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THE HISTORICAL DEVELOPMENT OF
PLANNING FOR THE PANAMA LOCK

CANAL

Masataka NAGANO™

Having been in “the Commission for the Study of Alternatives to the Panama Canal”,
I would like to introduce past studies concerning lock canal plans, an experienced field
of Japanese civil engineers, and to express my views in respect of substantial issues for

future lock canal.

The subject is to introduce how the previous plans were formulated and developed.
The objectives are, 1) to identify the engineering roots of the present lock Panama
Canal, 2) to review and evaluate past isthmian lock canal plans and the incremental de-
velopment, and 3) to identify key engineering features of the canal for future planning.
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1. INTRODUCTION

The Central American Isthmus stretches 2 800
km from Tehuantepec, Mexico, to Atrato River in
Colombia. From the beginning of the 16th Century
to the middle of the 19th Century, many people
had tried expeditions to find the most appropriate
isthmian canal route, but had not been able to find
it. The big problem was excavation volume for a
canal. Comparing excavated volume of the existing
Canal with that of major present big projects in
Japan, its volume is bigger than any big projects of
Japan.

The availability of labor power was also a
problem in the area. The reason why Spanish
kings, the richest and most powerful rulers in the
world, had been unable to build an isthmian canal
was the availability. The regions of the New World
dominated by Spain or Portugal were sparsely
populated.

Accordingly, unlike the ancient Egypt Pharaoh’s
canal, connecting the Red Sea and the Nile, or
Emperor Yantei’s Great Canal in the Chui Dynasty
in China, Spanish kings were unable to gather
enough man-power for the construction one.
Furthermore, the condition of the site was different
from the aforementioned canals; that is, these
were only ditches stretched on flat plain or desert.

Excavated materials of these canals had been
mainly sands or soft soils which were easily dug by
laborers. To the contrary, in the isthmian routes
hard rocks which were far beyond human power
were prominent. Furthermore, steep and compli-
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cated topography and a vast unexplored jungle
where unknown deathly fevers lurked made it
difficult. Not a few explorers sacrificed their lives.

2. KEY IDEAS AND TECHNOLOGIES
FOR THE REALIZATION

(1) Identification of the most preferable route
The four regions, Panama, Darien, Nicaragua

~and Tehuantepec came up as potential routes for

the canal by the end of the 16th Century, but,
identification of preferable alignment had to wait
until the latter half of the 19th Century. At the
beginning of the 19th Century, Alexander Von.
Humboldt advocated for the first time that
scientific method should be applied to get accurate
measurements of all potential canal routes to
compare with each other and to find out the best
one. Level of technology in the middle of the 19th
Century was able to measure and calculate soil
volume.

In 1870, the U.S. Navy undertook the first
comprehensive survey of the isthmus major routes.
After five years of difficult surveys and expedi-
tions, the first topographic measurement of all
representative routes was made with equal accura-
¢y, and successfully compared with one another.

As a result, it was found that there were only
three routes; Nicaragua, Panama and Napipi,
where it was possible to construct a canal. The
secret of the U.S. Navy’s success was that they used
advanced technology, and several hundred solidors
and labors doing reconnaissance in support of the
surveyers. The methodology for the comparison of
alignment was ; first, they assumed a standard
cross-section of waterway and lock for all routes,
second, they compiled amount of soil volume by
applying the assumed standard one, and finally,
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Tablel Comparison with Excavation Volume
of Major Japanese Past Projects.

( Unit: Hillion nd)

Year Project Volume
1904~45 | Panama Canal 419.8
1969 Tomei Express-way 66.0
1963 Kashima Port 116.7
1975 Oogijima Reclaimation 80.0
1980 Kobe Port Island 80.0

Source : Bibliography No.1, OCDI 1984, March

compared with one another.

After World War I, owing to development of
aero-topographic survey, the Governor’s Report
1947 reported that they found 30 canal routes in the
isthmus. The advent of aero-topographic survey
gave us the possibility of evaluating all potential
routes accuracy.

(2) Key idea of the Panama Canal

Two ideas were indispensable for realization of
the present Canal. One was a locks system to
overcome large waterhead and the other was
concept of a man-made lake. A lock canal system
to overcome large waterhead was first appeared at
the Welland Canal in Canada in 1829 enabled to
pass between Lake Ontario and Lake Erie
conquered 370 ft. waterhead of Niagara Falls
connecting with 39 small locks. Although the
maximum size of vessel that could pass was only
165 tons of sailing ships, the lock canal opened a
possibility of using the same option in the rocky
mountainous isthmian canal routes. An outstand-
ing idea of the canal was a system engineering by
connecting number of small locks which had been
in use at European harbors and waterways.

