range is needed at some of the WWNSS

stations for, with the present configura-

tion, the largest shocks (in many ways
the most important) saturate the sys-
tem and are not well recorded.
Certainly there are many desirable
locations . for seismograph stations
throughout the world that are not cur-
rently occupied by instruments of the
WWNSS or by other instruments. Bet-
ter coverage of many areas, including

the ocean floors, would be advanta-

geous. Installations on the deep-sea
floor are feasible; a station now oper-
ates in deep water off the California
coast. But the cost per station is high,
and the cost of a large, worldwide,
deep-sea network is currently out of
reach. The near future may, however,
see additional installations on the ocean
bottom in selected locations.

A very effective and economical way
of adding to the value of the WWNSS
would be to include a substantial num-
ber, say 100, of existing non-WWNSS
stations in the data copying and distri-
bution system. Such a procedure would
make much more information widely
available throughout the international
seismological community, and the in-
formation would be of great value even
though all the stations would not have
instruments directly comparable to

those of the WWNSS. The cost of the
added operation would not be high;
the value to society would be large.

Each devastating earthquake triggers
a widespread “let’s do something about
earthquakes” reaction that is nearly al-
ways short-lived. But the never-ending
series of such shocks calls for a level
of effort that is persistent and that does
not fluctuate with public concern. The
WWNSS with modest improvements, or
something comparable, is an essential
component of the effort required to
keep society informed about earth-
quakes and to develop protection
against their dangers.
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pod at the tip of a pipe, and making a
detailed examination of the bottom in
water several thousand meters deep
(Fig. 1). It is equipped with sonar to
systematically search the sea floor at a
rate of about 1 square nautical mile
every 6 hours (1 square nautical mile
= 3.4 square kilometers). Men at the
surface will be able to inspect objects
on the bottom with television, dusting
away sediment by means of jets and
propellers. Photographs can be taken
and objects of interest identified (and
perhaps recovered) by means of grasp-

" ing devices. Because Alcoa Seaprobe

will be capable of lifting from deep
water loads weighing 200 metric tons,
it may be possible, under some circum-
stances, to recover entire small ships in
one piece. The overall capability of this
new ship will be substantially greater
than that of any previous devicz for
search and recovery in deep water.

I deal here only with ships that sailed
the Mediterranean Sea during the pre-
Christian era, but it is evident that there
are many other, more recent (but still
very old) ships in that sea, and else-
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where in the world, to which these
search and salvage methods can be
applied.

Every ship is a small sample of the
life and times during which it sails, On
ancient ships, as on today’s ships, the
people aboard had all the utensils re-
quired for living, the weapons for fight-
ing, and the tools for working. Much
of this hardware and part of the cargo
is virtually imperishable. Some of these
objects can be dated and associated with
peoples and ports to give information
about the culture and commerce of the
period. The hulls of the ships reveal
the state of the art of marine technology
in naval architecture and shipbuilding.
Since each ship represents the surround-
ing civilization, and since most sink
quickly, carrying down everything ex-
cept minor flotsam, a complete ancient
ship in good condition is the marine
archeologist’s dream-—a sort of under-
sea Pompeii, in which dark, cold water
instead of hot ashes has preserved a
moment in time.

Until now, most of the old ships ex-
cavated have been represented mainly
by piles of amphorae and the part of
the ship’s bottom structure that was
protected by being submerged in mud.
Most of these ships were wrecked on
reefs in shallow water, and only the
most resistant materials, such as ceram-
ics, bronze, and glass, have survived (2).
Exposed wood rarely survives the at-
tacks of boring animals and waves for
more than a dozen years. Only the
wood buried safely beneath mud and
sand can be studied and recovered.

