-long relief map of 
the area. 

Metropolitan publications issued during and after the aqueduct's comple
tion noted the difficulty of the survey process. These sources emphasized that 
access to many areas was difficult, and that drinking water was scarce and often 
had to be hauled to the worksites. The occasional use of the new Model-T 
touring cars (with the earliest surveys) and Model-A wagons alleviated some of 
the difficulties, but without roads across most of the terrain, vehicular access to 
many of the areas was next-to-impossible. 

Many surveyors simply crossed the desert on foot carrying their bedding 
and supplies on their backs. At times, surveyors had to traverse the landscape 
with teams of horses hauling food, water, and equipment. Engineers camped in 
semi-permanent tents and quickly-constructed "fly camps" (short for "fly-by-
night" camps), and the desert summers reached "the limit of human endurance." 
One source noted that the surveyors, to map the best route, kept heading for the 
mountain passes like "the wagon trails of the pioneers." Surveyors grouped 
together in teams of four or five people comprised of a party chief, an 
instrumentman, a rodman, and one or two chainmen. Surveyors used wooden 
"transits" to take measurements and drove wooden stakes into ground to mark 
spots which they had surveyed. 

Much of the work was carried out using rather sophisticated equipment 
and technology, however. The widespread use of automobiles across the desert 
terrain was a major advancement over surveying methods in the past, even if 
some of this work was completed on foot and horseback in the early years of 
surveying. Surveyors also used aerial photography to provide complete cover
age of possible locations for the power transmission lines and patrol roads in 
inaccessible areas. These photographs revealed, too, a desirable relocation site 
for the Intake pumping plant, thereby resulting in a reduction of costs. 

The surveyors also paid close attention to the accurate mapping of 



earthquake faults. Inactive faults were a landscape feature representing 
potential construction and operation problems, while active faults were to be 
avoided wherever possible. Between the Colorado River and the Coachella 
Valley — a distance of almost 200 miles, surveyors did not discover any active 
faults. But the major San Andreas fault, running north-south through much of 
California, was nearly impossible to avoid. 

Surveyors first mapped the area that would have provided the most direct 
— and shortest — aqueduct route: a direct line running from the town of 
Blythe adjacent to the Colorado River to the southern California coastal basin. 
The river at Blythe did not, however, provide a reasonable site for the construc
tion of a diversion dam necessary to aid in the task of de-silting the extraordi
narily muddy Colorado River. A reservoir created by a diversion dam would 
also facilitate the transport of water into an aqueduct requiring pumping. But 
even with a diversion dam on the lower Colorado River, this de-silting process 
would have to first await the passage of a bill authorizing a dam at Boulder 
Canyon — still being debated in Congress. 

After a futile test to pump water from a hastily-constructed "infiltration 
gallery," surveyors abandoned the Blythe site and looked elsewhere along the 
lower Colorado River for a suitable location to build a dam. They looked north 
to areas where routes could begin near the town of Parker, where a dam could 
be constructed and the aqueduct route could connect with a section of the route 
already charted from Blythe. They also looked south for possible diversion 
points along the U.S.-Mexico border. 

All of the proposed lower Colorado River routes, however, would have 
required the pumping of water, because any aqueduct from the lower Colorado 
River was (and is) below the elevation of the areas of the coastal plain to which 
the water had to travel. Surveyors also determined that the mountain ranges 
standing between the lower Colorado River and the coastal plain would actually 
necessitate a series of pumps to transport the water — each of which would 
incur a considerable operating expense. 

In an attempt to reduce these potentially high operating costs, surveyors, 
later joined by geologists and engineers, traveled to areas of higher elevation 
beyond the lower Colorado River area during the seven-year survey process 
with the idea that a gravity-fed route would be considered. In the later stages of 
the survey process, these teams proposed gravity routes from distances stretch
ing as far north and northeast as the Grand Canyon and the mouth of the San 
Juan River in Utah. Proponents of the all-gravity routes contended that those 
routes eliminated the need for costly pumping and were thus more economical; 
those who favored the pumping routes argued that the use of pumps could 
permit a much shorter and, thus, more economical route. 

There were still other factors involved in route selection. One of these 
had to do with the feasibility of diverting the water from the muddy Colorado 

River which, in most cases, would require the construction of a diversion dam 
in order to stabilize the water and make it easier to pump it without the con
struction of long and costly pressure pipelines. Another was the consideration 
of economic slope: if a pumping system was required to pump the water high 
enough to allow it to flow, by gravity, to the coastal plain of southern Califor
nia, engineers had to strike a balance between the cost of pumping and the 
amount of slope necessary to transport the water. Because pumping is expen
sive, planners could not indefinitely increase the slope to ensure its flow. 

But there were still other factors were involved. Any gravity route also 
required the construction of the aqueduct at a fixed slope for its entire length, 
so as to ensure the constant flow of water from the source to the coastal basin. 
Not only did this limit the overall amount of possible gravity routes, but none 
of them could easily avoid giant mountain ranges requiring extensive amounts 
of tunnel construction — the most costly (and most dangerous) aspect of any 
aqueduct's construction process. 

Potential future costs were equally important in the route selection 
process. Where pumping was concerned, this meant careful consideration of 
the amount of pumping required in each of the proposed routes, for pumping 
would require a consistent purchase of electrical power. Potential damage from 
earthquakes had to be considered in all cases, and routes that could incur the 
least amount of damage (and, hence, the least amount of costly repair) stood a 
better chance of being chosen. The surveyors also considered the proximity of 
the aqueduct's route to existing transportation lines, which could reduce the 
overall costs of building new infrastructure to transport materials and workers 
to the construction sites. And finally, the planners tried to procure a route that 
traveled as much as possible over public lands, thereby reducing the costly 
purchase of privately-held land across which the aqueduct would travel. It was 
the combination of all of these factors that ultimately led to the selection of the 
final route. 

With the permanent establishment of Metropolitan by February of 1929, 
the process of suggesting an aqueduct route fell to a new staff of engineers and 
geologists — some of whom arrived at Metropolitan by way of the Los Angeles 
Bureau of Water Works and Supply. One of these engineers was Frank E. 
Weymouth, who came to Metropolitan as chief engineer in July of 1929 after 
serving briefly as the chief engineer of the Los Angeles organization. 
Weymouth and his staff took over the data already compiled by the surveyors 
reduced the more than 100 possible routes to fifty-four by November of 1929, 
and then provided preliminary estimates and details. Most of the routes they 
recommended began along the upper Colorado River, and twenty-three of those 
were pump-operated routes from Black Canyon near Boulder Dam. Only 
twelve of the proposed routes would have operated on the principles of gravity 
flow, and all of these began along the upper Colorado River. 



Weymouth's team submitted its report to a review board of consulting 
engineers appointed by William P. Whitsett, the chairman of Metropolitan's 
Board of Directors. Whitsett asked the consultants — Thaddeus Merriman 
from New York City, Richard R. Lyman from Salt Lake City, and A. J. Wiley 
from Boise, Idaho — to solve what he defined as a basic "problem": to 
recommend the best of these routes that could deliver water "at the lowest 
possible cost," including cost of construction and cost of operation. Less than 
one month later, the consultants offered their preliminary report and recommen
dations to the board of directors, their selection being made in coordination 
with Metropolitan geologist F. L. Ransome. 

The consultants quickly narrowed the fifty-four routes down to eight, 
only four of which they took seriously and all four of which (from Black 
Canyon, Bulls Head, Parker, and Picacho) required pumping as the water made 
its way to a proposed terminal reservoir near Pomona. At the same time, the 
consultants considered four other gravity-flow routes, including an all-tunnel 
route from Black Canyon. They ruled these out because of their exorbitant 
costs, but nevertheless recommended their further investigation by Metropolitan 
engineers and geologists. 

Engineers and geologists headed back out into the desert during the next 
year to collect detailed information about the landscape over which these (and 
other) routes would cross, and Weymouth issued an extensive report to the 
board of directors in November of 1930, which he also forwarded to the 
consultants. The consultants, in turn, made a final report to the board of 
directors on December 19, 1930. Both Weymouth and the consultants recom
mended Route 74-B — the "lower" Parker route — because of it had the lowest 
combination of construction costs, operating expenses, and safety in construc
tion and operation. This route was formally adopted on January 16, 1931. 

Weymouth's report explained the work performed by the engineers and 
geologists during the investigations, and it outlined the advantages and disad
vantages of each of the routes his team had studied. In carrying out the investi
gations, Weymouth's team selectively studied six routes. Five of these (Parker, 
Picacho, Black Canyon, Bulls Head, and a Bridge Canyon all-gravity route 
which the consultants considered cost-prohibitive) had been suggested for 
further study by the consultants, but one of them — an "All-American" route 
that would have diverted water from the Bureau of Reclamation's proposed All-
American canal running through California's Imperial Valley — was not 
specifically mentioned in the consultants' preliminary report. 

Weymouth's report analyzed the Parker route first, noting its advantages, 
and pointed up that route's appeal by noting the disadvantages of the other five 
routes. Much of the route he recommended was the same as that adopted by 
the consultants, although it did not consider the pumping stations eventually 
constructed at Gene and Iron Mountain, the dams and reservoirs later built at 

Gene and Copper Basin, and the alternate Cajalco site eventually adopted for 
the terminal reservoir. 

Weymouth's suggested route began with a combined diversion and power 
dam to create a large de-silting reservoir north of Parker, from which the water 
for the aqueduct could be taken in. The water, he wrote, would be lifted 539' 
before heading west through tunnels in the Whipple Mountains, where it would 
feed into 51 miles of either surface conduit or open canal. After these 51 miles, 
the aqueduct was to enter a tunnel in the Granite Mountains and then alternate 
between conduits, open canals, siphons, and a pumping plant (which became 
the Eagle Mountain pumping plant) to lift the water to its final elevation of 
1,817'. At the base of the last pumping plant (Hayfield) was a dry lake bed 
which Weymouth suggested should be used for a large reservoir to regulate the 
aqueduct's flow or provide emergency water in the event of a breakage. 

At that point, the route was to consist of tunnels and siphons running 
along the face of the Little San Bernardino Mountains (these became the 
Coachella tunnels) before it pierced Mt. San Jacinto with a tunnel. Emerging 
from the tunnel, Weymouth suggested that the route should be led to its 
terminal reservoir in "either of several safe and satisfactory routes." The Parker 
route, Weymouth argued, was best because it required less tunneling and, as a 
whole, managed to avoid most major earthquake faults. 

Weymouth did not recommend the Black Canyon route, which would 
have been more costly because of its 300-mile length, the fact that much of 
those 300 miles would require tunneling, and because the route had a higher 
pump lift than the Parker route. Weymouth eliminated the proposed route from 
the Bulls Head site in Nevada, fifty miles south of Black Canyon, largely 
because of its required 2,051' lift, which was considerably higher than that 
proposed for Parker. He did not recommend the 252-mile-long aqueduct 
diverted from the river near Picacho, on the California-Arizona border twenty 
miles just north of Yuma, mostly because of its 1,997' lift and the fact that 
much of this route would have closely paralleled the San Andreas fault. 
Weymouth's team also looked at the possibility of a 271-mile-long aqueduct 
route taking water from the proposed All-American Canal and pumping it 
1,888' to the coastal plain, but discarded that proposal because of the uncer
tainty of the canal's construction, its even greater proximity to the San Andreas 
fault, and the fact that a large section of the aqueduct would have been under 
the federal government's control. Weymouth also eliminated the proposed 316-
mile-long Bridge Canyon all-gravity route because of its vast $558 million 
construction cost (numerous tunnels would have been required, one of which 
would have been 89.5 miles long) and, like the Picacho and All-American 
routes, because it would have crossed hazardous fault zones in deep tunnels. 

Weymouth's four-volume report, while it certainly influenced the 
process, was not the final word on the selected route. The decision was 



ultimately the responsibility of the engineering consultants, who were in
structed by the board of directors to conduct an "independent study" of the 
routes and were reminded that they were in "no way" to be bound by the 
suggestions in the Weymouth report. Given that they did not have the time to 
re-examine the sites, the consultants' final report nevertheless adopted much of 
the same information from Weymouth's report, including the final recommen
dation of the Parker route. Tliere were, however, some differences between the 
two reports. 

The consultants presented eight routes in their final report, some of 
which they suggested Metropolitan's engineers and geologists examine initially, 
and at least two others that were not mentioned in the series of reports up to this 
time. In addition to the Parker, Bulls Head, Picacho, Black Canyon, Bridge 
Canyon, and Ail-American routes discussed in the Weymouth report, the 
consultants seriously considered a gravity-flow 850-mile-long aqueduct from 
the San Juan River in Utah requiring a 1,080' high dam and a 277-mile-long 
"Southern Sea Level" route diverting water Colorado River water into a de-
silting basin in Mexico, from which it would enter a 70-mile tunnel to San 
Diego before making its way up to Santa Monica with pumping located along 
its distribution lines. With the exception of the Parker route, the consultants 
eliminated all of these routes from consideration based either on excessive 
construction, operation, or maintenance costs, issues of safety or, in the case of 
the Southern Sea Level route passing into Mexico, political difficulties. 

The consultants' final report, issued in December of 1930, stated that the 
Parker route was best because it passed through the "best terrain" and was 
relatively free from unusually long tunnels presenting safety hazards during 
construction. They also determined that the construction cost of the Parker 
route would be $199,618,000 — more expensive than the Picacho and All-
American routes but less expensive overall because of its lower pump lift and, 
thus, cheaper operating costs. And they noted that it was only along the Parker 
route where it was practical to provide intermediate water storage in the event 
of imbalance or emergency shutdowns. 

While adopting most of Weymouth's recommendations, the consultants 
noted that final surveys and geological test borings might require changes in the 
overall route and design of the aqueduct in order to reduce costs while main
taining safety. Finally, they suggested that the Parker route be subjected to 
more detailed examinations to determine the exact location and design of the 
aqueduct. On January 16, 1931, Metropolitan's Board of Directors formally 
suggested the Parker route. Interestingly, there is some evidence that the 
selected site for the diversion dam was only a few miles from where William 
Mulholland had initially suggested it should be following his 1923 Colorado 
River expedition. 

CHAPTER THREE: SENDING WATER 

Operations and Management 
With Route 74-B — the Upper Parker line — now selected, engineers 

and geologists set to work with the final surveys to nail down the exact route 
and determine the parts to be used in each case. While most of the selected 
route and its parts were followed, surveys continued as engineers and geologists 
adjusted the route's specifics when necessary. As before, they had to pay close 
attention to overall cost. Among the major alterations that occurred following 
the route's selection was the abandonment of part of the route through the 
Granite Mountains when it was discovered they could not be easily penetrated. 

On June 18, 1932, an Act of Congress was approved, permitting Metro
politan free access to public lands needed for the aqueduct's right of way. This 
act also allowed Metropolitan to purchase additional land over which the power 
and telephone lines would travel and upon which roads, reservoirs, camp sites, 
and diagonal dikes would extend for a fixed price of $15 per acre. 
Metropolitan's acquisition of land for the route began in October of 1932, and 
by 1938, Metropolitan had paid nearly $2 million to private owners for about 
27,500 acres of land. The purchases overall spanned six counties in three 
states, including reservation land of the Native American tribes of the 
Chemehuevi, Mohave, Colorado River, Morongo, and Soboba. 

Engineers also had to determine the most economical design employing 
the aqueduct's parts: open canals, conduits, siphons, tunnels, reservoirs, dams, 
and pumping plants. The combination of these features for an aqueduct as large 
as the Colorado River Aqueduct was unprecedented in aqueduct construction, 
but their employment in an aqueduct project, as mentioned in chapter two, was 
not. 

While pointing up the ingenious efforts of engineers and workers 
tackling various aspects of the Colorado River Aqueduct construction, Metro
politan did acknowledge that the parts used were generally those that had been 
successfully employed in similar projects in the past. The aqueduct's dam and 
tunnel construction methods, for example, followed those previously used at 
Hoover Dam. Prior to the commencement of construction, a locating engineer 
employed on the aqueduct project noted that the design plans "so far consid
ered" were quite similar to those of the Catskill Aqueduct. Nevertheless, none 
of the previous aqueduct projects had been carried out at a scale comparable to 
the work that was about to commence in the southern California deserts. 

But if the massive Colorado River Aqueduct project was to be carried out 
with any success, its construction process would require meticulous organiza
tion. The origins of the organization process came with the Metropolitan's 
creation following the passage of the Metropolitan Water District Act in 1927, 
establishing a board of directors to hold ultimate responsibility over the 



managing of any metropolitan water district in the state. The Metropolitan 
Water District of Southern California Board of Directors appointed Weymouth 
as general manager and chief engineer in charge of all administrative, engineer
ing, and construction work on the aqueduct. Key engineering positions under 
Weymouth's direct control included that of the assistant chief engineer (respon
sible for office engineering and civil engineering design) and the positions of 
chief electrical engineer and distribution engineer. 

Weymouth's appointment as Metropolitan's chief engineer in 1929 at the 
age of fifty-eight followed twenty-two years as chief engineer with the U.S. 
Bureau of Reclamation. In that position, Weymouth had been in charge of 
construction for a number of dams, including the Arrowrock Dam in southern 
Idaho — the world's highest dam until the completion of Boulder Dam. His 
recommendations to the Bureau of Reclamation were also instrumental in the 
selection of the Boulder Canyon site for a large dam along the Colorado River. 

Like Weymouth, Assistant Chief Engineer Julian Hinds came to the 
aqueduct project having been employed with the Bureau of Reclamation (he 
had begun there in 1910). In 1926, however, Hinds resigned from the bureau 
and spent four years in various jobs — including one with the Los Angeles 
Department of Water and Power — until he was transferred to Metropolitan. 
Hinds also had a tremendous amount of dam experience behind him. In fact, 
Hinds had been asked to oversee the design of the proposed dam in Boulder 
Canyon, but turned down that opportunity to come work on the aqueduct. 

During the aqueduct's construction, Weymouth retained his principal 
office in Metropolitan's downtown Los Angeles headquarters building, while 
Hinds was in charge of the day-to-day construction operations from his office at 
the field headquarters in Banning. Specifically, Hinds was in charge of all 
construction operations and of all field engineering on the main aqueduct, 
although he reported to Weymouth. 

While Banning was the central construction headquarters (it was also the 
location of the concrete and cement testing laboratory), the giant size and scope 
of the project required the establishment of subsidiary division headquarters. 
Six division headquarters were set up at various points along the route, each of 
which was run by a division engineer reporting to Hinds. Three of these 
division headquarters — Divisions one, two, and three — gradually became the 
sites of the Gene, Iron Mountain, and Eagle Mountain pumping plants, respec
tively. Division four was located at the Berdoo construction site, division five 
at the field headquarters area in Banning, and division six near the east portal to 
the Valverde tunnel. The "chief operator" of the entire aqueduct system was to 
be stationed at Gene. 

