Foreword
As the U.S. Army Corps of Engineers enters its
third century of service to our Nation, there is a
time for reflection on its past accomplishments,
the problems of today, and the challenges of
tomorrow. This publication examines the Corps'
history, its present missions, and its potential for
the future in the perspective of changing national
needs and priorities.
Ours is an unparalleled heritage Engineer
officers were pioneers in the construction of
military fortifications, surveying and mapping,
and building roads and canals. Their early
assignments laid the foundation for the Corps'
dual role as manager of Federal programs both in
civil works and military engineering.
Over the years, as its responsibilities grew, the
Corps of Engineers became a major engineering
resource for the country, charged with
managing a key program in water resources
development and supporting the construction
requirements of the U.S. Army and our Nation.
This engineering and construction management
expertise has also been used to assist other
Federal agencies and allies of the United States.
With its worldwide organization in place, the
Corps stands prepared to meet the engineering
requirements of the future. As new national
priorities emerge, Army Engineers will respond,
under the direction of Congress, the President,
and the Secretary of the Army, in the finest Corps
tradition.

"Essayons" - Let Us Try

CIJ. W. Morris
Lieutenant General, USA
Chief of Engineers

THE CORPS IN
PERSPECTIVE

-SINCE 1775

This year we Americans celebrate the Bicentennial of our Nation's birth and each of us points
with pride to the accomplishments of the past.
For the civil engineering profession, the celebration has a special meaning. The foresight and
innovative spirit of our predecessors, in both
military and civil engineering, have been driving
forces for national progress since America's
earliest days. Together engineer-soldiers and
civilian engineers have served the public interest
and helped to shape our country's future.

Throughout America's history - from the
Revolutionary War through the era of westward
expansion and the Nation's rapid ascent to world
leadership in economic, technological, and military
spheres - military engineers have played a unique
role. Members of the U.S. Army Corps of Engineers have provided the technical expertise
necessary to support military preparedness in
time of peace. The Corps' responsibilities as
manager of a major civil works program in water
resources development have evolved from its
early role as the country's principal civil engineering resource. The two missions - military and

civil works engineering - continue to complement
each other.
As we examine the Corps of Engineers' history,
its present responsibilities, and its potential for the
future, we do so with the recognition that the
Nation's needs and priorities continually change.
Responding to these current priorities and providing the technical and managerial expertise to
meet them is the Corps' constant challenge.
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REVOLUTIONARY
WAR ENGINEERS
America's first engineers were combat engineers recruited at the outset of the Revolutionary
War, On 16 June 1 775, a year before the Declaration of Independence was signed, the Second
Continental Congress recognized the need for
skill in military engineering and authorized the
commission of one chief engineer and two assistants. Richard Gridley, one of the few colonials
experienced in the design of batteries and fortifications and the supervision of construction, was
appointed Colonel and Chief Engineer in June 1775
by General George Washington. Colonel Gridley's
efforts were severely hampered by the shortage
of troops and officers experienced in military
engineering. Most of those commissioned, General
Washington complained, proved to be common
surveyors or adventurers claiming education and
experience they did not possess.
This handicap was overcome in part by the
recruitment of foreign engineers to serve as
officers in the Continental Army and by the creation of three companies of engineer troops. At the
request of the Continental Congress, France sent
four military engineers, among them Louis
Lebèque Duportail who became Chief Engineer
on 22 July 1777. The Sappers and Miners, engineer troops instructed in the building and repair
of field works, were placed under General
Duportails' command.
At the Battle of Bunker Hill, iust one day after his commission as
Chef Engineer, Colonel Richard Gridley designed and supervised the construction of fortifications which proved practically
invulnerable to British cannon.
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Despite the shortage of experienced engineers,
the Army's engineering capability did lay the
foundation for the American victory. Engineer
troops developed the ability to construct field
fortifications quickly in order to surprise the redcoats. At Breed's Hill during the Battle of Bunker
Hill, the entire redoubt, approximately 45 yards
square, was finished in one night. Digging commenced at midnight and in four hours the Americans had constructed a well-designed earthwork
that proved practically invulnerable to British
cannon.
The fortifications at Dorchester Heights, also
constructed in a single night, required engineering ingenuity. Frozen ground, hard to a depth of
18 inches, made pick-and-shovel work impossible.
Instead, Colonel Rufus Putnam suggested building the breastwork on the ground. Heavy timber
frames known as "chandeliers" were fitted with
gabions, fascines, and bales of hay and strengthened with piles of earth. An abatis face for the
breastwork was constructed from neighboring
orchard trees and barrels full of earth were
placed in front of the fortification to give the
appearance of strength. If the British assaulted,
the rough-and-ready soldiers planned to roll the
barrels down the hills at the oncoming troops.
At the climactic battle of Yorktown, American
engineers used enemy-built fortifications, transforming British redoubts into assault fortifications
for the American advance. From there, the troops
advanced along a parallel, carrying with them
thousands of stakes and various forms of prefabricated basket work for the construction of
temporary fortifications along the approaches.
Combat engineers during the Revolutionary War
evinced the same innovative spirit that has characterized American efforts in more recent conflicts.
A member of the Continental Army's Sapper and
Miner Corps - David Bushnell - built a manpropelled submarine capable of navigating under
water. It was called the "American Turtle" because its hull was shaped something like two
turtle shells turned vertically and joined together.
Bushnell's purpose in building the experimental
vehicle was to attack British warships anchored
in American harbors. Having demonstrated that
gunpowder could be detonated under water, he
made several attempts to plant time-charges
against the hulls of British ships. Though these
missions failed to sink enemy ships, Bushnell did
manage to detonate the device near the Eagle to the alarm of British seamen.

WEST POINTA PERMANENT
CORPS
After the Revolutionary War, the need for a
permanent Corps of Engineers and an academy to
train engineer officers was apparent. Presidents
Washington, Adams, and Jefferson realized that
the fledgling nation was vulnerable to attack and
needed well-trained military engineers. In 1794,
the threat of war prompted Congress to accept
the recommendations of the President and his
Secretary of War and authorize the establishment
of a Corps of Artillerists and Engineers to be
garrisoned at West Point - a key Revolutionary
War fortress maintained since the war as the
Army's quartermaster and ordnance supply center.
The Corps of Artillerists and Engineers was only a
partial and temporary revival of the Corps of
Engineers as it existed during the Revolutionary
War. Later the Corps of Engineers was restored
as a separate entity.