Our picture of ancient shipping is,
therefore, somewhat skewed by the ma-
terials that survive and by the corre-
sponding blank spots in recorded his-
tory. A great deal is known about some
aspects of the old ships, but virtually
nothing is known about others (3); for
example, knowledge of the upper struc-
ture is derived primarily from the gen-
erally inadequate renderings on bas-re-
liefs and vases. The scientific argument
about how the rowers and oars were
arranged on warships is still active after
100 years of debate, Although we are
not certain what it meant to say a ship
was an “eight” or a “thirteen,” details
such as the cost and length of oars are
known. No example of the trireme, the
most common warship for some 400
years, has yet been found and exca-
vated, although the sinking of thousands
of them has been recorded (4). Much
remains to be learned about how an-
cient ships fought, were constructed,
sailed, loaded, and crewed.
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Survival of Wooden Hulls

in Deep Water

In deep water (more than 1000 me-
ters below the surface), the chance of
survival of both the wooden and the
fragile parts of a ship should be enor-
mously improved; the temperature on
the bottom is near freezing, and chemi-
cal reactions proceed slowly. It is dark,
and the currents are usually minimal,
thus allowing protective silt to accumu-
late on the upper surface. A ship lying
there will be well beneath wave action,
trawl nets, and divers. Since the cargo
will not have moved after its original
landing, it should not be scattered about
nearly as much as it is in ships wrecked
in shallow water,

The most uncertain aspect of wreck
preservation in deep water has to do
with the possible damaging effects of
marine borers. Teredos are not known
to go deeper than 200 meters, but in
some places Xylophaga, a borer clam,
lives at 2000 meters (5). Old wood un-
touched by borers has been found on
the Pacific continental slope south of
Panama, and an old ship was seen in
deep water off Gibraltar by a small
submarine looking for the lost H-bomb.
In one Atlantic location off the coast of
Florida, exposed wood from a Spanish
wreck, 400 meters deep and about 300
years old, has not been attacked (6).
Probably the reason that some hulks
have borers and others do not is because
of local variations in oxygen, nutrients,
metallic ions, or currents. The very ac-
tion of a ship landing on the sea floor
might cause a cloud of mud to swirl up
and around, falling back on the ship as
a protective cover. Some ships had re-
sistant wood, lead sheathing, paint, cop-
per parts, and tarred decks or seams,
all of which may have helped protect
against borers, especially where currents
are low. A wooden ship landing in an
anaerobic area, such as the Black Sea,
should endure indefinitely.

The amount of mud that accumulates
on a ship because of normal sedimenta-
tion will vary considerably, since the
rate of sedimentation depends on dis-
tance from a land mass, amount of run-
off, and local currents. In the central
basins of the Mediterranean where the
water is 4000 meters deep, the rate of
sedimentation is believed to be about 10
centimeters per 1000 years (7). In em-
bayments close to shore, the rate may
be more than ten times that amount
(8); but intermediate depths, say 1000
meters, where muds, clays, and calcar-
eous oozes are deposited, 20 centimeters

per 1000 years is a reasonable estimate.
Forty centimeters of sea dust since the
start of the Christian era should give
an ancient ship, if otherwise whole, the
blurred appearance of a wagon after a
snowstorm.

The degree of preservation of a ship
in shallow water apparently becomes
stabilized after about a dozen years, and
then seems to remain unchanged for
centuries (8, p. 19; 9). One has good
reason to hope for much less deteriora-
tion in deep water, both in those first
years and afterward.

Almost certainly, special circum-
stances exist in the many places beneath
the sea where very old ships have not
decayed substantially where they still sit
upright on the bottom and have barely
changed from the way they looked when
they first sank.,

Salvaging Wrecks in Shallow Water

The salvage of ancient ships and car-
goes for their archeological information
and art treasures is not new. In 1832,
the 5th century bronze Apollo which
is now in the Louvre was brought up
by a trawler from the waters off the
island of Elba. In 1901 a wreck at
Antikythera was accidentally discovered
by sponge fishermen who had made an
exploratory dive while waiting for the
weather to moderate and found a spec-
tacular collection of bronze and marble
statues. They reported their find to the
government, and an expedition was
launched. Many statues were salvaged,
along with an astronomical computer
which set the date of the voyage at 80
B.C., suggesting that this special cargo
was probably loot from Greek cities en
route to Rome. This wreck was on top
of an undersea cliff, and some of the
cargo had slid off into water of far
greater than diving depth before it was
found. )

