





CHAPTER 21
CASE HISTORY OF THE CAPE COD CANAL

John E. Allen
chief, Bngineering Division
New England Division, Corps of Engineers
Boston, Massachusetts

No more interesting or appealing subject than the Cape Cod (anal
could be assigned to ane who is engaged in the study and development of
navigation in New Englande This sea=level canal, located 50 miles south
of Boston at the narrow neck of land joining Cape Cod to the mainland,
principally serves coastwise shipping to and from Boston and Narthemn
New Englande While it was only completed in 1940, no one should entertain
the thought that it is of recent origine

Construction of the Cape Cod Canal was first considered and explored
in 1623 by Captain Myles Standish of the original Plymouth Colony. He
traversed the route by boat and portage to reach the south shore of the
Capee There a trading post had been set up to encourage commerce with
Dutch merchantmen sailing to and from New Amsterdam or New York. Une
doubtedly, Captain Standish had the typical soldier's aversion to walking
if you could ride.

The idea of a canal is immediately suggested by the geography of the
areas A low swale of alluvial formation, nowhere more than 30 feet above
mean sea level, crosses the neck of land where Cape Cod joins the maine
lande The Monument River drained this valley to the south, and Scusset
River to the north, and their headwaters were not more than three-fourths
of a mile apart. Swurveys, investigations, and studies recommending come
struction of a canal followed in steady procession for three centuries.
It has been said that, every grain of sand along the proposed route has
been made the victim of detailed study. The only obstacle to its cone
struction was that of "where to find the funds with which to bulld it."
New England, as many of you appreciate, has never enjoyed the reputation
foi h:‘stily adopting new improvements, particularly when money was ine=
volve

To avoid the problem of strong tidal currents all proposals made up
to 1862 included plans for a lock canal, but in that year the earliest
lmown suggestion for a seae-level waterwsy was advanced. Generally, the
proposals all followed the same route, although i other routes wers
seriously considered. Three proposals were based on a canal about 18
miles to the east from Hyannis to Barnstable; and one even further east,
where the Cape hooks to the north at Orleans. (See Figure l.) Construce
tion of a sea~level canal from Buzzards Bay to Sandwich was finally
underteken by a private company in 1909 and completed in 1916, This
Canal, 25 feet deep and 100 feet wide, cost $13,000,000. The southerly
approach through the shoal water of upper Buzzards Bay bent to the east
of Hog Island and Mashnee Island, closely following the shore of the
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Cape. (See Figure 2.) This tortuous channel required navigating a zig-
zag course, frequently veeiing off on 50 degree tangentse

To make matters worse, currents in the Canal ranged from 4 to 5
knots. These currents were due principslly to the variation between the
h=foot tide at Buzzards Bay and the 9.j-foot range at Cape Cod Bay. In
addition, the Buzzards Bay tide precedes the Cape Cod Bay tide by about
3 howrs, further complicating the problem. Due to these strong tldal
currents and the limited channel width, several serious accidents to
shipping occurred. Within a few months of opening of the Canal, two
separate ship sinkings occurred, each occasioning a loss of $275,000.
One ship blocked the channel for three months. From 1915 to 1930, 75
accidents were reported for a total loss of $800,000 The narrow width
limited the Canal use to one-way traffic, with resultant navigation de-
lays and inconveniences. It did not take long for the Canal to develop
a bad reputation with mariners, and shipping and tolls failed 10 meet

expectationse

The owners, having what then proved to be an uneconomical investment,
sold out to the Federal Govermnment for $11,500,000 in 1928 after eleven
years of negotiations. Under the particular circumstances, it is mot
surprising that the local interests relaxed their traditional opposition
to Federal intervention and endorsed Federal assumption of a waterway
project of doubtful merit. The purchase of the Canal by the United
States was made with the full knowledge that it would require considerw
able improvement to be a practicable waterway.

Two alternative plans of improvement of the waterway by the Govern=
nent were considered and model studies made of eache The plan initially
recommended in 1931 provided for its modification to a lock canal 32 feet
deep, generally 250 feet wide. The lock itself would have the same dimenw
sions as those in the Panama Canal, L0 feet deep, 110 feet wide, and 1,000
feet longe The lock was designed with both middle and end gates for ships
not requiring the full lengthe Tests were made for lifts from 3 feel to
7 feet, the ordinary differences in tidal elevations at any one time bew
tween Cape Cod Bay and Buzzards Baye Tests were also made for a lift of
12 feet, which is greater than any known instantaneous storm head.