Metropolitan's staff drew up the specifications and the contracts for work 
along the aqueduct, which the district divided up into various "schedules." 
(These schedules usually referred to a specific length of the aqueduct, which 

could include the construction of different points of the aqueduct's anatomy.) 
Prospective bidders were issued bidding packages — including drawings — for 
the work to be completed along each schedule, and they offered bids on these 
packages. Because some federal money from the R.F.C. was used to initiate 
construction, the specifications forbade the use of any non-domestic materials 
and machinery. 

Metropolitan reserved work along the Coachella tunnels for its own 
workers in an attempt to relieve the "acute unemployment situation" in south
ern California as construction got underway. All workers — whether working 
on Metropolitan's "force account" or under contract — were required to hail 
from the member cities. To be eligible, citizens of member cities had to have 
been residents for at least one year, and Metropolitan required potential 
employees to perform a skills test to ensure a "high type of labor." Many 
newly-arrived residents to southern California discovered ways to claim 
residency despite their failure to meet the one-year limit. 

People hired to work on the aqueduct ranged from skilled engineers, 
craftsmen, teachers, lawyers, and doctors to unskilled laborers. Many of the 
laborers were trained on the job, learning, for example, to become muckers, 
drillers, or truck drivers. While Metropolitan limited its workers to eight hour 
shifts, they would sometimes work twelve consecutive days before receiving 
two days off, and construction often proceeded twenty-four hours a day. 

By 1938, over 150,000 people had applied for work at Metropolitan's 
labor employment office in downtown Los Angeles. The project provided some 
relief to the unemployment problem in southern California by providing jobs to 
as many as 10,500 people at certain times during the eight-year construction 
period, and 35,648 people in all. It was without doubt the largest construction 
employment project carried out in southern California during the 1930s. 

Work Camps and Worker Morale 
To house all the workers, Metropolitan and the contractors built a 

number of construction camps along (or near) the route. These camps were 
usually built as close as possible to the work sites, although contractors working 
on a number of schedules along the route usually built one construction camp 
and transported workers to the various work sites. Because there were a variety 
of contractors — in addition to Metropolitan's workers — no two construction 
camps were exactly alike. Some were much larger than others (such as the 
Metropolitan-operated camps at Berdoo and Coachella) and included hospitals, 
libraries, and recreation halls. Others, such as the Walsh Construction camp in 
the Whipple Mountains northwest of Gene, offered little more than the essential 
dormitories, supervisor's headquarters, and a mess hall. Workers at camps like 
these were required to drive off-site for most of their non-work related activi
ties. 



The design and planning of Metropolitan's built environment generally 
followed a standard pattern, resembling — at least in its hierarchical spatial 
organization — many American nineteenth-century company towns. Because 
of the remoteness of much of the aqueduct work and the need for employees to 
be stationed at a single site for long periods of time, living quarters had to be 
built to house the workers, engineers, field managers, and plant operators. 
Workers were housed in one- or two-story dormitories built of two-by-fours and 
plaster board with no ornament. Metropolitan did not provide air conditioning 
for the early one-story versions, but noted that there was "room for each man to 
sleep on the porch if he wished." The district boasted of the quality of the 
kitchens, mess halls, and food served to the workers. 

Meanwhile, camps provided for the division engineers were single 
cottages made from "first quality" plaster board. Permanent houses of frame or 
stucco construction with air conditioning and electrical heating were built for 

the plant operators. The field headquarters in Banning was the most palatial of 
all aqueduct construction-related buildings, with its tiled roofs, mission-style 
architecture, and manicured lawn. 

Managing the workforce was a formidable task, given the aqueduct's 
magnitude and the numbers of workers employed at different times during its 
construction. Many of these workers had to be trained to use the specialized 
equipment and ninety percent of those hired had never worked underground. 
Weymouth, nevertheless, was given a tremendous amount of credit for fostering 
an "esprit de corps" among his staff and the workers. To build worker morale, 
Metropolitan established recreational facilities, organized athletic programs, 
and built libraries at the project's largest work camps. Metropolitan also lauded 
its camp hospitals and safety procedures, noting that each division engineer was 
responsible for reducing accidents to a minimum. To encourage the enforce

ment of safety regulations, Metropolitan awarded pennants each month to the 
camp with the best safety record. In addition, camps often displayed signs 
noting Colorado River Aqueduct construction speed "records" that its residents 
had set. 

Workers also managed to enjoy themselves in their hours away from the 
work camps. Among other activities, workers spent many of these hours in 
taverns. Those who worked on the aqueduct in the vicinity of Indio frequently 
attended a bar named the "Jackhammer," while those who were building parts 
of the aqueduct at or near Parker Dam could be found at the "Tunnel Tavern" 
along the "MWD Highway" between Earp and the Whipple Mountains. Those 
who worked along the aqueduct's westernmost stretches often sought out 
"gaudy amusement" in the towns of Riverside, Banning, or San Bernardino, 
although many of them lived in the nearby towns and returned home to their 
families at night. 

It was a different situation in places like Indio, further out in the desert. 
One article noted that in those places, Saturdays may mean "whooping celebra
tions with rock-drilling contests and barrels of beer for prizes, and honky tonks 
with gambling and girls. 

Construction Infrastructure 
With the bond issue approved and the organization of operations settled, 

the path was clear for construction to begin. However, because much of the 
aqueduct's route was located in desolate areas far from roads and other facilities 
required for living or the necessary construction work, a tremendous amount of 
preparatory work had to be completed — or at least begun — before the 
aqueduct itself could be built. On January 1, 1933, two months before workers 
for the Wenzel and Henoch Company began construction at the San Jacinto 
tunnel, Metropolitan's district forces began to grade over 150 miles of new 
roads and erect 454 miles of high-voltage powerlines, 1,206 miles of telephone 
lines, and 199 miles of water supply lines that included pipes, wells, pumps, 
and water tanks in preparation for the massive construction job ahead. Metro
politan elected to build much of this infrastructure itself, rather than requiring 
contractors to do it. This reduced the contractors' bidding prices and, by selling 
the use of its infrastructure, allowed Metropolitan to profit. 

This construction infrastructure system, crucial to the project's successful 
completion, was essentially completed one year after its inception, although 
pieces of it were built as required along the route. Frequently, contractors 
working on specific schedules would build their own roads and other utilities to 
facilitate construction. While the use of the roads was free to all, the district 
charged the contractors for the use of water and power from this system. 

Each phase of the construction infrastructure program was a difficult 
process, involving hundreds of workers. Prior to the grading of roads, for 



example, only "devious wagon trails" existed over most of the aqueduct's 242-
mile distance. Many of these were "scratch" roads built during the survey 
process, created by simply clearing away boulders and brush. These roads were 
not sufficient for the constant transport of materials and workers to and from 
division headquarters and rail depots, so Metropolitan began grading lengthy 
stretches of road near the aqueduct's eventual route, with extensions to connect 
with the six division headquarters and camps. Following grading, 
Metropolitan's workers laid a three-inch top layer of oil-treated material upon a 
base of natural roadbed material to create 20'-wide roadways. The longest 
stretch was built from Desert Center to Earp, near Parker Dam. 

With no available surface supplies of fresh water along the entire route 
from the Coachella Valley to the Colorado River, district forces also built and 
operated an extensive water supply system to provide water for drinking and to 
assist the construction process. Water was used, for example, to cool the 
workers and the machines, to wash the aggregate at the contractor-built 
batching plants, and to mix and cure the concrete. Part of what was, in essence, 
a "miniature aqueduct" involved the tapping of fourteen underground wells and 
the installation of electric pumps to pump that water into thirty-five storage 
tanks. Water stored in these tanks could be discharged into the 199 miles of 4" 
to 8"-diameter water pipelines built to transport the water to the work sites. 

The power lines built during this phase of construction provided electric
ity to operate many of the machines used to build the aqueduct and to light the 
tunnels. Although power from Boulder Dam would eventually operate the 
aqueduct's pumping plants, contractors needed an additional power source to 
proceed with construction. There were a number of pre-existing power plants 
owned by private power companies located near much of the route, but Metro
politan determined that it would be more cost-effective to purchase power from 
a single existing generating station of the Southern California Edison Company 
at Colton, near San Bernardino, and then build its own transmission system 
extending from there. This system consisted of 196 miles of 66,000-volt lines, 
258 miles of 33,000-volt lines extending from it, and five power substations. 
The 66,000-volt transmission lines stretched east and southeast from Colton to 
five 6,000-kva substations at Lakeview, Cabazon, Fan Hill, Hayfield, and 
Granite. At those points, the 66,000-volt power was transferred to 33,000-volt 
transmission lines and then sent to seventy-two local distribution stations along 
the route. Some of this power was used to operate the electric pumps of the 
wells. Finally, over 1,000 miles of telephone lines were erected for the use of 
the district's field forces and for contractors employed on the job. 

Metropolitan's workers and contractors also benefited from pre-existing 
railheads of the Southern Pacific or Sante Fe Railroad at Earp, Rice, Freda, and 
Indio. Much of the equipment and supplies needed for construction, including 
reinforcing steel, structural steel, plate steel, cement, lumber, and copper were 

frequently sent by rail from major urban centers, unloaded at the railheads, and 
then transported by truck to the construction sites. 

The use of these railheads points up the national scope of the aqueduct 
project. While almost all concrete work was performed on-site, for example, 
the cement needed for this work usually had to first be brought by rail to the 
various railheads and stored in central storage bins before it was brought by 
trucks to the batching plants near the construction site. 

In fact, most of the equipment and materials needed for aqueduct 
construction were manufactured off-site in factories and then shipped to the 
desert for use along the aqueduct. Many of the pipe manufacturing plants from 
which the district purchased material were located in Los Angeles and Long 
Beach, but other materials were shipped from as far away as New York City, 
Cleveland, and Pittsburgh. In addition, the contracting companies hired for 
work along the aqueduct hailed from all over the United States — from Boston 
to Milwaukee, Minneapolis to Denver, and New York to Boise — and they often 
transported some of their own key workers and equipment to the desert. 

Parker Dam and Reservoir 
The consultants' selection of the Parker Route advocated the construction 

of a diversion dam across the Colorado River at the mouth of the Bill Williams 
River, about 16 miles northeast of Parker, Arizona. The dam was needed to 
raise the level of the river from 72' to 450' above sea level to provide adequate 
storage capacity (717,000 acre feet) for the purposes of silt removal and 
regulation. Raising the level of the Colorado River by means of a dam — while 
a costly endeavor — nevertheless reduced the costs that would have been 
required to build nearly 400' inlet pipes leading from the river to the Intake 
pumping plant, to construct and operate motors to pump water through those 
pipes, and to erect "clarification" works at the point of diversion so that muddy 
Colorado River water did not enter the system. 

While Metropolitan provided funds for Parker Dam through its $220 
million bond, the United States Bureau of Reclamation designed and built the 
dam. Six Companies, Inc. offered the low bid for construction and began 
working in August of 1934. This giant company, comprised of a consortium of 
major contracting companies, was qualified to take on the job: its workers were 
currently in the process of completing Boulder Dam. 

Like any dam construction, the erection of Parker Dam was complicated 
and time consuming, and it will only be summarized here. Engineers knew that 
the Parker site was a suitable site for a dam because of excellent foundation 
conditions, but they also knew that reaching the foundation would be challeng
ing — it was 235' below the river. Engineers, however, also knew that the 
difficulty of excavating and constructing Parker Dam would be considerably 
reduced once the water was first impounded 155 miles to the north at Boulder 



Dam, so work on Parker Dam did not begin until 1934 — after water had begun 
filling the newly-created reservoir behind Boulder Dam. 

To begin Parker Dam's construction, the river had to be diverted around 
the site. Following some preliminary work, Six Companies subcontracted the 
diversion tunnels construction to J. F. Shea and Company, one of its constituent 
contracting companies building Boulder Dam, and then later subcontracted all 
Parker Dam construction work to the company. J. F. Shea and Company was 
allowed to transport much of the same equipment it had already used at Boulder 
Dam to assist with the Parker Dam construction. 

Before it set to work on the diversion tunnels, J. F. Shea and Company 
first built a construction camp on the California side and access roads to the 
site. Plans for the tunnels called for two parallel 29'-diameter tunnels to be 
driven through solid rock — one l,759'-long and the other l,704'-long — 
designed to handle a flow of 30,000 c.f.s. This capacity was thought to handle 
any flood flow from the Bill Williams River, and it was tested during a 1937 
flood. 

Because Parker Dam was to span a federal waterway and cross between 
the states of California and Arizona, federal legislation and approval of both 
states also had to be in place. Arizona, however, never agreed to the dam's 
construction, as they had never fully agreed to their apportionment of Colorado 
River water as allocated by the terms of the 1922 Colorado River Compact. 
The United States Congress, interestingly, had also failed to authorize the dam's 
construction. 

Trouble started early when Arizona officials noted that the workers had 
begun test drilling on the Arizona side of the river in February of 1934. Ari
zona Governor B. B. Moeur was informed of this activity and ordered a small 
squad of the Arizona National Guard to monitor activity and report on "any 
encroachment on the Arizona side of the river." By the time workers had begun 
erecting a temporary wooden trestle bridge across the river to reach the diver
sion tunnel construction area on November 10, 1934, Governor Moeur ordered 
over 100 armed troops to the Parker Dam vicinity to physically prevent further 
construction. Three days later, the United States Secretary of the Interior halted 
the construction and moved the Parker Dam situation into the courts. On 

February 13, 1935, the secretary acquired a temporary restraining order against 
Arizona that permitted construction to continue, but on April 29, 1935, the 
United States Supreme Court upheld Arizona's protests and halted construction 
again. It was not until the passage of the Rivers and Harbors Act on August 30, 
1935 — which included a specific passage allowing construction of the Parker 
Dam to reconvene — that construction was allowed to continue. 

By September of 1936, J. F. Shea and Company had completed the 
diversion tunnels and water, with the help of temporary cofferdams built near 
the tunnel portals, began pouring through on October 22, 1936. Prior to the 
completion of the diversion tunnels, workers began excavating dam abutments 
and, once tunnels were complete, they had built these cofferdams made of 
riverbed material excavated from the dam site. Then, using dragline cranes and 
dump trucks initially, then cableways and "skips" to haul away material as work 
proceeded below what had been the Colorado River, workers dug a total of 235' 
down through silt and gravel before they reached bedrock on July 23, 1937. 
The excavation process involved numerous complications caused by inflows of 
water, requiring the installation of de-watering pumps. It was the deepest dam 
excavation ever. 

Only six days later, J. F. Shea and Company began placing concrete for 
the dam and cooling it by allowing water from the upstream side of the Colo
rado River to run through pipes embedded in the dam. This process was 
assisted by the construction of a cooling tower and circulating pumps. The 
concrete dam is 100' thick at the base, gradually tapering to 39' at the top. By 
April 1938, the dam's concrete placement, which continued through the night, 
was far enough along to close the diversion tunnels, and in July, the dam was 
complete. 

Design and construction of the Parker Dam was under the general 
supervision of Chief Engineer Raymond F. Walter of the Bureau of Reclama
tion, but Jack L. Savage, the bureau's chief designing engineer who was 
involved in the design of Boulder Dam, was more directly involved with the 
overall design. Three different Bureau of Reclamation construction engineers 
directly oversaw construction. Savage's design suggested a concrete arch dam 
with an 856' crest length — a dam design type used in ancient Rome but 
frequently employed in major dam projects in the early twentieth century. 

The dam's most significant visual features are five 50' x 50' steel 
regulating gates in the body of the dam supporting the continuous concrete with 
its fifteen square openings. These features lend a streamlined effect to the dam 
which is complemented by the tapered and fluted light standards along the 
roadway. The overall design is a representative example of a series of stream
lined dams completed by the Bureau of Reclamation in the 1930s, and its upper 
portion with the openings is nearly identical to the gate structure for the Alcova 
Dam and Reservoir on the North Platte River in Wyoming (1938), also designed 



by the Bureau of Reclamation — albeit on a smaller scale. 
Parker Dam's overall construction also included a powerhouse on the 

California side and penstock tunnels to divert water to operate the four 25,000-
kv generators, although construction of the powerhouse and its associated 
features were not begun until 1939. Under a 1933 agreement, half the power 
generated at Parker Dam belongs to the Bureau of Reclamation, while the other 
half belongs to Metropolitan. While most of the power driving the pumps along 
the aqueduct comes from Boulder Dam, workers installed a 69-kv line from 
Parker Dam to the Gene switchyard and put it into service in 1947. 

230-kv Power Transmission System 
While Boulder Dam and the other massive concrete dam projects of the 

1930s captured the imagination of the American public, they also served the 
very practical function of providing hydroelectric power. With the construction 
of the dam at Boulder Canyon underway, Metropolitan was assured of more 
than enough power to run its pumps at their initial capacity and, indeed, the 
aqueduct needed that power to pump water to urban southern California as 
much as the Bureau of Reclamation needed Metropolitan's money to help cover 
Boulder Dam costs. The construction of Parker Dam would eventually provide 
additional power, but it was not immediately necessary. 

Power from Boulder Dam arrived originally in the form of one 230-kv 
(230,000-volt) transmission line strung south through Searchlight, Nevada to a 
switching station at Camino, California, 23 miles west of Needles, California. 
This power was supplied from two 82,500-kva generators at Boulder Dam. At 
Camino, the line splits into two principal 230-kv branches, one of which went 
to the Gene pumping plant and the other which turned west to provide power 
for the pumping plants at Iron Mountain, Eagle Mountain, and Hayfield. A 
smaller, 69-kv power line extension from Gene meanders two and a half miles 
over the Whipple Mountains to provide power for the Intake pumping plant. 

The power system associated with the aqueduct was an essential aspect 
of the aqueduct's anatomy, although much of it was not physically in the 
vicinity of the aqueduct. This system not only included the ubiquitous steel 
towers from which the high-voltage 230-kv aluminum and copper conductors 
were strung, but also those for the 69-kv line from Gene to Intake; switch racks 
and switch houses at Boulder Dam, Parker Dam, and the five pumping plants; 
and a principal switching station near Camino. Metropolitan determined that 
the construction, operation, and maintenance of the power system would be 
monitored from Camino, and they required the contractor to set up the worker's 
camp there as well. 

