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Construction of the Panama Canal

W.F.Marcuson, III - Director Emeritus, Geotechnical Laboratory, Engineer Research  
and Development Center

ABSTRACT: This paper traces the construction of the Panama Canal from 1870 to 1914. It is a unique story about: human ingenuity, 
determination and drive; the creation o f an independent nation— Panama; and huge obstacles that were overcome, often at high cost. 
At the time of construction, this project included the world’s largest earth dam, largest man-made lake, highest locks, and deepest cut.

1 INTRODUCTION

Tomas Drohan, the current Director o f Engineering and Indus
trial Services with the Panama Canal Authority, says and I 
quote:

“Anyone who looks back at the birth and history 
o f the Panama Canal, can appreciate a unique saga 
in which human ingenuity, determination and drive 
are presented in their best light. Huge obstacles 
were overcome at high costs, through the strength 
o f the human spirit.

However, when Civil Engineers examine this 
work of genius, appreciation o f its achievement 
increases tenfold. A deeper understanding o f this 
century-old masterpiece only heightens the respect 
one feels for those responsible for its accomplish
ment. By definition, Civil Engineering helps adapt 
the needs of people to our natural resources and the 
environment in accordance with natural laws. In 
very few instances is such a statement truer than for 
the creation o f the Panama Canal.” (Drohan 1999)

The construction o f the Panama Canal is a story about 
people, politics, and obstacles. During this presentation I will 
discuss the construction o f the canal in three phases:

Phase I - The French Effort 
Phase II - The Transition Period 
Phase III - The United States Effort 

As background information, as early as 1850 construction 
had begun on the first transcontinental railroad destined to 
operate across the Isthmus o f Panama which at that time was 
part o f Columbia. It was planned to be completed in two years 
but took five years at a cost o f about $8,000,000. It is reported 
that construction cost was about 5-6 times the original estimate 
(McCullough 1977). John L. Stephens was the first president o f 
the Panama Railroad and a major driving force behind the 
railroad until his death at age 46 in 1852. Once operational the 
railroad was very successful, paying an average dividend of 
about 15 percent and at times was the highest priced stock on the 
New York Stock Exchange.

While the railroad was successful, people saw the need to 
connect the Atlantic and Pacific oceans making international 
trade much faster and more economical. The canal route through 
Panama traveling along the Chagres River more or less parallel 
to the railroad was not the only route considered. There were at 
least five possible routes with the two more popular being the 
Panama route (from Colon to Panama City) going along the 
Chagres River and one through Nicaragua using Lake 
Nicaragua. Many thought the route through Nicaragua was best

because one could go ocean to ocean using rivers and lakes in 
sort o f a hop, skip, and jum p fashion. Surveys indicated that the 
Nicaragua route had a peak elevation o f about 153 feet (46.6 m) 
msl or about 122 feet (37.2 m) lower than the Panama Railroad 
summit (McCullough 1977). Figure 1 shows the route of the 
Panama Canal. A profile o f the canal is shown at the bottom in 
Figure lb . The peak elevation at Culebra was 275 ft (84 m) msl 
and had to be excavated below the level o f Gatun Lake. In 
general, the Panama Railroad ran parallel and along the canal 
route depicted in Figurela.

The principle driving construction o f the canal was 
economics. People on Wall Street estimated that a canal through 
Central America could save American trade about $36,000,000 
per year and they estimated a total savings o f about $48,000,000 
per year for all maritime nations (McCullough 1977). If the 
canal cost as much as $100,000,000 (an upper bound estimate at 
the time), it would pay for itself in a few years if  all assumptions 
were correct. These economic factors were recognized so efforts 
to construct the canal were initiated.

2 THE FRENCH EFFORT

For this presentation, I will define the French effort as being 
1870-1894. The key players were:

Ferdinand de Lesseps 
Charles de Lesseps 
Philippe Bunau-Varilla, and 
Jules Dingier.

Ferdinand de Lesseps was a world famous personality; 
charming, very persuasive, and indomitable. He was one of the 
most extraordinary men o f the 19th century— an entrepreneur 
through and through. He was the man who built the Suez Canal 
and after 1869 enjoyed being called “The Best Engineer” 
(McCullough 1977) by admirers.

The French effort was a private effort and was driven in large 
part solely by the personality o f Ferdinand de Lesseps. 
De Lesseps worked from 1870 until 1882 putting together the 
Société Civile Internationale du Canal Interocéanique de Darien, 
a syndicate that would construct the canal. Under the Société 
Presidency of de Lesseps, a “Congres International d ’Etudes de 
Canal Interoceanique” was assembled in Paris in 1879 to discuss 
and decide on the feasibility o f undertaking the construction o f a 
canal in Panama. The group under de Lesseps’ leadership esti
mated that a sea level canal could be built in about 12 years for 
$240,000,000 (Goethals 1915a). This was nearly three times the 
cost o f the Suez Canal. After this 1879 meeting, de Lesseps then 
organized a private syndicate known as “La Campagnie
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Universelle du Canal Interoceanique de Panama” internationally 
and as the Panama Canal Company in the U.S. and bought out 
the Société (Goethals 1915a). In 1878, Columbia sold the 
French a 99-year lease across the isthmus for $150,000 to be 
deposited in the bank before the end o f 1882. There were strings 
attached to the lease and Columbia would never get less than 
$250,000 per year once canal operation started.

In June 1881, the French bought the Panama Railroad for 
$20,000,000, considerably more than most people thought it was 
worth. By the end o f 1881 construction o f  the sea level canal 
had started and had more than 2,000 workers, including the 
technical staff and office help. The vast majority o f the laborers 
at this time were English speaking Jamaicans (McCullough 
1977).

