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_ ĵAmerican Bureau of Shipping

February 1981
Volume 15 Number 1

C o v e r

Amodel propeller undergoes tests in awater filled tunnel at The Swedish Center for
Advanced Maritime Research. The masses of vapor bubbles spiral off the trailing edge
of the rapidly rotating propeller blades, showing the presence of the phenomenon of
cavitation, which can cause loss of thrust, pitting of blades, and excessive vibration. An
article on marine model testing appears on page 2.
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1 M o d e l t e s t i n g p r o v i d e s f u l l - s c a l e a n s w e r s
Miniature hulls, propellers, and offshore structures are tested in tanks which duplicate
conditions encountered at sea to verify the performance of designs and to research
problems in hydrodynamics.
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Cleaning cargo tanks on atanker with jets of crude oil reduces ocean pollution and
recovers valuable oil previously lost as sludge and clingage. If adopted worldwide,
crude oil washing could cut wastage by an estimated 444,000 metric tons of oil ayear.
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1 4 P r o fi l e : P e t e r G e o r g e G o u l a n d r i s
Six generations of his family from the Greek island Andros have been engaged in
maritime commerce. He went to sea thirty-five years ago and gained an understanding
of seamen and the shipping business to which he attributes his successful management of
an in ternat ional fleet .

1 6 T h e s e a - s w e p t l i g h t h o u s e o f M i n o t s L e d g e
This New England lighthouse perched on arocky outcropping two miles off the coast has
withstood the force of wind and sea for 121 years. The granite tower was erected in the
face of enormous odds after an earlier lighthouse made of cast iron was swept into the
ocean during astorm.

2 2 N a t i o n a l C a r g o B u r e a u
In 1952 the U.S. Coast Guard, maritime shipping companies, and regional boards of
underwriters co-operated to institute this national cargo inspection service. Break bulk
and containerized cargoes, bulk grain and ore, chemicals, and scrap metal are now less
hazardous to ship because of the efforts of NCB surveyors.
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2 8 W h a l e s t r a n d i n g s : a c c i d e n t a l o r i n t e n t i o n a l ?
Why whales beach is aquestion that is thousands of years old, but only recently have
marine mammologists developed theories to explain this behavior.
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The sea>swept lighthouse
of Minots Ledge
Exposed to the full fury of the ocean, this beacon tower
off the Massachusetts coast has endured because of the
courage and skill of its builders.

Liglithou.ses, like frramk'liildren,
each unique, and those causing the
greatest problems are usually the most
l o v e d . B u i l t

Swift recommended that tl ie Service
build aliglithouse of anew design, a
skeleton tower made of wrought-iron
stilts. He argued that ,sueh astructure
would offer less resistance to the fury of
the sea than the traditional stone tower.

To build the lighthouse on Minots
Ledge, holes to support the stilts had to
be drilled into the granite rock, Ascaf¬
folding was erected on the rock to

a r e

on asea-swei)t rock twenty
miles Southea.st of Bo,ston, the towering
lighthouse of Minots Ledge has been
winning admirers since 1860 when its
lamp first beamed light out to sea, “The
lighthou.se rises out of the sea like a
beautiful .stone cannon, mouth upward,
belching forth only friendly fires," wrote
Henry Wadsworth Longfellow after
visit to the lighthouse in 1871, Waves have
often topped the 97-foot tower during
long history, causing windows to break
and the .structure to shudder, but the
lighthou.se has won all confrontations
with the sea.

s u p ¬

port machinery, and four men began
work drilling the holes on twenty-minute
shifts. Twice during summer storms in
1847, the rock was swejjt clear of man's
intru.sion. But by August 1848, nine holes
had been drilled into the rock, each
twelve inches in diameter and five feet in
depth. Eight of these holes had been
|)laced in acircle twenty-five feet in
diameter, while aninth hole was placed
in the center. Iron legs about si.xty feet in
height and ten inches in diameter were
then cemented into each hole. The outer
eight legs slanted toward the center,
torming afourteen-foot circumference
thirty-eight feet above the ledge. Th
legs were held together by braces at thr
|)laees. Acast-iron platform weighing
five tons was placed atop the legs. Then,
like athirty-ton laver cake, astorage
room, keepers’ quarters, and asi.xteen-
sided lantern room were itositioned on
the i i la t form, AFresnel lens
.stalled in the lantern room, and the bea¬
con was first lighted on 1Januarv 1850.