Greek sponge divers also found a
wreck at Mahdia in the Bay of Tunis
in 1907. An entire temple was aboard,
as well as many bronzes. Greek trawler-
men—fishermen who drag nets along
the bottom in water somewhat deeper
than that divers work—brought up parts
of bronze statues from Cape Artemision
in 1926. An expedition was begun to
recover other statues (including the
larger-than-life bronze of a naked Zeus
casting a spear—a replica of which
stands at the entrance to the United Na-
tions building in New York), but the
water was too deep for the diving tech-
nology of the day, and after several
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serious accidents the site was aban-
doned and perhaps lost.

These finds of truly great statuary
were, of course, tremendously exciting
to the art world; but they were of less
significance to classical archeologists,
who did not feel that random finds of
ships carrying art objccts were very im-
portant in defining societies and cul-
tures. It is also possible that much of
the early undersca work was ignored
because of its technical crudity in map-
ping, dating, and processing of finds.
Peter Throckmorton (10) quotes a
Turkish official in the Department of
Antiquities in 1960 as saying: “. . . un-
derwater archaeology is not very impor-
tant or interesting. We archaeologists
are interested in the culture of the
people, not in minor details of ship
construction, which is of interest only
to a few specialists.”

The beginnings of recent activity in
salvaging old ships from shallow water
seems to have begun with Jacques Y.
Cousteau, who organized a team of di-
vers in 1952 to excavate a wreck at
Gran Congloué, not far from Marseilles.
It was an exciting adventure, widely
reported in the press and enhanced
somewhat by Cousteau’s colorful de-
scriptions and motion pictures. In
this excavation, which followed an un-
dersea slope downward as deep as 50
meters, the Cousteau group pioneered
many techniques that have since been
greatly refined, including the use (for
archeological purposes) of television,
air lift, and the Aqualung (11). The
excavators worked in the glare of pub-
licity and could not be expected to
foresee many technical problems of
wreck excavation. Looking back on
the work, it now seems possible that
there were at the site two wrecks, one
above the other, which got confused.
This does not seem quite as serious
now as it did at the time, when that
site was thought to be unique.

The Congloué operation was a good
beginning in the sense that it attracted
the world’s attention to a new source
of historical material that has since re-
vealed a great deal about ancient times.
That excavation was followed by a
flurry of artifact hunting by scuba
divers, mostly along the French Medi-
terranean coast. These hunts were char-
acterized by confusion of purpose and
numerous diving accidents. In the early
days, divers were not archeologists, nor
vice versa. As wrecks were destroyed
in the search for artifacts, few careful
drawings were made and most of the
data were lost forever. But in 1958,

15 OCTOBER 1971

Fig. 1. The Alcoa Seaprobe.

Throckmorton and, shortly afterward,
George Bass, decided that classically
correct underwater excavations were
technically feasible and that a Bronze-
Age wreck off Cape Geledonia, Turkey,
was a good place to attempt one. This
very successful archeological work, in
which the first precision, three-dimen-
sional surveys of ship and cargo were
made, has beesn described in detail by
Bass (12). It was followed by similar
work by Throckmorton (8) in Italy
and Greece, and Katzev (/3) in Cy-
prus; thus a technology for precise ex-
cavation of wrecks in shallow water
has been established.

However, the depth at which such
work is practicable is set by the usual
physiological problems of diving. Even
today, in doing extended work deeper
than, say, 50 meters, there is a real
chance of diver-archeologists getting
the bends or having other kinds of
diving trouble. True, it is possible to
put down living quarters and remain at
depth for weeks at a time, to use
complex mixed-gas apparatus, or to use
a saturated diving system, in which one
lives under pressure at the surface and
is carried to and from the depths in a
pressure chamber. Doubtless these
methods will eventually be used and
the archeological diving work will be
extended as deep as perhaps 200 me-
ters; but the costs and problems in-

crease greatly, while the archeological
advantages do not improve at the same
rate.