In January 1882, the French started what is now known as the 
Gaillard Cut at Emperado and by February excavation was 
underway at the higher elevations— Culebra, Monkey Hill, 
Gorgona, and Paraiso. A large earthquake occurred near Colon 
on September 7, 1882 at about 3:30 a.m. (McCullough 1977) 
causing extensive damage to the railroad. In some cases the road 
bed sank as much as 10 feet.

Jules Isidou Dingier (Danglay) had been near the top o f his 
class at the Ecole Polytechnique. By his mid-forties he had risen 
rapidly with the state to become C hief o f  Roads and Bridges. De 
Lesseps convinced Dingier to direct the construction o f the 
canal. Dingier departed for Panama in early 1883 and stayed 
until the summer o f 1885. Dingier, it is said, was the best 
engineer on the canal project until 1905 when Theodore 
Roosevelt sent John F. Stevens. Dingier was an organizer; he 
was all business and could step on toes if  and when required.

Dingler’s analyses (empirical evidence) indicated that the 
canal slopes as designed were too steep and so he cut the slope 
back increasing the total volume o f the excavation by 60 per
cent. These large unanticipated excavations undoubtedly were 
the first indication o f the adverse geotechnical properties o f the 
subsurface materials, which were destined to plague the con
struction and subsequent operation o f the Panama Canal and 
continue even today. Unfortunately, these geotechnical proper
ties could not be identified with the state o f geotechnical practice 
in the late 1800s. More discussion o f the subsurface material 
properties is presented later in this paper. De Lesseps approved 
Dingler’s increase in excavation, but did not increase the time or 
cost estimate. Thus, things started to get out o f  hand and 
deteriorate.

In May and June 1883, excavation rates were 146,000 m3 and
156,000 m3, respectively. Most o f  this excavation was accom
plished by giant excavators shown in Figure 2. Accounts say 
that 125 employees died in 1882 and there are 420 deaths 
recorded in 1883 (McCullough 1977). Most o f these deaths 
resulted from yellow fever and malaria which were always 
present in the tropical climate. By October 1884, there were 
about 19,000 employees, 16,000 were black laborers, and 600 to 
700 were office clerks, administrators, etc.— all o f whom were 
French. During this period there were ample signs o f extrava
gance, for example, crates would be shipped from France weigh
ing several hundred pounds containing nothing but penpoints 
(McCullough 1977).

Dingier personally paid a terrific price while working on the 
project. He moved his family to Panama in the fall o f 1883. In 
January 1884 Dingler’s daughter died o f yellow fever. A month 
later Dingler’s 21 year old son contracted yellow fever and three 
days later he was dead. Dingler’s daughter was accompanied by 
her fiancé who also died o f yellow fever and on New Year’s Eve 
1884 Madam Dingier died o f yellow fever. In August 1885, 
Dingier departed Panama a defeated man, never to return. 
Eighteen Eighty-Five was possibly the worst year for human 
death— from yellow fever, malaria, typhoid fever, small pox, 
pneumonia, dysentery, beriberi, food poisoning, snake bite, and 
sun stroke. It was estimated that out o f every 100 arrivals at least 
20 died (McCullough 1977).

In April o f 1885, the canal completion date was being 
deferred and the estimated costs were rising. As a result the 
stock price began to fall. In fact, with the canal in its fifth year 
o f construction, little more than 25 percent o f the total volume 
by Dingler’s estimation had been excavated.

The French effort continued until 1886. The stock price con
tinued to drop. De Lesseps, the consummate optimist, continued 
to see the glass as half full. He traveled to Panama and all over 
the continental United States making public speeches, always 
putting a positive spin on things, and making friends. He almost 
single-handedly kept the enterprise from going bankrupt.

By the fall o f 1886, a sea level canal began to appear 
impossible because o f time and money constraints. This view 
was not shared by de Lesseps and he continued to talk only o f a 
sea level canal. Had de Lesseps gone to the stockholders with a 
new concept using locks and a lake, the outcome of the French 
effort might have been different.

The financial situation continued to deteriorate and the stock 
price continued to drop. In late 1886 de Lesseps engaged 
Alexander Gustave Eiffel to design locks for the canal, thus 
departing from the sea level concept. The locks were to be 
590 feet x 59 feet (180 m * 18 m) and lift ships 161 feet (49 m). 
This meant that instead o f the canal having a bottom at -29- 
1/2 feet (-9 m) msl (below sea level), it would have a bottom at 
161 feet (49 m) msl. This greatly reduced the amount left to be 
excavated. According to D ingler’s estimate 74,000,000 m3 
remained to be excavated for the original sea level plan and it 
was said that with the new lock scheme only 34,000,000 m3 
remained (McCullough 1977). The cost o f this new scheme was 
estimated to be $331,200,000 (M cCullough 1977). The French 
had supplied and spent more than $200,000,000 and de Lesseps 
was asking for $120,000,000 more.

This scheme was doomed to failure for a number o f reasons, 
one o f which was that de Lesseps had convinced the French 
people (public and stockholders) that they needed a sea level 
canal and that this scheme was seen as second rate at best and 
unacceptable. All hopes of raising money vanished and on 
December 14, 1886, de Lesseps declared bankruptcy. It took two 
years to tie up the loose ends and on February 4, 1889, things 
officially came to an end (Goethals 1915a). The Compagnie 
Universelle du Canal Interoceanique de Panama was no more 
(McCullough 1977). However, the French organized a Cam- 
pagnie Nouvelle or New Panama Canal Company which the 
U.S. would have to deal with. O f the total excavation required 
for a sea level canal (120,000,000 m3 by Dingler’s estimate),
46,000,000 m3 had been excavated and the French had spent 
something in excess o f $240,000,000. Some 800,000 French 
men and women were affected, some were people who had put 
their life’s savings into this effort and lost everything.