The Camino camp was modest in comparison to those camps in the 
vicinity of some of the tunnel projects, in part because there were considerably 
fewer workers needed to construct the power system. The Newbery Electric 

Corporation earned the contract to build nearly 150 miles of telephone lines and 
poles to parallel the power lines and connect with those telephone lines and 
poles already alongside the aqueduct. The Newbery Corporation completed the 
work between September, 1935 and May, 1936. 

Construction of the aqueduct's power system, like that of the aqueduct 
itself, required the grading of many miles of new dirt roads to facilitate the 
construction process. These roads were constructed originally between January 
and May of 1934, but 250 miles of them were improved beginning in February 
of 1937 and transformed into permanent aqueduct patrol roads. 

Construction of the five different types of steel transmission towers and 
the power lines they supported began in December of 1935. The average tower 
weighs 10,200 pounds and is capable of supporting a maximum span of 1,710'. 
The largest of these weighs 14,800 pounds and is 70' tall. All of the towers are 
rooted in reinforced concrete footings to protect against high winds and 
potential corrosion caused by high levels of alkali dust. 

The lines (or conductors) used through most of the system are composed 
of a composite cable that includes twenty-six aluminum wires wrapped over a 
core of seven galvanized steel wires. These conductors are supported by strings 
of thirteen 10" porcelain insulators. Over the high-alkaline Danby Dry Lake 
bed between Camino and Iron Mountain, the conductor is composed of fifty 
copper wires stranded in two layers over a twisted copper I-beam supported by 
strings of seventeen insulators. 

Fritz Ziebarth of Long Beach earned the contract to build the transmis
sion towers, the aluminum and copper conductors, the porcelain insulators, and, 
together with Metropolitan, to construct facilities for workers at the Camino 
Switching Station site. At the Camino work camp, Ziebarth trained different 
crews to handle the erection of the towers and the stringing of the lines, 
although there was some crossover between the two. 

After the grading of roads, construction proceeded in February of 1936 
with the excavation of the concrete footings at different points in the Danby 
Dry Lake area. Ziebarth's workers used mechanical "excavators," explosives, 
and compressed-air tools to excavate for the concrete footings, much of which 
they completed by May 1, 1936. After this point, specially-trained work crews 
began erecting the towers, the steel for which the company purchased from 
steel-making plants in San Francisco. These crews worked first from the 
Camino switching station southwest through the Danby Dry Lake bed, complet
ing between twenty-four to thirty-one towers per week during "favorable" 
weather conditions, which did not normally include the summer months when 
the temperature was (and is) conventionally higher than 95 degrees. By the end 
of 1936, however, towers stretching from the Boulder Dam through Camino 
down to the Iron Mountain pumping plant were complete, and those stretching 
to Gene were nearly so. 



The hanging of insulators and the stringing of conductors followed the 
erection of the towers, although crews did not build all of the towers along the 
system before stringing the conductors. Each tower was designed to carry three 
conductors, which required the use of "tractors" pulling the conductors through 
the tower and applying proper tension on the lines by means of a power-driven 
winch. The tractors were also used to pre-stretch the cables to 12,000 pounds 
to test their durability in the event of severe weather, and then returned to their 
normal 7,500-pound tension. 

While work along all parts of the aqueduct was routinely halted during 
the summer months — particularly any work involving the pouring of concrete 
— power line workers encountered severe winter weather during the early 
months of 1937, preventing the erection of towers and the pouring of concrete 
on account of freezing. Once the weather permitted construction to resume, 
Ziebarth's workers assembled along the western portion of the system to build 
towers and string conductors from Iron Mountain to Hayfield. The crews 
finished the towers by May of 1937 and the stringing of conductors by July 19, 
1937 — five months ahead of schedule. Metropolitan's forces built the smaller, 
69-kv line from Gene to Intake, beginning work in March of 1937 and complet
ing it on December 8, 1937. 

Remaining to be completed were the switch racks, transformers, and 
switch houses at the pumping plants; the Parker Dam standby loop; and the 
terminal transmission span from the Boulder Dam switch rack. Various 
contractors carried out construction of the electrical stations at the pumping 
plants in addition to the pump houses, reservoirs, sand traps, and other miscel
laneous structures built in conjunction with the plants. Each of these electrical 
stations included a steel switch rack with oil circuit breakers which received the 
power from the 230-kv high-voltage lines, step-down transformers, and a switch 
house that distributes electricity to operate the pump motors, the camp lighting, 
and other local needs. These structures were all completed at the various 
pumping plants by early 1939. 

When the Bureau of Reclamation completed a short transmission span 
extending from the Boulder Dam switch rack to which Metropolitan's lines 
were to attach, the power system was ready to set the pumps in motion and 
pump water to urban southern California. 

Pumping Plants 
Ever since the route was chosen, engineers knew that they had to 

construct a fairly elaborate pumping system to lift the water a total of 1,617' 
from the reservoir created by Parker Dam over the mountains to a level where it 
could flow, by gravity, to the coastal plain. Because the terrain over which the 
aqueduct crosses (east of Shaver's Summit near the Hayfield plant) drains to the 
river, it was considered impractical and nearly impossible to construct one 

pumping plant near Intake with enough power to transport the water all the way 
to Cajalco Reservoir, however convenient that configuration might have been 
from an operating standpoint. 

Even by dividing up the overall pumping into five segments, however, 
the 1,617' height, combined with the eventually projected need to pump 1,605 
c.f.s. of water at approximately 375,000 hp, combined to make the aqueduct 
project an extraordinarily complex and difficult pumping project. The 
aqueduct's planners noted that there were other water conveyance systems 
requiring more horsepower, larger capacities, or higher single lifts, but in 
America by the 1930s, there was no instance where pumps had been built to 
combine the high lifts and high capacities required by the Colorado River. 

A series of pumps at each of the stations was deemed necessary to 
operate the pumping plants along the route, and the size of the pumps (and the 
amount of electrical power) depended upon the required lift. Originally, 
however, four pumping plants were planned along the route, but a plant at Iron 
Mountain was added when the Granite Mountains could not be easily tunneled 
through. This adjustment only required a small amount of additional lift (146'), 
which is why the Iron Mountain pumping plant has the smallest pumps along 
the system. Hayfield, with the largest lift (444'), necessitated the largest 
pumps. Falling somewhere in between were those pumps required at Intake 
(294'), Gene (310'), and Eagle Mountain (440'). Engineers also determined 
early on that the number of pumps at each plant would be consistent, so that the 
system could continue to operate at partial capacity and include a spare pump 
should one of the pumps malfunction or require servicing. 

To reduce overall costs, engineers wanted to maximize the efficiency of 
the aqueduct's pumps. In coordination with hydraulic experts at the California 
Institute of Technology (Cal Tech) in Pasadena, Metropolitan built a pump 
testing laboratory at Cal Tech and conducted tests at various speeds and heads 
and under different operating conditions on sample pumps for two years before 
specifying pumps for the plants. When Metropolitan put the pumps out to bid, 
companies offering bids were required to adhere to specifications determined 
by the tests conducted at Cal Tech, and to provide a model pump for further 
testing. Metropolitan's Chief Electrical Engineer J. M. Gaylord claimed that its 
testing laboratory resulted in pumps of "unprecedented" efficiency. 

The pumps at each of the plants are single-suction, single-stage vertical 
centrifugal pumps set below the level of the water to reduce the risk of cavita
tion and to insure self-priming. The synchronous motors, meanwhile, are 
located above the highest inlet water level to avoid flooding. Each of the motors 
are vertical, three-phase, 60-cycle, 6,900-volt synchronous motors, enclosed 
and water cooled. In the event of repair, inspection, or to minimize surge 
pressures in the event of a power loss, a rotary plug valve inserted between the 
individual pumps and the discharge lines can be closed without disrupting the 



operations of any other pumps. Each pump sends water through 6'-diameter 
discharge branch pipes, encased in concrete, that extend about 100' from each 
of the plants. Each group of three pipes converge at a special branch where 
they meet a single lO'-diameter delivery line made of welded steel. The 
delivery line carries water up the hill until it meets the mode of conveyance that 
will carry the water through mountains and across desert until it reaches the 
next plant or reservoir. Each of these lines include a shut-off gate near the top 
to halt the flow of water if needed for repair or maintenance. 

While this general configuration holds true for all pumping plants, there 
are differences in detail at the individual plants. At Intake, for example, water 
enters the pumps through "trash racks" constructed to prevent the intake of 
unwanted matter from Parker Reservoir into the system; at the other plants 
water enters through steel intake manifolds. Because the plants at Iron Moun
tain and Eagle Mountain include de-silting and storage reservoirs, selector 
valves at those plants can be opened or closed depending upon whether opera
tors desire to pump water from the aqueduct or from the reservoirs. Selector 
valves and a trash rack were also built at Hayfield, but they have never been 
used because the natural dry lake to be filled had far higher seepage than 
predicted. At Intake, Gene, and Eagle Mountain, the delivery lines meet 
pressurized conduits or tunnels, requiring surge chambers to absorb the oscilla
tions resulting from a sudden shutdown of the pumps. At Gene, an additional 
surge chamber is included near the pump inlet because the intake to the pumps 
is through a considerable length of closed pressure conduit. Surge chambers 
are not needed at Iron Mountain and Hayfield because their delivery lines meet 
gravity-flow tunnels. 

The size of the synchronous motors, because of the different lift require
ments at the various plants, also varies. The largest motors, each operating at 
12,500 hp, are at Eagle Mountain and Hayfield. The Intake and Gene plants 
have 9,000 hp motors, while those at Iron Mountain, the smallest lift, are 4,300 
hp. Initially, each of the pumps was built with bronze impellers; today the 
impellers are made of stainless steel. The method of construction at each of the 
various plants also differed depending upon the geological conditions, although 
each contractor built an incline railway to facilitate construction of the delivery 
lines and surge chambers. 

The pumping plants were initially built at approximately one-third 
capacity. The aqueduct's planners had determined that the most sensible 
configuration, considering factors of economy, practicability, and demand, was 
to first build each of the plants with three pumps, each with a 200 c.f.s. capac
ity. Nevertheless, they designed these plants with the eventual expansion to the 
full capacity of nine pumps in mind — one of which would be a spare. The 
buildings were erected in such a fashion to allow for this expansion, and when 
the aqueduct increased its capacity in the mid-1950s, more pumps were added 

and the pump houses extended to their current size. 
The construction of the pumping plants required more than just the 

testing and installation of the pumps and motors. Each group of three pumps, 
for example, was designed to feed into one discharge (or delivery) pipe at each 
plant. Because the system was not expanded until the 1950s, each plant 
initially included only one delivery line. To control these pumps, contractors 
built a main control room in each plant with recording meters indicating the 
amount of water in the aqueduct and the reservoirs. These controls also 
allowed pump operators to turn on or shut off pumps when necessary. 

The buildings themselves had to be built large enough to accommodate 
the pumps. This required the construction of a large open floor for the installa
tion of the motors, and access to a lower floor (or, in the case of Hayfield, two 
lower floors) to work on the impellers, casings, and valves. Construction of 
these buildings began shortly after contractors excavated the site. In most 
cases, contractors worked on the pump houses before working on the electrical 
switch houses or the delivery lines, although work often proceeded on many 
parts of the pumping plants simultaneously. Contractors also used a variety of 
equipment to complete this work, including tractors and carryall scrapers. 

Large chunks of the aqueduct were already complete before work began 
on the construction of the pumping plants, the first specifications for which 
were issued in October of 1935 for the construction of the plants at Intake and 
Gene. Each contract required the construction of the pump houses and many of 
the appurtenant structures, including reservoirs, inlet structures and manifolds, 
delivery lines, sand traps, and switching stations and transformers. Winston 
Brothers Company and William C. Crowell offered the low bid and were 
awarded the contract to build Intake and Gene; Wood and Bevanda that for Iron 
Mountain; the L. E. Dixon Company for Eagle Mountain, and the L. E. Dixon 
Company together with Case Construction Company, Inc., to build Hayfield. 
These companies, in turn, subcontracted their work to a variety of other 
companies. The pumps and motors were installed by Metropolitan's forces. 
The pumping plant buildings and their surrounding structures, including the 
electrical switching stations, the delivery pipes, and the surge tanks were all 
built under contract. Metropolitan was in charge of the installing the pump 
machinery, motors, and electrical and control equipment. 

The builders were also required to erect the plants following the designs 
offered by Metropolitan architect Daniel Elliot, who designed all the pumping 
plants in addition to the filtration plant along the distribution system. These 
buildings were designed in a stripped-down or "starved" classical fashion, 
where typical elements of classicism — columns, capitals, arches, and so on — 
are represented without much elaboration; a style loosely mirroring many 
public buildings built around the country in the 1930s, including details of 
major American dams and other industrially-related structures. This style drew 



upon the classical past but abstracted rather than mimicked it. It did not 
represent a radical break in the parade of twentieth-century American architec
tural styles, but it could nevertheless be considered architecturally "modern" in 
its efforts to employ elements from the past and abstract them. 

The classicism at the pump houses was articulated through the symmetri
cal, yet stylized, representation of triumphal arches, scrolls, and Doric pilasters 
on the entrance facades, and on the pilasters and light fixtures on the interior. 
The use of this relatively progressive architectural vocabulary by Metropolitan 

suggests that the district desired to identify its aqueduct and, thus, itself, with 
other major American monuments of the 1930s. 

Aqueduct Canals 
The concrete-lined open canals carrying the Colorado River water 

through the desert comprise the aqueduct's most consistently-visible compo
nent, and from the air, the canals are the only part of the aqueduct that can be 
easily detected. 

Contractors built the canals, comprising about 62 miles of the overall 
aqueduct, across the giant, yet gently-sloping, alluvial fans west of the Whipple 
Mountains and Hayfield. The canals wind across the desert floor to maintain a 
constant slope of .00015 (0.792 of a foot per mile), designed to transport water 
at 4.5' per second. Because they neither required extensive excavation nor 
tremendous amounts of costly steel, the canals were the least expensive part of 

the aqueduct's conveyance to construct per linear foot. They were also the least 
expensive part of the anatomy to operate, because they required the least slope 
for operation and thus required the least pump lift. Engineers therefore built 
the open canals wherever possible along the route. 

But they could not be constructed everywhere. Where the landscape 
across which the route traveled was heavily susceptible to flash floods and 
debris flows, canals became siphons or conduits. East of Hayfield, workers had 
to bore tunnels through mountains in order to provide the necessary slope. 

A variety of contractors bid for canal work, but usually in conjunction 
with siphon and conduit construction. There were no companies that special
ized in canal construction per se, and three companies — Barrett & Hilp and 
Macco Corp, Utah Construction Co., and Aqueduct Construction Co. — built 
canals, conduits, and siphons. All of the canal work was subcontracted, and 
these contracts were awarded on October 19, 1934. The C. W. Wood and M. J. 
Bevanda Company began the first excavation on November 27, 1934. 

Canal construction first involved excavation of the existing surface soil. 
Tractors and bulldozers were first used to clear, brush, and level the way for the 
use of draglines, which then cut into the earth to excavate the soil as closely as 
possible to the canal's eventual prism shape. Contractors frequently employed 
draglines with 50' to 90' booms to perform most of this work, but the tougher 
soil required drilling and explosives. 

While the draglines could excavate the basic final shape of the canals, 
they could not carve them out to precise specifications, which were 55'-l/2" in 
total width across the top, 20' at the base, and 11'-8 1/2" deep. Contractors 
initially trimmed the prism to final shape by hand, but in an attempt to reduce 
costs and time, Clyde Wood of the Wood and Bevanda company introduced a 
giant motorized steel apparatus that was able to perform the final trimming 
process in one operation. The machine — called a "canal trimmer" — moved 
along a single steel rail on either side of the trench and performed so success
fully that by the fall of 1935, all contracting companies working on canals built 
similar machines to facilitate construction. 

While no company devised a machine to quickly and easily complete the 
next phase of construction — the placing and tying of reinforcing steel along 
the slopes and the base of the canal — the Wood and Bevanda Company 
devised another ingenious machine to ease the process of lining the canal with 
concrete. This machine — the "canal liner" or "canal paver" — resembled the 
canal trimmer because it had the same dimensions as the sides and bottom of 
the canal. But instead of trimming soil, it distributed concrete from a hopper 
and placed and leveled concrete to the final dimensions as it moved along 
tracks on the canal berms. The concrete was then hand-trowelled to provide a 
smooth appearance, treated with sealing compound to prevent excessive drying 
and cracking, and whitewashed to avoid solar overheating and cracking. Using 



these machines, workers could place over 530' of concrete lining per eight hour 
shift — a remarkable improvement over the non-mechanical hand-operated 
method. 

Even though the trenches are more than 10' below the ground surface, 
the canals still had to be buffered and protected from potential flooding and 
other conditions. Contractors thus constructed dirt embankments and dikes 
alongside the canals, and dikes running diagonally away from the canals on 
their uphill side. All of these features are designed to divert the potential flood 
water. These dikes direct that water to flow over the siphons, where it can then 
flow across the desert floor. 

Sand traps are also built into the canals to collect large debris and coarse 
sand that could block the siphons. These smaller traps complement larger ones 
built at Iron Mountain, Eagle Mountain, and Hayfield that settled fine sand that 
could damage the pumps. At four points along the canals, radial gates can be 
closed and "wasteway" radial gates opened to divert the entire water flow into 
naturally-existing drainage channels in the event of emergency. Finally, a 6'-
high fence with barbed wire lines the entire length of the canal on either side. 
While contractors completed sections of the canals at different times, all canal 
work was substantially complete by late July of 1937. 

Aqueduct Conduits 
Where the aqueduct's route has a steeper cross-slope or was thought to 

be subject to extensive flooding, erosion, or severe blow-sand conditions (as 
between the Whipple Mountains and Hayfield), engineers built concrete "cut-
and-cover" conduits. Conduits also comprise much of the conveyance from 
Hayfield west to Cajalco Reservoir; canals could have been built there but 
would have been subjected to the infrequent but heavy rains that periodically 
occur in the San Jacinto and Perris Valleys. 

The conduits are essentially 16'-high concrete arched structures placed 
upon an invert slab. In most cases, the conduits are cut fairly deep into the 
earth and covered with backfill (hence their "cut-and-cover" name). Unlike the 
canals, no sections of the conduits are visible above the ground. But like the 
canals, the conduits are an all-gravity flow part of the overall conveyance 
system. The conduits' slope is greater than that of the canals: east of the San 
Jacinto tunnel, the slope is .00045, or 2.376' per mile, and west of the tunnel, 
the slope increases to .00056, or 2.957' per mile. 

