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All American Canal System 

Nomination for National Historic Civil Engineering Landmark 

 

1. Date of construction (and other significant dates) 

The All American Canal (AAC) system was 
authorized by the US Congress on December 31, 
1928 as part of the Boulder Canyon Project Act. 
Other elements of this authorization included 
Boulder (now Hoover) Dam, Imperial Dam, and the 
Coachella Canal. Groundbreaking ceremonies 
were held on December 16, 1934 at “Potholes” (the 
site of Imperial Dam) in the morning and at 
Calexico, 70 miles away, in the afternoon. Actual 
construction took place from 1935-38 with the first 
water deliveries made in 1940. The canal system 
was fully operational that year and became the sole 
source of water for the Imperial Valley by 1942. 

The AAC system has had few improvements  
or major repairs since being completed nearly  
75 years ago, a testament to the quality and 
durability of the original design and construction. 
Hydroelectric facilities have been added from 
shortly after completion of the canal, up until the 
mid-1980s. Off-line storage facilities were added 
between 2008 and 2010 in the form of Brock 
Reservoir near Drop 2 and as part of the AAC 
lining project. 

Losses due to seepage from the canal were known to be problematic and constituted a loss 
of 70,000 acre feet per year. These losses were originally considered unrecoverable. A 
solution was authorized by Public Law 100-675 in 1988, a final Record of Decision was 
signed in 1994, design of a 23 mile lined, parallel canal was authorized in 2006, and 
construction of the canal lining project was completed in 2010. 
 

Original agenda for the groundbreaking ceremonies for the All 
American Canal. Courtesy of Imperial County Department of 
Public Works. 
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2. Name of key civil engineer and other professionals associated with 
project 

The All American Canal system was designed under the supervision of John L. Savage, 
Chief Designing Engineer of the US Bureau of Reclamation (USBR) from 1924-1945. 

John Lucian Savage was born on December 25, 1879 in Cookesville, 
Wisconsin. During summers, while attending college at the University 
of Wisconsin, he worked on government survey crews, and graduated 
with a degree in civil engineering in 1903. Savage worked for the Idaho 
Division of the USBR for the first time from 1903-08, and worked on his 
first dam and canal system during this period. In 1908 he left USBR for 
private consulting and joined A.J. Wiley Engineering Associates in 
Boise, Idaho. Business boomed due to expansion in the western states 
and he continued to consult as a specialist in the design of dams, canal 

systems and hydropower plants. Savage returned to USBR and served as the first designing 
engineer, and then as Chief Designing Engineer starting in 1924 and continuing until his 
retirement in 1945. Due to his demonstrated talent and abilities he was given free rein by the 
Chief Engineer of USBR and delivered many notable water supply projects in the west, 
including Hoover (originally Boulder) Dam, Parker Dam, Grand Coulee Dam, Shasta Dam, 
Imperial Dam and the All American Canal System. 

Savage was aware of his unique talents and was willing to apply them where needed. Existing 
law prohibited Federal employees from accepting money from foreign countries but there 
were demands from abroad for Savage’s services. When the government of New South 
Wales in Australia requested his help with a potentially failing dam, he offered his services 
pro bono and even declined reimbursement for his travel expenses to avoid running afoul of 
the law. In 1941, the US Congress actually passed a new law allowing him to consult 
internationally. He eventually provided consulting engineering on hundreds of dam projects 
in many different countries including Australia, Mexico, Afghanistan, India, Palestine, China 
and Spain; all while an employee of the US government. His penultimate project would not 
be completed until 60 years after his initial involvement: the Three Gorges Dam on the 
Yangtze River. 

Following his retirement from USBR in 1945, Savage continued to consult internationally in 
many countries and was recognized with a host of honors and awards. He was awarded the 
John Fritz Medal by the American Association of Engineering Societies in 1945, was 
elected to the National Academy of Sciences in 1949, and received honorary degrees in the 
sciences and engineering from the University of Wisconsin, University of Denver and the 
University of Colorado. It has been estimated that one in five people in the 17 western 
states receive their water supply from facilities designed under John L. Savage’s 
supervision. 
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3. Historic (national or local) significance of this project 

The AAC system is the largest water supply and irrigation canal in terms of capacity in the 
United States. Although there are longer aqueduct systems in the US, with a capacity of 
15,155 cubic feet per second (cfs) the All American Canal conveys flows significantly higher 
than either the California Aqueduct, Central Arizona Project (Hayden-Rhodes Aqueduct), 
Colorado River Aqueduct, Los Angeles Aqueduct, Delaware Aqueduct or the Catskill 
Aqueduct as seen in the table in Section 4 of this nomination. 