During the period 1889 to 1894 stories o f foul play, embez
zlement, and bribery circulated in France and elsewhere about 
the Panama business. In fact de Lesseps’ son Charles, who had 
played a major role, supporting his father 100 percent, was tried 
for wrongful use o f funds (distributing bribes) and found guilty, 
with extenuating circumstances, on March 21, 1893. Charles 
was sentenced to one year in jail. This judgm ent was appealed 
and the Supreme Court o f France overruled the verdict. On 
December 7, 1894, Ferdinand de Lesseps died at the age of 89.

More than $287,000,000 had been spent, in fact, more money 
than had ever been spent on any one peaceful undertaking of any 
kind (McCullough 1977). Dr. William C. Gorgas would later 
estimate that 20,000 to 22,000 people died during the French 
effort in Panama.

3 THE TRANSITION PERIOD

During the period 1894 to 1904, the time o f transition as I call it, 
construction of the Panama Canal was interrupted. This was a 
time of political intrigue and manipulation.
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F igure 2. A giant French excavator (after M cC ullough 1977)



Key people during this period included:
Philippe Bunau-Varilla, and 
Theodore Roosevelt

Bunau-Varilla had worked in Panama on the canal for the 
French. He had risen to the position o f Director General before 
he resigned as an official employee o f the French canal com
pany. Even after his resignation he stayed on, working for a con
tractor, heading the major excavation in Culebra.

During this 10-year period (1894-1904) Bunau-Varilla was 
the political grease that kept the engine working. He traveled 
extensively and developed and worked within an influential 
network of people in New York City, Washington, D.C., and 
Paris. Bunau-Varilla believed that the country o f Columbia was 
on a path that would lead to the destruction o f the French effort. 
In October 1903, Bunau-Varilla discussed with Roosevelt (then 
the President o f the U.S.) a scheme to have Panama revolt from 
the Columbian government and declare its independence. The 
scheme included sending U.S. ships with troops to protect the 
new nation should Columbia initiate hostilities (McCullough 
1977).

During the first week in November, 1903, Panama, under the 
leadership o f Dr. Manuel Amador Guerrero, a physician 
employed by the railroad and later the first President o f Panama, 
started taking steps to revolt and declare its independence from 
the Columbian government. The moming o f November 6, 1903, 
Panama declared its independence from Columbia. On the same 
day around noon, the U.S. government formally and officially 
recognized the new Republic o f  Panama. The scheme outlined 
by Bunau-Varilla to Roosevelt had been executed by both the 
Panamanian and U.S. governments with no loss o f life and with 
satisfactory results.

There were other important political instruments that required 
great skill, dexterity, and patience to implement including the 
Hay-Bunau-Varilla Treaty signed on November 18, 1903, by 
John Hay, Roosevelt’s Secretary o f State, and by Philippe 
Bunau-Varilla a “confidential agent” o f the Republic o f Panama. 
Under this treaty the U.S. was empowered to construct a canal 
through a zone 10 miles (16.1 km) wide. Colon and Panama 
City were excluded from the canal zone, but sanitation, sewer
age, water supply, and maintenance o f public order in these 
terminal cities were placed under U.S. control. The U.S. had the 
right to expropriate any additional land or water area necessary 
for the construction, operation, sanitation, or defense o f the 
canal. In return the U.S. guaranteed the independence o f 
Panama. The French canal company was granted the right to 
transfer its concessions and property to the U.S. with the same 
compensation to Panama as had been earlier promised Colum
bia. This treaty allowed the U.S. to act as the owner o f the entire 
canal zone.

In May 1904, the U.S. paid $40,000,000 to the New Panama 
Canal Company and purchased the French holdings in Panama 
and paid $ 10,000,000 to Panama in what amounted to a national 
endowment. Thus, the U.S. spent more for the rights, privileges, 
and properties associated with the Panama Canal than any 
territorial acquisition in history (Goethals 1915a, McCullough 
1977). The French, depending on which stocks and bonds they 
owned, received a return on investment that varied from $. 10 on 
a dollar to nothing.

It is worth noting that if the U.S. had not had a president with 
the mind-set and leadership characteristics o f Theodore Roose
velt, the U.S. might not have finished building the Panama 
Canal. Roosevelt took a special interest in the canal and acted 
unilaterally, more or less unhampered by Congress. Roosevelt 
restarted the construction of the canal and avoided what might 
have been years o f political debate.

4 THE UNITED STATES EFFORT

During early 1904, Roosevelt took steps to find and place key 
people in positions to build the canal. He remembered the

situation in Cuba in 1898, when malaria, typhoid fever, and 
yellow fever killed more American troops than enemy fire— 
about 14 times as many. He, therefore, placed greatest 
importance on sanitation and hygiene problems, even placing 
them in higher priority than engineering problems. After a fairly 
rigorous search, Roosevelt picked Col. William C. Gorgas to 
deal with the disease issues in Panama. This was based in large 
part on the recommendations of Professor William H. Welch at 
Johns Hopkins Medical School. Gorgas was a former student of 
W elch’s, an Army doctor, and was considered the authority on 
tropical diseases since the death o f Walter Reed in 1902 
(McCullough 1977).

Roosevelt named John F. Wallace to the position of chief 
engineer, with a salary o f $25,000 a year. Wallace had been the 
general manager o f the Illinois Central Railroad. Roosevelt 
appointed General George W. Davis as the first Governor o f the 
Canal Zone and a member of the seven man commission that 
would oversee the canal construction and report to the Secretary 
of War, William H. Taft. This was done because the War 
Department had been responsible for the construction o f civil 
works (water resources) projects within the U.S. Wallace and 
Gorgas were to report directly to Governor Davis.

Colonel Gorgas had rid Havana, Cuba, o f yellow fever in 
about eight months in 1901. This was done by a very rigorous 
and detailed effort to eradicate the Aedes or yellow fever 
mosquito and the Anopheles or malaria mosquito.