Bass and others successfully used
side-looking sonar for detecting wrecks
off the coast of Turkey in water depths
to 130 meters; they identified the tar-
gets with television (I/4). Bass also
used the small submarine Asherah,
equipped with stereophotographic map-
ping cameras, to take overlapping pho-
tographs from which accurate maps
could be made. Although further devel-
opment of the equipment was said to be
required, these techniques were effec-
tive. However, they are not known to
be in use at the present time. Throck-
morton and others have used bottom-
penetrating sonar to find wrecks beneath
harbor muds.

So much for the history of undersea
work and the present state of work in
shallow water. The operations in deep
water will be quite different.

Where to Look for Sunken Ships

There will be an essential difference
in the means of finding deep-water

- wrecks. Wrecks in shallow water have

generally been found accidentally by
sponge divers, trawlers, or sport divers.
Throckmorton, who probably has lo-
cated more wrecks in the Mediterranean
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than anyone else, has relied largely
on talking to sponge divers in water<
front bars. He pleasantly engages them
in Turkish, Greek, or Italian over ouzo
or raki and eventually turns the con-
versation to “old pots in the sea”—
amphorae. Every sponge diver in the
Mediterranean knows where there are
a few mounds of such pots marking the
site of an old wreck. Eventually they
tell him and he records the location.
He has personally checked many of
these, and his charts now show hun-
dreds of sites.

In deep water there is no similar
mechanism for getting a lead on a
promising wreck. Instead, it will be
necessary to rely on statistics that are
based on knowledge of the ancient
ports and population centers, the kinds
of cargoes and location of trade routes,
and the nature of the old ships and the
way they were sailed. Probably the last
of these is the most important, since the
mariners of old did not sail in straight
lines between ports as a modern ship
would. The ships were small and they
sailed between protected bays, some-
times stopping to avoid the strong after-
noon winds. They would minimize runs
in the open sea by sailing within a few
miles of the coast, anchoring during the
calm, and sailing with the favoring
winds as much as possible. Often the
outward voyage would follow a differ-
ent route from the return, and both

might change seasonally or stop entire-
ly during the months of November to
March because of the increased risk
during bad weather. The size of the
ship and the way it was rigged, as well
as the destination of its cargo, also in-
fluenced the route.

The story of what is known about
the ancient ships is well told in the
works of Lionel Casson (15) and others,
but there is also much that is not
known about the many varieties of
ships and cargoes over a period of sev-
eral thousand years. ’

A very brief review of the history
of Mediterranean shipping before the
Christian era is appropriate. This was
an age when empires were formed,
established their colonies, collapsed,
and were replaced. Because rough ter-
rain and unsettled political situations
made land travel very difficult and
risky, there may have been more ships
afloat in some periods then than there
are now. The objective is to find places
along well-traveled sea lanes where
ships would have troubles that would
cause them to sink in deep water. Then
a search for sunken ships can be con-
ducted where the statistics are more
favorable.

Egyptian ships were trading along
the eastern. Mediterranean at least as
early as 2500 B.C., one of their first
imports being cedar from Lebanon for
shipbuilding. Minoan Crete was the

first great sea power in the Mediter-
ranean. In the years 1800 to 1500 B.C.,
its ships explored the Aegean and Black
seas and pioneered the trade routes, as
far west as Sicily, that were destined to
last for centuries. By 1500 B.C., the
Mycenaeans controlled the seas, giving
way in about 1200 B.C. to the Phoeni-
cians, who extended the trade routes into
the western basin and built colonies at
least as far west as Cadiz, which is be-
yond Gibraltar. Their sailing technol-
ogy was remarkable, and some people
think that they may have sailed on
across the Atlantic. On their return
eastward, they carried metals—tin, sil-
ver, lead, and iron—mainly from the
mines of Spain.