Because of their placement below ground level (all conduits along the 
system are a minimum of 3' below the surface, and the construction of the 
deepest conduits required extensive trench excavation) the conduits are not 
subject to much damage from floods, although their construction required 
considerably more excavation than that of the canals. Draglines and other 
equipment were first used for excavation and then the lower layer of the 

conduit, upon which the inverted slab would be placed, was trimmed and rolled, 
often with ten ton rollers. With excavation completed, contractors worked first 
on the 18'-10"-wide invert, which involved the placement of rebar, the pouring 
of concrete, and finishing by hand-trowelling. The sides of the invert that 
would receive the arch were intentionally roughened by air and water jets 
before the concrete had completely settled to prepare for the placing of the 
concrete. 

Once the invert had cured, contractors began setting the steel formworks 
for both the inside and outside of the conduit arches, and placing the reinforc
ing steel. The interior formwork was mounted on tracks and could be moved 
ahead when one section of the concrete pouring was complete. Similarly, a 
truss bridge-like gantry outside the conduit operated on tracks and could be 
conveniently moved ahead after completing its job. Tire concrete was placed 
continuously by means of a variety of machines, including hand-pushed 
"buggies," hoists, conveyors, and power-driven hopper cars. After this was 
complete, contractors stripped the formwork, applied sealant and whitewash to 
the exterior, and gave the interior surface a fourteen-day curing treatment with 
water spray or mist. Finally, contractors poured earth back into the trench to 
cover the conduit, leaving only a few spaces along the length for access from 
above. 

Arch construction proceeded simultaneously with invert work, although 
invert work was usually kept a few hundred feet in advance of the arch. By 
working both parts of the conduit's construction simultaneously, contractors 
managed to complete between 175' and 200' of work per day for most days. 
All conduit work, like the canal work, was also subcontracted. 

Aqueduct Siphons 
Where the aqueduct's route crossed drainage channels, ravines, and other 

natural depressions, its conveyance system is comprised of reinforced-concrete 
"pressure pipes" or inverted siphons comprising 28.7 miles of the aqueduct's 
total length. There are 144 inverted siphons along the aqueduct, ranging 
between 175' and approximately five miles (26,400') in overall length, and in 
operating head between a few feet and 153'. Siphons make up about 12 percent 
of the aqueduct's total distance. 

Three basic types of siphons appear along the aqueduct — two double-
barrel circular pipes, a single circular pipe, and a triple-box structure — and the 
choice of which type of siphon to build in each instance was heavily directed by 
its local conditions, which determined its cost. The most common of these 
(making up 80 percent of the length of the siphons) are the double-barrel 
siphons with an average diameters of 12'-4". These types of siphons link 
canals, conduits, and tunnels, and were built whenever a long siphon was 
needed or when the operating head was greater than 25'. The double-barrel 



siphons of this type, each built at half capacity (802.5 c.f.s.), were planned with 
the initial construction. Only one was actually built, but workers excavated for 
the parallel siphon to facilitate its placement when the aqueduct would need to 
increase its flow to full capacity in the future. 

Where shorter siphons with lower head were needed between conduits 
and tunnels, a single-barrel circular siphon with a 16'-diameter was used. The 
high cost of the transition structures needed at either end of the double-barreled 
siphons prevented their construction in these instances. These siphons are 

similar in overall form to the double-barrel siphons, 
but each pipe was built at full capacity (1,605 c.f.s.). 
These large siphons are the least common of the 
types, comprising only nine-tenths of a mile of the 
overall siphon distance. They vary in length from 
175'to 435'. 

As a connection between the canals, engi
neers determined that the construction of triple-box 
siphons — each box with a height and width of 9'-
9" — was most economical. Each of the boxes has 
a capacity of 535 c.f.s., and the three of them can 
handle a full-capacity flow of 1,605 c.f.s. There are 
eighty-one of these types of siphons, comprising 

5.57 miles of the overall siphon distance and varying in size from 260' to 610'. 
All of the siphons are made of cast-in-place reinforced concrete con

struction (monolithic), with the exception of a 660'-long, 12'-diameter siphon 
in Little Morongo Canyon, which was pre-cast in short sections off-site as an 
experiment and then lifted into place by the dragline cranes. This experimental 
pre-cast pipe was somewhat of an engineering "innovation" along the aqueduct, 
and its successful application at Little Morongo Canyon inspired engineers to 
use pre-cast pipes widely along the distribution system. 

Engineers determined that monolithic concrete pipes were most eco
nomical, but they were also somewhat inflexible and, in the event of an earth
quake, they were susceptible to significant damage extending over a consider
able length. To minimize these potential hazards, engineers intentionally 
"broke" the siphons every 20' by joints in the areas west of the Coachella Valley 
where the aqueduct crosses major earthquake faults — along the Casa Loma 
siphon, the Big Morongo siphon, and the San Andreas siphon. The joints could 
thus minimize the extent of a rupture to a 20' length by transmitting shear but 
no tension, reducing overall repair costs and time of construction. 

Siphon construction was more complex than that of the conduits or 
canals, in part because of the necessary initial placement of heavy full-circle 
steel reinforcement and because of the steep slopes of the landscape over which 
the siphons crossed. While contractors performed most of the work in various 

schedules along the aqueduct, Metropolitan furnished the concrete aggregate 
and fabricated the steel reinforcement cages for all circular siphons in its shops 
in Indio and Rice, and then had them transported by truck, or rail and truck, to 
the construction sites. 

The construction process for the siphons, like that of the canals and the 
conduits, first involved excavation to a reasonable depth. In certain cases, 
particularly across the San Jacinto Valley, the proximity of groundwater to the 
surface had resulted in soft earth, and contractors were required to solidify this 
foundation by adding crushed rock. Once excavation was complete, workers 
secured small reinforced concrete blocks at evenly-spaced intervals along the 
excavated slope to prepare for the lowering of the pre-made circular steel 
reinforcement cages. 

With these in place, workers erected collapsible steel forms inside the 
cages to ready the structure for the pouring of concrete. Concrete was then fed 
through hoppers atop the exterior forms, and workers often stood atop the 
sections of formwork to help guide them into place. Following this, concrete 
was poured in a continuous operation between bulkheads of varying length. 
Contractors also built manholes at "regular intervals" to allow for siphon access 
from above. Following construction, all siphons (with the exception of the 
Eagle Mountain siphon) were backfilled, the excess material spread over the 
right-of-way or used to build up headwalls or embankments along the canals. 

Special conditions existed at Eagle Mountain, where engineers had 
designed a half-mile siphon to crawl over the mountain ridge instead of through 
it. A section of the steep and rough mountain prevented access by trucks and 
other vehicles, so the Three Companies, Inc. contracting company, working on 
that schedule, installed a cableway to lower reinforcing steel, forms, concrete 
and other equipment into the trench. Because it is carved into in rock, the 
Eagle Mountain siphon did not require backfill. 

Box siphon construction was somewhat easier. Once the concrete invert 
was placed and hand-trowelled, the steel forms were moved into position to 
allow for the completion of the walls and the top slab. 

Aqueduct Tunnels 
Workers ran into some difficulty during canal, conduit, and siphon 

construction, but tunneling easily produced the biggest headaches for aqueduct 
engineers and workers. Because tunneling is expensive and dangerous, it was 
avoided wherever possible. In most cases, however, the numerous mountain 
ranges lying between the Colorado River and the coastal plain were unavoid
able. In other cases — particularly in the Little San Bernardino Mountains 
between Thermal and Big Morongo canyons through which the Coachella 
tunnels penetrate — tunneling proved most economical because the rugged 
mountain topography did not permit surface line construction. Engineers knew, 



too, that tunneling presented the most challenging of the construction tasks, 
given that the interior geology of mountains could not be accurately predicted 
and that miles of work would have to be conducted deep inside mountains with 
limited access from the outside. In the San Jacinto and Valverde tunnels, for 
example, interior water flows caused unforeseen problems during construction. 

Tunnels comprise the bulk of the aqueduct's conveyance anatomy. Some 
92.1 miles of twenty-nine separate tunnels (38 percent of the overall aqueduct) 
extend through mountains as the aqueduct proceeds from the Colorado River to 
Cajalco Reservoir. The longest of these is the 18.3-mile-long East Coachclla 
Tunnel, but the most difficult by far to construct was that through Mt. San 
Jacinto, which is briefly outlined in the next section. The completed tunnels 
show a remarkable consistency: all, with the exception of the Bernasconi and 
Valverde tunnels, are of horseshoe shape and 16' high x 16' wide and lined with 
concrete with a minimum thickness of 6" on the sides and 9" in the arch. Like 
the conduits and canals, engineers designed the tunnels to handle the full 
capacity flow of 1,605 c.f.s., even though that flow was not initially needed. 
All tunnels, with the exception of those leading from Intake, Gene, and Copper 
Basin, are designed to handle gravity flow. 

The construction process followed what had become standard tunneling 
practice by the 1930s, although machines were introduced in certain cases when 
conditions necessitated their use. This practice, in a simplified manner, 
required excavation by drilling, blasting, construction of supports, mucking and 
clearing, and concrete lining. But it was never that simple. Each tunnel of the 
aqueduct presented its own difficulties, usually based on the geological condi
tions of each of the mountains. 

Tunnel miners generally began the excavation by blasting the mountain 
at certain points. In most cases, these points were from the entrances, or 
portals, at either end. In some cases, however, the tunnel was constructed by 
first accessing it from points above, through vertical shafts or inclined adits, 
and then worked through to the portals at either end. For the first few hundred 
feet of most tunnel construction along the aqueduct, workers excavated the top 
heading of the tunnel arch first, followed by the lower, or "bench" portion — 
usually a few hundred feet behind. But as construction proceeded, the improve
ment of existing equipment proved to be more effective in completing this 
portion of the job. 

To begin excavation, contractors installed railroad tracks at the face of 
each mountain and placed either battery-powered electric locomotives or 
trolleys with drilling carriages atop them. These drilling carriages, or "jum
bos," could hold five to eleven compressed-air drills and had the ability to 
excavate the "full face" of the tunnel in one process. In other words, these 
machines could excavate the tunnel to slightly larger than its general dimen
sions in one overall operation. Except under certain geological conditions that 

prevented their effectiveness, all contractors blasting tunnels adopted these 
machines for excavation. 

In the early phases of tunnel construction, workers used hand-powered 
drills, but faster automatic-feed drills were introduced shortly thereafter and 
rendered the hand-fed drills largely extinct during most phases of construction. 
The jumbos were capable of drilling up to seventy-two holes at once, each 
about 1-1/2" in diameter, from 5' to 11' deep into the rock. Workers then loaded 
the holes with powder and blasted them with the aid of an electric detonator 
connected to the construction power supply. The detonator was arranged with 
"caps" that could ensure staggered, yet organized, order to the explosions, 
blasting rock from the tunnel's center before proceeding to blast the top, sides, 
and bottom. This method of "full face" construction, apparently initiated only 
a few years earlier during construction of the Boulder Dam diversion tunnels, 
marked the death knell for the old "heading-and-bench" method. Following 
drilling and blasting, the locomotives moved the jumbos out of the way and 
compressors or "positive pressure" blowers blew fresh air to clear the heading 
of dust, smoke, and noxious gases caused by the explosions. 

Where the tunnels bored through hard, tightly-packed granitic igneous 
rock, this excavation process could sometimes continue without the erection of 
supports. But in most cases, supports were needed to prevent cave-ins and 
falling rock. These supports were usually of timber construction, although steel 
supports were used in situations where more support was needed. In the 
instances where the material through which the bored tunnel was alluvial in 
origin (sand, gravel, and clay) — such as that encountered during the construc
tion of the Whitewater and Morongo No. 2 tunnels — full support systems were 
needed. Following completion of excavation, workers would prepare the tunnel 
for the placing of concrete to ensure the water's smooth flow. 

But a considerable amount of rubble still remained on the tunnel floor, 
and muckers (usually cranes attached to a conveyor belt) and muck cars were 
needed to remove it and haul it 
away from the tunnel's working 
face. Contractors worked hard 
to develop machinery that could 
speed this conventionally slow 
process. One of these ways was 
the procuring of larger, faster, 
and sturdier muck cars and 
locomotives with electric motors 
up to 60 hp. Another was the 
introduction of the variety of 
"carpassers" — devices to let a 
full muck car at the tunnel face 



pass around a train of empty cars on a single track. 
One of these carpassers was the "California Switch," a moveable double-

rail track that could be arranged to slide atop the regular track. The California 
Switch allowed one 
muck car to haul 
rubble away along one 
side while an empty 
car moved into 
position to collect the 
next batch. Another 
device used to quicken 
the mucking process 
was the "grasshopper" 
machine, a two-level 
structure resembling a 
steel truss bridge that 
moved along a wide 
track. The grasshop
per included a track on 
its upper level capable 

of holding empty muck cars which could be lowered, when necessary, to 
receive the muck. The cars could then exist along the regular track below the 
steel truss. Some contractors also used an older, crane-operated method, where 
a compressed-air crane hoist, known as a "cherry-picker," lifted an empty car 
next to or above the track to permit a loaded car to pass by or underneath. 

To prepare the tunnels for lining with district-tested concrete, in most 
cases contractors moved a 20' to 30' collapsible steel formwork mounted on a 
moving carriage. The concrete was commonly brought into the tunnels in a dry 
state by specially designed batch cars from a batching plant located just outside 
the tunnel entrances. In some cases, the material had to be shipped from 
commercial pits in cities because of the lack of local adequate deposits. 

Upon reaching the formwork, workers mixed the concrete with water and 
then poured the combination into the forms by pneumatic or pump-type 
machines, the latter known as a "pumpcrete" machine. These machines could 
handle drier concrete than the air machines, and could shoot the concrete into 
the top of the forms and then move ahead as that concrete flowed down into the 
foundations and filled the arch. Following this process, these machines would 
be used for "grouting" — filling the voids between the formwork and the rock 
with concrete. After the arch concrete was cured by fourteen days of continu
ous water spray, the forms were taken down. Finally, contractors used ma
chines to line the inverted floor with concrete, although no formwork was 
needed. 

Despite the introduction of this new equipment, construction still 
proceeded excruciatingly slowly along the tunnels relative to the rest of the 
project — it took five and a half years to construct the 13-mile San Jacinto 
Tunnel, for example, while 13-mile stretches of other aqueduct features could 
be constructed much more rapidly. But tunneling is a naturally slow process, 
and, in fact, the rate at which many companies advanced the aqueduct's tunnels 
was considerably faster overall than any major tunneling project that was 
known at that time, and some contracting companies working on the aqueduct 
were busy setting tunneling records. Metropolitan engineers estimated that 
contractors would be able to complete an average of 4' to 5' of tunnel excava
tion per eight hour shift (this included drilling, blasting, mucking, and placing 
supports), but the overall average, due to the introduction of fast equipment, 
brought that up to nearly 6'-0" per shift. The average was much higher in 
tunnels free from water and "bad ground" — that is, in mountains whose 
geological conditions were ideal. 

Mt. San Jacinto Tunnel 
While the completed tunnels appear similar in overall design throughout 

the project, the workers encountered varying levels of difficulty and different 
conditions depending upon which part of the aqueduct they were working. 
Although it was not the longest tunnel of the system, the most difficult tunnel to 
construct by far was the 12.77-mile tunnel through Mt. San Jacinto, California's 
third-tallest mountain at 10,831'. Like the Elizabeth Tunnel of the Los Angeles 
Aqueduct, engineers knew the Mt. San Jacinto tunnel had the greatest distance 
between access points of all aqueduct tunnels (8.23 miles), and that the time 
needed to build the tunnel would determine the time needed to complete the 
entire aqueduct. This distance necessitated the sinking of two shafts from 
above. The expected difficulty and time needed to construct this tunnel was 
also the reason it was the first part of the aqueduct's anatomy to be sent out for 
bids, which were received on November 29, 1932. 

The project was fraught with problems from the beginning. After the 
bids had been received, the low bidder failed to qualify and the bid was then 
awarded to the Wenzel and Henoch Construction Company of Milwaukee, the 
second-highest bidder. Wenzel and Henoch began construction on March 17, 
1933, first excavating the shafts at Potrero and Cabazon and the heading from 
the west portal. The construction of the shafts alone was as time consuming 
and as difficult as the construction of the tunnel itself. The Potrero shaft in 
particular required the excavation of a nearly 800'-deep shaft into the mountain 
to deliver and take out workers and materials as necessary. But it was not 
merely the depth of the shaft that was a problem. Only 130' from the surface, 
workers sinking the Potrero shaft encountered internal water flows where the 
shaft crossed an earthquake fault. It was a sign of things to come. 



In July of 1934, with the sinking of the Potrero shaft complete, workers 
boring the tunnel from the west portal encountered the same fault. This time, 
over 7,500 g.p.m. of water, accompanied by 1,000 cubic yards of detritus, 
rushed into the tunnel and rose to a depth of 647' in the Potrero shaft, forcing 
workers to clamber 796' up ladders to safety. As water was being pumped out 
nearly two months later, one of the discharge pipes broke and water flooded the 
shaft once again, this time to a depth of 540'. Although this water was finally 
cleared in November of 1924, workers boring the tunnel from the west portal 
encountered yet another fault and water flooded the shaft for a third time. 

In February of 1935, Metropolitan fired the contractors and hired its own 
workers to complete the job. To alleviate further trouble, Metropolitan's 
workers installed electrically-operated pumping equipment in chambers located 

at the bottoms of the shafts and excavated the 5,452' horizontal Lawrence adit 
to speed construction. To scout the adit line for potential water flows, workers 
dug two smaller parallel "pioneer" tunnels slightly ahead of the main adit. To 
remove rock and other material from the adit, Metropolitan experimented with 
new mucking techniques. 

Metropolitan's forces encountered some problems during construction, 
but finished the San Jacinto tunnel on schedule. The "holing through" of the 

tunnel on November 19, 1938 marked the ceremonial completion of the 242-
mile-long aqueduct. In celebration of the tunnel's completion, the entire issue 
of the November 24, 1938 Engineering News-Record was dedicated to the 
aqueduct. 

Dams and Reservoirs 
While providing the lowest combined costs of construction and opera

tion, the Parker route also contained excellent natural sites for intermediate 
water storage. In addition to the dams and reservoirs at the beginning and end 
of the system (Parker and Cajalco), two more dams and four more reservoirs are 
associated with the system. Water is not only stored in the reservoirs, it is also 
conveyed through them. Because they are also part of the conveyance system, 
the reservoirs make up a total of 1.3 miles of the overall aqueduct distance. 