The 80-mile-long canal system irrigates over 630,000 acres of agricultural lands and 
provides domestic water service to nine communities and municipalities with a combined 
population of over 150,000 residents. This essential and reliable water source combined 
with the favorable weather in the area has been instrumental in facilitating the development 
of the Imperial and Coachella Valleys and established them as one of the premier year-
round agriculture producing regions in the US, particularly for winter crops that cannot be 
grown in other regions. The water supplied by the AAC to the region has created an 
agricultural “breadbasket” that serves the entire southwestern US and the nation as a 
whole. 

Conceived and developed in the depths of the Great Depression, the AAC brought jobs to 
thousands in a region that was struggling even more than the rest of the nation. The 
engineering challenges were confronted and conquered in a way that created a unique and 
enduring water supply facility that has survived natural disasters and proved to be 
adaptable to future needs. 

The design team, led by noted civil engineer 
John L. Savage, innovatively resolved issues 
with silt laden river waters, threaded the 
canal through 250 foot high sand dunes, 
economically solved crossings of natural 
watercourses, foresaw the need for future 
renewable power and designed earthquake 
resistant structures located in one of the 
most seismically active areas in the 
continental US. The design has proven to be 
flexible and adaptable enough to allow the 
addition of a concrete lining to reduce 
seepage, additional hydropower facilities and 
storage facilities to recover seasonal water 
resources that otherwise might be lost. 

Based on innovative design features and the ability to foresee future 
environmental impacts, the All American Canal System has withstood 
the test of time  
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4. Comparable or similar projects 

The All American Canal system is the largest capacity water supply canal in the United 
States, if not in the world. Comparable facilities are shown below. 

 

 

 

 

 

  

Facility Capacity (cfs) Length (miles) 
All American Canal 15,155 80 
California Aqueduct 13,000 715 
Central Arizona Project 
(Hayden-Rhodes Aqueduct) 

3,000 336 

Delaware Aqueduct 2,000 115 
Colorado River Aqueduct 1,600 242 
Los Angeles Aqueduct (1st & 2nd Aqueducts) 1,000 419 
Catskill Aqueduct 850 163 

All American Canal Power Drop 4 –Gen View from S-Bank. Oct 3, 1939.  
Courtesy of Imperial County Department of Public Works. 
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5. Unique features or characteristics  

In solving the challenges of the project, the All American Canal features a number of design 
solutions that were unique and innovative at the time the system was developed in the 
1930s. These features include the Imperial Dam, desilting works, large diameter dual 
inverted siphons at the New River, incorporation of low-head hydroelectric facilities, 
crossing of the Imperial Sand Dunes and maintaining connections to the existing network of 
distribution canals. The quality of the original design of the All American Canal system has 
also been proven through its durability; long term performance; and its ability to be 
upgraded over time through the addition of more hydroelectric facilities, lining of the canal to 
reduce seepage losses and the incorporation of storage facilities along its length. 

Imperial Dam & Desilting Works-Prior to 
development of the AAC the water supply 
system for southeast California and southwest 
Arizona was plagued by periodic floods and 
sediment problems from the heavily silt-laden 
Colorado River waters. Constant dredging and 
maintenance was required for conveyance 
canals, diversion and flow control facilities, 
while pipelines were essentially unusable due 
to siltation problems, requiring difficult and 
costly maintenance. The entire AAC system, 
including Imperial Dam, was designed by the 