Gradually, by about 800 B.C., dom-
inance of the sea shifted to Greek ship-
pers, who dealt more in such bulk com-
modities as olive oil, wine, wheat, pot-
tery, and hides. The Greeks founded
hundreds of colonies and linked these
to the homeland by ship traffic; thus,
by 500 B.C. Athens (Piraeus) was a
major trade center. Its influence gave
way to that of Rhodes and Alexandria,
until, in the century before Christ, the
Romans dominated the sea (Fig. 2).
Presumably all of the countries around
the sea had ships that were involved to
some extent in trading, piracy, and in-
termittent wars. The point is that there
were a great many different kinds of
ships at sea, manned by crews of differ-

TRAPEZIUS

Fig. 2. Trade routes in the Mediterranean, from about 500 to 200 B.C. (24).
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ent nations, during the millennium B.C.
The routes they followed remained vir-

tually unchanged for thousands of

years.

Why Ships Sank in Deep Water

Why would a ship suddenly sink in
deep water—especially considering the
fact that the routes they followed were
generally near shore and that risks were
minimized by anchoring in protected
waters when the weather was bad?
There were accidents of many Kkinds.
The weather in the Mediterranean is
known for sudden, violent change, and
the old ships could not respond rapidly
or sail into the wind very well. In the
Aecgean, they feared the meltime, a
northerly, afternoon wind that has gusts
to gale force and that dies down again,
to leave the sea calm by midnight (16).
It would be very easy for a ship to be
blown well offshore and sunk in a sud-
den squall. In the Adriatic these north-
erly gales are called boras, and they
reach force 10 (17). In the late fall and
winter there is the sirocco, which can
blow at a steady force 6 for a week,
with gusts to force 8 or more. In 1966,
a modern steamer went down in one,
with a loss of 166 people. These violent
and unexpected winds are known to
have been the principal cause of losses
of sailing ships in the eastern Mediter-
ranean in the 19th century A.D.—and
they doubtless were in previous cen-
turies as well.

The ancient ships were generally small
(less than 40 meters long) and made
of wooden planks held edge to edge,
caravel style, with mortised joints. If
the planks came apart, the weight of
cargo and ballast would take a ship

down in a few minutes. This kind of .

accident might be aggravated by a shift
of cargo, a weakening of the wood by
marine borers, or by one large wave.
Generally the ships did not have much
freeboard, and many were not com-
pletely decked. In heavy weather they
could take water over the sides and
quickly founder or capsize.

Pirates were the scourge of shipping
for many hundreds of years; they
doubtless sank many of the vessels they
caught. Fire was also a frequent cause
of loss—coals would fall from the gal-
ley stove as the ship pitched, or a care-
lessly held torch would start a blaze.
Some nations had strict safety laws
about fire on shipboard. In later cen-
turies, there were several occasions
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when whole fleets were lost by fire. Be-
sides the other hazards, warships had a
chance of being rammed in battle or
being scuttled after capture.

One concludes that ships sank in
ancient times for the same reasons they
did in the 19th century. Because the old
ships were smaller, less well built and
rigged, and sailed by less well-trained
crews, the statistics must have been
worse. Throckmorton (8, p. 34) points
out that, in the years from 1864 to
1869, 10,000 insured merchant ships
were lost—1000 without a trace. Of the
372 British naval ships lost by mishap
between 1793 and 1850, nearly half
were lost by running onto unmarked
shoals, and 78 of them, or 21 percent,

foundered at -sea,’ usually in deep water

with all hands. He also notes that on a -

single reef at Yassi Ada he and Bass
found more than 15 wrecks, ranging
from 3rd century B.C. to the 1930’s.

The number of ships involved in
commercial traffic during the millen-
nium B.C. can be used to estimate the
number of wrecks lying in deep water.
Yalouris (18) believes there were over
300 active ports by the 4th century
B.C., with an average capacity of 40
ships each, and that half of these ships
were at sea. If so, the standing crop of
ships was about 12,000. This number
increased markedly in Roman times,
although it was much less at the begin-
ning; therefore, a conservative estimate

Fig. 3. Searching with Alcoa Seaprobe. A pod containing both a forward and a side-
looking sonar, as well as television, is attached to the tip of a weighted pipe. Together
the sonars sweep a pathway about 400 meters wide at a speed of about 1 meter
every 2 seconds.
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would probably be that there were, on
the average, 6000 ships in trade over
the 1000-year period. If one judges the
average life of a merchant ship to be
40 years, some 150,000 ships were. built.