UNITED STATES
MILITARY
ACADEMY
A key provision of the 1802 Act of Congress
which reinstated the Corps of Engineers was that
the Corps should 'constitute a Military Academy"
to be headed by a principal engineer or superintendent under the supervision of the President. In
establishing an engineering school, to be known as
the United States Military Academy at West Point,
President Jefferson and Congress intended to
create an engineering resource for the nation.
America's first engineering students would form a
body of skilled professionals, qualified to design
and construct public works of a civil nature and
qualified to "place the country in a proper posture
of defense, to infuse science into our Army, and
give to our fortifications that degree of force, connection, and perfection, which can alone counterbalance the superiority of attack over defense."1
The academy, now a school for training officers
for all branches of the Army, originally consisted
of one engineer major, two captains, two first
lieutenants, two second lieutenants and ten cadets.
From the ranks of these first cadets and their

successors came the Army engineers that explored the West, defended the young nation and,
helped to supply the transportation needs of an
emerging economy.
'Communication of Secretary of War, James McHenry,
dated 31 January 1800.
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SURVEYS AND
EXPLORATIONS
Army officers educated at West Point and commissioned as topographical engineers provided the
Federal Government with the scientific data necessary for opening the frontier to settlement. The
Corps of Topographical Engineers, an offshoot of
the original Corps which was later reintegrated
with its parent corps, furnished scientist-explorers
educated in the natural sciences and skilled in the
practical techniques of surveying and mapping.
Expeditions led by Major Stephen H. Long and
Lieutenant John C. Fremont, among others, emphasized both the advancement of scientific knowledge and the discovery of reliable routes to the
West. On Major Long's expedition into the Great
Plains, botanists, zoologists and geologists joined
Army topographers to gather data on new species
of plants and animals and collect specimens for

analysis at the Smithsonian Institution or eastern
universities. Lieutenant John C. Fremont returned
from the Northwest in 1844 with a remarkably
accurate map based on his own observations in
addition to meteorological data indicating the existence of arable land west of the Rockies and notes
on the appearance, distribution, and culture of
various Indian tribes.
Lieutenant George M Wheeler's exploration
west of the One Hundredth Meridian revolutionized
topographical surveys. Rather than progressing
along a linear route, Wheeler concentrated on area
examinations, comprehensive in nature. Lt.
Wheeler's surveys during the years 1871 to 1879
resulted in the earliest land-classification studies
and the adoption of this survey method by the
newly created U.S. Geological Survey.
Major Stephen H. Long, one of the first
members of the Corps of Topographical
Engineers, led a scientific expedition
into the Great Plains in the early 1820's.
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BUILDING A
NATIONAL
TRANSPORTATION
SYSTEM
The leadership supplied by Army engineers and
the country's civilian engineers was a critical factor in the rapid settlement of the western frontier
and the phenomenal economic growth of the 19th
century. America's engineers, though few in number, displayed energy and ingenuity in designing
and constructing much-needed internal improvements to keep pace with the demands of an expanding nation. They applied their technical knowledge to public works projects - to road, canal
and railroad building and river and harbor improvements - the bold transportation projects that
shaped the Nation's future.

Cumberland Road
As pioneers and immigrants flooded westward
and trade flourished, the need for a highway linking the Atlantic seaboard with the Ohio and
Mississippi Rivers captured the attention of Congress. Road-building in the Federal republic was a
State responsibility and the original stretch of the
Cumberland Road, though federally financed, was
constructed by the States. The Corps of Engineers
became involved in construction and repair operations in 1825, nineteen years after construction
started. Engineer officers, most notably Lieutenant
J. K. F. Mansfield and Captain Richard Delafield,
were detailed to repair the road east of the Ohio
while other engineers concentrated on extending
the road into Ohio, Illinois, and Indiana.
The men assigned to this early "interstate"
learned a valuable lesson in road maintenance.
The original construction failed to allow sufficient
drainage since the roadbed was sunk lower than
the surface of the ground on both sides. Accumulated water and ice caused the road to
deteriorate to the point of impassibility. Chief of
Engineers Charles Gratiot directed his officers to
repair the road according to the Macadam Plan
- the latest European technology. The original
surface was broken up entirely and raked smooth,
with a rise of no more than three inches at the
center. Drainage ditches were then dug so that
water could stand no less than 1 8 inches below
the lowest part of the road surface. After the
culverts were cleaned, a final layer of crushed
limestone, flint or granite, from three to nine inches
thick, was added.

A notable feature of the Cumberland Road was
its sturdy bridges, many of them stone arches
allowing pioneer wagons to cross major streams.
At Dunlap's Creek in Brownsville, Pennsylvania,
Army engineers replaced a ruined chain bridge
with a cast iron structure - the first iron bridge
in America. Captain Richard Delafield, later to become Chief of Engineers, prepared his own design,
without regard to the principles of iron bridge
construction developed by English and French engineers in the 1770's. Iron proved to be the most
practical material at hand, iron foundries being
located at Brownsville. The bridge, with its abutment and wingwalls of sandstone and cast iron
ribs and spandrels, spanned 80 feet. Completed in
1832, it remained in use for decades, offering
passage first to stage coaches and then to motor
trucks before it was replaced by a larger steeland-concrete structure.

Navigation Improvements
Among aids to navigation, lighthouses represent
a significant engineering achievement. As early
as 1716, lighthouses were being built by local interests in order to make shipping safer along the
Atlantic coast. Army engineers began supervising
lighthouse construction in 1831 when the Treasury
Department placed funds appropriated for these
improvements in the hands of the Chief of Engineers for disbursement. With the creation of a
national Lighthouse Board in 1852, engineer officers continued to play a key role in supervising
construction and inspection. Three engineer officers were members of the original Lighthouse
Board and one was assigned as Inspector of the
lighthouse districts.
In the 1 9th century, engineer officers who
designed lighthouses to weather violent Atlantic
storms adopted European technology, often adding
their own innovations to solve particular problems.
Major Hartman Bache borrowed the design for the
first screw-pile lighthouse in the United States from
British engineers. This type of pile was ideal for the
bottom of the Delaware Bay, since it could be
securely twisted into an unstable sea floor. To fend
off the floating ice that threatened this structure at
Brandywine Shoal, Bache installed a fence, consisting of screw-piles five inches in diameter,
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around the lighthouse. He then added an outer
fence and the space between the two fences was
platformed over. Tons of stone riprap were dumped
around the structure to provide additional protection. Engineering advances later made it possible
to erect sturdy lighthouses on the reefs around the
Florida Keys, the most famous of these being the
Sombrero Key light built by Lieutenant George
Meade, seven years before he met General Lee
at Gettysburg.
Federal efforts to improve the Nation's waterways and the assignment of this work to the Corps
of Engineers began in 1824 with the passage of
legislation authorizing President James Monroe to
direct Army engineers and two or more civil
engineers to survey the routes of such roads and
canals as he may deem of national importance,
in a commercial or military point of view ......2

