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Boston Light, Massachuselts, was the first
Lighthouse site in the United States. The original
light was destroyed by the British during the
Revolutionary War; the light now standing
(shown on our cover) was built following the war.
"The Evolution of the Lighthouse Tower,” by
Coast Guard Historian Dr. Robert I.. Scheina,
discusses the history and progress of lighthouse
construction techniques. Story begins on page 3.
(Photo from the Coast Guard Archives)
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Evolution of the Lighthouse Tower

Dr. Robert L. Scheina
U.S. Coast Guard Historian

Lighthouses come in many shapes and
sizes. This evolulion has taken centuries and is
profoundly influenced by the development of
technology. Twelve lighthouses were built in
the United States before the Constitution
became the law of the land and lighthouse
control passed from the states to the federal
government. No lwo were constructed from the
same set of plans, and all were built from local
materials. Therefore, it should come as no
surprise that no two are alike. But, examining
the one which remaing, Sandy Hook in New
Jersey, and the evidence of those which have nol
survived, reveals thatl these lighthouses shared
some common features.

These early lighthouses were constructed
of wood or stone. Those built of wood lell victim
to fire sooner or later. The stone towers were
built simply by piling one stone on top of
another. These stones were held together by
mortar. Since the walls apparently contained no
additional support, such as reinforcing rods,
they had to be tapered as they rose in order for
the base Lo support the ever-inereasing weight
and'to prevent the tower from becoming
unstable. Therefore, the higher they wished to
build the light, the thicker the tower had to
become at the base.

Given the fiat nature of East Coast
geography, where all pre-federal lights were
built, there was a need to build a lighthouse as
tall as possible. Since colonial lights peaked at
about 90 fect, we may assume that this was the
maximum practical height for a tower built
during this era. We have almost no construction
details, We do have the Sandy Hook tower Lo
study, but there are still many unanswered
questions.

Dr. Rabert L. Scheina has been the (1.8, Coast Guard
Hustorian for 10 years. All photos appearing n this article

are from the Coast Guard Archives.

Lighthouses built between 1789 and 1820
deserve close attention. In 1789, the federal
government took over responsibility from the
states, and 1820 is when the Fifth Auditor of the
Treasury became responsible for lighthouses. At
first, President George Washington took an
active interest in lighthouses. It wasn't too long
before the President had to delegate this
responsibility. First, the responsibility passed Lo
the Commissioner of the Revenue, and then it
went to the Secretlary of the Treasury. For quite
some time, Albert Gallatin, the Secretary from
1801 until 1814, personally plaved an aclive role
in lighthouse administration, Hardly a year
went by when one or or two new lighthouses
were not appropriated.

During the later days of this era, cul
stones were used for the first time. This
permitted the construction of taller and stronger
towers hecause the weight could be more evenly
distributed. Of the first 40 towers constructed,
only a few survive today. These include the old
abandoned Cape tlenry tower, Virginia;
Portland I'lead, Maine; and Georgetown Harbor,
South Carolina. Most of the remaining
lighthouses built during the 1789 1820 era did
not see the U.S. Civil War.

A villain has emerged from the Camelot-
like history of the early days of lighthouse
construction; it is the Fifth Auditor of the
Treasury. From 1820 through 1852, he was
responsible for the administration of the
lighthouses. Lighthouse administration had
become too large Lo remain a direct
responsibility of the Seeretary and was assigned
to this subordinate. The Fifth Auditor of the
Treasury was a bookkeeper and a financial
zealot. The Fifth Auditor prided himself that for
many years, he was able to return funds
appropriated for the construcetion and repair of
lighthouses to the Treasury unspent. The Fifth
Auditor was a lighthouse novice when assigned
the task and did little to improve his knowledge
of lighthouse technology during this 32-year
tenure. This period, which begins in 1820,
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100 protected screw-pile lighthouses were built
throughout the United States, principally in the
Carolina sounds and Chesapeake Bay. But they
could also be found in the Gulf of Mexico and one
was even built in the Great Lakes at Maumee
Bay, but survived only a short time. This type of
structure was particularly suited to slow
moving, shallow water which was nol subject to
freezing. The principal enemies of this type of
structure were fast-flowing walter, ice, and fire.
The screw-pile lighthouse design for exposed
sites evolved 2 years after its less complex
cousin, the type built for protected waters.