An arguably more crucial function of the reservoirs (and the dams that 
help create them), however, is water regulation. Although Parker Reservoir 
stores water principally for the purposes of silt removal and to raise the level of 
the Colorado River, the intermediate reservoirs help to regulate and equalize the 
flow of water along the system. In addition, the reservoirs at Gene and Copper 
Basin — quite close to Intake — can remove silt that may result from any local 
flood flows into Parker Reservoir. The reservoir at Gene holds 6,300 acre-feet, 
while Copper Basin holds 24,200 acre-feet. Three of these large intermediate 
storage reservoirs were originally planned, but only Copper Basin and Gene 
(commonly called "Gene Wash") became realities. A giant 86,500 acre-foot 
reservoir — more than three times the capacity of Copper Basin — was planned 
for the Hayfield (Hinds) plant because of a naturally existing basin, but it never 
materialized. Once workers filled the reservoir, water slowly disappeared into 
the porous subsurface soil, and the reservoir was abandoned. It was intended 
that water from the open canals leading to the Hayfield plant from Eagle 
Mountain could either continue to the Hayfield pumps or be discharged into the 
Hayfield Reservoir. 

The low bidder for dam construction at both Copper Basin and at Gene 
Wash was the Six Companies' J. F. Shea Company, which was already building 
Parker Dam. Because of the proximity of the dam sites to the company's 
already-existing construction camp near Parker Dam, no additional living 
quarters were necessary. 

The specifications for the work at Gene Wash and Copper Basin called 
for two thin concrete-arch dams, 138'-high and 210'-high, respectively, above 
bedrock. Each dam has a 5' crest, but the crest length is 430' at Gene Wash and 
254' at Copper Basin. The otherwise drab appearance of these dams is made 
dramatic by their natural settings in narrow red-rock canyons. At Gene Wash, J. 
F. Shea and Company also built a concrete ogee spillway and two small rolled 
earthfill dikes. Construction for the Gene Wash dam began in 1937 and was 



completed by June 1938. At Copper Basin, the specifications also required a 
concrete ogee spillway dam. The major work at Copper Basin began in May of 
1937 and was completed in June of 1938. 

The dams are not only similar in appearance, but also in method of 
construction. Concrete aggregate for the dams came from the Parker Dam 
aggregate plant. Trucks hauled the aggregate to the dam sites, where it was 
mixed with cement and then placed in buckets dangled from high-line cable-
ways strung across the rocks before pouring began. To cool the concrete after 
pouring, refrigerated water was pumped through steel cooling coils placed 
horizontally every five. feet. This water was intended to cool the concrete down 
to the desired temperature of 50 degrees after placement, and to prepare the 
concrete for grouting the construction joints. At the time, it was believed that 
the artificial cooling method was initiated in small dam construction at Gene 
and Copper Basin. 

Smaller forebay reservoirs at Iron (100 acre-feet) and Eagle Mountain 
(112 acre-feet) regulate inequalities in the flow or reduce water losses in the 
event of a partial or complete shutdown of the pumping system. These small 
reservoirs did not require a dam, but they did require the construction of 
concrete-lined reservoir basins — unlike the natural storage areas at Gene Wash 
and Copper Basin. 

Cajalco Reservoir 
The completion of the San Jacinto tunnel marked the completion of the 

original aqueduct, but the west portal of the tunnel is not the westernmost 
section of the 242-mile system. From that portal, water flows through twenty 
more miles of conduits, siphons, and tunnels — in addition to a small stretch of 
unlined canal — before reaching the aqueduct's terminus at the Cajalco 
Reservoir (Lake Mathews) about ten miles southwest of Riverside, California, 
built originally to hold 100,000 acre-feet of water. Like the other reservoirs on 
the system, Cajalco Reservoir is a safeguard against unexpected flow interrup
tions. 

The reservoir, however, also provides seasonal storage to meet the 
fluctuating demands of its member cities. Because the aqueduct at full capacity 
has a constant discharge of water, this reservoir and others along the distribu
tion system were required to help balance that constant flow, the day-to-day or 
seasonal demand from the member cities, and potential shutdowns for operation 
and maintenance. The Cajalco site was selected because its 1,405' elevation 
above sea level allowed for all-gravity flow to the member cities, its stable 
granite foundation revealed no earthquake faults, and engineers knew it would 
allow for future expansion to an ultimate capacity of 225,000 acre-feet. 

The creation of the Cajalco Reservoir required the construction of a dam 
across the existing Cajalco Creek on the reservoir's west side, a dike on its 

north side, the excavation and lining of a diversion tunnel and an outlet tunnel, 
a spillway with a discharge channel, an outlet tower, and a small suspension 
bridge. Griffith Company of Los Angeles was awarded the contract to build 
everything — with the exception of the suspension bridge — on August 16, 
1935. The company completed the large reservoir project nearly two and a half 
years later, in February of 1938. 

Of the reservoir's features, the dam and dike required the lengthiest 
construction time. While both were built of earthen materials found mostly in 
the reservoir area, a tremendous amount of earth still had to be dug and moved 
around before construction could even begin. This included the draining of an 
existing lake and the removal of a tremendous amount of material from the lake 
bed to prepare the filling of the dam site. Some of this material was then re
used to build up the dam, and the re-use of on-site material was a major 
advantage for Metropolitan, which could avoid purchasing those materials off-
site. Excavation for the dam and dike material was by 2 1/2-yard shovels, and 
thirty ten-yard trucks were used for hauling the material to and from the area. 
Tractor-drawn "sheep's-foot" roller units weighing 30,000 pounds each were 
used to compact the earth, and because the material was too dry to sufficiently 
withstand water flow, hoses and sprinkler trucks kept it moist during construc
tion. In keeping with much of the aqueduct work, Metropolitan maintained an 
on-site soil testing laboratory to test the soil for moisture, compaction, and 
percolation. Finally, Griffith Company workers placed an 8" slab of reinforced 
concrete on the upstream slope and a concrete wall at the base of the slab for 
added reinforcement and protection on both the dam and the dike. 

Only the outlet tunnel — a 2,348'-long, 14'-diameter tunnel connecting 
to the distribution system's "high line" — was built as a permanent tunnel at 
Cajalco. It was designed originally to connect Cajalco Reservoir to the high 
line, but it was planned to later connect with all distribution lines west of 
Cajalco. Griffith Company built the diversion tunnel to collect Cajalco Creek 
storm water during dam construction, but filled it when the project was com
plete. The spillway and the concrete-lined discharge channel leading from it 
were designed to protect against the greatest possible flood in the 40 square 
miles of drainage area tributary to the reservoir. 

The contract also mandated the construction of a 145'-tall outlet tower 
on the reservoir's northwestern side. This outlet tower, much like those of 
Boulder Dam before the creation of its reservoir, originally had a striking 
presence because much of its shaft poked out of the water with the reservoir 
filled only at half-capacity. Today, with the reservoir at full capacity, only a 
small portion extends above the water's surface. The circular reinforced 
concrete tower has a 20' diameter, and is equipped with fifty hydraulically-
operated control valves at ports on six different levels. The tower was origi
nally connected to the land by a small steel suspension bridge, built by the Kyle 



Steel Construction Company of Los Angeles, to provide human access for the 
tower's maintenance and operation. 

CHAPTER FOUR: DISTRIBUTING WATER 

Distribution 
Leaving Cajalco Reservoir, water from the Colorado River officially 

enters the gravity-fed distribution system bringing water to the boundaries of 
each of the member cities. From there, the member cities connect their own 
municipal pipelines to bring the water to homes, businesses, and industries. 

The original distribution system was 156 miles long, comprised of one 
principal "high line" (the "Upper Feeder") at a relatively high elevation in the 
foothills of the San Gabriel Mountains. Three distribution pipelines extended 
from this high line, ultimately bringing water to the member cities at the lowest 
elevations: Santa Monica, Torrance, and Santa Ana. A purpose of the high 
line, like that of distribution system as a whole, was to meet the current and 
projected water needs of the member cities, and to facilitate the addition of 
pipelines to future member cities. 

The anatomy of the distribution system is somewhat different than that of 
the aqueduct, for there are no pumping plants, no open canals, and no covered 
conduits. In fact, the distribution system is an almost all-pressure system, with 
pressure and gravity tunnels, pipes, siphons, reservoirs, and dams. Further
more, following the successful execution of the pre-cast reinforced concrete 
pipe experiment along the aqueduct, nearly all of the pipes used along the 
distribution were also of pre-cast reinforced concrete. At the time, Metropoli
tan distribution engineer R. B. Diemer claimed that the approximately 36 miles 
of pre-cast pipe built into the high line represented the most extensive use of 
large-diameter, pre-cast pipe ever employed on a construction project. 

In addition, the distribution system had to be extended into already-
existing city streets in many of the member cities. Because of the high cost of 
right-of-way purchases in this area, in many cases it was actually less expensive 
to locate the distribution lines along city streets than to enter into negotiations 
with private landowners. Where the high line passed through the cities of 
Pasadena and Sierra Madre, Metropolitan dug tunnels some 30' - 70' below the 
surface so as not to greatly disturb existing infrastructure. 

From the Cajalco Reservoir outlet tunnel, water is sent north towards 
Fontana and then west to Eagle Rock along the high line, which consists of 
10.3 miles of welded steel pipe, 35.7 miles of pre-cast concrete pipe, 0.3 mile 
of cast-in-place concrete siphons, and 15.7 miles of lO'-diameter circular 
tunnels — the longest of which was the 6.1-mile Monrovia tunnel number 
three. The 10.3 miles of steel pipe includes a section over the Santa Ana River, 

where the line is carried on a three-span steel truss bridge with five approach 
spans. 

Metropolitan purchased the already-built Morris Dam and Reservoir 
(1934) from the city of Pasadena to provide 38,000 acre-feet of storage along 
the high line. This 245'-high, l,160'-long structure is the only concrete gravity 
dam on either the distribution system or the 242-mile-long aqueduct, and it 
includes a "drum-gate" spillway on its north side. Before reaching Eagle Rock 
but after leaving the Morris Reservoir, water is distributed to the cities of San 
Marino and Pasadena, and a line to Orange County (the "Orange County 
Feeder") serving the cities of Fullerton, Anaheim, and Santa Ana, branches off 
the high line northwest of Pomona. 

At Eagle Rock, the distribution system branched into two principal 
feeders: the Santa Monica and the Palos Verdes. The Santa Monica feeder 
passed through (and distributed water) to the member cities of Glendale, 
Burbank, Beverly Hills, and Santa Monica. The Palos Verdes cross feeder 
moved south to reaching the 1,000 acre-feet capacity Palos Verdes Reservoir 
near San Pedro, with laterals taking water to the member cities of Los Angeles, 
Compton, Torrance, and Long Beach. The reservoir was built by enlarging a 
pre-existing natural basin, lining it with reinforced gunite, and equipping it with 
an inlet/outlet tunnel and an outlet tower. 

Construction of the distribution system began late in 1935. Among other 
things, contractors involved with making the concrete pipe for the distribution 
system built fabricating plants to manufacture pre-cast concrete pipes in 12' 
sections near major construction areas at Rochester, Claremont, and Baldwin 
Park. Each of the fabricating plants included machinery for forming the steel 
reinforcement cages, a concrete mixing and placing plant, and curing yards, 
where the pipes were stored vertically for three days and then rolled into a 
horizontal position and kept continuously wet by an automatic sprinkler for 
another eleven days. These pipe sections were laid into trenches excavated for 
their placement by a variety of machines, the most common of which were 
either cranes extending from steam-operated stiff-legged derricks mounted on 
girder bridges, or cranes extending from electrically-operated through-truss 
bridges. Both of these gantries moved along rails as the cranes lowered the 
sections of pipe into the trenches. Steel pipes on the high line, on the other 
hand, were largely manufactured in Los Angeles shops and placed into trenches 
with electric cranes. 

Filtration and Softening 
Before the water is distributed to the member cities, it is treated at the 

Softening and Filtration Plant (Weymouth Filtration Plant). This plant, which 
includes a large administration building next to the settling basins and other 
equipment involved in the water treatment process, is located along the high 



line in the city of La Verne between Cajalco Reservoir and San Dimas. Origi
nally, the large plant complex dominated its surroundings, set as it was amidst 
orange groves at the foot of the San Gabriel Mountains. Today, the administra
tion building pokes its head above sprawling residential development on all 
sides. 

The plant's original presence in the landscape and its exterior architec
tural detail points up its vital importance to the overall water distribution 
process. While the de-silting reservoirs and sand traps located along the system 
served to remove some of the unwanted particles in the water (the water had the 
tendency to attain the characteristic of "hardness" in its long journey from the 
Rocky Mountains over limestone, gypsum, and other calcium- and magnesium-
rich materials). To reduce the hardness of the water (from 300 parts per million 
to between 85 and 100 parts per million), and to make it more potable (suitable 
for drinking and other municipal and industrial uses), Metropolitan commis
sioned the construction of a water fdtration plant. 

The water fdtration and softening process at Weymouth is complex, and 
a detailed summary is beyond the scope of this report. Nevertheless, it is worth 
pointing out that the overall process at the plant was divided into two major 
steps: fdtration and softening. The fdtration process is intended to remove the 
last traces of solid matter, such as mud, organic matter, and plant and animal 
life. The softening process is supposed to reduce the amount of calcium and 
magnesium that contributes to the water's hardness. The treated water is then 
sent back into the water mains of the distribution system. The two processes 
together can loosely be called water "treatment." 

The raw water entering the plant from the Colorado River Aqueduct is 
first mixed with lime to remove some of the calcium bicarbonate. The mixed 
water then moves to the flocculating basins to settle any of the matter still 
suspended in the water, and then continued through a tunnel to square open 
settling basins for water clarification. In the clarifiers, or settling basins, 
special equipment is used to remove sludge, and filters are employed to remove 
any unsettled matter. 

Following this process, most of the now-filtered and partially softened 
water is sent through a process to remove the magnesium and calcium sulfates 
that contribute to the water's hardness. The water originally entered another 
building with twelve softener beds consisting of a material resembling white 
sand known as "zeolite." The zeolite had the ability to replace the calcium and 
magnesium sulfates in the hard water with its non-hardness-forming sodium 
content. A regeneration process, involving the application of salt, allowed for 
the zeolite to be recycled and used again. The salt was then piped out of the 
system, and the remaining clear water solution sent back to the distribution 
line's high line. 

The chemical process of filtration and softening took place in grand 

surroundings, as Metropolitan may have decided that its major engineering 
efforts could be most readily appreciated by the public in a sprawling complex 
with references to California's settlement history. 

Because it was located in La Verne, the filtration plant was also consider
ably more accessible to larger numbers of the public than any of the pumping 
plant buildings. The softening and filtration plant's administration building, in 
particular, was intended as a major public showpiece, equipped as it was with a 
lecture room seating approximately seventy people for the purposes of explain
ing the filtration process without disrupting the work being carried out in the 
laboratories above. Metropolitan estimated that between 5,000 and 10,000 
people would visit the filtration plant annually, and thus designed the plant in 
part to cater to this expected population. 

To provide the appropriate imagery for the water filtration plant (includ
ing the administration building with the offices and testing laboratories, in 
addition to the zeolite building), Metropolitan retained architect Daniel Elliot, 
who had already provided designs for the pump houses. Unlike his understated 
designs for the pumping plants, Elliot's filtration plant was relatively flamboy
ant, incorporating architectural clues from the California Missions and from 
Renaissance Spain. 

Most detailed was the four-tiered, stepped-back entrance facade of the 
reinforced concrete administration building, with its decorative columns on 
either side of a gabled pediment below a red-tiled roof. These decorative 
entrance facades are common to many Spanish-built churches and missions in 
what later became Mexico and the United States in the sixteenth through 
eighteenth centuries. The entrance to the building is flanked by arcades on 
either side of the entrance. Tiled fountains decorate the landscaped grounds, 
and the top of the building includes a terra-cotta tiled cupola incorporating 
Moorish detail. The interior includes a rotunda with the district's seal appear
ing as a large mosaic on the floor (the seal also appears below the gabled 
pediment on the facade). Terra cotta tiles also appear in patterns on the floor 
throughout the building; these patterns reference a Native American symbol for 
water. Some of these features, with the exception of the arcades, appear on the 
zeolite building to the north. 

Architectural historians have traditionally grouped buildings such as the 
Softening and Filtration Plant (with their imagery recalling the California 
Missions and other buildings left over from the lengthy period of Spanish 
settlement in the Americas), under the rubric of "Spanish Colonial Revival." 
This term is frequently used to describe a building's formal elements, but is less 
frequently explored as an architectural ideology intended to incorporate the 
ideals and myths of an imagined past in architectural form. 

At the Softening and Filtration Plant, as in so many buildings both public 
and private erected in southern California in the late nineteenth and early 



twentieth centuries, the California missions are recalled only abstractly, and the 
overall composition includes references borrowed from other time periods and 
cultures, such as Moorish Spain and classical Greece and Rome. These hybrid 
references to the architecture of Spanish California and "Old World" Europe 
allowed Metropolitan to perhaps make more genteel the chemical process of 
water treatment, while legitimizing Metropolitan's purpose as a water provider 
by referencing past civilizations through architectural form. 

EPILOGUE: CELEBRATION, EXPANSION, AND REFLECTION 

When the first water trickled into the city of Pasadena on June 17, 1941, 
the completion of the original phase of Colorado River Aqueduct construction 
was finally at hand. The moment was acknowledged with a ceremony — one 
of many held at different times and in different locations during the eight-year 
construction of the Colorado River Aqueduct. These celebrations and ceremo
nies, often accompanied by the installation of permanent bronze plaques, 
served to provide a visual tribute of engineering during the construction 
process. These plaques included one at the Palos Verdes Reservoir marking the 
end of the distribution system, an elaborate set of plaques at the Cajalco 
Reservoir observation area, and a plaque honoring the transition structure 
between the San Jacinto Tunnel and the Casa Loma Siphon — the last piece of 
the aqueduct to be completed. CBS radio crews were on hand for a number of 
the ceremonies. 

Indeed, this was an important era for the engineer, and Metropolitan — 
with its general manager doubling as the chief engineer — pointed up the 

importance of the engineer 
through these tributes and 
through its literature. 
During the initial stages of 
the aqueduct's construction, 
Metropolitan adopted a 
heroic portrait to symbolize 
the Colorado River Aque
duct project. This drawing 
showed the water's path 

from the Parker Dam in the Arizona desert to its final destination in a trium
phant-looking Los Angeles represented by a neatly-cropped citrus grove at the 
foot of City Hall. At the drawing's center, a confident engineer stood next to 
his surveyor's instrument. 