Other legislation - the Act of 24 May 1824 authorized improvement on the Ohio and Mississippi Rivers, appropriated $75,000 for the work,
and authorized the President to employ any of
the engineers in the public service which he may
deem proper."
Under this Act, the Corps was directed to begin
removal of snags and floating trees from the Ohio
and Mississippi Rivers and to improve the Ohio's
channel by attacking the sandbars that impeded
river commerce. By 1829, Army engineers were
using snagboats developed by a famous steamboat captain, Henry M. Shreve, to remove obstructions in river channels. This early activity marked
the beginning of the Corps' civil works mission a dual role that emphasized a practical blending of
civil works and military skills and fostered the
development of a Federal agency prepared to
shoulder the engineering burden in the event of
war or national emergency.
Army engineers and Congressmen recognized
the need for a scientific approach to navigation
improvements and for adapting the latest in European hydrology to the unique inland waterways of
the United States. Although surveys were made of
the Ohio as early as 1821, the first comprehensive
topographic and hydrographic study of a major
river basin was not authorized until 1851 when
floods along the Mississippi River drew national
attention to the need for a practical plan for flood
control and navigation improvements at the river's
mouth. Field parties, led by Captain A. A.
Humphreys and Lieutenant Henry L. Abbot, were
dispatched to gather information from old flood
marks, analyze the movement of river-bottom material, and measure stream flow and wind action.
These early hydrologists found that the formulae
2Act of 30 April 1824.
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developed for measuring the flow of a small,
fairly uniform stream were inadequate for studying
the natural forces at work in the Mississippi, and
they had to invent new methods of measuring
stream velocities and plotting the results on mathematical curves. Captain Humphreys and Lieutenant Abbot also devised self-registering tide
gauges and other instruments to measure the riverlow. Their "Report upon the Physics and Hydraulics of the Mississippi River: upon the Protection of the Alluvial Region Against Overflow; and
upon the Deepening of the Mouths" infused the
science of river hydrology with the empirical
method and recommended river improvements
based on direct observation and newly discovered
hydraulic laws.
In considering navigation and flood control as
inter-related problems, the Humphreys-Abbot report was ahead of its time. By 1879, growing
pressures for navigation improvements and the
occurrence of devastating floods prompted Congress to establish the Mississippi River Commission - a seven-member organization responsible
for executing a comprehensive plan for flood
control and navigation works on the Lower Mississippi. This permanent body of experts included
three members from the Corps of Engineers, one
from the Coast and Geodetic Survey, and three
civilians, two of whom had to be civil engineers.
The creation of this river basin authority marked
the Federal Government's growing commitment to
the development of a reliable inland waterway
system.
As the Corp's responsibilities in waterways development grew, Army engineers and their civilian
The steamer Mississippi, the last of the "Texas-Deck" stemwheelers, served the corps of Engineers for 35 years as both
the official inspection boat of the Mississippi River Commission
and as a working towboat,

counterparts devised ways to keep the river mouth
open to ocean-going traffic, Captain A. Talcott of
the Corps of Engineers surveyed the bars and
passes at the mouth of the Mississippi River in
1837 and recommended a plan for deepening the
bars by dredging. Early progress in maintaining
navigable channels included the design and construction of two experimental suction dredges and
various dredging projects which were conducted
intermittently until the outbreak of the Civil War.
In 1873, a distinguished civil engineer - James
B. Eads - advocated a system of parallel jetties.
Faced with skepticism from both legislators and
engineers, Eads staked his personal fortune and
professional reputation on the success of his plan
to create a jetty-guaranteed channel 28 feet deep
between the Southwest Pass and the Gulf of
Mexico. His innovation in jetty design proved itself
and became a standard tool in the Corps' work on
the Mississippi.
Since the departure of the steamboat and the
advent of modern barges, technological advances
have enabled the Corps of Engineers to maintain
adequate navigation depths on the Lower Mississippi through a program of bank stabilization. Army
engineers combine dredging operations and dike
and revetment construction projects in their
attempt to maintain a 9-foot navigation depth.
Corps revetment, a protective layer of articulated
concrete, is laid on the banks by a large 'matsinking' 'plant. Over the years, this revetment operation has evolved into a highly-specialized and
truly unique stabilization process. The only two
articulated concrete revetment plants in existence
are operating on the Lower Mississippi, helping to
protect riverbanks from erosion and to maintain
the alignment of the river's navigation channel.
In the 1820's, the completion of the Erie Canal
touched off a wave of canal-building that swept
the country and prompted federal interest in the
excavation of passages vital to the movement of
people and goods. The first canals were privately
funded enterprises. However, as the cost of canalbuilding escalated, Congress appropriated funds or
deeded public lands to companies or States willing
to undertake canal projects. Often when Federal
or State funds were involved, the Corps evaluated
the proposal's feasibility and supervised the design
and construction phases. With a substantial investment of $195 million behind the future of canals,
the federal government became increasingly concerned with the development and efficient use of
the canal system.
The Soo Locks at Sault Ste. Marie, Michigan was
a key project of the 1850's - instrumental in
securing a navigable route from the copper and
ron mines on the shores of Lake Superior to the
industrial plants of the East. Captain Augustus

A protective concrete layer known as "revetment" helps to
stabilize channels along the Lower Mississippi River.