a

i t s

Lighthouses tend to be built in inacces¬
sible areas, and each offers its builde
unique challenge. However, the difficul¬
ties involved in building alighthouse
dry land are easily sohed when
sured against tho.se of the
lighthouse. Only ahandful of the.se ha
been built in the United States, the first
and mo.st famous being Minots Ledge
lighthou.se.
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Minots Ledge, barely twent,\--five feet
wide and dry for only afew houre on the
calmest of days, is one of the Cohasset
Rooks that lie two miles offshore from
the town of Cohasset at alatitude of 42°
16,2' Xand alongitude of 70° 45.6' W:
This reef had long terrorized
as aheavy wind from the northeast could
easily drive .ships bound from Eurojjc to
Boston upon the rocks. In the years be¬
tween 1830 and 1840 alone, forty ships
were lost in this area. In 1843, the Light¬
house Service, part of the U.S. Tre

w a s i n -

m a n n e r s .

Although generally con.sidered agreat
technological achievement at the time,
the finished tower did not inspire confi¬
dence in those who tended the light. The
first lighthouse keeper, Isaac Dunham,
e.xperienced on 6April 1850 "an ugly sea
which makes the lighthouse reel like
drunken man." He noted four months
later: “Iliggens (an in.siJcctor)
to the lighthouse. Very rough and had
to swing from the lighthouse
and dro|) on the boat. It would have
frightened Daniel Webster.” Dunham de¬
manded that the .structure be .strength¬
ened, but his letters were ignored. He

V - a s u r y

Deitartment, decided that the time was
right to build alighthou.se to mark this
hazard to navigation. The need had
tainly been there .since the Pilgrims had
landed at Plymouth Rock in 1620, but
only in the 1840s did the technology e.xist
to carry out the difficult task—at lea.st,
that is what Captain William H. Swift of
the U.S. Topographical Bureau believed.
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soon resi irned.
O t h e r s w i t l i s t e a d i e r n e r v e s w e r e

found to tend tile lifrht. Tlie new keeper,
f'aptain John \V. Bennett, openly scoffed
at his predecessors fears. An Knglisli
seafarer of twenty-five years e.xperience.
Bennett hired new a.ssistant.s: Jose|ih
Wilson, an Enijlishinan. and Joseph An¬
toine. aBortutruese. Afew days after
taking chai-ge of the lighthouse, however,
Bennett changed his mind and suggested
that additional iron legs should be sunk
into adjacent ledges to brace the tower.
Although Bennetts .suggestions proved
impractical, many cross braces were re¬
moved from the tower and taken a.shore
to be straightened and strengthened.

On 16 .March 1851 aterrible storm be¬

gan. At two in the morning, the keepers
were awakened b.\- wind ami snow beat¬
ing agaimst the lantern. The sea was
wild by dawn. On the second day of the
storm, the lantern room was leaking
badly, and the tower was shaking as if it

ere afflicted with anervous di.sorder.
,ie keepei-s were forced to retreat to the

.storeroom where they cowered for four
days and night.s. only occasionally climb¬
ing up to the lantern to rejiair damage.
The .storm finally abated, and the kee|
worked feverishly to tighten the braces
holding the tower legs together.

On 8A|iril the wind began to blow
again. The storm .soon increa.sed in fury,
battering much of the Xew England
coast l ine. I lou.ses were washed into the
s e a a t C o h a s s e t a n d P l e a s a n t B e a c h .

Boston was cut off from the mainland;
bridges at (.'harle.stomi and Chel.sea
submerged by abnormally high tides.
Keeper Betinet, who had gone to the
mainland for supplies, attempted in vain
to return to the lighthouse. At Minots
Ledge, the assi.stant keepers, Wilson and
-\ntoine, ke|)t the light burning and the
bell ringing. The high tide .sent
after wave crashing over .Minots Ledge,
and the tower rocked back and forth.