The project in Panama got o ff to a slow start. There was the 
perception that the French had squandered money, so the U.S. 
wanted to be extremely cost conscientious. The seven man com
mission was cumbersome with every man having to concur 
before action was taken. Wallace and Gorgas, therefore, had an 
extraordinary amount o f red tape to tolerate and penetrate.

In the fall o f 1904, Colonel Gorgas went from Panama to 
Washington, DC, to request the resources he felt he would need 
to eradicate mosquitoes from the zone. His words fell on deaf 
ears. He returned to Panama and continued his struggle against 
the mosquito. It is worth noting that Gorgas was the only 
important official to stay with the U.S. canal effort from start to 
finish (McCullough 1977).

John F. Wallace was a competent engineer who was afraid of 
the tropical diseases. He seemed to lack an enthusiasm for the 
work and to lack a clear vision o f how to construct the canal. He 
refurbished some of the French equipment and received two of 
the 12 Bucyrus steam shovels he ordered. In 1904, there were 
about 3,500 men at work and about 1,500 o f these were digging 
at Culebra. Wallace resigned June 28, 1905, primarily because 
of fear o f tropical diseases.

Roosevelt then placed John F. Stevens, another railroad man, 
in the position o f chief engineer on June 30, 1905. Stevens was 
52 years old, a handsome, rugged man. He had been bom in 
Maine and had worked locating and building railroads in New 
Mexico, Minnesota, and British Columbia. Stevens had been 
instrumental in building thousands o f miles o f railroad for the 
Great Northern in the north western U.S. Stevens was a leader 
and placed his faith in the achievement o f ordinary men and hard 
work. Stevens was a man o f action as evidenced by these quotes 
taken from McCullough (1977).

“There are three diseases in Panama,” he told the 
men. “They are yellow fever, malaria, and cold feet; 
and the greatest o f these is cold feet.”

There was lost time to be made up for; there was 
much to leam. When it was pointed out to him that 
no collisions had occurred on the Panama Railroad 
in more than a year, he remarked, “A collision has 
its good points as well as its bad ones— it indicates 
there is something moving on the railroad.”

Stevens, after getting his feet on the ground, found that 
Wallace had been more interested in the technical aspects o f the 
job rather than first concentrating on getting rid o f disease. 
Stevens believed the priorities should have been reversed. As a 
result, on August 1, 1905, Stevens stopped all work in the
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Culebra Cut. He placed his emphasis behind Colonel Gorgas. 
The Colonel was to have whatever resources he required. Fig
ure 3 shows a fumigation brigade about to start another day 
wiping out mosquitoes. His second priority was to clean up and 
pave Panama City and Colón. He planned and built entire com
munities. His intention was to plan and prepare well before 
starting construction.

With full support and all the resources he needed, Gorgas 
eradicated yellow fever from Panama in about 18 months. By 
December 1906, yellow fever was a thing o f the past.

Stevens saw the construction o f the Panama Canal as similar 
to construction o f a railroad and organized and ran the job that 
way. Stevens organized the job by functions. For example, he 
had a Department of:

• Labor and Quarters
• Building and Construction
• Accounting
• Materials and Supplies

After eradicating yellow fever from the zone and getting the 
organization in order, Stevens turned his attention to rebuilding 
the Panama Railroad. Within a year the line was completely 
overhauled and orders placed for freight cars, dump cars, 
refrigerator cars, and more than 100 locomotives (McCullough 
1977). Stevens then hired all new experienced railroad people to 
run the railroad. By the end o f 1906, Stevens had about
24,000 men at work. Most o f these laborers were blacks from 
Barbados. During the U.S. construction effort, Barbados would 
send about 10 percent o f the island’s population, or 40 percent 
of all adult males to Panama. They in tum would send about 
$300,000 home.

Stevens believed that the issue associated with the construc
tion was now one o f scale. Most o f what needed to be done, had 
been done before, just not at the scale or magnitude. He 
designed an elaborate system o f movable train trackage running 
in and out o f Culebra. The tracks were moved almost daily to 
position both the steam shovels and muck cars to keep up with 
the excavation. Loaded trains would run out going down hill. In 
early 1906 Stevens had his plans in place; his disease problem 
under control, his organization in place, so he resumed excava
tion in the Culebra Cut.

During this time, Roosevelt was still unclear as to whether a 
sea level or lock canal should be built. He appointed a special 
international board to consider his options. The first meeting of 
the board was in Washington on September 1, 1905. The board 
report was delivered to Roosevelt January 10, 1906. The major
ity recommended a sea level canal at an estimated cost of 
$247,000,000 and 12- to 13-year construction period. The 
minority view was a lock canal costing about $150,000,000 and 
taking 9 to 10 years to build.

Stevens backed the lock canal and spoke before Congress 
strongly in favor o f the lock canal that would include the 
world’s:

• largest earth dam
• largest man-made lake
• highest locks and
• deepest cut.

Now with the proposed construction o f a lock canal and the 
need for the largest embankment dam built to date, there was 
more political involvement and manipulation. Stevens argued 
that controlling the Chagres River overshadowed everything else 
(McCullough 1977). On June 29, 1906, the Senate voted for a 
lock canal (Goethals 1915a). And so 15 months after Stevens 
took over, the canal was now in clear focus. The canal was to go 
from the Bay o f Limón (Colón) on the Atlantic side to Gatun. 
There three locks were to lift vessels 85 feet (26 m) to Gatun 
Lake. Gatun Lake would extend to Gamboa where the Culebra 
or Gaillard Cut started. The 8.75-mile (14.1 km) Culebra Cut 
ends at the Pedro Miguel Lock which drops 31 feet (9.4 m) to 
Miraflores Lake and the two locks at Miraflores drop 54 feet 
(16.5 m) to the Pacific Ocean in the Bay o f Panama near Panama 
City. The locks were to be 1000 feet (305 m) long by 110 feet

(33.5 m) wide as specified by the U.S. Navy. The canal thru the 
Culebra Cut was to have a bottom width of 200 feet (61 m) and 
side slopes of about 1 on 1 (Goethals 1915b).