Canfield of the Topographical Engineers was assigned to estimate the cost of building a canal at
St. Mary's Falls to augment an existing structure on
the Canadian side of the falls. Congress agreed
to help private interests finance the project and
granted 75,000 acres of land to the St. Mary's
Falls Canal Company with the provision that
Captain Canfield be assigned as chief engineer
and superintendent of the project for the State of
Michigan. Captain Canfield's design for the canal
conformed to Congress' stipulation that the passage
should be not less than 100 feet in width and 12
feet deep, with two locks not less than 250 long and
50 feet wide.
However, within two decades, burgeoning traffic
and larger vessels made the original canal
inadequate to serve commercial needs, so
Congress authorized the deepening of the St.
Mary's River channel and the construction of a new
facility - the Weitzel Lock. Corps work began with
the appropriation, on 11 July 1870, of $150,000.
The original canal was widened, varying from 500
to 108 feet, the depth increased from 12 to 16 feet,
and a lock 515 feet long and 80 feet wide with a lift
of 1 7 feet was constructed.
At the time of its construction, the Weitzel Lock
was considered to be the "last word" in lock
technology. Its culvert valves, of the butterfly type,
were operated by a single stroke hydraulic engine
directly connected to the valves. Hydraulic turbines generated the power which operated the lock
gates. A movable dam was also introduced to shut
off the flow of water during maintenance
operations.
The Army's success in providing a passage to
Lake Superior and Canada's commitment to canalbuilding whetted the desires of shippers and
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inland areas with coastal harbors. Sandbars and
rapids along the Ohio, Missouri, Arkansas, and
other major rivers posed a major obstacle to the
maintenance of year-round navigation channels.
Eventually, with the advancement of lock-and-dam
technology and more efficient dredging equipment,
a 9-foot channel depth was assured.
The Corps' participated in the construction of the
navigation facilities and hydroelectric power dams
which secured the outlet from the Great Lakes to
the sea. The St. Lawrence Seaway, opened in
1958, is a joint U.S-Canadian project. Like other
major navigation projects, work on the Great Lakes
ports, connecting channels and the seaway itself
has centered on the fulfillment of national commercial and military priorities. The 2,342-mile waterway has spurred the area's economy, generating

Sault Ste. Marie, Michigan has been a focal point of waterborne
commerce since the days of the French traders. The modern
"Soo Locks" represent the latest in a series of federally
funded projects initiated in the 1850's.

an estimated $4 billion annually in direct and secondary income. During the Second World War,
Great Lakes ports and canals were instrumental in
facilitating shipments of iron ore and other raw materials from nearby mines to industrial plants. An
efficient system of inter-connected waterways has
proved to be a key factor in America's ability to
mobilize in the event of war.

industrialists for a deep water route through the
Great Lakes - a dream eventually realized in the
twentieth century with the completion of the St.
Lawrence Seaway.
Other advances in lock and dam technology
were also important in maintaining adequate
depths for dependable navigation on the Nation's
rivers. Major W. E. Merrill of the Corps of Engineers
borrowed the concept of a movable or "wicket"
dam from European engineers and suggested that
a prototype lock and dam complex be built along
the Ohio River between Pittsburgh, Pennsylvania
and Wheeling, West Virginia. As a result, the first
wicket dam in America was built at Davis Island,
four miles below Pittsburgh, and opened to traffic
on 7 October 1885.
The structure featured a narrow line of shutters,
or wickets, that rested on a concrete foundation.
The wickets could be lowered to form a passage
over the dam during high water periods, thus allowing vessels to continue past the dam without using
the locks. In low water periods, the wickets were
raised to ensure a navigable channel. This experimental project foreshadowed a system of movable
dams constructed along the Ohio durIng the early
20th century.
It was after World War I that Army engineers
visualized and began work on the Nation's inland
waterway system as we know it today. Congress
responded to the renewed interest in water transportation by authorizing navigation projects designed to create an integrated system connecting
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Harbor Improvements
As with other major water resources missions,
the responsibility for maintaining many of the Nation's inland and coastal ports has devolved on the
Corps of Engineers. Early harbor improvements
were costly, requiring federal investment and demanding the engineering expertise developed by
Army engineers and military-trained civilians. Since
the Corps began work on Lake Erie in 1824, it has
been engaged in the construction of breakwaters,
jetties, and piers and the deepening of channels on
a massive scale.
In 1857, the first successful seagoing hopper
dredge was developed to deepen the Charleston,
South Carolina harbor. The dredge made it possible to open the naturally shallow Atlantic Coast
harbors for deep-draft navigation. Before dredging
began, the natural depth of Charleston harbor was
12 feet, the one in New York was 23 feet deep; and
Philadelphia, 1 7 feet. These three harbors are now
maintained at depths of 35, 45, and 40 feet, respectively.
Early accomplishments in harbor improvement
included the clearing of obstructions from New
York and San Francisco harbors. Removing submerged rocks at Hell Gate in New York's East River
permitted larger, more modern ships to enter the
Port of New York. San Francisco Harbor was also
plagued by rocks, the most dangerous being Blossom Rock in the main ship channel east of Alcatraz
Island. Corps engineers blasted Blossom Rock in

1870one of the first attempts at underwater detonation. More recent efforts, facilitated by tech-

the aid of other junior officers, these engineers
were responsible for locating and building portions

nological advances, have met the requirements for
deeper commercial harbors as well as for harbors
of refuge for small commercial and recreational
craft.

of the Baltimore and Ohio Railroadthe Nation's

Railway System
When railroads began to revolutionize transportation, first in the eastern seaboard states and
then across the American continent, the Corps
stood at the forefront. The Army's engineering
school at West Point graduated career officers and
future civil engineers who became experts in railroad technology. As the surveyors who located rail
lines and the engineers who planned and helped
build them, Army officers were active in railroad
construction from the very beginning. The Corps
completed 61 railroad surveys authorized by the
General Survey Act of 1824. In the early decades of
railroad development, Army engineers were loaned
to private companies to serve as technical advisors
in design and construction.
Captain William G. McNeill and Lieutenant
George W. Whistler have been called the fathers
of railroad construction in the United States." With

first railway. The engineer team then proceeded to
locate, survey, and commence construction on a
large number of other rail systems, principally in
New England and New York. Lieutenant Whistler
also pioneered in locomotive design and railroad
bridge construction, developing the first successful
American-built steam locomotive in 1836 and
erecting an early railway bridge across the Connecticut River at Springfield, Massachusetts.
Army engineers also played a major role in the

location of the first transcontinental railroads
efficient transportation lines linking the East with
the West coast. Between the years 1853 and 1855,
twenty experienced military engineers participated
in the surveying of four routes from the Mississippi
River to the Pacific Ocean. The Corps' original
Company A furnished Indian fighters to protect the
surveying parties and, when construction commenced, military engineers contributed technical
skill to help lay the steel rails. Army engineers thus
had a part in the ceremony of the golden spike at
Promontory Point, Utah in 1869, as the Union
Pacific and Central Pacific finished their frantic
race to complete the first transcontinental railroad.