The test ship was a model similar to the standard type of cargo
vessel, but 600 feet long, 75 feet wide and loaded to 35,000 tons dis-
placements These dimensions are larger than those of most cargo vessels
in use todgye Tests were made on a scale of 1 to 4O. It was found that
the lock could be filled in 7 minutes for the l2-foot lift with resultant
stern hawser forces of 15 tons. These results were considered entirely
satisfactorye Construction of a lock would make the Canal practically
currentless, enabling safe two-way traffic in a 250-foot widthe.

Experience gained in operating the Canal from 1928 to 1934 amnd the

low costs incurred in widening the chamnel to 170 feet by that date, led
to a re-examination of the relative merite of a lock canal as compared
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to a seawlevel canal. It was found on this re-analysis that a sea-level
waterway would be more economlcal and would possess certain advamtages
over a lock canale The design of the sea-level canal provided for a depth
of 32 feet and a width of 540 feet. This width was primarily established
to allow a future Canal width of 500 feet at a depth of LO feet. (See
Figure 2.) A width of 500 feet was greater than the length of ships ever
expected to use the Canal. In the event a ship ever got caught in the
current, it could not swing sidewsys and ground out at both ends, damming
the Canale This proposed width was considered sufficient to afford safe
two-way traffic, despite the strong tidal cwrrents inwlved. The layout
of the Canal was such that the sharpest curves were of a radius of curvae
ture of a mile armd a half,

The model study for the sea~level waterway was made in 1935 by the
Massachusetts Institute of Technology under contract with the Corps of
Engineerse A model about 111 feet long and 3L feet wide was constructed,
reproducing the waterway at a horizontal scale ratio of 1 to 600 and a
vertical seale ratio of 1 to 60. Three different chammel sections were
studied as followss

le The 170-foot 25«foot Canal section then existinge
2. A 500=foot by LO-foot Canale
3¢ A 5Lo-foot by 32-foot Canale

The study of the 170-foot by 25«foot Canal section was made with a tide
homologous to that observed December 21, 193 Observations at 9 points
along the length of the model were correlazted with observations taken at
identical stations along the prototype. The then existing bridges, with
draw openings of 140 feet, aml approaches on closely-spaced pile bents,
were simulated by sills in the model, causing equivalent loss in head,
Boulders of 1l=1/2 cubic yards or more in size, scattered along the bottom
of the Canal at locations kmown from dredging records, were simulated in
the model by stones of 3/L inch to 2-1/2 inches in size.

Comparison of high and low water profiles of the model and prototype
and the profiles at times of maximum head indcated an average difference
in water surface elevations of less than Oesl foot with a maximum difference
of less than 0.5 foot. Upon completion of the initial tests, studies were
then made on the 500 by LO-foot section and the 540 by 32-foot sectione
These studies of the enlarged sections were made with a straight approach
channel through upper Buzzards Bay, rather than the previous zig-zag
approache The studies were made both with and without dikes alongside
the proposed Buzzards Bay straight approach chamnel.

It was found that the L0=foot Canal would have a low-water profile
up to 0¢5 foot higher in the easterly L miles of the Canal, and up to
0¢3 foot lower from there to the State Pler at the west end of the land
cut of the Canale However, the 32-foot Canal would have a low-water
profile generally about 0.3 foot lower than in the existing 25-foot
Canale The velocities for mean tides would range from 2 to 3 knots in
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both enlarged Canals, a reduction of 20 to 4O percent from the velocities
in the 170 by 25«foot Canal, resulting from the cbserved tide of December
21, 193ke Unfortunately, no measurements were made in the model of the
170 by 25~foot Canal based on mesn tides, so it is not possible to state
exactly how much of this decrease in velocity is due to the difference
between the tide of December 21, 193k and mean tides, and how much is due
to the change in Canal sectione The tide of December 21, 193k was roughly
ten percent greater than a mean tides

It was determined that the greater part of the reduction in veloci-
ties was due to construction of dikes alongside the approach channel in
upper Buzzards Bay. These dikes in effect extend the length of the Canal
proper about l-1/8 miles, or about 15 to 20 percent, thereby reducing the
slope and velocities an equivalent amount. However, the dikes were bullt
primarily to eliminate hagardous cross-currents in the approach channel.
These crossecurrents resulted from a large part of the tidal flow follow=
ing the old gig-zag approach chamnel bed.

The model tests proved conclusively that an enlarged sea~level Canal
was entirely practicable, and construction was initiated.