Probably at about eleven o’clock on the
night of 16 April, the central leg of the
tower sna|)ped, leaving the thirty-ton
lantern structnre to weave back and
forth on its spindly legs. The keepers,
probably realizing that the end was near,
■gan |)ounding furiously on the light-
u.se bell, a.sound heard above the howl

of the wind by the residents of C'oha.s.set.
Around one o’clock in the morning of
17 .\pril. the ringing bell was silenced as
the great Minots Ledge lighthou.se slid

into the sea. The t

life preservers, dro|
nous waters only to
drowning.
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Built on wrought iron columns,
the original Minots Ledge Lighthouse
stood only ayear and four months
before toppling in agale on 16 April
1851.
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into tlu‘ sea. Thn two kooiiors. wnarint;
lit'o prcsi'i-voix ilmppod into the tnninlt-
nons waters only to die of exposure and
d r o w i d n ^ .

For the next ten years, Minots Led}re
wasipiarded by alitrlitship. Atemporary
lifrlitship was replaeeil in 18f)4 by the
■Jd2-ton Miiwtx Li ilyi’. Thissliip was one
of tlie first lifrlitsliips binit by tlie Ijight-
liouse Board, wldeli Coiifrre.ss liad estab¬
lished in 1852 to replace the Treasury
Department 's inefficient Li fsbthouse
Service. The litrhtship was fitted with
two lanterns, each of which had eitrht
lamps and twelve-inch retiectors. Po¬
s i t i o n e d o n m a s t s , t h e l a n t e r n s s h o n e

almost forty-two feet abo\-e .sea level.
Lightships, however, were poor substi¬
tutes for permanent lightliou.se.s, since
the.v were very expensive to maintain
and could be dr iven f rom thei r s ta t ions.

T h r e e y e a r s a f t e r t h e fi r s t M i n o t s

Ledge lighthouse was destroyed, the con¬
frontation was renewed. The Lighthouse
Board commissioned astudy of the
Cohas.set Rocks to deternune the t)est lo¬

cation for ;f stone lighthouse. Horizontal
curves were measured every three inches,
a n d t h e s e a m s a n d s t r a t i fi c a t i o n o f t h e

rock were analyzed. Six-thousand sound¬
ings were taken in afour-square mile
area around the rock. The Lighthou.se
Board conc luded that the same locat ion

as the first lighthouse woukl be the best.
The study showed that alightliousc hav¬
ing abase diameter of twenty-two foot
cou ld be bu i l t a t ex t reme l ow t i de bu t

that such abase would be inadc(|uate for
cither .safety or utilit.v. The stud.v, how¬
e v e r . d e m o n s t r a t e d t h a t a f o u n d a t i o n

with athir t .v- foot diameter could be
placed on the rock by going outside and
b e l o w t h e l o w - w a t e r m a r k o f M i n o t s

Ledge. The second, and more difficult,
alternative was decided upon, and Gen¬
eral Joseph G. Totten of the Lighthouse
Board drew iq) designs for atower made
of granite. Model makers fabricated a
nnniature of the proposed stone tower
for testing. Finally, Lieutenant Barton
S. Alexander of the U.S. Arin.v Corps of
Engineers was eho.sen to siqtervise con-

.struction of the second Minots Ledge
lighthou.se.

After an enforced wait of twelve da.vs
b e c a u s e o f s e a s w e l l s . L i e u t e n a n t

Alexander was able to visit Minots Ledge
on Id May 1855. The stumps of the broken
legs of the old lighthouse bore witness to
the earlier defeat, and the remains of the

wrecked strnetuiv could be .seen beneath

the water. After asi*ant hour, the rising
tide drove the reconnoitering party off
the ledge. The brief on-site inspection
showed that the engineering challenge
was great, since the working area was
nnnimal. As the survey had indicated, a
part of the leilge was under water at all
times, while the remainder was bare only
for one or two hours on certain days of
the mon th and under favo rab le c i r cum-

.stance.s. Aperfectly smooth sea, adeail
calm, and low spring tides were retpiired
conditions. This happens only six times
during any one lunation —three times at
the full moon and three at the new moon.

Fre()uentl.v, one of the necessary condi¬
tions failed, even in summer, resulting
in adela.v of weeks when no landing
could be made.