During the civil War, Army engineers provided the technical expert;se necessary to operate a national military
railroad, a vital supply route for the Union forces
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FLOOD CONTROL
The Army's involvement in flood control projects
began in 1882, when Congress, for the first time,
authorized the Mississippi River Commission
(MAC) to build levees as a part of its general plan
for improving the river. Levees had existed in the
Mississippi Basin since 1717, when Bienville
founded the city of New Orleans and incorporated
a three-foot high levee in his plans. Before the advent of the Mississippi River Commission, levees
stretched from 20 miles below New Orleans to the
mouth of the Arkansas River on the west bank and
to Baton Rouge on the east bank. Isolated levees
also protected the lower part pf the Yazoo Basin in
Mississippi and the St. Francis Basin of Arkansas.
However, these barriers averaged only three feet
in height, and a series of disastrous floods had
severely damaged much of the system during the
mid-i 800's. No Federal money had been appropriated for levee work. The system was only as strong

as the individual landowneror his neighbors
could afford.

Initially, the MRC and the Corps of Engineers
were restricted by Congressional appropriation
acts to building and repairing levees only if the
work were part of a navigation improvement plan.
The monumental floods of 1912 and 1913 drew national attention to the need for protection and
prompted the Federal Government to establish a
higher priority for flood control projects. Under
legislation known as the First Flood Control Act of
1917, levee construction came to reflect a national
commitment to prevent destructive floods on the
Mississippi and Sac remento Rivers. Rights-of-way
for levee construction were provided by local interests which were also responsible for maintenance once the project was completed.
It took a third disaster, the 1927 floodthe worst
in the history of the Lower Mississippi Valleyto
awaken the national conscience fully to the dire
need for flood control. Over 300 lives were lost and
637,000 persons displaced. Property losses exceeded $236 million, over $1 billion in today's cur-

Before the advent of federal flood control legislation, inhabitants of flood-prone areas were responsible for building and
maintaining their own levees. Here at Hickman. Kentucky, in 1912, levees were unable to prevent widespread
destruction. They served instead as a last refuge from high water.
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As a result of many
years of work, the
Mississippi has been
effectively "walled in"
by the levee system.

rency. Reacting to this catastrophe, Congress
passed the Flood Control Act of 1928, the longneeded legislation which finally committed the
Federal Government to a truly comprehensive
program of flood control along the Mississippi.
This Act authorized construction of flood control
works in the alluvial valley from Cairo, Illinois (the
confluence point of the Ohio and Upper Mississippi
Rivers) to Head of Passes, Louisiana, where the
Mississippi meets the Gulf of Mexico. Navigation
works extending from Cairo to New Orleans, Louisiana were also formally commissioned. Subsequent
legislation has modified this Act many times, but
the basic plan, which later became the Mississippi
River and Tributaries Project, has been implemented and its soundness tested during five major
floods.
Based on the Jadwin Plan' developed in 1928
by Major General Edgar Jadwin, a former Chief of
Engineers, the Mississippi River and Tributaries
Project is an on-going program of flood control
works designed to control a hypothetical "project
flood" that would top the record flood of 1927. The
Project's four major elements are: (1) levees for
containing flood flows; (2) floodways allowing for
the passage of excess flows in critical river
reaches; (3) channel improvement and stabilization
operations for a more efficient navigation alignment, an increased flood-carrying capacity, and for
the protection of the levee system; and (4) tributary basin improvements to provide both major
drainage and flood control, The latter, tributary improvements, includes the construction of dams and
reservoirs, pumping plants, and auxiliary channels.
As a result of many years of work, the Mississippi has been effectively "walled in" by the
levee system. A line of projection 2,204 miles long
has been ensured by a combination of levees,

floodwalls, and various other control structures.
Some 1,608 miles of levees along the Mississippi
itself, and 596 miles along the south banks of the
Arkansas and Red Rivers and in the Atchafalaya
Basin now protect 35,000 square miles of the
Lower Mississippi Basin. Built by the Corps, these
structures have been transferred to local interests
for normal maintenance, with Corps assistance
provided as necessary during major floods.
Relief outlets, conceived and constructed by
Army engineers, have functioned as "emergency
valves" when flood waters exceeded the carrying
capacity of the leveed channel. Floodways built at
Birds Point-New Madrid in Missouri, and near New
Orleans, at Bonnet-Ca rre and in the Atchafalaya
Basin now provide additional drainage channels
vital to the security of the Lower Mississippi Valley.
Originally, the Jadwin Plan included proposals
for more floodways on the west bank between the
Arkansas River and the Old River. But, in the
1930's, a program of channel cut-offs was inaugurated that eventually made construction of additional floodways at Boeuf and Eudora unnecessary. By 1941, 16 cut-offs had been completed,
shortening the river's length and successfully reducing flood heights.
Modern-day improvements designed to facilitate
navigation on the inland waterways have also provided flood control benefits. Dikes and concrete re-

vetment along the Lower Mississippikey structures that impede bank erosionhelp to hold the
river in a fixed course, and prevent losses in the
event of a disaster. On the Mississippi's major tributaries and other rivers, the Corps has designed
and built systems of dams and reservoirs that provide storage capacity for potential floodwaters, as
well as permit controlled releases of excess flows
to maintain channel depths.
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WORK IN THE
DISTRICT OF
COLUMBIA
The Nation's capitalWashington, D.C.is
both a seat of government and an area richly endowed with monuments to the American past. As a
principal Federal construction agency, the Corps
of Engineers has often been assigned to plan and
supervise improvements in the District and to oversee the construction of Federal buildings. In 1874,
Congress gave the Corps, through the Engineer
Commissioner, the task of restoring and modernizing the Federal district and maintaining essential
city services. The Army engineers laid sewers,
paved streets, planted trees, installed streetlights,
and built parks. Many present-day tourist land-