Experience gained in construction of the original Canal demonstrated
that excavation in the dry was more economical than dredging. This proe
cedure was followed insofar as it was practical. Examination of the
original waterway indicated that it would be necessary to revet the banks
5 feet asbove mean high water to 5 feet below mean low water to prevent
erosion of the banks and consequent shoaling of the Canale The design
found most suitable was 18 inches of riprap, the stones being run of the
quarry ranging from 50 to 300 pounds each, laid on a 6~inch blanket of
crushed stonee In areas where excavation in the dry below low water was
impracticable due to the proximity of the existing Canal, the riprap was
handeplaced down to mean low water, and then a sufficient volume of stone
was dmped against the banke The theory was that gradual erosion of the
bank below low water in that area would cause the stone Lo settle inte
plsce, stopping further erosion.

Approximately 5kL,000,000 cubic yards of excavation were involved in
the construction of the Canal, including 15,000,000 cubic yards in the
original channeles This is about onee«fourth of that required in the con-
struction of the Panama Canale Approximately 15 percent of the material
was excavated in the dry, 30 percent by hydraulic dredges, and 55 percent
by dipper dredges. The construction by the Govermment was commenced in
1932 and completed in 1940. The final width obtained was 480 feet, making
the Cape Cod Canal the widest in the world.

Two high level fixed highwey bridges and a vertical lift railroad
bridge were constructed over the Canal at the time it was widened. These
bridges were designed to permit a clear channel width of 500 feet, and
are 135 feet above mean high water. Protective riprap about the bridge
piers has decreased the horizontal clearances at the channel bottom to
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1465 and 480 feet. The 500~foot 1ift’ span of t he railroad bridge is the
longest such span in the world.

Having reviewed the history leading up to the building of the Canal,
and the design and construction of the Canal, our imterest now turms to
the benefits realized from this waterway project.

Since the purchase by the Goverment in 1928, the annual tonnage
shipped through the Canal has increased about 9 times, or from 1,500,000
tons to 13,500,000 tonse The present volume is about half of that
carried by the Panama Canal and about equal to that carried by the
Welland Canal in Canada. The number of ship transits per year in the
Cape Cod Canal have increased since 1928 about 50 percent, from 9,500
to 13,500, It is obvious that the size of the ships using the Canal has
noticeably increased, the average tonnage per ship being 6 times that
fomerly carrieds It is interesting to note that the growth of total
volume of commerce has far exceeded the population and industrial growth
of New England, indicating a shift to the Canal by commerce formerly
travelling other routes. This expanding use is the best proof of the
econcmic value of the Canal.

The increase in the average size of the ships reflects the trmsie
tion from the moderate~sized barge and package freight steamer to the
bulk carrier, and the continuous growth in size of these bulk carriers.
The design of the Canal was evidently successful beyond original antici-
pation, as it is now daily used by vessels larger and more heavily laden
than contemplated in the construction of the Canal to its present dimen=
sionse

The waterway saves from 65 to 150 miles in navigation distances,
depending upon the particular route that might otherwise have been used.
(See Figure 3.) This saving in distance is a significant percemntage of
the total shipping distances to the Atlantie coast and Gulf portse If
an average saving in distance of 100 miles is assumed, there is a total
annual saving for the deeper draft ships using the Canal of well over
500,000 milese Although exact figures of savings could not be obtained
without a laborious ocompilation of statistics, it is conservatively estie
mated that over $3,000,000 a year is saved in shipping costs due to time
savings alones This figure can be substantiated by relatively simple
computationse Let us assume that the entire 13,000,000 tons of commerce
passing through the Canal is carried in the larger ships known to be the
more economical to operate per ton milee There are 5,000 ships per year
of greater than 15-foot draft using the Canal. That would indicate an
average cargo per ship of 2,600 tons which would appear reasonable when
it is considered that a good deal of the cammerce to New England is onew
way commerce such as coal and oil, and the ships retum empty. The class
of vessels conserned has an average speed of about 12 knotse Therefore,
the 100-nile saving in distance would amowrt to about 8-1/3 hours! time,
Operating costs of these ships averages about $75 per hour. Each ship,
therefore, would save $625, or the 5,000 ships would save $3,125,0004
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The Federal Government has expended sbout $43,000,000 to date on
Cape Cod Canal as followss

Purchase price $ 11,500,000
Improvement of the Canal 20,000,000
Maintenance since 1928 5,700,000
Operation since 1928 5,800,000