Stevens had little patience with politicians, Congressmen, 
and the like, and in late 1906 began to start having problems. On 
a trip to Panama in November 1906 Roosevelt found it almost 
impossible to get along with him. Never-the-less work pro
gressed exceptionally well. In January 1907, 500,000 cu yd 
(385,000 m3) were excavated at Culebra. This was twice the 
amount that the French excavated in their best month. In 
February, 600,000 cu yd (460,000 m3) were removed.

At the end of January 1907, Stevens, fed up with the politics, 
resigned. On February 18, 1907, Roosevelt appointed Colo
nel George W. Goethals as chief engineer. Roosevelt believed 
Goethals to be the top construction engineer in the Army: direct, 
resourceful, energetic, and with people skills. The appointment 
o f Goethals was announced February 26, 1907. After both Wal
lace and Stevens resigned, Roosevelt wanted to appoint someone 
who he could “assign” to the job  and so he turned to the Army. 
Roosevelt also had Goethal report directly to the Secretary of 
War, Taft. There is a subtlety here. Goethals did not report 
through the Chief o f Engineers and as such the Army built the 
Panama Canal after 1907 not the Corps o f Engineers.

By the end of 1907, almost 16,000,000 cu yd 
(12,300,000 m3) of soil and rock had been removed from 
Culebra. By the end o f 1908, about 37,000,000 cu yd 
(28,500,000 m3) had been excavated. This was about half what 
the French removed in all their years. However, the American 
engineers were just about as far o ff as the French in estimating 
the total volume requiring excavation. In 1906, the volume to be 
excavated was 54,000,000 cu yd (41,500,000 m2). The estimate 
o f the total volume o f excavation was revised almost annually, 
as follows:

1908 - 78,000,000 cu yd (60,000,000 m3)
1910 - 84,000,000 cu yd (64,600,000 m3)
1911 - 89,000,000 cu yd (68,500,000 m3)
1913 - 100,000,000 cu yd (77,000,000 m3)

It seemed that the more material was excavated, the more needed 
to be excavated. Figures 4 and 5 show the Culebra Cut in 1904 
and 1910. Note the progress made in the 6 years.

After about a year on the job, Goethals reorganized the effort 
and installed his own leadership team. Instead o f organizing by 
departments (for example, the Engineering Department), 
Goethals organized the job  geographically. He had an: Atlantic 
Division headed by Major William L. Sibert, Pacific Division 
headed by Mr. Sidney B. Williamson, and a Central Division 
headed by Major David D. Gaillard. Rear Admiral Harvey H. 
Rousseau was given responsibility for design and construction 
of all terminals, wharves, coaling stations, etc. Lt. Frederich 
Mears was responsible for railroad operations and relocation. 
Major Carroll A. Devol was the Quartermaster o f the canal zone. 
Ltc. Harry F. Hodges was given responsibility for design and 
erection o f the lock gates, conduits, valves, etc. Both Sibert and 
Gaillard were classmates o f Goethals at West Point, class of 
1880, and Hodges was class o f 1881. Sibert had excellent 
experience working on locks and dams so that made him a 
natural for the Atlantic Division which now had Gatun Dam and 
three locks rising 85 feet (26 m) above sea level to Gatun Lake. 
Williamson, the only civilian in a leadership position, had 
worked with Goethals on several projects including the 
construction o f the high lift lock at Muscle Shoals, AL. They 
worked well together and each placed total trust in the other. 
That left the central part to Gaillard, who had a solid career in 
the Corps o f Engineers and had worked with Goethals in staff 
jobs at the Department o f the Army level.

Everything about the canal project was mammoth and larger 
than previous experience by an order o f magnitude. For 
example:

• The average depth o f dynamite holes drilled in a month in 
the Culebra Cut was 345,223 feet (105,000 m) or more 
than 65 miles (105 km).
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F igure 3. Fum igation Brigade m aking Panam a habitable (after M cC ullough)
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F igure 4. Excavation at C ulebra Cut, looking south Dec., 1904 (after K eller 1983)



F igure 5. C ulebra Cut, looking south June, 1910 (after K eller 1983)



• In an average month 400,000 pounds (182,000 kg) o f 
dynamite was exploded.

• In all, about 96,000,000 cu yd (74,000,000 m3) of earth 
was removed from Culebra. This was all done with 68 
95-ton Bucyrus steam shovels each equipped with a 5-yd 
(3.8 m3) bucket. So the average shovel dug well over 
1,000,000 cu yd (770,000 m3).

This excavation was all made possible by the elaborate train 
system devised and assembled by John F. Stevens. In one sec
tion, north o f Gold Hill, shovels were stacked one above the 
other at seven elevations while seven dirt trains running on 
seven parallel tracks were kept constantly busy. There were as 
many as 160 trains a day going in and out o f the cut, traveling 
on 76 miles (125 km) o f construction track within the 9-mile 
(14.5 km) canyon. This track had to be constantly shifted, 
removed, replaced, and relocated time and time again. In any 
year, well over 1,000 miles (1,600 km) o f track had to be shifted 
about to keep the work moving. To make matters worse as the 
work progressed, the sides o f the cut kept sliding in and the 
bottom o f the cut kept closing in and heaving (McCullough 
1977). To make things still worse during 1908 and 1909, years 
o f great activity and much work, well over 10 feet (3.05 m) o f 
rain fell annually.