marks were also Corps projectsamong others, the
Arlington Amphitheater, the Tidal Basin, the Washington Monument, and the Lincoln Memorial. Some
of the area's key transportation arteries and principal Federal offices were also built by Army engineers and their civilian contractors.
At the outset, the Washington Monument was a
privately funded project conceived by the Washington National Monument Societya group of publicspirited individuals. Congress granted the Society
a site in 1848 and, on July 4th of that year, a 24,500
pound cornerstone was laid. Financial and technical problems plagued the project until Congress
took it over in 1876 and assigned the work to the
Corps of Engineers. Lieutenant Colonel Thomas
Lincoln Casey, a future Chief of Engineers, directed

the foundation worka crucial engineering problem in building a massive structure on poor soil
conditions. The foundations of the obelisk were enlarged from the original specifications of 6,400
square feet to over 16,000 square feet in order to
sustain the 81,000-ton structure. In 1884, four
years after construction was resumed, the capstone was set in place. Total cost of the completed

workincluding grading of the grounds, erection
of the marble office building for the custodian, and
placing of the memorial stones in the shaft's interiorwas slightly over $1 million, but nearly onethird of this was paid by free-will offerings from
American citizens.
Army engineer officers assigned to the District
of Columbia were challenged to design and construct aesthetically pleasing yet functional structures to house the national government. In the mid19th century, Captain Montgomery C. Meigs was
placed in charge of renovating the Capitol, extending two wings from the main buildings to accommodate the Senate and House chambers, and capping
the rotunda with a massive iron dome. Constructing the dome proved to be a formidable task.
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Weighing between 8 and 9 million pounds, the
dome has a base diameter of over 135 feet and
rises to a height of over 285 feet. Captain Meigs
shared with architect Thomas U. Walter the job of
designing the dome and partially built it, the work
being completed by the Department of Interior in
1863.

rvieigs, later to become a general officer, was a
controversial figure who pioneered solutions to
contemporary problems in lighting, heating, and
ventilation. At the Capitol, he created a novel environmental system by drilling a million holes in the
floor and forcing air through them by steam-driven
fans. Conference rooms had no windows, thus
avoiding drafts and outside distractions. The system, however, was later abandoned because Congressmen disliked having air blown at them from
underneath, the holes in the floor were eventually
covered by carpets. The luminous cove ceiling over
the House and Senate chambers was originally a
skylight and, following Meig's example, glass skylights and broad areas of glass on interior walls
came into wide use in public buildings.
As in the Capitol Building, Captain Meigs incorporated energy-saving features in his design for the
Pension Building, which was built between 1882
and 1887. The engineer officer added a unique
clerestory to augment the building's gas lighting
system. Over a hundred windows in the clerestory
were hinged at the center and opened by a chainope rated mechanism. Meigs also introduced the
thermal panetwo sheets of glass with an intermediate air spacefor the same purpose as we
use thermal glass today, insulation both winter and
summer.

EARLY
ENVIRONMENTAL
INTEREST
Army explorers and nation-builders were also
pioneers in conservation. Military engineers joined
with concerned citizens to preserve the pristine
wonders of Yellowstone, Yosemite, and Sequoia
National Parks from some of the early despoilers of

the environmentrailroad and timber interests. As
they explored the Yellowstone River basin, engineer officers noted the unique natural setting and
became determined to draw the attention of Congress and the Nation to preserving Yellowstone as
a national park. Captain John W. Barlow, leader of
the 1871 expedition that uncovered Mammoth Hot
Springs and other marvels, and Ferdinand V. Hayden, explorer for the U.S. Geological Survey, campaigned vigorously for Federal legislation, eventually enacted in 1872, which set Yellowstone apart
as a public park or pleasuring ground for the
benefit and enjoyment of the people.' ' The reports
submitted by Captain Barlow and Captain William
F. Raynolds were instrumental in arousing public
interest in the future of the Yellowstone region.
But, as conservationists have discovered, words
alone will not protect scenic areas. An engineer

officer assigned to the Department of Dakota
Captain William Ludlowobserved vandals and
3l7Stat.. 32.

souvenir-hunters defacing Yellowstone's delicate
formations. Lamenting the destruction of 'nature's irreplaceable handiwork," he noted: Miracles of art. . .can be ruined in five minutes by a
vandal armed with an axe, and nearly all the craters show signs of this hopeless and unrestrained
barbarity."4 Captain Ludlow then recommended
that the Army be authorized to patrol the area and
build roads for the park's visitors. In the mid1880's, Congress adopted this plan.
The officers who constructed the system of roadways at the park shared the early explorers' dedication to preserving Yellowstone's natural beauty.
Engineer Captains Dan C. Kingman and Hiram M.
Chittenden sought to improve the park without impairing it. The roads and bridges they constructed

were feats of environmental engineering
successful attempts to enhance the power and
beauty of the natural setting and reveal its unique
wonders to each visitor to the park. This blending
of landscaping and engineering skills foreshadowed the Corps' present-day involvement in
recreation and preservation of the environment.
'Kenneth H. Baldwin. Enchanted Enclosure: The Army
Engineers and Yellowstone National Park lWashington; Govern.
ment Printing Office, 1976), p. 67.

Chittenden Bridge at
Yellowstone National
Park is named for
Engineer captain Hiram
M. chittenden, a
pioneer in landscape
engineering who
helped design the
system of roads and
bridges still in existence at the park today
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PANAMA CANAL
In the 20th century, the Corps' missions gradually changed, keeping pace with technological advances in the field of civil engineering. This evolution from conventional construction methods to a
more sophisticated technology is perhaps best
illustrated by tracing the Corps' involvement in
building, maintaining, and improving the Panama
Canal, the vital passage linking the Atlantic and
Pacific Oceans.
At the time of its construction, the canal presented an almost overwhelming challenge, first to
French engineers and then to the Americans
assigned to the task. Ferdinand de Lesseps, having
successfully opened the Suez Canal to world shipping in 1869, advocated the excavation of a sealevel canal at the Isthmus of Panama and was instrumental in the formation of the French Panama
Canal Company. From its beginning in 1880, the