Not everything carried out during this project was unquestionably heroic, 

however. Although Metropolitan sold the public on the idea that water was 
desperately needed to save southern California from drought, there was no need 
for the water at all when it became available in 1941. The water shortage 
predicted by Mulholland did not occur, and when the first Colorado River water 
was delivered to Pasadena in November of 1941, it merely supplemented an 
already abundant supply augmented by rainy seasons that had filled local water 
reservoirs above and below ground. In its first five years of service, an average 
of only 27,000 acre-feet of the aqueduct's 430,000 acre-feet annual capacity — 
a mere two percent of the overall capacity — was ordered by the member cities. 
Of this amount, the city of Los Angeles took no more than ten percent, while its 
citizens were taxed for over fifty percent of the overall operation. Nor did the 
aqueduct use all thirty-six percent of the power it purchased from the generators 
at Boulder Dam. Many taxpayers were outraged, and economists were quick to 
criticize the aqueduct for being built too soon. It was not until the 1960s that 
all of the Colorado River water was needed — but even then, Los Angeles never 
took more than ten percent because the extension of the Los Angeles Aqueduct 
to Mono Lake provided an adequate supply for the city. 

Beyond the economic and political problems, there were also construc
tion difficulties. The San Jacinto tunnel construction was not only difficult, but 
it also claimed a number of lives. While Metropolitan boasted that its close 
attention to safety procedures prevented the normal percentage of accidents and 
deaths on a project of the magnitude of the Colorado River Aqueduct (an 
estimated fifty-four people died working on the project), there were also over 
100 construction-related car accidents during the eight years that aqueduct 
workers toiled in the desert, and in a six-year period, from 1933 to 1939, about 
3,500 people were admitted to camp hospitals for medical and surgical condi
tions. 

Among other problems 
encountered by Metropolitan during 
construction included a landowner 
on Metropolitan-purchased land 
near Cajalco Reservoir who com
plained that his 1,000 acres of land 
was unjustly taken (he sued for $4 
million). In August of 1937, 
Metropolitan confronted an affiliate 
of the Committee for Industrial 
Organization — the International 
Union of Mine, Mill, and Smelter 
Workers — that had organized at San Jacinto. After Metropolitan refused to 
comply with the union's requests for recognition as the sole bargaining agency 
in charge of hiring at the tunnel's construction, among other demands, 984 



union workers walked off the job. Violence, related to the strike, flared up 
briefly in October of 1937. 

There were also non-Metropolitan-related problems. Workers building 
the Intake and Gene plants for the Winston Brothers Company and William C. 
Crowell struck in April of 1937 for more than four months. In early February 
of 1936, a fire claimed lives and obliterated a dormitory at the J. F. Shea and 
Company's camp near Parker Dam. 

Yet once the bombing of Pearl Harbor and the U.S. entry into World War 
Two happened just six months after the aqueduct's completion, these events 
and, perhaps, the aqueduct as a whole, were mostly forgotten. Ironically, it was 
the very war that drew some attention back to the aqueduct, as the city of San 
Diego needed water to supply its industries feeding the war machine. While the 
construction of what became the "San Diego Aqueduct" — a pipeline extending 
from the west portal of the San Jacinto tunnel built by the United States' 
eleventh Naval district — was not actually completed until 1947, its construc
tion marked the first of many changes to the Colorado River Aqueduct over the 
next twenty years. 

As Metropolitan planners had predicted, the total number of member 
cities did not remain at thirteen for long. In 1942, the Orange County cities of 
Newport Beach, Dana Point, and Brea voted to join Metropolitan, and during a 
seven-year drought from 1944 to 1953, a number of cities, formerly part of 
smaller municipal water districts, also joined the parent organization. One of 
these cities was San Diego which, together with other cities in its region, joined 
Metropolitan as part of the San Diego County Water Authority in 1946. To help 
meet the needs of its growing customers, in 1951 Metropolitan initiated a $51 
million system expansion, including the addition of two pumps and one 
delivery line to each of the pumping stations and some pipeline additions to the 
distribution system. 

But in 1952, the Central Basin Municipal Water District, consisting of 
more than thirty cities and one million people, also became a part of a growing 
Metropolitan, as did the cities of Riverside, Corona, and Elsinore. These 
additions nearly doubled Metropolitan's size, and they spurred the planned 
expansion of the aqueduct to full capacity. In 1952, Metropolitan's Board of 
Directors voted to place a $200 million bond issue before voters to expand the 
system — a bond measure that passed by an eleven to one margin. 

Along the original aqueduct, the expansion consisted of the installation 
of four more pumps and another delivery line to each of the pumping stations, 
the construction of the "second barrel" of siphons (twelve miles of siphons to 
parallel the originals), the raising of the Cajalco Reservoir dams to provide for 
182,000 acre-feet of storage, and another 230-kv power line running from 
Hoover Dam to the Camino switching station. Along the distribution system, 
the additions included more than one hundred miles of additional pipes and 

tunnels, the Garvey Reservoir near Monterey Park to add 1,500 acre-feet of 
storage, the expansion of the Softening and Filtration Plant to twice its original 
capacity, and the erection of another treatment facility near Yorba Linda in 
Orange County. While the increase to full capacity was not immediately 
needed when the flurry of construction finished in the mid-1950s, the aqueduct 
was operating at full capacity by the late 1950s. By 1965, Metropolitan 
included thirteen water districts (incorporating a number of cities) to go along 
with its thirteen original member cities — serving over ten million customers. 
By 1998, more than sixteen million people were served by the Metropolitan 
Water District of Southern California. 

Tied up as it was in the ongoing feud with Arizona over the rights to 
Colorado River water, the story of the Colorado River Aqueduct post-1941 is, 
arguably, more a story of politics than it is one of engineering. Indeed, with the 
exception of the 1950s expansion 
(most of which was planned with 
the original construction and did 
not involve radically new 
construction techniques) and the 
continued expansion of the 
distribution system, little has 
been done to the original 242-
mile-long Colorado River 
Aqueduct since its Depression-
era construction, other than 
routine maintenance and the 
occasional replacement of parts. 

A walk through the 
pumping plants today is some
what of a time warp — nearly 
everything appears today the way 
it appeared in the 1930s, or it 
least as it has since the plants 
were expanded in the 1950s. 
Unlike the completely automated 
systems running the aqueducts of the Central Arizona Project and the State 
Water Project, that of the Colorado River Aqueduct is still an essentially 
manually-operated system, and plant operators at each of the five pumping 
plants maintain a twenty-four hour vigil to keep the water flowing and the 
supply balanced. Perhaps unintentionally, the few changes made to the aque
duct since its original construction have left it in an arrested state of preserva
tion — a testimony to the extraordinary engineering effort carried out in desert 
during the 1930s. 
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WEYMOUTH 
TREATMENT 

PLANT 
Administration Building 

The chemical process of water treatment 
took place in grand surroundings at the 
Softening and Filtration Plant (later 
named the Weymouth Filtration Plant). 
Metropolitan architect Oaniel Elliot 
designed the four-tiered administration 
building (pictured here) as a major public 
showpiece with an Impressive entry court, 
elaborate exterior architectural detail, and a 
tiled interior intended to accommodate 
between 5,000 and 10,000 visitors per year. 
Unlike his classically-styled pumping plants, 
Elliot offered an eclectic design with 
references to California's Missions and 
Moorish Spain, 



M IOINT^ 

The principal line 
of the Colorado River 
Aqueduct initially extended 
from Parker Reservoir (Lake 
Havasu) on the Colorado River 
to its terminus at Cajalco Reservoir 
(Lake Mathews) southwest of Riverside, 
California. From Cajalco Reservoir, distribution 
lines extend f to the Weymouth Filtration Plant, 
where the water was treated before being sent to 
the original thirteen member cities. 

The plan (above) shows the aqueduct snaking its way 
across, around, and through mountains and desert on its 
way to the coastal plain of southern California. This somewhat 
indirect route and the methods of conveyance (canals, conduits, 
siphons, tunnels, pump lifts, and reservoirs) was dictated in part 
by the area's topography, but economy also played a major role In 
the aqueduct's final design. The legend indicates what types of 
conveyance are used at the various points along the route, 

While the aqueduct's path sometimes avoids mountains and other natural features that would have impeded construction, at 
othertimes the mountains were unavoidable. The aqueduct profile (above, top) shows thdfr^urrfainsTKVough which workers 
had to bore tunnels and the mountains' height both in relation to sea level and the aqueduct'fTparts. Because the aqueduct's 
intake near Parker Dam is at a considerably lower elevation than much of the area setj/ejfjby the aqueduct, five pumping station 
had to be constructed along the mute. The locations for these pumping stations (Inta'keTGene, Iron Mountain, Eagle Mountain, 
and Hayfield) are marked on the plan and the profile. I j ^3 f r \ , A 



'ThefeaMBfejiaffof ttHe aqueductjiraiJelM M 
"acVô sVrni(es bfjdesblale AndI rugj^MosertlfrAl' . 
wher^aaily summer tempOrltures frequerrtly' • / 
djccee'd 115 degrees. TJilk section features fi{ 
valleys surrounded by smajl mayjn)ains.and hills, j 
gesWRvegetation, sucH âk'theTcre''Dsotetbbs,K, is I 
common in this arek. The Western! part OTthe ','' f| 
aquedupt's route Is punctuated by tRe tallyman' ft 
G6rgonio and San Ja,binto|pe'aks,ana it/ ,f'.,r,i 
characterized by earthquakcjfaulis i- both'active, 
and inacfive. X section (rfflhe wester^, p,a.!n!.ru,ns e 
along thessouthern faceiflwhat is Jos,hlja,t>ee-."j| 

Surveyors working for the Los Angeles Bureau of Water WorksjRj 
and Supply began to survey and map vast areas of the -tCT"^. 
southwest in 1923 to determine the best location for an ^ = ^ _ Tz; 
aqueduct. Because most of the area was neither sufficiently C~.. 
mapped nor easily accessible, this process took seven years =-.-£;, 
and hundreds of workers. Using transits, rods, and chains, small 
teams of surveyors traveled across the desert on foot, ~~^. 
horseback, and, as the process wore on. In Modcl-T and Model--^ 
A Ford wagons. Surveyors' camps were little more than clusters 
oHents in the desert. >-~~j"»~«^. *"• ~^ <e -.~~~--»^. 



William Mulholland 
William Mulholland was the guiding hand behind 
the water concerns of Los Angeles from 1886 to 
1928. He oversaw construction of the Los 
Angeles Aqueduct, and was involved in the 
initial planning of the Colorado River Aqueduct. 

The Los Angeles 
Aqueduct 

From 1908-1913, the city of Los Angeles buiit a 
232-mlle-long gravity-fed aqueduct from the 
Owens River in Inyo County. It was a major 
engineering accomplishment for its day. Great 
pride was taken in the fact that tunnels were 
built in record time, and an 8,095'-long steei 
siphon was built using pipe manufactured on the 
Atlantic Coast, shipped around Cape Horn, and 
hauled to the site by mule teams. The Los 
Angeles Aqueduct was expected to fulfill the 
water needs of the city for forty or fifty years. 

AQUEDUCT 
BACKGROUND 

Promoting the Aqueduct 
The motion picture "Thirst" was an Integral part of the vigorous 
publicity campaign unleashed by Metropolitan to assure pass
age of the $220 million bond issue needed to build what was 
originally called the "Metropolitan Aqueduct." Aided by the 
Metropolitan-sponsored "Citizens Colorado River Water 
Committee," the campaign included local weekly radio shows, 
brochures, and exhibits. Material promoting the aqueduct 
explained that southern California water supplies were drop
ping and there was a great need to secure water for the 
purposes of survival and future growth. On September 29, 
1931, the measure passed overwhelmingly with a five-to-one 
margin in each of Ihe member districts. 

Legislating a New Aqueduct 
The Los Angeles Aqueduct did not fulfill Ihe per
ceived water needs of the city for long, however, 
and with groundwater levels dropping in all of 
southern California, Mulholland and others look
ed to the Colorado River as an additional water 
supply. The cost of another aqueduct was more 
than the city of Los Angeles alone could bear, 
and so support was sought from other cities to 
make the project a reality. The passage of 
California's Metropolitan Water District Act 
(1927) and the formation of the (initially) eleven-
city Metropolitan Water District of Southern 
California (1928) set the legal groundwork for a 
new aqueduct. 

Yet two other important documents were need
ed. One of these was the Boulder Canyon 
Project Act (1928), which called for Ihe construc
tion of a high dam (originally Boulder, now 
Hoover, Dam) on the Colorado River for the 
purposes of flood control and to facilitate the 
storage of water for California's Imperial Valley. 
Los Angeles and, later, Metropolitan water 
officials supported this acl's passage because 
the dam would generate electricity needed to 
run a pump-operated aqueduct. Metropolitan's 
offer to purchase 36 percent of the dam's power 
also provided the financial security necessary to 
construct the dam. 

The state of Arizona, however, did not foresee 
any benefit from the dam and bitterly opposed 
both it and the Colorado River Compact (1922) -
the other agreement necessary to build the dam 
(and, thus, the Colorado River Aqueduct.) This 
compact allocated ah equal share of the river's 
water to the upper and lower states of the Colo
rado River basin, but the states had to divide 
that apportioned water among themselves. 
Arizona never felt it got a fair share, and its 
protests led to the lengthiest court case 
involving water in the nation's history. 

Colorado River 
Basin 

Boulder Dam 

Mots'. Drawings are from photographs courtesy of the 
Photography Dapailment of tha Lot Angelas Department of 
Water and Power (William Mulholland and the Los Angeles 
Aqueduct,) and Ihe Bureau of Reclamation, United States 
Department of the Interior (Boulder Dam.) 



The selection process of the aqueduct's opti
mum route lasted seven years and took over 
100 possible routes into consideration. It began 
with a 1923 scouting trip when William Mulhol-
land and others recommended that an aqueduct 
could be built from the Colorado River, and that 
there were several possible routes. The number 
of routes proliferated as surveying progressed, 
and the problem became establishing criteria for 
choosing the optimum path. In 1929, Metropoli
tan Chief Engineer F E. Weymouth and an inde
pendent board of experienced engineers recom
mended what was known as the "Parker" route. 

Many criteria were involved in choosing the 
route. Some criteria were difficult to quantify, 
and others, like construction costs and long-term 
operation and maintenance costs, needed 
further assumptions in order to be compared. 
Because of these difficulties, a broad variety of 
alternatives were considered. For example, 
detailed studies were made of gravity-fed lines 
requiring no pumping and lines using as many 
as seven pump lifts. Another criteria was long-
term reliability, particularly with respect to 
seismic activity. Fault lines needed to be 
avoided wherever possible, parlicularty if they 
were crossed underground, since this would 
make repairs difficult. Another geologic concern 
wa3 the difficulty and expense of tunneling 
through soft and porous alluvium. The feasibility 
of diverting water from the silty Colorado River 
limited the number of possible intake sites to 
places where diversion dams, headworks, or 
clariflers could be constructed. Political 
concerns also came into play, and proposed 
routes that ran through Mexico and Ariiona, 
outside of California's control, were at a 
particular disadvantage. 

The aqueduct's planners considered two 
constant-slope, gravity-fed lines. These, of 
course, had to begin at a higher elevation than 
the terminal reservoir, limiting choices to sites 
above the proposed Boulder Dam. One such 
route consisted entirely of tunnels with an intake 
at Black Canyon, above the reservoir formed by 
Boulder Dam. The logistics of this 230-mile-long 
tunnel with access shafts as deep as 2,000' 
were unrealistic Another gravity route 
beginning with an 8f5'-high dam at Bridge 
Canyon and featuring a ten-mile-long siphon 
where It crossed the Colorado, would also have 
been prohibitively expensive. Planners also 
considered routes requiring pumping. One of 
these was a "high* line from Black Canyon, with 
two pump lifts. This was a reasonable proposal, 
but long tunnels and conduits boosted 
construction costs. A route originating st Bulls 

SELECTING THE ROUTE 

Head followed much of the Black Canyon High Line, but 
also required additional pumping and a diversion dam. 
Routes from the southern portion of the river Included a 
roule eliminated because It flowed through Mexico, and 
two routes from Picacho. One of these used the feder
ally owned All-American Canal in the Imperial Irrigation 
District, which would have cut construction costs. But 
seven pump plants made this route's operation very 
expensive, and it crossed the San Andreas fault several 
times. The Parker line was ultimately selected because 
it provided the best balance of all the criteria. 
Estimate! and profiles from Chief Engineer F.E. WaymoutYe tetter 
or November 10,1930. 

Based on Metropolitan Water District Topographic Map B-2T0, 1929 



ECONOMIC PRINCIPLES 
Sizing the Elements 

Fitting the aqueduct to the land was a process 
of comparing the costs of the possible routes. 
These costs are based largely on two factors, 
the size and the route of the aqueduct. While 
political or geological factors could influence the 
route as a whole, the detailed work of planning 
the route was a comparison of costs. 

The first step for the planners was to determine 
the size of the canals, conduits, siphons, and 
tunnels, based on the desired delivery rate of 
1,605 cubic feet per second. The chart below 
uses conduit as an example to Illustrate how 
economic size (the most cost-effective size) 
was determined for the four elements of the 
conveyance system. The bar chart (bottom, 
center) shows unit costs for the elements. 

Economic Conduit Size 

Crossing the Chuckwalla Valley 

This drawing presents three plausible aque
duct routes across Chuckwalla Valley, Just 
east of the Eagle Mountain Pump Lift 
The problem is to direct the aquedyct 
across Chuckwalla Valley to t h e ' ^ j 
Coxcomb Tunnel using the j 

Jeast-costly route. 

Route 1 is the path of the aqueduct as built, 
vhile route 2 and route 3 are hypothetical 
paths. Cost estimates Involve multiplying 

the length of the route by the cost 
.per unit length. The cost per unit 
|^\length includes both the initial 

vpcosts and the future costs. 

Determining the Route 
The Planners began with a desired terminal elevation, 
and then worked their way backwards towards the 
Colorado. After resolving one stretch of the aqueduct 
they moved on to the next stretch to the east. Studies 
simiilar to the one presented here were conducted for 
the entire route. These studies were then tested by field 
teams of engineers and surveyors, and changes were 
made as necessary. The final route was determined 
through a process of constantly refining the details. 

The Cost Comparison 

Route 1 
This route is a 68,500' canal, and 1,000' of siphon. 

Route 2 
This route is a 41,000' canal, and a 18,500' siphon. 

Route 3 
This route crosses the valley with a 37,000' siphon. 

The chart above shows the cost comparison for 
these three routes. While construction costs are 
roughly comparable, the major difference l3 in the 
future costs. The long siphons in routes 2 and 3 
have a greater friction loss (and thus higher future 
energy cost) than the canals of route 1. 

Initial Cost 
This is the immediate construction cost. The cost 
of conduit increases as the pipe size increases. 