USBR under the supervision of John L. Savage. With Hoover Dam, also designed by 
Savage’s team, controlling flood flows from the Colorado, Savage’s designers could focus 
their attention on controlling the siltation issue. Flows into the AAC are regulated at the 
headworks, which consist of a motorized trash rack system, and four 75-foot-long by 22-
foot-high roller gates, each including an apron and flash weir. Downstream of each gate is a 
concrete lined channel which carries water to three desilting basins. The fourth channel is 
designed to function as either a bypass or fourth desilting basin. Each basin is separated 
into halves by a tapered channel and an upstream bulkhead with vertical slots to slow and 
equalize flows. The silt settles to the bottom due to the low velocity of the flow through the 
basins, and is directed into drains by a system of motorized rotating scrapers and then 
flushed out through a piping system under the canal and into the California Sluiceway. Clear 
water near the surface flows over the downstream weirs and into the All American Canal. 
Sediment deposited in the sluiceway is periodically flushed out by short duration high rate 
flows, typically 12,000 cfs for 20 minutes. The three desilting basins are capable of 
removing up to 70,000 tons of silt per day. 

New River Inverted Siphons-The AAC operates entirely by gravity from Imperial Dam to 
the Westside Main Canal 80 miles away. One challenge to the designers was the crossing 
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of the 50-foot-deep valley of the New River just west of Calexico, CA with a facility to 
convey over 2,600 cfs to the western portion of the Imperial Irrigation District’s (IID’s) 
service area. The design team’s solution was to install two parallel 196-inch-diameter steel 
plate siphons supported by reinforced concrete piers across the valley between the inlet 
and outlet structures. The siphons were constructed above the flood level of the New River 
but were less expensive than a bridge or similar structure built at the hydraulic grade line of 
the canal. The dual siphons also allow one to be taken out of service for maintenance while 
still delivering water to customers, although at a reduced rate, via the canal. Constructed in 
1937, it is believed that these were the largest diameter inverted siphons constructed under 
USBR purview until construction of the Central Arizona Project in 1975. 

On Easter Day 2010, the siphon structures were damaged by the 7.2 magnitude Cocopah-
El Mayor earthquake centered 29 miles southeast of Mexicali, B.C. During the joint agency 
damage assessment, it was determined that the ground shaking had caused fill materials to 
consolidate beneath the concrete-lined wasteway (overflow spillway) near the inlet structure 
on the east side, drastically increasing seepage, and caused cracking and settlement 
around other concrete structures. The siphons and supports were relatively undamaged 
after 70 years of service in a corrosive environment and in a seismic event they were likely 
not designed for. Pressure injection grouting, installation of concrete piles, embankment 
stabilization and reinforcing of the wasteway structure (spillway) addressed the voids 
created beneath the slab and provided additional stability for the structure. Repair of this 
critical facility was completed on October 10, 2011 at a total cost of $4.8 million, about one 
fifth of the original cost of the entire canal system in 1944 dollars. 

Low-head Hydroelectric 
Facilities-IID originally installed 
hydroelectric facilities on the All 
American Canal as a way to 
provide limited power for 
operations and to generate a 
small revenue stream to pay back 
the construction loan from the US 
government for the canal and 
related facilities, as required by 
the Boulder Canyon Project Act. 
The All American Canal featured 
one of the first uses of low-head 
(25 foot drop) hydroelectric 
facilities when hydroelectric equipment was installed at Drops 3 and 4 in 1941 shortly after 
the original canal construction was completed. When this was found to be successful, 
hydroelectric facilities were later installed at Drop 2 in 1952, Drop 5 in 1982, Drop 1 and the 
East Highline Turnout in 1984. A larger facility, Pilot Knob Power Plant, which was 
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constructed in 1957, generates free energy from Colorado River flows that are passed 
through the All American Canal on their way to Mexico under treaty requirements. Total 
vertical drop of the All American Canal in its 80 mile length is only 175 feet, less than many 
large dams. 

In accordance with the original contract between IID and the USBR, the construction loan of 
$25,020,000 was fully repaid over a 50-year period in 1994; however, the USBR continues 
to retain ownership of the All American Canal. With the construction loan paid off, the 
hydroelectric facilities have now been incorporated into IID’s suite of power generating 
facilities serving the Imperial Valley and surrounding areas. 