Being guided by the statistics of ship
losses during the 1800’s, one can guess
that half eventually retired safely and
the other half were lost on voyages. If,
of those lost, 20 percent foundered,
then there are 15,000 ships down off-
shore—many in deep water. If the total
length of the trade routes in the eastern
Mediterranean were 6000 nautical miles
(1 nautical mile = 1.9 kilometers) and
the average width 10 nautical miles,
there is a reasonable chance of one ship
in every 4 square nautical miles of bot-
tom along those routes. By selecting
specific areas where ships were known
to get into trouble, it is possible to im-
prove the chances considerably. There
are numerous high-probability sites in
the straits between islands, between is-
lands and mainland, and at major
“jumping off points,” where ships left
the security of nearby land and set out
into open waters. Such sites exist be-
tween the Peloponnesus and Crete, east
of Crete to Rhodes and Turkey, be-
tween Italy and Yugoslavia, between
Tunis and Sicily, around Malta, near
Gibraltar, and along the coasts of Leb-
anon, Israel, and Cyprus.

Somewhat more is known about the
losses of military ships in the same pe-
riod, and there are more fixed points to
guide estimates in this case. There are
literally hundreds of historical refer-
ences to sea battles in which astonishing
numbers of ships -were involved. For
example, at the battle of Ecnomus in
255 B.C., 250 Roman ships faced 200
Carthaginian ships; only 16 ships were
lost in the battle (which Rome won),
but in a storm off Camarina shortly
afterward, 250 of the remaining ships
were wrecked. When Agrippa fought
Sextus at Naulochus in 42 B.C., 600
ships were engaged. When Anthony

and Cleopatra met Augustus at Actium -

in 37 B.C., about 100 ships of the 900
involved were lost.

The life-span of a trireme is esti-
mated at 20 to 30 years (18), if it were
not destroyed by warfare or storm.
Thus a force of 300 ships would be
maintained by building ships at the rate
of 10 to 15 a year. A law of Themisto-
cles decreed that 20 ships should be

constructed each year, in order to en-

sure replacement of the old ships. We
do not know how long it was enforced,
but the total number of warships built
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Fig. 4. The exploratory tongs are guided
by television and powered by a seawater
hydraulic system. They are supported by
an adjustable arm and are held steady by
a pin 10 meters long. The pin can be
driven into the bottom when the object to
be recovered is seen. Tongs open to about

3 by 3 meters and can lift 5 metric tons.

This system can perform delicate opera-
tions of lowering, rotating, and closing. It
retracts through the center well into the
ship. :

in Athens in the 5th and 4th centuries
B.C. was around 1200. Considering the
number of states with fleets, the size of
the fleets, the rapidity of the replace-
ment, and the life expectancy and sur-
vival chances of the ships, I estimate
that 25,000 warships may have been
built before the time of Christ.

If one figures battle losses at 10 per-
cent and losses at sea for another 10
percent [Casson (3, p. 157) says the
Romans lost four ships to weather for
every one to enemy action], then there
may have been 5000 warships sunk—
many of them in deep water. The loca-
tions of the battles are often known
within a few miles.

Although I have used the millennium
B.C. in this discussion of ship losses, it
is obvious that the sinkings continued,
at least through the age of sail, at about
the same rates. The ships were larger,
better built, and easier to sail, but the
storms and wars and accidents went on.
Ships that sank much later than the
ancient ones may be even more interest-
ing. For example, the Battle of Lepanto
was fought not far from Actium 1608
years after Anthony and Augustus

fought there; another 100-odd ships
went down, this time with a very dif-
ferent array of artifacts. Sunken ships
have been accumulating in the Mediter-
ranean for 4000 years. Sorting through
them on the bottom and identifying
those of interest to archeological sal-
vors may be a bit of a problem.