Future Cost 
This figure is the present worth of the future (40 
years) cost of energy. The energy required to move 
water through the pipe decreases as the pipe size 
increases. The larger the pipe, the less the friction 
loss, and thus the less the conduit has to slope to 
convey the desired amount of water. 

Total Coat 
The total cost curve results from adding the initial 
cost and the future cost. The economic conduit size 
(In this case 16') Is the most cost-effective balance. 

$160. 1 1 1 1 1 
Future Cost 
Initial Coat 
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PLANNERS AND BUILDERS 

F.E. Weymouth 

Frank E. Weymouth was named Metropolitan's first chief 
engineer in 1929, and three years later was also made 
general manager. He was a highly respected builder of 
dams who came out of the Bureau of Reclaimation. 
Weymouth's mind and energy were focused on two goals: 
completing the aqueduct on time and within budget. 

Aqueduct Conitruction Workers 

For many who worked on the aqueduct it was the job of a lifetime. Workers 
who were hired ranged from skilled engineers and lawyers to men from 
other backgrounds who were anxious for any work during the depression. 
Some men worked as unskilled laborers, and many were trained on the job, 
learning to be carpenters, muckers, drillers, dragline operators, truck 
drivers, or miners. By 1938, over 150,000 people had applied for work at 
Metropolitan's labor employment office in downtown Los Angeles. To get a 
job one had to be a resident of one of Metropolitan's member cities, but In 
many cases men found a way around this. The aqueduct was one of the 
largest employers In Southern California in the 1930's. 

Sample Wages on the Aqueduct, 1935. 

Blacksmith 
Carpenter 
Compressorman 
Concrete Finisher 
Dragline Operator 
Jackhammerman 
Electrician 
Crane Operator 
Laborers 
Miner 
Motorman 
Mucking Operator 

$6.00 
6.00 
6.00 
8.00 
9.00 
5.00 
720 
6.00 
4.50 
5.40 
520 
8.00 

Julian B. Hinds 
Julian B. Hinds was responsible for the preliminary design of 
the aqueduct, a job he chose over a design job at Boulder 
Dam. He was the assistant chief engineer under Weymouth, 
and followed Weymouth as general manager and chief 
engineer. Hinds was in charge of the day-to-day 
construction operations from the headquarters in Banning. 

As was true of the times, 
women and minorities 
had few job opportunites 
on the aqueduct. Jobs 
were reserved for white 
men. There was also a 
rule that a husband and 
wife could not both be 
employed, one job per 
family was the rule. 

Ambulance end Crew 

The Headquarters for the Construction of the Aqueduct, Banning, CA. 
In the 1930't, Works Progress Administration 
(WPA) workers ware paid $1 par day. From tht Aqueduct News 

The Aqueduct News was the weekly newsletter of 
Metropolitan. It had features on aqueduct planners and 
builders, from Weymouth and Hinds to truck drivers and 
drillers. It was one of the many efforts to promote the 
construction of the aqueduct as an heroic enterprise. 

AqueductNews, August 5, 19S3 



CONSTRUCTION CAMPS 

Workora In the Copper Batln Tunnel Mo. 2, March 22,1934. 

Types of Construction Camps 
There were sixty-one construction camps housing 
workers and families during the eight years of con
struction activity. In March of 1935, at the height of con
struction, there were sleeping quarters for over 5,000 
employees. Many of these camps existed for three to 
five years, becoming a home in the desert for the 
employees. First and foremost, however, these camps 
were tool3 used in the construction of the aqueduct 
Camps were often changed and modified as deemed 
necessary for the efficient construction of the aqueduct 

There were three types of work camps: District Con
struction Camps, Engineering Camps, and Contractors' 
Camps. The District Construction Camps served the 
work being done by district employees. The Engineering 
Camps served the district engineers who managed and 
inspected the contract work. The Contractors' Camps 
were operated by the contractors, or their sub
contractors, and conformed to the specifications of the 
District for care and comfort of the workers. Living in the 
camps was not compulsory, but in the remote desert 
mo3t workers did because there were few other options. 

Profile - Copper Basin Tunnel No Scale 
This profile from Specification No. 32 shows the monthly 
progress on tunneling. From the adit crews worked 
both east and west The east crew Finished their short 
stretch of Tunnel No. 2 and then proceeded on to 
Copper Basin Tunnel No. 1. 

Copper Basin Tunnel Camp 
Walsh Construction Company 

September 15, 1933 to April 1, 1936 

Mess Hull & Dormitory, Copper Basin Camp, Nov. 14, 1933. 

The Copper Basin Camp 
In June, 1933, Walsh Construction Company of 
Davenport, Iowa contracted to construct the Colorado 
River, Copper Basin, and Whipple Mountain tunnels 
within five years for $4,358,134. The Walsh Co. 
immediately set up construction camps, one at Copper 
Basin and one at Whipple Mountain. 

This page documents the Copper Basin Camp. The 
plan to the left shows that the work-related spaces of 
the camp focused on the tunnel adit, whereas the 
spaces where the workers slept and ate were primarily 
on the other side of Minnlck Wash. Twenty-four hours 
a day, men moved machinery and materials in and out 
of the adit Rail lines and utilities ran through the adit 
connecting the exterior work buildings and spaces to 
the tunnel headings. When notworking the men spent 
their time in the buildings and spaces across the wash, 
or travelled down the road to places such as Parker 
Dam Camp where other diversions were available. 
The utility systems tie the camp together. The utilities 
consisted of roads, and power, telephone, water, 
sewer, and fuel lines serving the camp. 

Walsh Construction Co. hired subcontractor Pacific 
System Homes to construct the dormitories, offices, 
mess-recreation halls and cottages. At Copper Basin 
Camp there was an 80-man mess hall, a 120-man air-
cooled dormitory, strong-back tents, a first-aid station, 
and three family living quarters. The buildings were 
wood frame construction with wall-board 6ides and 
partitions and corrugated iron roofs. Sub-contractor 
Threlkeld Commissary Inc. operated the commissary 
and dormitories at the Walsh camps. Employees were ', 
charged the District specified rate of $1.15 a day for 
board, and 25 cents a day for lodging. 

Note: Ttlle drawing of the Copper Basin Camp 
plan is based on M.W.D. drawings of the camp, 
and field inspection. Other information sources 
for this page includeM.W.D. Specification No 
32, and Historical Report No. 79. _ 

Plan - Copper Basin Tunnel Area 
This map is from the First Annual Report, 1939. 



AQUEDUCT ANATOMY 
The Four Engineering Systems 

Siphons Tunnels 

Power Pumping Regulation Conveyance 
The decision to build an aqueduct that required 
pumping meant that a power system had to be 
designed to provide power for the massive pumps 
that lift water uphill. Initially the power for the 
Colorado River Aqueduct came from hydroelectric 
generators at Boulder Dam. Additional power 
became available when the power house at Parker 
Dam was completed In 1943. Today, when the 
aqueduct operates at full capacity, additional power 
must be purchased from other power producers. 
Power is the largest operational cost of the 
aqueduct. Originally the powerwas transported 
over 230kv lines to the five pumping plants. This 
system, owned by Metropolitan, was built as a 
stand-alone system, but today is connected into the 
larger western power grid. 

The pumping system Is composed of five pump 
plants, each with maintenance facilities and an 
associated village for employee housing. The main 
elements of the pumping system are the pump 
houses which have nine pump units, and the 
delivery lines which deliver the water up lilts ranging 
from 144' at Iron Mountain to over 441' at the Hinds 
plant. The five pumping plants on the aqueduct lift 
water from Lake Havasu, at 450' above sea level, to 
Lake Mathews, at 1,405' above sea level. 1,617' of 
pumping lift is necessary to overcome the difference 
in elevation and provide the necessary slope for the 
242 miles of the aqueduct. The water reaches a 
maximum elevation of 1,807' at the top of the Hinds 
lift, and then the flows downhill to the member cities. 

The regulation system is composed of the dams, 
reservoirs, and forebays for the regulation and 
control of water characteristics and flow. Lake 
Havasu (originally Parker Reservoir) above Parker 
Dam is a diversion reservoir, settling and clarifying 
the water white providing a pool from which to pump 
the water. The pool Is 72' higher than the original 
river level, reducing the amount of pump lift 
necessary over the aqueducL Gene Wash provides 
a body of water for the regulation of flow into the 
Gene Pumping Plant, and traps silt if local floods roil 
Lake Havasu. The reservoir at Copper Basin is a 
water bridge, built as the most economical means of 
transporting water across the canyon. Lake 
Mathews (originally Caljaco Reservoir) is the 
terminal reservoir of the aqueduct, today providing 
225,000 acre-feet of storage. 

Open canals stretching across the desert are the 
most visible part of the aqueduct conveyance 
system. But in addition to open canals there are 
siphons, covered conduits, and tunnels. These four 
elements convey the water over the 242 mile length 
of the aqueduct. Canals an? the least expensive to 
build, and can be used where the aqueduct runs 
with the contour of the land and where there is a 
gentle cross slope. If the cross slope is too great, 
then covered conduit is used. Siphons and tunnels 
run against the contours of the land. Where the land 
slopes downhill, a siphon is necessary. If the land 
slopes uphill, a tunnel is needed. 



POWER SYSTEM 

Transmission lines from Boulder (Hoover) 
Dam, totaling 237 miles in length, carry 
power to operate the aqueduct's five 
pumping plants. This drawing shows 
diagramatically how the power system 
operates. 

A single 230-kilovolt (230,000 volts) high-
power line initially stretched from the dam to 
a switching station 84 milos away at 
Camino, California, where it split into two 
230-kv lines. One of these lines traveled 60 
milos southeast to the pumping plant at 
Gene (where a 69-kv line extended to 
Intake) and to Parker Dam Power House. 

The other travels southwest from'Camino to 
the pumping plants at Iron Mountain, Eagle 
Mountain, and Hayfield (Hinds). When the 
aqueduct was expanded to full capacity in 
the 1950s, workers erected an additional 
230-kv line to parallel the original from 
Boulder Dam to Camino. 

At the pumping plants, single-phase oil-
filled transformers (the white box symbols) 
step down the voltage from 230 kv to 6.9-
kv. 



POWER SYSTEM 

This page shows Ihe distribution of electrical 
power al the Eagle Mountain pumping plant. 
Power Is transmitted along a 230-kilovolt (kv) line 
from the Iron Mountain pumping plant to the 
switch rack at Eagle Mountain. Power Hows from 
the switch rack into two banks of transformers 
which step down the voltage to 6.9 kv, which is 
the operating voltage for the 12,500 horsepower 
pump motors inside the pumping plant 

Eagle Mountain 
Pumping Plant 

Switch Yard 
The Switch yard contains oil-filled circuit-
breakers that energize and protect the four 
connecting 230 kv lines. The steel frame 
supports the insulators and conductors in 
the yard. 

The Eagle Mountain axonometric it bated on MWD 
drawings: 8-3002 (1059), 6-3406. 6-3503, B-3513 

The 230 kv steel tower is based on MWD drawing 
8-9591 (1954). 

Transmission Lines 
230 kv Steel Tower 

The Fritz Ziebarth Company of 
Long Beach won the contract to 
build the power system, and its 
workers built all the original 
transmission towers except those 
stretching from Gene to Intake, 
which were erected by 
Metropolitan. Ziebarth set up lis 
camp al the Camino switching 
station, and trained workers to 
erect the transmission lowets and 
siring ihe lines. Material needed 
for construction was shipped by rail 
and then trucked to Ihe sites -
sometimes as tar as sixty miles. 

230 kv Power line 
from Iron Mountain 
Pumping Plant 

To compensate for the high-
alkaline content of the Danby Dry 
Lake Bed, ten miles north of Iron 
Mountain, the conductors are 
composed of tifly copper wires 
twisted over a copper I-beam, 
supported by strings of seventeen 
insulators. 

There are five different designs for 
the giant towers. These towers 
average 84' in height, and carry 
power lines made of twenty-six 
aluminum wires wrapped over a 
core of seven galvanized steel 
wires. Strings of thirteen 10" 
porcelain insulators, known as 
"suspension" insulators, suspend 
the conductors from the towers. 

Typical 66 kV Line 

Switch House 
The Switch House contains 6.9kv air circuit-
breakers that are used to start and stop the 
pump motors. The steel frame alop the 
switch house supports the 230 kv lines that 
run to the six step-down transformers that 
feed the switch house. (The seventh 
transformer is a spare.) The Switch house 
also houses one circuit breaker that 
energizes the local power system. The 
transformers and switches for this system 
are located in asmall switch yard to the 
north. 



IRON MOUNTAIN PUMPING PLANT 
Site Plan 

The Iron Mountain pumping plant, one of five on the 
aqueduct route, was built in 1933 as the Division 2 
headquarters camp. Over the years the camp has been 
transformed into a permanent settlement for the operation of 
the pump plant, as well as the base of operations for route 
maintenance. 

Pump House. The central feature of the pumping plant is 
the pump house, which holds the pumps and motors 
needed to move the water up the delivery lines. Like all 
pump houses along the aqueduct, the one at Iron Mountain 
was originally built with one delivery line and 3pace for five 
pumps. Only three of these pumps were installed initially, ..jf 
and the aqueduct operated at one-third capacity for the first years. 

L rax ..«. . ' • • « . ' • • , v 

This site plan is based on MWD drawing B-2O735-2O802 (19«5)ond site 
inspection. 
The drawing above shows the Iron Mountain pump house and delivery 
lines after expansion. 

Iron Mountain is a representative example of a pumping 
plant 'town'. These remote towns house employees and 
their families, and contain the operations buildings and the 
maintenance yards necessary to operate the aqueduct. 
The employees live in houses rented from metropolitan, 
and a few recreational and community facilities are 
provided. 

Water enters the plant by way of a lengthy stretch of open 
canal from Whipple Mountain Tunnel. The water passes 

through the sand and into a unique forebay structure 
iwhere six of the nine pumps draw water from the canal, 
and Ihree of the pumps draw water from the reservoir. 
After passing through the pumps and the delivery lines, 
water moves through the Iron Mountain tunnel on its way 
to the Eagle Mountain pumping plant. The Iron Mountain 
Pump House was built by the Wood and Bevanda 
Company. 

5and Trap 
rhe sand trap slows the water in the canal, causing material 
hat has blown into the canal, such as sand and soil, to 
settle out. This fine material can abrade the rotating pump 
jarts. Sand traps are necessary at pumping plants that 
ollow long stretches of open canal. 

Included with Ihe original x \ 
construction were inlet J ^ 
manifolds, substructures, and v, 
pipe excavations for nine 
pumps, readying the plents for 
future transition to full operating 
capacity. When built to full-
capacity in the 1950s, workers 
extended the building, added 
two and then four more motors, 
and two more delivery lines. 



PUMPING 
PROFILES 

PLANTS 
Water enters the aqueduct system from the 
Parker Reservoir at Intake (far right) and is 
pumped four more times until it reaches its 
ultimate elevation of 1,807 above sea level, 
about 126 miles from Intake, at the top ofthe 
Hayfield lift. From that point, the water flows the 
next 116 miles by gravity to Cajalco Reservoir 
and then flows by gravity through the distribution 
system to the district's member cities. 
These five pumping plants lift the water a total of 
1,617 foot. This amount of pumping overcomes 
both the elevation difference and the frictions 
loss encountered over the aqueduct route. 

Each pumping plant, as is evident from the 
profiles (below), lifts water to a ditferent height. 
The lowest lift is Iron Mountain (below-middle), 
the highest lift Is Hayfield (far left). 
The Iwo largest lifts, Hayfield and Eagle 
Mountain, have pumps driven by 12,500 
horsepower (hp) motors. The pumping plants at 
Gene and Intake use 9,000 hp motors. The 
smallest motors are those at iron Mountain, 
where 4,300 hp is. The size ofthe motors at 
each pump house dictated the size of the 
building, as indicated by the difterent heights ot 
the five plants (bottom of page). 



Intake pumping plant was built high above the Colorado River on a 
mountain slope. When the lake behind Parker Dam was filled it raised the 
water level up to the plant. Intake is typical of all the pumping plants, 
except for the water intake to the pumps. Here the water for the pump is 
drawn directly out of the lake. Originally, all plants were built to one-third 
capacity, though provisions were included for future expansion, including 
six more pumping units and discharge lines, and two more delivery lines. 

INTAKE PUMPING PLANT 



PUMPING UNIT 
Intake Pump House Cross Section 

Adam Maksay 

The Intake pumping units are representative of all 
aqueduct pumping units. Each consists of a vertical 
single suction pump, and a synchronous electric motor 
with an integral rotating exciter. The pump and raptor 
are connected by an intermediate shaft that can be'i 
removed to permit complete pump servicing usihgtbe 
relocatable pump room crane (above). The 60 ton&\ 
crane permits complete service for the motor, and theV. 
pump and discharge valve parts. \ 

Intake pumping plant is unique among the five 
pumping plants because it sits right on Parker 
Reservoir. Being right on the reservoir means mat the 
trash racks are part of the pump house structure, 
eliminating the need for the inlet manifold and inlet 
shut-off valves used at the other pumping plants. 



DIVERSION AND TERMINUS 
The Parker Route required the construction of a 
diversion dam across the Colorado River at the 
mouth of the Bill Williams River, about 16 milos 
northeast of Parker, Arizona. Approximately fifty-
eight hours after water enters the system from Parker 
Reservoir (Lake Havasu), it terminates 242 miles 
away in Cajalco Reservoir (Lake Mathews) located 
hear Riverside, California. 

Parker Dam (below) raised the level of the river from 
72' to 450' above sea level to provide adequate 
storage capacity (717.000 acre-feet) for the purposes 
of regulation and siit removal from the muddy Colorado 
River. Metropolitan funded Parker Dam through its 
$220 million bond, but the United States Bureau of 
Reclamation designed the dam. The streamlined 
concrete-arch design is a representative example of 
many federally-assisted dams built in the 1930s. 

Most of the construction, including the large 29'-
diameter diversion tunnels, was perfotmed by the J. F. 
Shea Company of the Six Companies consortium. 
Using dragline cranes and dump trucks, workers dug 
235' down through silt and gravel before they reached 

, bedrock. This was the deepest dam excavation ever. 

Cajalco Reservoir safeguards against 
unexpected flow interruptions while providing 
seasonal storage (100.000 acre-feet initially, 
225,000 acre-feet today) to meet the fluctuating 
demands of Metropolitan's member cities. The 
site was setected because its 1,405' elevation 
above sea level allowed for all-gravity flow to the 
member cities, and its stable granite foundation 
revealed no earthquake faults. 