French effort was doomedthe victim of disease,
financial reverses, and landslides at Culebra Cut.
After six years of work, only one-tenth of the excavation required for the sea-level canal had been
completed. It was up to Army medical experts to
conquer the widespread disease that decimated
the worker population and brought the project to a
standstill.
The United States Government took a keen interest in the French attempt and in 1899 acquired
all the assets, construction equipment, and partially completed works at the Isthmus for the sum
of $40 million. The ultimate project represented a
triumph of American civil engineering know-how
and determination. Discarding a sea-level canal as
impractical, the canal's designers envisioned a
monumental earth dam and locks system and the
most massive excavation projecta 91,4-mile

stretch of canalever undertaken.
Building the Panama Canal required the efforts
of the foremost engineers of the day. John F.
Wallace, first American chief engineer at Panama
and former president of the American Society of
Civil Engineers, and his successor John F. Stevens
brought expertise in railroad construction and
operations to the Isthmus. To Wallace and Stevens
fell the task of revitalizing the railroads abandoned
by the French, determining the best type of canal
for recommendation to the Board of Consulting
Engineers, and coordinating construction efforts.
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Army engineers assumed responsibility for the
New Canal Company in 1907 when Colonel George
W. Goethals was appointed chief engineer by President Theodore Roosevelt. Colonel Goethals' extensive experience in lock and dam construction
proved a valuable asset to the canal project.
The greatest engineering difficulty in excavating
the existing Panama Canal was caused by the
spectacular slides which occurred at the Culebra
Cut, the region where the canal crosses the Continental Divide. The civil engineers at Panama were
pioneers in excavation when the science of soil
mechanics was in its infancy. They originally
planned to remove 53 million cubic yards of earth
from the Cut and this monumental undertaking
demanded an efficient system of handling and
transporting the excavated material. Most of the
soil removed by the more than 100 Bucyrus
streamshovels was hauled out in Lidgerwood flat
cars. Trains departed at 13 minute intervals to keep
pace with the steamshovels. Thirty Lidgerwood
unloaders-ploughs mounted on flat cars and drawn
along the tops of the loaded cars-enabled workers
to unload rocks and earth quickly and efficiently.
A single unloader could process 320 cubic yards
of material in only seven minutes. The mechanical
spreaders used at the Isthmus were the precursors
of the modern bulldozer.
Army engineers assigned to the Panama Canal

faced an almost insurmountable difficultyan unstable terrain prone to seepage and landslides.
A series of slides dumped tons of earth and rock
onto the excavation sites, and the pressure on
unstable rock formations at the sides of the Cut
often forced sudden upheavals at the bottom. This
debris vastly increased the amount of earth to be
removed. By the opening of the canal in 1913,
the total amount of material excavated had doubled

from the engineers' original estimateincreasing
from 53 million to 105 million cubic yards.
As the completion date drew nearer, Army
engineers devised a more efficient method for
removing material loosened by breaks behind the
crest of the hills. The spoil was sluiced down the
sides of the hills and into the valley beyond by
a stream of water 40 inches in diameter, with
a pressure of 80 pounds to the square inch. A
temporary hydraulic plant was installed on the

In 1912, lithographer Joseph Pennell immortalized the men who
built the Panama Canal and the efficient system of handling and
transporting the excavated material they developed.

east bank of the Cut in order to pump water from
a temporary reservoir impounded specifically for
this purpose.
The Canal opened ahead of schedule, but
without a permanent solution to the problem of
landslides. It was left to the engineers who maintained and dredged the canal over the next 20
years to find the proper slope for the banks of the
Culebra Cut. The proper inclines were ultimately
determined on "Nature's great test laboratories the banks themselves."
Subsequent advances in civil engineering have
enabled Army officers to identify and solve a
critical problem in canal maintenance, the weakening of canal banks by seepage and drainage of
water impounded in low-lying areas. The system of
drainage control added in the 1920's strengthened
the banks along both sides of the Cut and helped
to eliminate sizable landslides. The United States
has retained its rights to the Panama Canal and
Congress has authorized the Panama Canal Company to maintain and operate the facility.
Improved technology has made it possible for
the Federal Government to consider enlarging or

replacing the existing canal in order to accomodate larger, more modern military and commercial
vessels. Since 1947, four studies have been conducted to determine and evaluate all potential
canal routes across Central America. The latest
study, which began in 1964, was supervised by the
Atlantic-Pacific Interoceanic Canal Study Commission. Experts from various disciplines investigated
the feasibility of constructing a sea-level canal,
reported on the most practical sites, and evaluated
proposed construction methods, including both
conventional and nuclear excavation.
The Army's involvement in the Interoceanic
Canal Study began in July 1965 with the Study
Commission's request that the Secretary of the
Army designate the Chief of Engineers to be the
Commission's agent in conducting feasibility studies. The Corps' experience in nuclear research
and development was utilized when officers from
the U.S. Army Engineer Nuclear Cratering Group
were assigned the responsibility for nuclear excavation design, in coordination with the Atomic
Energy Commission. Although the Canal Study
Commission reported that nuclear excavation at or
near the present site of the Panama Canal was
not feasible in terms of the current state of nuclear
technology, the experiments conducted by the
Atomic Energy Commission and the studies in
nuclear excavation technology undertaken by
Army engineers did advance the state of the art.
Tests conducted under this program gave nuclear
engineers a better understanding of the cratering
mechanism and the means to substantially reduce
radioactivity released by nuclear excavation detonations. Experiments on the effects of airblasts
and ground motion on humans, animals, and structures have also contributed to our knowledge of
the results of nuclear detonation.
Army personnel assigned to study the use of
conventional excavation technology noted that
many of the techniques and much of the equipment available for excavation work today were
developed during the construction of the original
Panama Canal. The substantial improvements
made in hydraulic dredges since then and the
development of the modern science of soil
mechanics would, however, make excavating a
sea-level canal an easier, more efficient operation.
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MANHATTAN
PROJECT
A single military project catapulted the United
States into the nuclear age, revolutionizing the
Nation's defense systems and its technological
capabilities. The Corps research and management
program known as the Manhattan Project was a
race to develop and produce an ultimate weapon
the Atom Bomb.
While nuclear scientists, notably Enrico Fermi,
were conducting critical research in controlled
nuclear chain reactions, Army engineers were
engaged in building the research facilities and
huge industrial plants required to produce an
atomic weapon. The Manhattan Project's commander was Brigadier General Leslie A. Groves, the
Deputy Chief of Construction in the Office of the
Chief of Engineers.
It was decided that there would be three principal facilities: the Clinton Engineer Works near
Knoxville, Tennessee: the Hanford Engineer Works
in the State of Washington; and Los Alamos in the
New Mexico desert. The most extensive plant was
Clinton, which also served as the project headquarters. Situated in the foothills of the Cumberland Mountains in Tennessee's remote Clinch
River valley, the plant required that a full-fledged
city be built for its construction and operating
personnel. The city, Oak Ridge, was built at a
cost of $1 billion and eventually became the fifth
largest in the state. The basic work here involved
the investigation of three potential methods for