All American Canal Lining Project-
The original canal was lined with 
concrete only where dictated by 
hydraulic or structural needs. For most 
of its length it was an unlined earthen 
channel built in porous desert sands, 
including construction of the section 
through the Imperial Sand Dunes, a 
major challenge for the original project. 
The seepage was known by the 
designers to be a problem for the 
sections of the canal in alluvial soils 

west of Pilot Knob, but it was not considered economically feasible to resolve this issue at 
the time of initial construction. It is estimated that over 70,000 acre-feet per year was being 
lost to seepage just from the 23 mile segment of the canal near the dunes, enough to create 
significant wetlands and supply agricultural operations on the Mexican side of the border. 

Beginning in 1988, a series of events began to unfold that would potentially lead to 
resolution of the seepage issue. That year Public Law 100-675 authorized construction of a 
parallel lined canal. It did not provide any federal funding, but did authorize the use of funds 
from water agencies receiving Colorado water. Environmental documents were completed 
jointly by IID and USBR. The original Record of Decision was approved in 1994, including 
mitigation of the impacts to wetlands created by the canal. Rights to the recovered water 
and funding for the project remained unresolved at this time. 

California had long been dependent on surplus flows from the Colorado River to supply its 
water demands, but growth in other Western states and development of the infrastructure to 
take their share of the water was bringing that to an end. Approval of the Quantification 
Settlement Agreement (QSA) in 2003 resolved competing claims to the water between the 
states, Mexico and Native American interests and, equally importantly, laid the legal 
foundation for the largest agricultural to urban transfer of conserved water in the US. That 
year the California legislature also appropriated the funding for the lining project, later 
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supplemented by funds from the San Diego County Water Authority. Although design of the 
project was completed, legal and environmental delays lingered until Congress directed the 
Secretary of the Interior in 2006 to complete the project “without delay.” Construction was 
commenced in June 2007 and ultimately finished in early 2010. 

Imperial Sand Dunes Crossing-The Imperial 
Sand Dunes are located between Yuma, AZ and El 
Centro, CA and are about 6 miles wide by 45 miles 
long, extending nearly from the Chocolate 
Mountains in the north to past the Mexican border 
in the south. To stay within the US, the canal 
alignment would need to pass through the shifting 
sands of the dunes at some point. The dunes trend 
in a southeast-northwest direction due to the 
prevailing winds coming from the southwest. 
Rather than punching due west through the dunes, 
the most direct route but one which would expose 
the canal to a broadside of drifting sand, the 
designers paralleled the dunes northwesterly on 
the east side for several miles before turning 
southwest. With this alignment the constantly 
moving dunes drift parallel to the canal without 
filling it with sand. The selected alignment had the added benefit of following the Buttercup 
Valley which vastly reduced the amount of excavation required. 

Storage Facilities-One of the principal issues with the original All American Canal system 
(and the lower Colorado River in general) was the lack of storage below Parker Dam. 
Imperial Dam is a diverting structure only; it no longer provides any significant storage. At 
the time of construction Imperial Dam impounded 85,000 acre-feet, because of siltation this 
volume has now been reduced to about 1,000 acre-feet. This was anticipated in the original 
design and even now regular dredging is required to maintain diversion capacity to the All 
American Canal on the west and to the Yuma Gravity Canal on the east. Water ordered for 
irrigation purposes is released at the dam but may be lost downstream to the Salton Sea if 
the customer is unable to take delivery at the appropriate time. The All American Canal 
system proved to be flexible enough to allow the addition of the 8,000-acre-foot Brock 
Storage Reservoir near Drop 2 in 2008-10 to capture surplus flows below the dam and 
return them back to the system. Parallel storage facilities were also developed as part of the 
AAC lining project. USBR has also developed an off line pumped storage project at Senator 
Wash two miles north of Imperial Dam to take advantage of surplus flows in the Colorado, 
with the added bonus of the generation of electricity when the water is released 
downstream. 
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Connections to Existing Distribution Canals-In the 1930s the Imperial Valley had a 
partially developed agricultural water distribution system operated by IID. The design of the 
AAC had to work with the existing distribution system, provide for expansion of the system 
to the West Mesa and East Mesa areas as well as respect rights of way IID had already 
established in the Valley, all while delivering water by gravity alone. The designers 
strategically located Imperial Dam 25 miles northeast of Yuma at a significantly higher 
elevation than the headworks for the Alamo Canal, the AAC’s predecessor, which allowed 
gravity supply to the East and West Mesas as well as Coachella Valley far to the north. The 
incorporation of five reinforced concrete drop structures into the design allowed the AAC to 
intercept the existing distribution system where the Alamo Canal crossed the international 
border just east of Calexico, with the added benefit of hydropower generation at the drops. 
In a unique solution to a unique issue, USBR engineers also designed a structure near the 
border that carries both Anza Road and the New Briar Canal over the All American Canal, 
with the cells of the bridge serving as a siphon for IID’s smaller distribution canal. 
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6. Contribution towards a) civil engineering profession and b) nation 
or large region 