The same party of stoneeutters were
assigned the work of preparing the ledge
for the foundation and the cutting of the
granite for the tower. When weather and
tide permitted, the stonecutters were
employed on the rock; the remainder of
the t ime, they worked on the mai idand.
Asite in Cohasset as close as |x>.ssible
to Minots Ledge was prei>ared with a
whar f , l i v ing quar te rs , s to re rooms,
workshojis and stoneyard. There, all of
the stones were cut and fitted together,
each stone being placed in the exact posi¬
tion that it would take in the eonqileted
t(]wcr. Stones were marked and laid aside

in the s toneya rd i n t he o rde r i n wh ich
they would be needed in constructing
t h e t o w e r .

The first workmen landed on the ledge
on 12 June 1855. They loosened the
wedges around the stum])s of the legs
from the old lighthou.se and removed the
mu.s.scls from the top of the ledge. The
sea.son was too far advanced to accom¬

plish much more on the rock. Still, the
small party of workers gained valuable
experience and laid out work for the in¬
tense effort scheduled for the following
year. The rock was worked 130 hours
during 1855.

The second working season began 1
April 1856. Before construction of the
tower could begin, the uneven ledge had
to be cut into steps and two ])artial
courses of stone had to be laid before the

first complete one, Tem])orary coffer¬
dams made of sandbags we-re built
around small areas of the ledge to facili¬
tate work on the foundation. (A perma¬
nent cofferdam was impossible due to

expo.sure to the sea.)
In June, an iron scaffold was erected

to provide safety for the workmen and a
temporary haven in ease' of aworkboat
accident. The scaffold was al.so expected
to .serve as a])latform for the elerrick
needed to lay the lower courses of ma¬
sonry in the tower, \ine wronght-iron
legs were in.se'fted into the foundation
holes of the old lighthou.se. These piles
would serves as huge bolts to si'cure the
lighthouse to the rock foundation. The
scaffolding, rising twenty feet above the
low-water mark, was bound together at
the to]) by astrong wrought-iron frame.
In addition to the scaffold, ro]ies were
erisscros.sed about three feet above the

ledge in order to give the workmen a
handhold when utiex]tected waves broke
over the rock. The rock was worked 157
hours in 1856.

The scaffo ld bu i l t in the .summer d id

not survive the winter. On 19 January
1857, the rigging of the bark A'cir Empirc
crashed against the scaffold during a
storm. Though the hark survived, the
scaffold legs broke off in much the same
way as tho.se of the fir.st lighthou.se, and
areas of the "dressed" rock were shat¬

tered. In the spring, workmen found that
much of the cutting done the previous
year had to be reworked. They recut the
two hottom partial courses of stone,
which had to fit into the rock like teeth in

a,jaw. Anew scaffold was prepared but
never fully erected. The eight outer legs
of the .scaffold, howe\'er, were stepped
and were eventually incorporated into
the stone tower to hold it firmly in the
rock. During this most unfavorable sea¬
son. the rock was worked on for only 130
hours, but the foundation pit was nearly
completed, with four .stones of the foun¬
dation in place.

Anagging problem for Lt. Alexander
was how to adhere the stones to that (tart
of the rock that lay underwater. At the
wharf, experiments were conducted in
which stones were cemented together
u n d e r w a t e r, a n d a s o l u t i o t i w a s e v e n ¬

tually worked out. Alarge ])iece of thin
musl in was la id out and covered wi th a

layer of mortar. The finished stone was
laid on the cloth, and the vertical sides of

the .stone were plastered. The mu.slin was
then folded up and laid .smooth around
the stone. This package set in five to ten
minutes, with the cloth adhering to the
s t o n e . W h e n t h e s t o t i e w a s l a i d o n t h e

rock, the cloth acted as an envelope to

]
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To commemorate the laying of the
lowest stone in the base of the light¬
house, workmen gathered on the
rock to hove this photograph taken
Sunday morning 11 July 1858

protect the mortar from the dissolviiiij
action of the seawater.