Therefore, the average total amual costs of the Canal, including intere
est and amortization of the Federal investment and annual maint enance and
operation costs, amount to less than $1,500,000, or less than half of the
value of the annual saving in shipping time. Of even more importance,
however, is the benefit due to avoidance of the hazardous route arownd
Cape Code For the 20 years preceding the original construction of the
Canal, an average of 50 ships a year were wrecked rounding Cape Cod, with
an annual loss of life of 15 persons, and an anmal loss of vessels and
cargoes of well over $500,000,

It is true that the Canal itself has not been without accidents,
particularly before its purchase and widening by the Goverment. However,
the amual number of accidents or wrecks in the Canal up to the time of
its purchase by the Govermment was 6 and the average amual value of
losses or damages suffered was about $75,000. No loss of life was re-
cordeds Since completion of the Canal widening in 1940, there have
been an average of less than 3 accidents or wrecks per year, mostly
minor in nature, for an amnual loss suffered of $50,000. This figure
is exclusive of the sinking of the Arizona Sword in 1951 at a net loss
of about $500,000. The contributing factors in the sinking of that
vessel are presently being investigated and there is an element of doubt
as to whether this loss can be fairly attributed to navigation conditions
in the Camnale.

You will appreciate that the Canal is particularly valuable in time
of war affording a protected route safe from submarine attacke It might
be well to state at this time that the tomnage figures previously given
do not include military and naval vessels.

Congress has directed the Corps of Engineers to ascertain whether
or not the existing project should be modifiede You will recall that I
stated that the width of the waterway was determined in 1935, and was
based on the expectation that ships of greater than 500=foot length
would not use the Canale The standard deep~draft vessel of that period
drew 25 feeto However, ships built since 1935 generally have been of
lengths greater than 500 feet and drafts of 30 feet or more. As the
older ships are replaced, the merchant fleet is rapidly becoming pree
dominantly characterized by ships beyond the design capacity of the
Canal.e

It has been claimed that only 4O percent of the deep~draft ships
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which might use the Canal do soe It is knoun that fully loaded deep=drafi
tankers usually awoid the Canale This is borne out by the fact that about
60 percent of the coastwise conmerce in the Port of Boston is in petroleunm
as compared to 15 percent of the Canal commercee It will be recalled that
two large tankers, the Fort Mercer and the Pendleton, broke in half off
Cape Cod in the same storm in February 1952 Both tankers were fully
loaded with oil from Louisianae One tanker was headed for Boston, one for
Portland, Mainees Over 50 lives were lost on this one occasion. It should
be recognized that all the traffic passing Cape Cod will probably never go
through the Camale In certain cases, such as ships arriving from some
South American ports, the direct route may be east of the Cape. However,
it is probable that the present depth is a factor in the limited use now
made of the Canal. Therefore, in view of presemtly changing conditions,
re-study of the Canal design at this time is highly desirable. As a basis
for this study of possible future deepening or enlarging of the Canal, a
nore detailed review of the previous design, construction experience, and
actual resulting conditions should prove of value,

The Canal was dredged to a width of 48O feet rather than the 540
feet originally contemplated. (See Figure 2.) Berms 30 feet wide, 5 feet
below mean low water, were left on both sides of the Canal to protect the
revetment wntil additional experience could be gained as to bank erosion
that might occure The revetment was generally placed as originally
planned, from 5 feet below mean low water to 5 fest above mean high watere
The Canal benks at mean low water are 700 feet apart, the width designed
to pemuit a 500~foot chammel width at a depth of LO feet, with banks
sloping one vertical on 2-1/2 horizontale

The maximum velocities experienced in the Canal range from 3¢5 to
Le0 knots, or roughly about 10 percent less than in the original waterway,
and roughly sbout 10 percent more than indicated by the model tests for a
Canal 32 feet deep and 540 feet wide.