N. Garella, a French engineer, developed a first
scientific canal plan in 1843. His plan was a canal
combining 35 locks and a 5 350 m tunnel. This was
the first realistic plan in the isthmus. Needless to
say, he borrowed the idea of the Welland Canal in
1829. The first concept of a man-made lake was
presented by A.G. Repinay, an obscure French
engineer at Paris Congress in 1879, where Ferdi-
nand de Lesseps declared to build a sea-level canal
in Panama. The idea was to construct a man-made
lake like Lake Nicaragua for the purpose of saving
dredging costs, flood control of the Chagres and to
obtain a reservoir for lockage water. 15 years later,
the idea was reevaluated by the New French Canal
Company, and 25 years later, the U.S. borrowed
the idea and finally came to realize the Canal.
According to my observation, for the construction
of the Canal, dynamite which was invented by A.
Nobel in 1867 was the most outstanding and

1898 The New Freach Company
226n X 25m X 10a

1908 1sthnias Canal Commission (The Present Canal)
326m X 3m X 12.8m

vo

1936 The Thivd Lock Plan
3650 X 42.7n X 13.7m

1947 Governor’s Neport(Terminal Lake Plan)
457m X 67m X 15.20

1970 . [nleroceanic Canal Study Commission
442s X 48.8n X 19.8n

1981 lopez & Horeno Plan
4272 X 57.9m X. 21.9nm

Fig.1 Historical Trend of the Size of Locks Chamber
(Source : Author’s Work).

indispensable component technology that enabled
breakdown of the hard rocky mountains. Moreov-
er, dredgers, steam shovels to excavate the rocky
waterway bed, steel lock gate system to overcome a
85 ft. waterhead and railway to haul waste
materials were also indispensable. The PCC has
been carrying out the maintenance dredging at
Culebra Cut during 76 years, and the method which
consisted of blasting by dynamite, excavating by
dipper dredger has not been changed basically until
now.

3. LOCK CANAL PLAN IN THE
FRENCH ERA

F. Lesseps’s scheme of a sea-level canal failed
after 8 years’ efforts. Before the failure, Lesseps
was forced to convert the sea-level canal scheme
that was his strong belief, to a lock canal one.
Bunau Varilla, the Chief Engineer of the Company
invented a temporary lock system in 1886 ; the
system enabled to start operation with highest
summit level of water, and to eliminate a pair of
locks one. by one, until the water surface was
lowered to the sea-level.

The outline of the plan was ; 1) Abolish a tidal
gate at the Pacific entrance for the sea-level canal ;
2) Construct a dam at Gamboa for usage of lock
water reservation, 3) Construct 10 temporary locks ;
5 locks were from La Boca to Paraiso on the Pacific
entrance, and 5 locks were at Bohio Soldado on the
Atlantic entrance. Size of the lock chamber was 180
m in length, and 18 m in width ; 4) Water-surface
level was 49 m. And an alternative of 4 lifts was
also planned, in case of the canal was opened,
water surface level would be lower than 43 m ; 5)
Design of steel gates was awarded by G. Effel, the

I
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Table 2 Locks Plan by the New French
Company (1898).

—
Chamber Length Vidth
Large Locks 225m 25m
Small Locks 225m 18n

Lift: 4 lifts

Water Depth: 10m

Source : Bibliography No.5 & No.8

designer of Effel Tower. However, the plan had
never come true.

The New French Canal Company took over the
concession and the work underway which would be
inherited by the U.S. in 1904. The greatest job of
the Company was to make an excellent lock canal
plan which would be a prototype of the present
Canal. Preliminary plan of the Canal was made by
French engineers. The plan comprised of two lane
locks with 4 lifts. One lane was for large, and the
other was for small vessels.

Locations of the locks were the same of the New
French Company’s proposal at first stage.

These above mentioned facts were not men-
tioned in papers published by the U.S. officials.
They were able to be found only by.comparing size
of locks in these papers with one another.

4. FRENCH ENGINEERING

Apart from Lesseps’s haste and imperfect plan,
level of technology of French engineer was
undoubtedly the best in the world as of the second
half of the 19th Century. At that time they
produced inventions in various fields of technolo-
gy, such as pneumatic caisson still used for
excavation of deep or underwater foundations, a
steel bar called “I” beam for super-structures, and
concrete caissons and blocks for port facilities.
From an engineering viewpoint, France was never
behind the United States. If I can point out a defect
in French civil engineers, they lacked a kind of art
which synthesized all relevant technologies, as a
system engineering.