The exposed, screw-pile lighthouse was
designed for and used in the Florida coral reefs.
This structure varied in two important ways
from the style designed for the protected bavs
and sounds, First the lighthouse structure was a
tall, skeleton iron tower and not a squat wooden
structure. The serew-pile lighthouse in the bays
and sounds did not need to project its light more
than a few miles, so the height of the lens was
not a major concern. But this was not. true for
the Florida reef lights. These structures were to
be major coastal lighthouses with first-order
lenses weighing a number of tons. Therefore,
they had to be tall structures. The second major
difference was in the screw flange. lLarge, iron
foot plates were added above the screw tipin
order {o diffuse the pressure caused by the
weight of the tower. Six screw-pile lighthouses
for exposed siles were constructed in the Florida
reefs, three before the Civil War and three
afterward. Also, one light was buill in the Gulf
of Mexico at Ship Shoal, Louisiana, in 1858,
Those built before the war are much more simple
in appearance than those built two decades
later.

The new Lighthouse Board of 1852 began
the construction of brick towers of increasing
height. By 1859, nine brick towers over 160 feet
tall had been built, and six more were
constructed after the Civil War. These lowers
are conical in shape, except for Cape Romain,
South Carolina, which is six-sided. None of the
towers which they replaced topped 100 feet. One
would suspect thal some engineering or
technological breakthrough had occurred in the
1850s which allowed this 60-foot-plus increase
in the height of a coastal tower. This does not
seem Lo be the case. Apparently, the walls of
Lhese towers are solid brick without
reinforcements. This construction technique
had existed long before the 1850s. There area

- _ .
Fowey Rocks in the Florida Keys is a post-Civil War,
exposed-site, screw-pile lighthouse.

number of possible answers as to why the Lowers
grew in the 1850s. The Fresnal lens was
replacing the much less efficient reflector
system; the Lighthouse Board was willing to
spend more on the construction of towers than
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the Fifth Auditor; and advancements in the
seience of mathematics allowed engineers to
more accurately caleculate stress factors. All but
one of the 15 towers remain standing, although
due to erosion, the fate of a number is
precarious. All 15 towers were built along the
Atlantic Coast, as far north as Fire [sland, New
York, and as far south as Dry Tortugas, Florida.
The tallest of these towers, Cape Hatteras (193
feet), is also the tallest lighthouse constructed in
the United States.

The use of cast iron in lighthouse
construction probably began in the early 1840s.
In 1844, a cast iron tower was built on Long
Island Head in Boston Harbor. The 1848 tower
at Brandywine Shoals, the first screw-pile
lighthouse in the United States, had a caslt iron
tower. Also, the three [lorida reef lights and the
first Minots Ledge lighthouse, all built in the
early 1850s, incorporated much cast iron in their
construction. The advantages of cast iron were
that it was light when eompared with stone and
brick, it was inexpensive, it was strong, it was
watertight, and it had a slow rate of
deterioration. A number of cast iron towers
were lined with brick for additional stability and
insulation. By the close of the 19th century, cast

iron towers proliferated throughout the United
States. The tallest cast iron tower was the Cape
Henry light built in 1881; it is 165 feet and is
still standing.

Crib foundation construction was used
extensively on the Great Lakes. Wooden cribs
were constructed ashore, towed to the site, and
filled with stone. Once the crib had settled to the
bottom, it was capped with concrete or other
masonry. Frequently, il was necessary to level
the structure by adding weight to one side or
another. From an engineering viewpoint, the
two most significant crib lighthouses in the
Greal Lakes are Spectacle Reef and Standard
Rocks. The first was completed in 1874 and the
second 8 years later. Spectacle Reef is 10 miles
from the nearest land, and Standard Rocks is 23.
sach required a number of vears to complete.

Cofferdam construction was used where it
was desired to build the foundation on a dry site
and where it was not necessary to penetrate the
seabed to any great depth. This method could be
used only in very shallow water. The wooden
walls of Lthe eofferdam were constructed ashore,
taken to the site, assembled into a box in the
water, bolted together and sealed, and the water
pumped. Workmen then entered Lhis open-

Saint George Reef Lighthouse off the northern California coast is one of a few wave-swept towers buiit in this country, all at

great expense.
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The Ambrose lightship leaves station after the completion of the Ambrose light tower, New York.

destroyed by a tidal wave in 1946; five lives were
lost. The newest reinforced concrete tower is
Qak Island, North Carolina. This 169-loot tower
was completed in 1958.. This silo-style tower
was erected by using a Swedish-developed,
moving slip-form method. Concrete was poured,
and once that section dried, the form was moved
up, and another section was poured. The color is
integrated into the conerete. The lantern room
isaluminum.