From a technical viewpoint, the slides in the cut were the 
most troublesome. The first large slide in the cut occurred in the 
fall o f 1907. The Cucaracha slide, located on the east bank just 
south of Gold Hill, had moved during the French days. It was 
about 50 acres (200,000 m2) in area and would move again in 
1907 and two more times in 1910. This slide contained about
3,000,000 cu yd (2,300,000 m3) o f  material. Across on the west 
bank the Culebra slide moved more than 6,000,000 cu yd 
(4,600,000 m3) o f material into the cut. All told there were 
22 slides— slides at Los Cascadas, LaPita, Empero, Lirio, and 
East Culebra (McCullough 1977). These slides would increase 
the top width of the canal by as much as one quarter mile. After 
opening the canal in 1914, slides closed the canal in October
1915 for a period o f 7 months and problems with slides are not 
over yet.

To complicate matters still more, these were peaceful years 
and the project attracted tourists by the thousands. In fact, daily 
tours were organized and men and their ladies dressed in their 
finest would travel along the canal by train. They would stop, 
get out, look at the work, and picnic.

Before the end o f construction the full work force numbered 
about 48,000. This included about 6,000 white males from 
North America, 2,500 women and children, and the remainder, 
primarily black laborers from the West Indies.

Construction o f the Gatun Dam, the largest dam in the world 
at that time, was a difficult and complex undertaking. The con
crete locks at Gatun form the right abutment. Gatun Dam is 
composed of a gated concrete spillway, with a powerhouse adja
cent, and an east and west embankment section on each side o f 
the spillway. The dam has a total length o f 6,560 feet (2,000 m) 
and a crest elevation o f 95 feet (29 m). The slopes are very flat, 
varying from 1:12 upstream to 1:25 at the downstream face. The 
dam retains the water o f the Chagres, the Trinidad, and Gatun 
Rivers with a normal operating pool at approximately ele
vation 85 feet (26 m) above sea level. The lake is about 
165 square miles (430 km2) in area and provides the water 
needed for canal operations.

The canal was officially opened for operation on August 15,
1914, when the steamship Ancon made its inaugural transit. 
Actually two steam shovels had met nose to nose at the bottom 
of the cut on May 20, 1913, about 15 months earlier. Toward the 
end of construction some 20 dredges of different kinds, assisted 
by equipment such as tugs, barges, crane boats, etc. were 
brought through the locks and into the cut area. This equipment 
which had been working in the sea level approaches greatly 
assisted in some o f the “final” excavation.

As of 1914, the total U.S. expenditure was $375,201,000 
(Goethals 1915a). Altogether the French and the U.S. spent

$637,000,880. A total o f 5,609 people lost their lives, 4,500 of 
these were blacks and 350 were white Americans (McCullough 
1977).

The construction o f the canal was a monumental undertaking. 
For comparison purposes, think about the U.S. placing Neil 
Armstrong on the moon in 1969. This effort required about 
10 percent o f the U.S. Federal Budget spread over a 10 year 
period. The construction o f the canal required 100 percent of the 
Federal Budget spread over 10 years (from 1904-1914). This 
comparison serves to highlight the magnitude o f the effort 
required to build the canal (Drohan 1999).

5 LOOKING BACK

I think Warren Buffet is quoted as saying “In the world o f busi
ness, the rear view m inor is always clearer than the windshield.” 
The same is true in geotechnical engineering. In thinking about 
the construction o f the canal, our thoughts need to be put in the 
context o f the state o f practice o f soil mechanics at that time.

Skempton (Skempton 1985) states that the first phase of 
classical soil mechanics was initiated by Coulomb in 1776. 
During the period 1776 until the mid 1800s, soil mechanics was 
dominated by empirical practice and the assumptions of zero 
cohesion and the angle o f friction being taken as the natural 
slope o f (loose) fill. The second phase from the mid 1800s to 
about 1910 includes important experimental work on sands, by 
Darcy (published in 1856), regarding permeability. The angle of 
internal friction (the natural slope being a special case) resulted 
from earth pressure experiments and analysis by Darwin and 
Boussinesq (published in 1883). The first phase o f modem soil 
mechanics started in 1910 when Atterberg published his work on 
soil classification. It is important to remember that the first prac
tical shear tests and their application were published by Bell in
1915, the concept o f slip circle analysis and their strength tests 
were published by Fellenius and his Swedish colleagues between
1916 and 1926. Terzaghi’s work on consolidation and shear 
strength was done in the 1920s (Skempton 1985). Thus, most of 
what we know as modem soil mechanics was published after 
completion o f  the Panama Canal in 1914. Therefore, during the 
construction o f the canal most o f  the design and analyses was 
based on empirical approaches and personal experience. During 
the late 1800s, it was customary for the French engineers to 
assume an angle o f friction between 20 degrees and 45 degrees 
with no cohesion. The Americans on the other hand, probably 
used the same general approach but they had a wealth of 
empirical data provided by the French effort.

If we were constructing the canal today, we would exten
sively sample material in the Gaillard Cut. Laboratory tests 
would be conducted to obtain both peak strength o f undisturbed 
and remolded samples and representative residual shear 
strengths. Appendix 1 contains a geologic description of the soft 
rock formations existing in the Gaillard Cut and a geologic map 
o f the Gaillard Cut area (Figures 6a and 6b). Table 1 contains 
average shear strength data as determined by the PCA in the 
laboratory and shows the peak strength (friction angle) of 
undisturbed samples taken from the Gaillard Cut ranging from 
22 to 55 degrees. Table 2 also comes from the PCA and shows 
average shear strength values obtained by back analyses of 
failed slopes within the Gaillard Cut. Today conservative 
assumptions could be made and the slope could be designed to 
be stable using values close to the shear strength (fully softened) 
obtained from remolded samples or back analysis. In this way, 
the slides would not be initiated and shear strengths would not 
drop to residual values which are about 30 percent o f the peak 
strength o f the undisturbed samples and 50 percent o f remolded 
samples. (See Tables 1 and 2). Given (1) the state o f practice of 
soil mechanics in the late 1800s and early 1900s, (2) the data 
shown in Tables 1 and 2, and (3) what we now know about the 
annual rainfall in the canal zone, it is easy to predict that the 
canal builders would have had massive landslide problems.
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Table 1. Drained shear strength values as determ ined in the laboratory for soft rock form ations w ithin the Gaillard Cut (obtained from the PCA).