The creation of Cajalco Reservoir required substantial construction, 
an earthen dam across the existing dike on the north side, the 

excavation and lining of a diversion tunnel and an outlet 
tunnel, a spillway with discharge channel, and an outlet 

tower with a small suspension bridge extending from 
it (above, left). Most of this work was carried out 

by Griffith Company of Los Angeles. 



A, 
DAMS AND RESERVOIRS 

The dams at Gone Wash (left) and Copper Basin 
(upper right) were built by the Six Companies' J- F. 
Shea Company, the same contractors who had 
been working on Parker Dam, Although the dams at 
Gone and Copper Basin are similar in design and 
method of construction, their appearance is made 
dramatic by their natural settings in narrow red-rock 
canyons. The process of the artificial cooling of 
concrete in small dam construction may have been 
initiated at those locations. 

The selected route contains excellent natural sites for 
intermediate water storage in reservoirs, necessary to regulate 
and equalize the flow of water. In addition to the dams and 
reservoirs at the beginning and end of the system (at Parker and 
Cajalco), two additional dams and four more reservoirs were 
built along the route. 

Tho largest of the reservoirs, at Gene Wash (6,300 acre-feet) 
and Copper Basin (24,200 acre-feet), are located within a few 
miles of Intake. In addition to regulating the water flow, these 
reservoirs can also remove silt that may result from local flood 
flows into Parker Reservoir (Lake Havasu). A giant 86,500 acre-
foot reservoir was planned for the Hayfield (Hinds) plant 
because of a naturally existing basin, but water disappeared into 
the porous subsurface soil once it was filled. Metropolitan then 
abandoned that project. 

Smaller 'forebay" reservoirs existat Iron Mountain (100 acre-
feet) and Eagle Mountain (112 acre-feet) to regulate inequalities 
in flow or reduce water losses in the event of a partial or 
complete shutdown of the pumping system. 

Water is also conveyed through the reservoirs and sent into 
tunnels or siphons along their western edges. Reservoirs make 
up a total of 1.3 miles of the aqueduct's overall length. 

GENE WASH DAM UNDER CONSTRUCTION 

Profile of Dams and Reservoirs (Not to scale) 



CANALS 

TYPICAL LINED CANAL 

CANAL LINING MACHINE 

Canals make up more than 62 miles of the 
Colorado River Aqueduct. Engineers used 
canals wherever possible because they were 
the least expensive part of the aqueduct's 
conveyance system to build. 

Construction of the canals began with workers 
excavating the canal's path. They then hand-
trimmed the canals to achieve the proper line, 
grade, and side slope. Originally, trimming was 
tedious and time consuming. To speed up the 
process, the Wood and Bevanda contracting 
company developed a unique trimming machine. 
It proved so successful that eventually all the 
canal contractors used similiar machines. After 
the trimming, workers placed reinforcing steel in 
the canal sections, and then used another 
machine invented by Wood and Bevanda to line 
them. Concrete was placed in hoppers at the 
top of the lining machine, which then distributed 
it uniformly along the canal slopes and bottom. 
As work proceeded, the steel-framed machine 
crept along tracks on either side of the canal. 
Workers smoothed the exposed surfaces by 
hand-trowelling the concrete. Afterwards it was 
treated with sealing compound and 
whitewashed. 

AERIAL VIEW OF CANAL AND DRAINAGE SYSTEM 

The canals are. however, vulnerable to flash 
floods which can breech the canals and fill ihem 
with debris. Embankments, parallel drains, and 
'training dikes" protect the canals from such 
disasters. The embankments and parallel dikes 
run alongside the aqueduct, while the training 
dikes run diagonally on the uphill side of the 
canal. All three features divert stream flows to 
siphon sections where they can pass over the 
aqueduct. In emergencies, wasteway structures 
along the canal sections can divert the entire 
flow of the aqueduct into natural discharge 
channels. 

Profile of Canals (Not to Scale) 

Typical Canal Section 

CANAL WASTEWAY GATES 



CONDUITS 

Conduits make up about 54 mites of the 
Colorado River Aqueduct. This method of 
conveyance is used in places threatened by 
heavy flooding or severe sandstorms, and 
also in deep cuts at tunnel portals. The water 
in conduits flows freely, accelerated only by 
gravity. The water in conduits is not under 
pressure. 

To construct the conduits workers first 
excavated and graded the conduit route, then 
placed the bottom concrete slab. Interior forms, 
made of steel, were then set into place. These 
forms were smooth on the outside to produce a 
smooth interior surface for the conduit. Workers 
placed reinforcing steel around the interior 
forms, placed the exterior forms, then poured 
concrete between the forms and around the 
steel. After the concrete set, workers removed 
the forms then sealed and whitewashed the 
exterior surface of the completed section. 
Bulkheads were placed at either end of the 
conduit section to keep the concrete from 
drying out during the remainder of the twenty-
eight day curing period. Finally, workers 
backfilled the conduit with the excavated 
material, thereby supporting it and protecting it 
from floods. 

Profile of Conduits (Not to Scale) 

Key 
Conduits 
Siphons 

Canals 
Tunnels 



SIPHONS 

Siphons make up 29 miles of the Colorado River Aqueduct. The engineers 
used siphons where the route went against the contour of the land. There 
are 144 siphons along the aqueduct route, ranging in length from 175' to 
26,400'. There are three types of siphons: single barrel, double barrels, and 
three-box. The single barrel siphons are used for short siphons, the two 
barrel 3iphons are used for long siphons, and the three-box siphons are 
used for short siphons with low head. 

With the exception of one experimental pre-cast siphon, all siphons are 
made of cast-in-place concrete. To construct the circular siphons, workers 
first excavated the siphon route. Heavy steel reinforcing was then placed in 
the excavated trench, and supported on concrete piers. Workers then 
inserted an inside form into the reinforcing, and positioned an outside form. 
Concrete was pumped between the forms and around the steel. Once a 
section set, the forms were moved to the next section. The three-box 
siphon had a 6lightly different construction process. First, the floor of this 
siphon was poured, then construction proceeded as above. 

SIPHON UNDER CONSTRUCTION EAGLE MOUNTAIN SIPHON 

Double Barrel Siphon 

Single Barrel Siphon 

Siphon Sections 

Three-Box Siphon 

Canal to Siphon Plan 

Siphon to Conduit Section Canal to Siphon Section. 

Profile of Siphons 

DOUBLE BARREL SIPHON TRANSITION INTO CONDUIT 

(Not to Scale) 



TUNNELS 
San Jacinto 

The most difficult tunnel on the system 
was the nearly thirteen-mile tunnel bored 
through Mt. San Jacinto, California's third 
tallest mountain. Because the tunnel had 
the greatest distance between access 
points of all aqueduct tunnels (8.23 miles), 
construction required two shafts drilled 
from above to complement the headings 
driven from the entrances on either side. 
The Wenzel and Henoch Construction, of 
Milwaukee was awarded the contract after 
the low bidder failed to qualify, and began 
sinking the shafts in May of 1933. 
Only 130' from the surface, however, 
workers sinking the Potrero shaft 
encountered internal water flows where 
the shaft crossed a fault. In July of 1934, 
with the sinking of the Potrero shaft 
complete, workers boring the tunnel from 
the west portal encountered the same 
fault. This time, water and debris rushed 
Into the tunnel and rose to a depth of 647' 

In the Potrero shaft, forcing workers to 
scramble 796' up ladders to safety. As 
water was being pumped out nearly two 
months later, one of the discharge pipes 
broke and water flooded the shaft once 
again, this time to a depth of 540'. 
Although this water was finally cleared in 
November of 1924, workers boring the 
tunnel from the west portal encountered 
yet another fault and water flooded the 
shaft for a third time. 
In February of 1935, Metropolitan tired the 
contractors and hired its own workers to 
completed the job. Metropolitan's workers 
installed electrically-operated pumping 
equipment in chambers located at the 
bottoms of the shafts and constructed the . 
5,452' horizontal Lawrence adit to speed 
construction. To scout the adit line for 
potential water flows, workers dug two 
smaller parallel "pioneer" tunnels slightly 
ahead of the main adit. 

Lawrence Adit 
25% slope 5664'-0" length 
elevation 2837' 
This adit is part of the detour project, 
added after construction began. 

Potrero Shaft 
2600'-0" length v / 

elevation 2298' / . 
site of original water 
penetration /J?. 

Pump Station' 
7 pumps. 
17,400 gallons 
per minute ".-•. 

San Jacinto Interpretive Drawing 
Tunnel dimensions increased to 1" = 30'-0" versus 
tunnel length for clarity. 

Fog resulting from water infiltration at the 
San Jacinto Tunnel. 

Bernasconi Tunnel 
6,220' 

Whitewater Tunnels 
east) 2,060' 
west) 10,406' 

Valverde Tunnel 
38,015' 

three shafts 
one adit 

San Jacinto 
68,843' 

two shafts 
one adit 

Coachella Tunnels 
east) 94,977' 

four adits 
longest tunnel on the aqueduct 

Thousand Palms #1) 16,058' 
Thousand Palms #2) 3,838' 
Wide Canyon #1) 14,305' 
Wide Canyon #2) 848' 
Seven Palms) 16,730' 
Long Canyon) 15,305 
Blind Canyon) 6,836' 
Morongo #1)5,725' 
Morongo#2) 1,892' 

Cottonwood Tunnel 
20,645' 

Mecca Pass Tunnels 
1)338' 
2) 997' 
3)4,605' 

Profile of Tunnels Not to scale 

Iron Mountain Tunnel 
39,817' 

one shaft 

Coxcomb Tunnel 
9,030' 

Eagle Mountain Tunnels 
east) 9,440' 
west east) 15,845' 

one adit 
west west) 10,649' 

Hayfield Tunnels 
east) 9,734' 

one adit 
west) 5,425' 

Colorado River Tunnel 
5,482' 

Copper Basin Tunnels 
1)705' 

one adit 
2)11,586' 

Whipple Mountain Tunnel 
32,238' 

one adit 

Pioneer Tunnel 
10'-0" diameter tunnel 
5,571'-0"in length 

Cabazon Shaft 
• ' 1500'-0"ln length 

elevation 1776' 

Pump Station 
29,600 gallons per minutely 

Pioneer Tunnel 
10'-0" diameter tunnel 
7,274'-0" in length 

East Portal 
elevation 1535.63' 

/West Portal 
elevation 1,491.56' 



TUNNEL CONSTRUCTION 

Tunnel construction in the 1930s was a difficult and complex 
process, requiring considerable resources1, labor, materials, 
machinery, electricity, air, and water. All of these resources 
had to be delivered to the working face, or heading, of the tunnel 
through portals, shafts, or adits. Portals are the entrances to 
the tunnels on either side, but they are not always where tunnel 
construction was initiated. If tunnel construction began at a 
portal, workers and machinery were transported via rail cars to 
and from the working face. For longer or more difficult tunnels, 
a shaft or adit was drilled from above or from the side to reach 
the tunnel's path, thereby creating two headings. Shafts are 
vertical holes using hoists, or elevators, for transport. Adits are 
tunnels dug from the side, and generally used rail cars to move 
workers and equipment to the heading. 

4. Lining 
Concrete lining usually began months after boring, and 
was the last step in tunnel construction. To line tunnels, 
a collapsible lining machine with a sixteen-foot 
diameter form moved forward in steps along 
the rails. Concrete was pumped from a 
pipe on the top of the machine and 
flowed down to fill the space 
between the form and the rock 
or supports.The form then 
collapsed and advanced. 

1. Drilling and Blasting 
Tunnel construction often employed the use of a stepped platform 
known as a "jumbo,'' which could hold up to eleven pneumatic 
drills. Using this machine, workers could drill nearly sixty 
holes in two to three hours, preparing the tunnel for 
dynamiting, Workers then filled the holes wllh 
powder and, after retreating at least 500', set 
off the explosives in a timed fashion. Each, 
blast could dislodge up to 10' of rock. 

3. Supporting 
Supports were necessary in areas of 

weathered, weak, or fragmented rock to 
prevent debris from falling on workers or 

equipment. These supports were arched in form, and 
usually made of timber. In the most fragmented areas, 
workers used steel supports and added lagging or 

blocking to fill in voids behind the supports. Where workers 
bored through tough, granitic rock, supports were not necessary. 

In unsupported tunnels, workers designated "A" and "B" lines. The A 
line refers to the mininum quantity of rock requiring clearing. The B 
B line indicates the maximum quantity of cleared rock. 

When the blast loosened the 
10' of rock behind the working face, 

a mound of fragmented rock remained. 
"Mucking," the removal of this rock, required a 

rail line, rail cars, and an electric shovel attached 
to a conveyor belt to haul the rock away. There were aj 

variety of mucking methods and equipment employed to j 
quicken the aqueduct's tunnel construction. Among these 

was the "California Switch," a moveable two-way track that could 
slide along the existing track and allow two muck cars - one 
empty and one full - t o pass each other simultaneously. A train 
of eight full muck cars (pulled by electric engines) hauled the muck 
to the nearest exit, dumped it, and returned to the tunnel for another 
round. The entire mucking process per blast took about three hours. 

Note: This drawing shows the generalized 
construction process used to construct all the 
tunnels of the Colorado River Aqueduct. It does 
not express the construction of a specific tunnel. 
Additionally, the drawing shows all work 
occurring simultaneously, when in reality 
significant time delays were necessary. 

2. Mucking 



DISTRIBUTION SYSTEM! 
Caialcc) Reservoir to the Member Cities 
•::•>••••..? ,,. : •••i&*m*t- . • • •.-.••.•:.m^ -^'r^r^mm^^r:-:---,.:... ,...,-' ••.••• ;.:y;,^-r.. •.'•:. 

Weymouth Filtration Plant 
As water passes through the plant, 

' filtration and softening processes 
make it potable (see page 25 for 
specific information). Once treated, 
the water is divided into two feeders 
One extends west through the Upperf 
Feederto Eagle Rock. The other 
flows south along the Orange County'/; 
Feeder to the member cities of •:•' 
Fullerton, Anaheim, and Santa Ana 
Originally the plant was built without 
a reservoir to hold oversupplies, so . 
water flowed through the filtration 
plant at a rate determined by the flow.. 
from Cajalco Reservoir. The plant 
now has a reservoir to regulate flow.-jay. 

fCajalco Reservoir 
Lake Mathews 

'Water released from Cajalco Reservoir 
E moves through the intake tower into the 

Upper Feeder Forebay and then flows 
by gravity through the Upper Feeder (a 
system of pipes and tunnels) to the 
Weymouth Filtration Plant in LaVerne. 
Flow rate is controlled by valves at the -
forebay and is based on daily orders 
from the member cities and districts. 
The flow rate was originally coordinated 
at the Weymouth Filtration Plant, but is 
now controlled at Eagle Rock Station. 

Eagle Rock Control Structure;* 
Originally, water was diverted at Eagle •... " 
Rook into two pipelines by a manually 

• . controlled gate structure. The Santa ..•'•'•.•';'• 
• Monica Feeder (lowed west, to the &£SS 
•.' member cities ot Glendale, Burbank, T"'""..,, 
. Beverly Hills, and Santa Monica. The s« 
. Palos Verdes Feeder flowed south, past ••'•yJjr 

;.; /the member cities of Los Angeles, /fr 
jff Compton, Torrance, Long Beach, ^d*V 

rr*:;'tending at the Palos Verdes Reservoir. ' T n ^ 
/ .(•; Today the distribution system is • ' . ' • , ' i™ 
/f/ifij/Vcontrolled by computers. R p V p » r l v H i 

J The distribution system is a gravity-fed system, delivering water from 
I Cajalco Reservoir through pipes and tunnels to the thirteen member 
;•cities. Today, the distribution system has grown more complex, but 
;.' the basic principle of gravily flow remains unchanged. This drawing 
V.illustrates the original distribution system, focusing on four central 
\ distribution elements, to communicate the principles of operation. 

[Palos Verdes Reservoik 
! The Palos Verdes Reservoir both stores • 
| and supplies water for the distribution 
; system. As a reservoir, il stores excess . 
i water from the Palos Verdes Feeder. j 
j? Additionally, the reservoir can supply 
• water for the system. Water flows by c 
| gravity from Eagle Rock, at an elevation ; 
I of 900', to the reservoir at an elevation j 
| of 300'. However, the feeder passes 
> through areas at sea level, so il the 
j supply from Eagle Rock is interrupted, 
j water from Palos Verdes can flow back 
I north by gravity through the feederto 
I supply the low-lying metropolitan areas 
j of Long Beach, Compton, and Torrance. ] 



FILTRATION 
SYSTEMS 

1. Influent 

The Softening and Filtration Plant, 
now the F. E. Weymouth Filtration Plant, 
was the only water treatment plant in 
Metropolitan's original distribution 
system. This drawing details the System 
as it existed in the 19<t0's. Since that 
time the chemical processes have 
changed and the physical plant has 
undergone three expansions, more than 
quadrupling the capacity of the plant. 

2 . Chemical Feeding 
As the water passes through 
the Head House, chlorine solution t 

is fed as a disinfectant and a lime | 
slurry is fed into the flow. F 

Water flows to the plant from Lake Mathews.^ 
The water has an excess of suspended^ 
solids, turbidity, and calcium and 

^magnesium salts which 
create hardness 

8. Effluent 
The filtered and softened water 

^streams are blended and then they 
> flow into the distribution system. 

J . Flash Mixers 
The chlorine and slurry are rapidly mixed with 

the flowing water by propeller type flash mixers.. 
The lime causes the calcium and magnesium to join^ 
and form insoluble hydroxides which will precipitate. 

4 . Mixing Basin' 
The water coagulant mix is gently agitated 
in the mixing basin to allow the precipitate^ 
particles to join together, forming large^ 
particles called floe which will trap^ 
suspended solids. 

The floe settles to the floor of the settling 
basins where it is mechanically swept k C 
the center, the sludge pocket, where it is 
collected and disposed. The water then, 
flows to the filters. 

f^zS 

^ 6 . Sand Filters 
The water flows through 

a layer of fine sand supported 
by graded gravels. Remaining 

floe is trapped by the sand. The 
^filtered water, after a second 

'"chlorinafion.ls potable and is never 
again exposed to the elements. 

' 7 . Zeolite Process 
Water hardness is reduced 

in the zeolite process. One 
third of the water flowing 

through the plant is diverted 
and passed through zeolite beds, 

physically similar to the sand fillers 
except that the flow is upward. The 
zeolite exchanges its sodium ions for 

calcium and magnesium ions in the water. 

Note: For clarity, this 
drawing condenses 
the filtration process, 
omitting the second 
mixing and settling 
basins and simplifying 
the direction of flow. 

5 . Settling Basin 