5. PLANNING AND CONSTRUCTION
(1902 to 1914)

The Isthmian Canal Commission (ICC) was
organized for the study of the isthmian canal and its
chairman, J.W. Walker by instructions from
President W. McKinley in 1899. The United States
inherited the work and settled the traditional
debates of “Panama or Nicaragua”, and “Sea Level
Canal or Lock Canal” one by one. At the first
stage, the ICC basically adopted the French
concept, which were double-lane locks of 225 m,
25.4m and 12.5m in length, width and depth,

Fig.2 Cross Section of the Lock Chamber of the
Panama Canal (Source : Bibliography No.9).

respectively, and a man-made lake plan and a lock
gates system with intermediate gates. Although
construction work by the United States had started
in 1904, the master plan was not yet decided. Due
to the fact that the ICC’s report 1901 stated that a
sea-level canal was only possible in Panama, many
of the ICC engineers supported to convert a sea-
level canal. The ICC engincers had been debating
it for several years. But, finally, a lock plan was
selected with J.F. Stevens’ strong opinion. The 27
years’ debate which had started at Paris Congress
in 1879 was finally settled by the choosing of a lock
canal. The lock chambers were enlarged to their
present size by a request from the Navy in 1908.
The location of the locks was also a difficult
problem. The ICC’s design team decided to change
Bohio, the French engineer’s recommended site to
Gatun on the Atlantic entrance, because of water
reservations to cope with increase in number of
transit in the future and to change La Boca to
Miraflores and Pedro Miguel on the Pacific side,
because of soundness of foundations and military
reasons to get rid of vulnerability to fire.

As for structures of the locks, a gravity concrete
type was selected. The features of concrete were :
the composition of concrete for major structure,
Portland cement, clean gravel or crashed rock, and
clean sand was 1:1:2, respectively, weight of
plain concrete and reinforced concrete were 2.3
and 2.4 g./cu.cm., respectively, and allowable
compressive strength of concrete for major facili-
ties was 162 to 232 kg/sq. cm., subjected with
engineering inspection.

As for the filling and emptying water system, the
aim was to secure large vessel up and down
permitting. At Paris Congress, the basic concept of
filling and emptying for a lock canal plan in
Nicaragua was reported by Welch, a U.S. delegate
: it would have taken about 8 minutes for one lift at
that time. The debated canal at the Congress was
enough small to fill and empty through the gate.

In case of the Canal, from viewpoint of
economy, it was decided to transit within 60
minutes of each lock, and the filling and emptying
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Table 3 Statistics of the Canal (1914).

Length from/to deep water 81 km
Length from shore to shore line 63 km
Bottom width of waterway  91.4~304.8n
Locks, in pairs 12

Locks, usable length 304.8n
Locks, usable width 33.5m
Gatun Lake, area 42,500ha

Channel Depth (min.) 13.7m
177million nf
3.7million mf
375million $

10 ~ 12 hours

3 hours

Excavation Volume
Concrete Volume
Cost of Canal
Time to transit
Time to Passage through locks

Source : Bibliography No.3

in 15 minutes was regarded as satisfactory in point
of time. It needed 27 to 37 m¥s. of waterflow. It
was clearly impracticable to pass such a stream
through gate as had been considered before. As a
result, after study of various locations of culverts,
they designed in the locks wall, with suitable
auxiliary culverts for distribution the flow through-
out the lock chamber. In formula for time of filling
single-lift lock,

_2AWH—Vh)
cav2g

:time in second

: original difference in level

: cross section of culvert

: coefficient (average 0.6—0.7)
:area of lock in plan

: remaining difference in level
: acceleration of gravity

t
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With my observation, process of the planning for
the Canal from the French era might have been as
follows :

Step 1. Decision on water-level of summit :

It was decided . with topographic conditions,

dredging cost and locks lift costs comparison.
Step 2. Decision on lock size and design :

Future size of vessels was examined. Intermedi-

ate gates were installed to save water resources.
Step 3. Decision on lock lifts :

Construction costs, lockage transit time and

constraint of water resources decided the lifts. (3

lifts canal)

Step 4. Location of Locks:

Foundation and military reasons.

6. PROBLEM OF THE PRESENT
LOCK CANAL

(1) Size of locks and others
The major constraint of the Canal for transit is
size the lock chambers.

Width : 110 ft. (nominal) The narrowest points
are 109" 4”.

Length : 1000 ft. (Usable length) Length of
overall between the gates is 1051 to 1071 ft.

Depth : 40 ft. Actual depth is 39.7 to 42.4 ft.