Gaillard Cut soft rock formations (average shear strength)

Las Cascadas La Boca Gatuncillo Culebra Cucaracha

Laboratory drained 
shear strength Sample type and test

<P
(degrees)

Cohesion
(kPa)

<P
(degrees)

Cohesion
(kPa)

<P
(degrees)

Cohesion

(kPa)
<P
(degrees)

Cohesion
(kPa)

<P
(degrees)

Cohesion
(kPa)

Peak shear strength Undisturbed samples - large 
shear box (300x300mm)

31 75 32 73 31 89

Peak shear strength Undisturbed intact samples - 
triaxial (71mm)

55 0 43 14

Peak shear strength Undisturbed samples - direct 
shear test

21.5 25.6

Peak shear strength Undisturbed samples intact - 
direct shear test

49-39 200-0 25 127 33 163 29 215

Peak shear strength - 
fully softened

Remolded sample - CU triaxial 
with PP measurement

27 17 19 20 28 9

Peak shear strength - 
fully softened

Remolded samples - direct shear 
test

21 20 25 20 23 27 22 17 20 32

Peak shear strength - 
fully softened

Remolded samples - Bromhead 
ring shear test

18 10 17 15 26 7 22 8 19 8

Residual shear strength Remolded sample - Bromhead 
ring shear test

7 6 9 10 8 13 10 5 8 5

Table 2. Shear strength values calculated from back analyses o f failed slopes for soft rock formations within the Gaillard Cut (obtained from the PCA).

Gaillard Cut soft rock formations (average shear strength)

Shear strength from 
back analysis o f failed 
slopes

Las Cascadas La Boca Gatuncillo Culebra Cucaracha

Strength details
<p Cohesion 
(degrees) (kPa)

<P
(degrees)

Cohesion
(kPa)

(p Cohesion 
(degrees) (kPa)

<P
(degrees)

Cohesion
(kPa)

9
(degrees)

Cohesion
(kPa)

Initial slides Fully softened strength N.D. N.D. 22.8 11.1 15 21.2 19.6 18.5

Reactivated slides Field residual strength N.D. N.D. 12 12.7 13.7 0 13.1 0



In recent years the Panama Canal Commission and now the 
PCA has engaged in a cut widening program to enable two-way 
traffic thru the Gaillard Cut. Table 3 summarizes the shear 
strengths used by the PCA during this program. I emphasize that 
the factor o f safety of the new and existing slopes were com
pared and the geometiy o f the new slope adjusted to make the 
factor o f safety equal to or greater than that o f the existing slope.

From my point o f view the one thing that probably could not 
be improved upon is the use o f railroads to evacuate the spoil. In 
the last century I don’t think anyone has developed a method 
that is better than that developed by John F. Stevens. In fact, I 
see Stevens as the unsung hero o f the job. He was the man who 
either provided or made sure others provided Colonel Gorgas 
with all the resources he needed to rid Panama o f yellow fever. 
He convinced Roosevelt and Congress that a lock canal was 
more advantageous, from a construction point o f view, than a 
sea level canal. He was responsible for the advances in housing 
and logistics. And lastly, he was responsible for developing and 
building the railroad with its movable trackage that effectively 
transported the excavated material to disposal sites.
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APPENDIX 1
GEOLOGIC DESCRIPTIONS OF THE SOFT ROCK 
FORMATIONS IN THE GAILLARD CUT (provided by the 
PCA) AND A GEOLOGIC MAP OF THE GAILLARD CUT 
AREA (from the U.S. GEOLOGICAL SURVEY, DEPT. OF 
INTERIOR)

1 LAS CASCADAS FORMATION

The formation is o f middle early Miocene age. It out crops in 
Las Cascadas and Empire reaches, and east and west o f Gaillard 
Cut. It underlies the La Boca formation, and is considered to be 
a facies change and the same age as the Cucaracha formation. It 
consists o f dark gray to light green agglomerates and 
agglomeratic tuffs with andesitic and basaltic, small, angular to 
sub-angular pebbles and cobbles up to 8 inches in diameter in a 
fine-grained, tuffaceous matrix. It is massively to roughly 
bedded, and interbedded with yellow-green, gray-green or red 
well-bedded tuffs, andesite flows and flow breccias, and ash 
flows. It is intruded by basalt dikes. The formation is variably 
hard to medium soft, variably hydrothermally altered to clay 
minerals, and cemented with secondary calcite. It is moderately 
to massively jointed with calcite joint fillings.