Aluminum had been introduced into
lighthouse construction following World War I,
primarily in the lantern room area. The
Charleston tower completed in 1960 was the
first structure where aluminum was extensively
used in the construction of the tower. The
skeleton of this 140-foot tower is made of high-
strength steel, and the panels are aluminum
The tower is designed to withstand winds up to
160 miles per hour, and it is the only lighthouse
with an elevator.

World War II technology permitted
lighthouses to be built at locations previously
served by lightships. These offshore light

structures are based upon technology developed
in the oil industry. Their legs are driven 170
feet into the seabed. The towers are designed to
withstand 65-foot seas and 125-mph winds.
Seven towers have been built.

These are the major evolutions in
lighthouse towers I

This article originally appeared in a booklet
entitled, Lighthouses: Then and Now,
published by the Coast Guard's Office of
Boating, Public, and Consumer Affairs.
Chapter titles include 200 Years of Lighting
the Way,” "The Evolution of the Lighthouse
Tower,” "Ambrose: Lastofthe Lightkeepers,”
as well as other information and photographs.

If you would like a copy of the booklet
Lighthouses: Then and Now, please contact Dr.
Robert L.. Scheina, U.S. Coast Guard Historian
(G-BPA), 2100 Second Street, SW,

Washington, DC 20593-0001.
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Hazardous Cargo Basics:
An Updated Quiz

Ron Bohn

(Reprinted with permission from
International Trade & Transport, April 1987,
copyright 1987, International Thomson
Transport Press.)

Scoring: 3 points for each correct answer,
except for the last question, which rates 4 points,
Check "true” if the statement is true in all
respects, “false” if it’s in any way false or
incorrect.

Ifor convenience and brevity, the
abbreviation “HM/DG” is used Lo mean
hazardous materials/dangerous goods, i.¢., DOT-
regulated and/or IMO-covered materials and
articles.

Basic Regulations

1. U.S. transportation regulations for packaged
hazardous materials (including portable tanks,
tank cars, and cargo tanks) are published in
Title 49, Code of Federal Regulations (49 CFR),
Parts 100-199.

Those regulations cover all modes of
transport including air, highway, rail, and
water.

True False

Ron Bohn, the Hazardous Matertals Admutmstrator at
the Natwonal Cargo Bureau's New York office, 1s also co-
charrman of hte National Safety Council’s Marine Section
Trainming Commattee. (LCDR Phillip Olentk, Chief of the
Coast Guard's Packaged Cargo Section, reviewed this
guestionnaire lo ensure that statements and references are

currentas of November 1987.)

Articles are checked and published in good faith, but
readers should verify regulatory information with official
sources before acting on them. Neither the author nor
any organizaton or pubhication with which he 15 affiliated

can accept r\fsg)or:sat)l.’lty for errars or omissions.

2. 49 CFR contains a hazardous materials table
of DOT-regulated commodities and also an
“Optional” one of IMO shipping descriptions,
IMO classes, UN numbers, and associated
enliries,
True fFalse

3. The Optional Table in the latest 49 CI'R
edition does not yet incorporate the changes of
IMDG Code amendments 21 and 22, which
became effective July 1, 1986.

True False

4. The International Maritime Dangerous
Goods (IMDG) Code is a four-volume set at
present,
True Ialse

5. The International Maritime Organization
(IMO), based in London, is the only source for
the IMDG Code and its annual amendments.

True False

Hazardous Commodity Description

6. The "proper shipping names,” i.e., authorized
shipping deseriptions {or DOT-regulated
"hazardous materials” and IMO-covered
“dangerous goods,” are often the same as the
applicable tariff deseriptions.

True False

7. If a material or article isn't listed by name in
the 49 CI'R or IMDG Code, then it may be
considered a non-hazardous commaodity, lor
transportation purposes,

True False
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8. The list of named HM/DG's in the 49 CFR
tables and IMDG Code's General Index includes
some specifically shown as "forbidden” or
“carriage prohibited.”

True False

9. 49 CFR and the IMDG Code both provide the
means to determine the proper shipping names
when only a UN number is known.