Vessel size is restricted to the locks size, water
depth of the two lakes and the clearance at the
Bridge of Americas. The maximum size of vessels
able to transit is 65 000 DWT. The Canal is said to
allow passing of some 90 % of the world fleets, but
most all typical size of tankers, ore, coal and grain
carriers are not able to pass. As for the coal from
Norfolk, more than 80 % to the Far East countries
is currently by Cape size, 150 000 DWT vessels,
through the Cape of Good Hope.
(2) Transit time in canal water (TICW)

The transit time in canal water (TICW) is the
total transit time from ocean to ocean. At present
the PCC makes it a rule to control the TICW within
24 hours in average. Without waiting time, the
PCC can keep actual transit 9 hours. Today’s
problem is increasing lockage transit time due to
increasing size of vessel. The largest vessel takes
about 1.5 hours to pass Gatun Locks.
(3) Constraint of water resources

The present capacity of water supply to the locks
is 4 700 million m*/year and water usage for one
ordinary vessel’s. transit between the two oceans is
0.219 million m®. This means that the capacity is
equivalent to some 26700 transits per year.
Considering the demand of water supply for
Panama and Colon, and being discharged consider-
able amount of rainfall in the rain season, the
critical transit is said to be about 20000 transit
more nor less.

7. RECENT LOCK CANAL PLANS

Due to the limitations, new canal plans have
been proposed since 1930’s. Four of them were
lock canal plans, namely, Third Lock Project,
Terminal Lake Plan, Deep Draft Locks Plan and
Lépez & Moreno Plan. All the plans except the
Loépez & Moreno Plan, these were proposed by the
U.S. government. The basic concept of the lock
canal plans was to install one or two additional
lanes along the alignment of the Canal. Although
the Deep Draft Locks Plan was for passing super
tankers by the Interocanic Canal Study Commis-
sion, they recommended a sea-level canal in the
Route 10 which enable to, pass huge aircraft
carriers. Substantial objectives of the previous U.S.
studies were military : they aimed, 1) to build a sea-
level or a locks canal for passing of naval ships. 2)
to make locks structure strong and/or separate
from the existing waterway to get rid of vulnerabil-
ity to fire.

L

138



Proc. of JSCE No.431/IV-15, pp.135~140, July 1991

oxton ek

PEDRO HIGUGL LOCKS
HIRAFLORES LOCKS

PACIFIC

ATLANTIC

NB 371

MIRAFLORES LAKE

Steaming Distence 83.8ka.

Fig.3 Panama Canal Profile (Source : Author’s Work).

Today, only the Deep Draft Locks Plan and the
Lépez & Moreno Plan has enough draft to-current
typical size of tankers and other carriers.

8. CONCLUSION—KEY ENGINEERING
FOR FUTURE LOCK CANAL

(1) Level of the lakes

As stated in Terminal Lake Plan 1947 and the
recent PCC’s study, level of Lake Gatun of 85 ft.
(MLL) should be up to about 90 ft. for saving
dredging cost without any large invest. And this is
my proposal, removal of sills at the bottom of miter
gate is also effective. With these small improve-
ments, some one meter of draft will be able to
increase for Panamax, this will contribute not only
saving the dredging cost for the future improve-
ment, but also giving a benefit of topping cargoes
for the Panamax carriers.

As for the level of Miraflores Lake, as stated in
Terminal Lake Plan, a new lock should be one
place at Miraflores, with two lifts or one lift to the
level of Gatun Lake. The most practicable solution
of the problem, this is my proposal which I call
“Divide Lake Plan”, is to divide the lake by
installing a central dike between the new lock and
existing locks. Water level corresponding to the
new lock would be the same as Gatun Lake.
(2) Design of locks

a) Concrete volume

Although nobody discussed details about the
design of the existing Canal, this kind of type,
gravity type should be reevaluated from economic
viewpoint. That is, to save concrete volume, a
caisson-type (cell type) structure may be cheaper
than the existing type.

b) Number of lift

As for transit of huge vessels through a new lock,
since no report pointed out this issue, I have to
advise that shortening of transit time is needed. If a
system of lockage transit is the same as the current
3 lift lock system, each lock transit will take more
than 2 hours. 3 lifts would be unrealistic. A new
locks must have one or two lift only.

c¢) Number of lanes

Considering the current demand, as Lépez &
Moreno Plan stated, a new huge locks which we
will be considered must be one-lane. Because,
transit of the maximum size vessels will be few. The
reason why two lane was chosen for the existing
Canal was:maintenance ; if one lane would have
been closed on account of maintenance, the canal
would have been closed for about one month every
year since the opening. Although now it was
shortened to 10~14 days including drying up the
locks. A new system for maintenance which
enables it in some 3 days should be invented.
Robotic or high-tech machine maintenance system
ought to be introduced for the new logks’ mainte-
nance. E
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