The annual maintenance of the Canal has averaged about $225,000 since
its purchase by the Govemmment in 1928. This figure has remained uniform
throughout the period of Federal ownership of the Canal despite decline of
the dollar value. This $225,000 includes maintenance of the bridges,
roads, and buildings as well as maintenance of the Canal itself, but ex=
cludes an mnual cost of $250,000 for purely operational purposese Maine
tenance of the chamnel depths over the past ten years has required dredging
an average of 350,000 cubic yards of material a year at an annual cost of
$90,000. Maintenance of the 100=foot Canal from 1916 to 1928 had required
an average anmial dredging of 250,000 cubic yardse Thus, it is seen that
the increase in chamel maintenance has been proportionately much less
than the increass in the channel width. Comparison of channel surveys of
different years indicates an average amual erosion, or scouring, of the
channel bottom of 370,000 cubic yardse However, this rate of erosion is
apparently diminishing, the volume in the L years 194k to 1948 being
about half that in the first L years of the completed Canal, 1940-LSilLe.
Although the Canal was only dredged to a depth of 32 feet, holes 20 to 30
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feet below the channel bottom have scoured out at several locationse
There are at least 15 different locations where this scowr occurs. One
of these holes is more than a mile longe The reasong for the scour at
the partiocular localiides is not readily apparent. At some of the loca-
tions there is an irregularity in the Canal section, such as at the east
end of the Canal at the jetties, and where the Canal widens at the moor
ing baszins. Some of the eroded areas are in the vieinity of structures
built within the Canal prism, such as at the bridge piers and the bulk=
head at the State Pier. However, at about half of the locations there
is no evident reason for erosions No detailed study has been made of
the character of the bottom materials at the various locations along
the channel, which might explain the areas of erosion. It would appear
from comparison of the volumes of chamel scowr and chamel shoaling
that the material eroded from the channel bottom remains in the channel,
depositing at various points to form shoals,

Despite the berms and revetment protecting the Canal banks, some
erosion of these banks has occurred. This erosion has principally oce
curred on the outer bank at the Canal curves. Bank restoration and
stabilization costs have averaged about $40,000 a year over the past 8
years. It is not considered that the erosion is due in any large part
to the wash from ships. Regulations have been established to permit
restriction of vessel speed to 9 knots at slack water, or 6 knots against
the current and 12 knots with the current. However, it has not generally
been fowmd necessary to exercise these restrictions and within reason,
the ship master is pemitted to use his omn judgment as to proper ship
speed for safe navigation.

What can be leamed from this project review? It is dangerous to
attempt to draw conclusions of general applicability from the history of
one waterway projecte Local conditions and numerous other factors make
each project a wnique study in itselfs However, experience can and
should serve as a guide, if viewed carefully as to particular conditions
affecting the project. For imstance, the Cape Cod Canal project was
studied and was the subject of proposed construction over a period of
some three hundred yearse The volume of coastwise commerce, the size of
ships in this traffic, end their propelling power and navigating character
istics, changed considerably over this period. It is fairly obvious why
a sea=level Canel with its attendant tidal currents was not even cone
gldered during the era of salling craft prior to 1860. The disadvantages
of the navigation conditions of a tidal Camal steadily diminished in ime
portance as the merchant fleet became characterized by the more powerful
and more easily handled steamers and motor vessels. However, even up to
the purchase of the Canal by the Govermment in 1928, opinion leaned
toward a lock canal as preferable, perhaps partly because of the wnsatise
factory experience with the narrow seaslevel Canal since 1916, The une
usuel circumstance of the depression of the early nineteenwthirties,
with funds made available for work projects that could be immediately
wdertaken, and the low excavation prices then obtainable, changed the
economics of the pictures Largely because of these economics, but also
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with other factors in mind, the Cansl design was changed from a lock
canal to the seaw~level canale.

The experience of the original 25-foot Camal, 100 feet wide, indi-
cates that a project of scant dimensions is not necessarily an econamy,
and nay in fact be wasteful and fail to develop the potential benefitse

Earlier studies of the Canal concluded that currents would be ine
creased in a seaway canal of enlarged cross-section. However, these
earlier studies did not take into account the modification of tidal head
that would result from the Canal enlargement, The model study, under=
taken as the only means of determining the total effect of the Canal
enlargement, indicated cwrrents in the enlarged Canal would be of the
same order of magnitude &s in the existing Canales The model tests
further indicated the necessity of extending the waterway by dikes to
eliminate hazardous cross~currents at its original mouth. The model
tests revealed that this extension of the Canal would decrease the
currents 15 to 20 percent. The report on the model tests cautioned that
the velocities be considered qualitative rather than quantitatives

It is not yet definite whether the Canal has reached a stable cone
dition, and whether the existing erosion and shoaling will continue.
However, with the results of the previous studies, and with the lO~year
experience of the 32-foot Canal, the present study of further enlargee
ment of the Canal can proceed on a sound basise It might be said then,
on the basis of this case history, that modification of this Canal, or
construction of any similar navigation project, rests in order of ime
portance upon the following:

First: - Economics, or the weighing of costs and bemefits,

Second: - Timeliness, or the urgency of need to adapt to
changing timese.

Third: - Adequate design, based on past experience and tests,
with a reasonable allowance for future trends.
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