separating uranium isotopeseectro-magnetic,
gaseous diffusion and thermal diffusion. Ground
was broken for the gaseous diffusion plant in the
spring of 1943. The several thousand stages in the

process utilized a wide variety of equipment
heat exchangers, valves,instruments, and miles of
pipeline, and the plant became one of the largest
and most complex facilities in industrial history.
The Hanford Works, built nezr a bend of the
Columbia River, was an installation for the production of plutonium, a radioactive element vital to
the construction of one type of nuclear bomb. The
Corps' assignment at Ha'tford included supervIsing the construction of three huge reactors
spaced miles apart on the banks of the river, two
chemical separation areas, a plant for manufacturing uranium slugs and testing pile materials, a
large construction camp at the site, and living
quarters at Richiand for the operating personnel.
The Hanford reactors were scaled-up versions of
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the small, crude "pile" developed by Dr. Fermi
in Chicago.
The most secret and sensitive facility was Los
Alamos (code name: Zia), the research and bombassembly laboratory. The plant was located on the
partially developed site of the exclusive Los

Alamos Ranch Schoola sea of grass surrounded
by hills. It was relatively near the New Mexico
site where the initial man-made atomic bomb
explosion would occur only 28 months after the
arrival of the first scientific contingent at the Los
Alamos project. By September 1944, the world's
first usable size piece of plutonium metal had been
prepared and the development of the gun-type
uranium weapon, the heart of the "Little Boy"
bomb, moved ahead.
In late fall, the Manhattan Project established
a base camp in the desert near Alamogordo, the
test site for a one-shot nuclear experiment codenamed "Trinity." On 15 July 1945, the bomb was
set off atop a 100-foot steel tower and the power
of the pre-dawn detonation exceeded all expectations. The huge fireball mushroomed to a height
of 10,000 feet and its brilliant light was seen in
Santa Fe, 180 miles away. It was a blast that
changed the world.
The First Pile Area at the Hanford Works was part of a large
industrial Complex designed for the production of plutonium, a
radioactive element vital to the development of a nuclear bomb.
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DEFENDING
THE NATION
Since the Revolutionary War, the role of the
Army engineers in defending the nation has expanded as military technology has become increasingly sophisticated and conflicts have
assumed unprecedented dimensions. The Corps
of Engineers has acted as a combat arm in every

major modern conflictWorld Wars I and II, Korea,
and Vietnam. On landing beaches, at river crossings, or over mountains, engineer officers and

troops have built avenues of approachroads,
bridges, and airstripsinto enemy territory and,
when on the defensive, their ability to dig in" has
helped to protect men and material from enemy
fire.
When the pressure mounted, engineers took up
arms and fought beside the infantry. The 1St
Engineers of the 1st Division epitomized this team
effort when they participated in the offensive
against the German strongpoint at Cantigny in
May 1918. After completing the required engineer
assignment, primarily road construction, the
battalion was employed entirely as infantry and
assigned the most difficult points to defend against
a German counter attack. World War Il and the
conflicts in Korea and Vietnam also challenged
the engineers to join the infantry in defending the
American position or attacking the enemy's lines.
The Corps' record as a logistics organization
reveals its strength in innovative engineering
under the pressures of combat situations. In the
Civil War and World Wars I and II, engineer officers
were the Army's chief logisticians. In World War II
the difficulties involved in conducting worldwide
military operations and the natural barriers blocking the movement of troops and supplies demanded new solutions. The Engineer Amphibian
Command was created in May 1942 to develop
ways to transport Allied troops and stores across
the Atlantic and Pacific Oceans. Landing forces at
Sicily, North Africa, Normandy, and Okinawa and
other major invasions of the Second World War
relied on engineer troops to survey the beaches,
oversee unloading operations, and supervise the
initial operation of captured ports. Military engineers landed as much as one hour in advance of
the first assault waves of infantry and armor on
Omaha and Utah beaches.
In organizing and training their Special Brigades,
the Amphibian Engineers faced a logistical task
that required the development of new equipment:

Landing forces during World War II relied on Amphibian Engineers to survey the beaches, oversee unloading operations, and
supervise the operation of captured ports.

improved compasses, infrared and ultraviolet lights
for night control of small craft, and new types of
landing craft. Their efforts, together with those of
the Aviation Engineers, provided an innovative
approach to the demands of fighting a global war.
The Corps' combat support mission answered
the critical need for hospitals, depots, and transportation facilities in wartime theaters of operation.
Behind the frontlines, engineers built more permanent structures than was possible in the more
expedient combat work, utilizing sturdier construction materials and heavier equipment.
Twentieth-century warfare has required construction in areas where no adequate transportation facilities previously existed. The 700,000
engineer officers and enlisted men serving overseas during the Second World War were needed
primarily to construct roads, bridges, airfields, and
port facilities to support the Allied troops. The peak
of engineer activity in Korea was reached in a
grinding offensive that ended the war. For one
extended period, the Corps was using an average
of more than 1,000 tons of bridge material a day
to repair damaged structures and erect new
bridges. In Vietnam, construction projects supporting the combat effort stretched from the
Demilitarized Zone in the North to the Mekong
Delta in the South. The Line of Communication
(LOC) program, begun in 1967, prover to be the
single largest military engineering project ever
attempted in a foreign country. Engineer troops
completed nearly half of this project, paving about
4,100 kilometers of asphaltic concrete roads, 3Oto
40 feet wide, throughout South Vietnam.
Even behind the frontlines, construction missions demanded ingenuity and perseverance. The
building of the Alaskan-Canadian Military Highway
(known as the Alcan) during World War II was such
a project. Prompted by the threat of a Japanese
19