True False

10. When "NOS” shipping descriptions are used,
both 49 CFR and the IMDG Code require an
additional “technical name(s)” be added to it in
parentheses for ocean shipments.

True False

Hazard Classifications

11. The DOT hazardous elass names correspond
exactly to the IMO class numbers.

True False

12. Any liguid that has a {lash poinl under
2000F is regulated by DOT and included in class
3 (Mammable liquids) by the IMDG Code.

True False

13. Aerosols can now only be in class 2 or 9 in
the IMDG Code.

True False

14. The DOT criteria for corrosive materials are
not the same as IMO’s.

True False

15. Both 49 CFR and the IMDG Code provide a
“pecking order” table or list to determine
classifications of FIM/DG that meet the criteria
of more than one hazard class.

True [False

Packaging and Marking

16. AsofJanuary 1, 1990, DOT-approved
packaging will no longer be acceptable
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internationally. On that date, only packaging
that meets UN performance standards, and is so
marked, will be acceptable in “IMO countries.”

True False

17. A liquid commodity that qualifies as HM/DG
and is acceptable in approved metal drums is
automatically acceptable in portable tanks,
including intermodal tank containers.

True False

18. Imports of hazardous materials may move to
U.S. inland ports in IMDG Code recommended
packages even if the packages do not have DOT
approval.

True False

19. DOT-approved packaging units must show
the DOT specification number or exemption
number on the unit, with the manufacturer’s
name and address or approved symbol.

True False

20. Empty packaging units containing a residue
of a regulated commodily are still regulated in
all respeets as if they were full.

True False
Labeling and Placarding

21. Hazard labels are applied to packages of
HM/DGs; placards are applied to freight
containers and tank containers

True False

22. It is possible for packaged hazardous
materials or dangerous goods, in some instances,
to be shipped without labels indicating the
hazard elass of the contents.

True False

23. The UN number of HM/DGs must also be
shown on their packaging units near the
respective proper shipping name and hazard
label. On portable tanks/tank containers of
HM/DGs, the UN number may be displayed
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either in the placard (replacing the text) or in an
orange, rectangular panel near the placard.
True IYalse

24. If a label or placard comes off while the
package, tank, or container is in the custody of a
carrier then that carrier has to replace it.

True False

25. The IMDG Code has provision for placarding
to also indiecate the subsidiary risks associated
with the dangerous good concerned. DOT has no
such provision.to replace it.

True

False

Documentation

26. 48 CFR contains fully detailed
documentation requirements for intermodai
moves of [1M/DGs.
True False

27. A carrier may not accept for carriage any
hazardous materials unless presented with
complete, correct, and certified shipping papers
at the time offered.
True False

28. Only IMO shipping description,
classifications, and associated information need
be used on shipping papers of U.S. exports,
imports, or domestic transportation (a portion of
which includes transportation by vessel) of
HM/DG. Exceptions are DOT class A and B
explosives and all radioactives.

True _ False

29. Documentation requirements include the
proper shipping name, hazard class, and four-
digit ID (UN) number for each [IM/DG item.
The number and Lype of packaging units need
not be given if it is palletized cargo.

True False

30). The shipper’s certification reference to the
commodity being “in proper condition for
transportation according to the applicable
regulations of the Department of

Transportation” means that, if containerized,
the cargo also meets 49 CFR securing and
segregation requirements of 176.76.

True False

General

31. The "Bhopal Docket” HM 196 recently added
new DOT requirements for documentation,
packaging, marking, and labeling of
commodities with a “poison inhalation hazard.”
IMO has similar provisions in the IMDG Code.
True False

32. If the shipper/exporter of HIM/DGs is
unfamiliar with DOT and/or IMO requirements,
then his {reight forwarder may decided shipping
descriptions, hazard classes, UN numbers, ete.,
for him.
True False

33. The new 1987 edition of the NCITD booklet,

“lazardous Materials / Dangerous Goods

Shipments by Water,” covers all the question

categories of this information quiz, and then

some. !

True False

Answers and Comments

1. True. There are, however, additional

requirements for air shipments in the form of

ICAQO Technieal Instructions. (For the water

mode shipments of military explosives and bulk :
solids, 48 CFR, Parts 140 to 155, applies. IMO’s

bulk solids recommendations are in Code of Safe

Practice for Solid Bulk Cargoes.) Other rules

apply to bulk liquids and gases.