a) The All American Canal system was originally authorized as part of the Boulder 
Canyon Act in 1928, a key part of that program being the construction of Hoover Dam 
(known at the time as Boulder Canyon Dam). As described in Section 5 of this 
nomination, the design of the original AAC and subsequent enhancements contributed 
significantly to the engineering profession through innovative solutions to unique and 
challenging problems. 

b) Prior to construction of the All American Canal system, the arid region of 
southeastern California and southwestern Arizona was served by an unreliable and high 
maintenance water supply system that was subject to periodic flooding, ongoing siltation 
of the conveyance facilities, significant losses due to infiltration and the international 
political complexities of delivery facilities that were routed through Mexico. As detailed in 
Section 3 of this nomination, the water supplied by the AAC to the region has created a 
year round agricultural “breadbasket” that serves the entire southwestern US and the 
nation as a whole. In addition, because the project was conceived and developed in the 
depths of the Great Depression, the AAC brought jobs to thousands in a region that was 
struggling even more than the rest of the nation. 
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8. List of Additional Documentation 

a. All American Canal Vicinity Map (Courtesy US Bureau of Reclamation) 
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B1. Project Area Map (Pre-All American Canal-Courtesy UC Berkeley) 
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B2. Project Area Map (Post-All American Canal-Courtesy Imperial Irrigation 
District) 
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c. List of Photographs 

Photo Numbers Subject 
004, 005, 008, 018, 020, 026 Imperial Dam 
036, 044, 048, 050, 051, 053, 056, 
065, 095 

Imperial Dam roller gates 

063, 098 Imperial Dam trash rack 
042, 043, 068, 070, 073, 089 Imperial Dam outlet channel 
058, 061, 077, 085, 091 Imperial Dam emergency spillway & sluiceway 
103, 105, 107, 110, 112, 114, 117, 
119, 123, 124,126, 130, 134, 137, 
141 

Imperial Dam Desilting Facilities 

143, 146, 154, 156, 158 All American Canal near Pilot Knob 
hydroelectric facilities 

161 All American Canal through Imperial Sand 
Dunes 

169, 171 Low Head Hydroelectric Facilities At Drop 1 
174, 176 AAC through East Mesa 
194, 197, 200 New River Siphons 
184, 187, 190 AAC near Anza Road Bridge 
  
  
  

 

 

d. CD containing above information in digital format 

CD with photographs enclosed. 
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9. Recommended Citation 

The All American Canal System, conceived and developed in the depths of the Great 
Depression, is the one of the pre-eminent water supply systems in the world. As the 
largest capacity water supply facility in the US, it provides a safe and reliable source of 
irrigation water for over half a million acres of year round agricultural production and 
provides domestic water for over 150,000 residents. Powered solely by gravity, energy 
generated by the canal paid for its own construction by retiring the nearly $25 million 
construction loan and continues to deliver renewable power to the Imperial Valley. 

Development of the canal system innovatively solved significant challenges related to 
Colorado River floods, filtered out thousands of tons annually of conduit-clogging 
sediment, threaded through the once impassable Imperial Sand Dunes and designed 
structures to withstand the test of time in one of the most seismically active areas of the 
US. 

75 years after entering service, the AAC continues to perform well beyond expectations. 
Reliability enhancements, operational storage improvements and power generation 
efficiencies incorporated into the original design have proven the foresight and flexibility 
of John L. Savage and his team of civil engineers. 

For the reasons cited above, the All American Canal System deserves to be recognized 
as a National Historic Civil Engineering Landmark. 

 