2 CUCARACHA FORMATION

The Cucaracha formation is middle-early Miocene in age, the 
same age as the Las Cascadas formation, and it is considered to 
be a facies change o f the formation. Stratigraphically, it lies 
between the Culebra and the Pedro Miguel formations. The 
formation out crops in Gaillard Cut in Culebra and Cucaracha 
reaches. It is a terrestrial deposit o f volcanic debris from intense, 
explosive activity. The formation consists o f weak, dark green to 
reddish, slightly indurated, andesitic materials that are predom
inantly weak clay shales. These clay shales are locally bentonitic 
and interbedded with fine, tuffaceous sandstones, pebble con
glomerates, and thinly bedded, lenticular black, carbonaceous 
clay shales. There is a hard, strong, light grey ash flow, 10 to 
30 feet thick, about 200 feet below the top o f the formation that 
marks the middle portion o f the formation. All o f the formation 
except the ash flow has been altered, and hydrates and slakes on 
exposure to air. It is cut by basalt dikes and is generally fine
grained, non calcareous, and nearly impervious. It contains fossil 
plant remains and occasional mammalian fossils. The clay shales 
comprise about 60 percent o f the formation; they are not true 
shales but are compact, soft to medium-hard, RH-1-3, variably 
waxy or soapy, massively bedded, altered tuffs in which the 
original, unstable, glassy particles o f volcanic ash have broken 
down into clay minerals. The clay shales are slightly to highly 
bentonitic with numerous, irregular, un-oriented, smoothly pol
ished, slickensided, minute fractures caused by volumetric 
changes as a result o f the alteration and in some areas are due to 
faulting. This formation contains about 60 percent clay minerals, 
devitrified volcanic glass shards, some siderite nodules and it is 
andesitic.

3 LA BOCA FORMATION

The La Boca formation in Gaillard Cut is a sedimentary 
formation of volcanic origin composed o f sandstones, siltstones, 
limestones, lignitic shales, agglomerates, and tuffs o f upper early 

Miocene age. All o f the materials are tuffaceous, water-laid, cal
careous, varyingly fossiliferous, and hydrothermally altered to 
clay minerals. There are three basic divisions o f this formation:

1. The lowermost portion is a brackish water series o f rela
tively weak, soft to medium hard, RH-1-3, siltstones and 
intercalated lignitic shales with a basal conglomerate fre-
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Table 3. Shear strengths that were used by the Panam a Canal A uthority  during the cut w idening program  for soft rock form ations in the Gaillard Cut (obtained from  the PCA).

Shear strength used 
in cut widening 
design

Gaillard Cut soft rock formations (average shear strength)

Las Cascadas La Boca Gatuncillo Culebra Cucaracha

Initial sides Fully softened - strength Fully softened - strength Fully softened - strength Fully softened - strength Fully softened - strength
o f remolded sample of remolded sample from back analysis from back analysis from back analysis

Reactivate slides Laboratory residual Laboratory residual Between field residual and Between field residual and Between field residual and
strength strength laboratory residual laboratory residual laboratory residual

strength strength strength

Factor o f safety Always the factor o f safety o f excavated slope is equal or greater than factor o f safety o f  existing slope



Geologie Map Of The Gaillard Cut Area

Panama Canal From Gamboa To Empire

F ig u re  6a. G e o lo g ic  M a p  fro m  G a m b o a  to  E m p ire  (S c a le  is th e  sam e as  o n  F ig u re  6b)



Geologie Map Of The Gaillard Cut Area

Panama Canal From Empire To Pedro Miguel

Figure 6b. Geologic Map from Empire to Pedro Miguel (after U.S.G.S., Depart, o f Interior)



quently present. This portion is in unconformable contact 
with the Las Cascadas formation below.

2. The middle portion is a shallow water marine series with 
the limestones and lenses o f sandstone and siltstone that 
comprise the Emperador limestone member. The lime
stones are hard, dense, fossiliferous, reef-type deposits 
and are the most competent materials in the formation.

3. The upper series is a thickness o f sandstone, tuffaceous 
sandstone, tuffaceous agglomerate and tuff that represents 
gradually deepening water environmental conditions. This 
series is capped by a basalt flow at Las Cascadas Hill.

The La Boca formation occurs in Gaillard cut in Las 
Cascadas, Empire, Paraiso, and Pedro Miguel reaches. The La 
Boca formation is highly tuffaceous, low in silica, hydro- 
thermally altered to ilmenite and montmorillonite clay minerals, 
and contains carbonaceous debris and abundant calcareous fos
sils, all varyingly cemented with secondary calcite.

4 CULEBRA FORMATION

The Culebra formation is o f lower early Miocene age and it 
underlies the Cucaracha formation. It out crops in Gaillard Cut 
in Culebra Reach. It is a series o f medium-hard, variably silty 
and sand, dark, well-laminated, soft, tuffaceous siltstones, marls, 
and carbonaceous clays with some pebbly, sandy, tuffaceous 

layers and a few beds of lignitic shale. The formation contains 
abundant plant debris. It represents a period o f continuous 
marine deposition, interbedded with gradual facies changes and 
marine microfossils, and deltaic or near shore deposition with 
rapid facies changes. The formation is about 350 feet thick, 
contains calcareous cementation, altered to clay minerals, and is 
stronger than the Cucaracha. The formation lies unconformably 
on the Eocene Gatuncillo formation. Holes drilled in the forma
tion became too hot to load for blasting because o f the oxidation 
o f finely divided pyrite in the materials. It commonly emits a 
gaseous odor from the core borings. The formation is similar to 
the La Boca formation in mineral content. It is calcareous and 
frequently contains finely divided pyrite in the carbonaceous 
materials.

5 GATUNCILLO FORMATION

The Gatuncillo formation is a fossiliferous, sedimentary forma
tion that is middle to late Eocene in age. It underlies the Bas 
Obispo-Bohio-Panama complex and lies unconformably and 
laps onto the pre-Tertiary basement complex. The formation out 
crops in Gaillard Cut at Lirio East and occurs in the lower part 
of core borings in Lirio West and Northwest Culebra.

The formation consists o f intercalations o f soft, thinly 
bedded, uniformly fine-grained, calcareous, yellowish gray or 
buff colored shale and impure bentonitic beds in a thick 
sequence o f soft, gray-green, massively bedded siltstone with 
prominent lenses o f a pure, hard, crystalline limestone. The 
mineral content o f the formation is similar to the La Boca 
formation but has less carbonaceous debris.
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