Durinfi: tlie 1858 sea.son, workmen used
aderrick to lay tlie lower cour.ses of
stone. The iron ma.st of the derrick was
set in the center hole orig-inally e.xca-
vated for the old lifrhthouse. Alifting
machine was huil t on araft
could he floated to and from the rock
daily. In the 208 hours worked durin<r
1858, the foundation pit was finished, and
file tower was completed to the si.xth
cour,se. In the 377 hours worked during:
the 1859 .season, the tower was comjileted
to the thirty-second course, risinjr sixty-
two feet above low tide. On 29 June 1860,
five years after Lt. Alexander first
landed on Minots Ledge, the la.st .stone
was laid. The lighthou.se rose ninety-
seven feet into the air. The towers first
forty feet were solid granite, while the
next forty feet contained living (piarters.
storerooms and working space. Resting
on toj) was the lanteni room, where the
new lantern and lens were installed that
summer. The light from the new stone
tower was exhib i ted fo i - the firs t t ime at
sunset on 15 Xovemhei’ 1860.

'Pile total cost of constructing the
tower and hu i ld ing keepiu- 's houses
ashore liad been $270,000. leaving
$30,000 unexpended of the original
propriation. 'Phe .siir|ilus money was to

At the mainland working site the
1,079 stones used to build the light¬
house were cut, pieced together,
disassembled and transported to the
rock for final assembly.
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have hi't'ii dovott'd to |)r('parinf; ahistoi'v
of tins fiifriiH't'riii^' mastorpitH'o, but the
o u t b r e a k o f t l i e C i v i l W a r i n 1 8 ( i l m a d e

this |)fojeet iiupraetieal.
Neither loss of life iior serious injury
e t i r i - e d d u r i u > r e o n s t r u e t i o i i . S t r i e t

safety rules had been enforeed: no one

From the lowest foundation stone to

the top of its pinnacle, Minots Ledge
Lighthouse stands 114 feet 1inch.
Despite the fact that adverse seas and
weather limited the working hours,
thereby extending the time it took to
build the lighthouse, construction
costs were $30,000 iess than the
appropriated $300,000.

was hired who eoidd not swim or handle a

small boat; workhoats never operated
sintrly; and, asmall boat manned by three
men was always stationed on the leeward
s i d e o f t h e r o e k w h e n w o r k m e n w e r e o n

the ledme.

The lifrhthouse was etpiipped with a
third-order Fresnel lens that weifrherl
a l m o s t a t h o u s a n d p o u n d s a n d w a s
the size of afifty-five jrallon drum. The
twelve-panel lens rotated around the
center lijrht by means of weijilits sus¬
pended on ropes extending down the
tower core —in much the same way as
the ^ears of a<rrandfather clock are ro¬
tated, On 1^lay 1894, the lighthouse ac-
(piired anew cbaracteri.stie, alight signal
that flashed in ast'quence of one-four-
three. To this day. local re.sidents insist
that tins signal means “1love .von,” and
they have resisted efforts in recent de¬
cades to change the light cbaracteri.stie to
one of less complexity.

In 1947 the I'.S. Coast Guard, heir
lO the Lighthouse Bureau, automated
Minots Ledge lighthou.se. Because the
original Fre.snel lens did not lend itself to
a u t o m a t i o n , i t w a s r e m o v e d a n d a m o d ¬

ern, if le.ss powerful, lens i)ut in its place.
Amore intense lain]) was recpiired to
maintain the effective range of the light.
An official report at the time justified
this radical changing of the guard by
de.scribing the structure as one of the
most undesirable shorr assignments that
can be given aman .. .The tower pro¬
vides verg limited quarters, the natural
rain water supply is poor, there is no
( l e c t r i e i t g o r e / n t r a l h e a t , s a n i t a r y
faeilitiis are nuagir and, although it is
only id>out one mile or so from shore, it is
isolated, then bdng times when landing
is impossible for periods of as much as
t h r e e w e e k s .

Although the light kee])ers are long
gone and electiucity has replaced oil,
Minots Ledge lighthouse remains an en¬
gineering triumph of the nineteenth een-

iry. Confronting gales and hammering
aves, it .stands toda.v as testimony to its

builders’ skill, courage, and dedication to
the safety of ships navigating treacher¬
o u s w a t e i s i . #
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