2. True. !

3. True. You therefore need the IMDG Code,

updated to include the amendments 21, 22, 23-

86 (23-86 covering marine pollutants, effective

April 6, 1987), and amendment 24-86 {(effective

July 1, 1988, for those who like to stay on top of

things.) [norder to make use of these changes

not listed in the Optional Table, yvou must obtain

approval of the Director, Office of Hazardous t
Materials I'ransportation, in accordance with 49
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CFR 172.102(a)(1). The 1986 consolidated
edition of the five-volume IMDG Code is now
available in the United States for about $295.
Amendment 24-86 is also available at about $65.

4. False. It's a set of five volumes, looseleal
style, with blue plastic covers. Annual
amendments must be purchased. They are not.
supplied free or automatically, (Pre-1981 four
volume sets are still around and useable if
maintained with annual amendments.)

5. False. The IMDG Code is available from
such U.S. dealers as Labelmaster {Chicago),
(B00) 621-5808, and N.Y. Nautical Insirument
and Sales, (212) 962-4522, and Southwest
Instrument Corp., San Pedro, CA, (213) 519-
7800, among others.

6. False, There’s no connection - and, Lo my
knowledge, no one is making any effort to
include such proper shipping names into any
ocean cargo tariff.

7. False. 1L would be impossible to lisl the
thousands of names concerned. Entries that are
not “by name” are covered by the "N.O.8.”
shipping deseriptions provided for, e.g.,
“Flammable liguids, NOS,” "Poisonous Solids,
NOS,” "Compressed Gases, NOS,” etc.

8. True. There are many more of them in the 49
CFR HM table 172.101 than in the IMDG Code
General Index, you'll find.

9. True. See Appendix A following the Optional
HM Table 172.102 in 49 CFR (but remind
yourself that its reference to "102” table entries
of IMQ proper shipping names is outdated). In
the IMDG Code, the UN Numerical Index
follows the General Index. It gives the page
numbers thal the item(s) with a given UN
number appear on.

10. True. See section 7.1.8, page 0017-1 to -3 of
the IMDG Code and 49 CFR, 172.203(1)(2).

11. False. The DOT/IMO Class Comparison
Chart, centerfold in the NCITD documentation
booklet referred to in question 33, illustrates
that rather clearly.

12. False. Such liquids could be DOT
“combustible liquids” if their flash point is also

15

10001" and over but would not be IMO
“flammable” liquids unless their flash points
were 1410 or less.

13. True. {{ your IMDG Code still also lists
them in classes 3, 6.1, or 8, then your IMDG
Code has not been updated.

14. True. IMO ¢riteria are {ar brouder than
DOT’s. (49 CFR, section 173.240 referring L6
human skin and steel, versus IMDNG Code class
8, section 1 ("Properties”) referring Lo "living
tissue” and “materials such as metals and
textiles.”)

15. True. See 49 CI'R, 173.2 and IMDG Code,
section 5.2.8, page 0014-1. (If you can {igure out
that IMO precedent of hazards table, would you
please expiain it to me?)

16. True. A DOT Notlice of Proposed
Rulemaking (HM-181) was published May 5,
1987, in the Federal Register and republished
November 6, 1987, with corrections. It describes
DOT's proposed change from “spec” packaging to
UN performance standards packaging (among
other things) to address that 1990 situation.

U.S. exporters of HM/DG will be unable to move
their packaged regulated commeadities into
international markets after January 1, 1990,
unless they use UN-approved packaging or
make some other arrangement with the
Competent Authority of the receiving Nation.
Domestic only shipments in specification
packagings will be phased oul § years later as
currently planned. HM 181 is a major
rulemaking which will completely change Title
49 CFR.

17. False. Acceptability is determined by Part.
173 reference, and DOT's IM Tank Table, plus
poison inhalation criteria resulting from docket
HM 196. (See answer Lo question 31.) IMO's
tank commodity acceptability is indicated in the
IMDG Code General Index by a "dagger” mark
following the proper shipping name.

18. False. If the packaged imported commodily
gualifies as a DOT hazardous malerial, then its
packaging must comply with 42 CI'R Part 173
packaging requirements. The only exception is
if the imported commaodity stays in the "port
area.” That term is undeflined in 49 CFR, 171.8.
You have to consult the Coast Guard’s Captain
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