The Ship and Its Equipment

Having decided that very old ships
and their cargoes were among the most
valuable objects to be found on the sea
floor, and knowing the limitations of
other possible methods, I proposed in
1962 the search and recovery system
described here (19). With few changes
it has been developed into the Alcoa
Seaprobe. :

* Alcoa Seaprobe is like a drilling ship
with a center well and is propelled and
maneuvered by two Voith-Schneider
vertical-axis propellers, fore and aft. It
is 75 meters long, 17 meters beam, and
draws about 4 meters. The ship is all
electric, with a power plant forward; it
has quarters for 50 persons aft. (It is
the world’s largest aluminum structure
—constructed mainly of 5456 alumi-
num, to demonstrate the excellent ma-
rine propefties of that material) The
ship is steered by means of a console
on the bridge, which controls the pro-
pellers and makes it possible to exert
thrust in any direction almost instan-
taneously. Thus it can be dynamically
positioned (20) manually or, with cer-
tain navigational inputs, automatically.

Above the 4 by 12 meter center well,
there is an aluminum derrick that can
lift up to 400,000 kilograms. The avail-
able working load of the derrick and
draw works will be 200,000 kilograms
(200 metric tons, with a safety factor
of 2).

The derrick and pipe-handling system
is capable of lowering or recovering
drill pipe at an average rate of about
0.25 meter per second, to a depth of
6000 meters (although only about 2400
meters of pipe will normally be aboard).
Depending on the operational situation
and the depth, the lower end of the pipe
will be weighted with up to 20 metric
tons of drill collars. The drill pipe ordi-
narily carried is 11.5 centimeters in .
diameter, in 10-meter joints; it-is han-
dled as pairs, or “doubles,” 20 meters
long. It can be raised or lowered with
precision a centimeter at a time, or
rapidly at several meters a second (if
necessary to avoid obstacles). The pipe
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can. be rotated slowly to change the
orientation of the instrument pod or
tools at its lower tip (21). i

The information and control cable
that connects the instrument pod to the
scientific control center is attached to
the outside of the pipe by special clips
at 20-meter intervals. Within that cable,

sonar and television signals come up

coaxial conductors; power and instruc-
tions go down adjacent pairs. The in-
formation is recorded on paper record-
ers and on television tape; because pre-
cise position and time are recorded
marginally at short intervals, it is pos-
sible to refind objects on the bottom.

The principal searching instruments
are two sonars mounted in the pod;
one scans directly ahead, and the other
sees the bottom on each side at right
angles to the motion of the pod (Fig.
3). The side-looking sonar has a fre-
quency of 177.5 kilohertz and a beam
width of 0.3 degree. It sends and re-
ceives sound pulses in such a fashion
that objects that project above the bot-
tom (such as a rock or a ship) will bet-
ter reflect the sound and produce a
darker spot on the record. Because the

_ sea floor immediately beyond an object

is in the sonic shadow, the record of
that area remains -white. As the ship
(and the pod) moves, the line-by-line
record of a succession of pings builds
a sonic picture of the bottom; thus, the
size and position of any object can be
determined within a few meters, as can
the approximate height of the object.
The resolution is such that, at a dis-
tance of 200 meters, the sonar can dis-
tinguish between two objects that are
more than 1 meter apart.

Since the principal information ob-
tained is a white shadow, it is evident
that the sonar beam must strike the
bottom at a substantial angle (there are
no shadows near the nadir). This means
that a pathway immediately beneath the
pod must be searched by the forward-
scanning sonar. This sonar works in a
similar fashion; but, because it scans
an area rather than a thin slice of bot-
tom, it is not practical to record this
information. Instead, any objects seen
on its plan-presentation scope are noted

for time and position; later they are

plotted by hand on the record from the
side-looking sonar.

The necessary precise navigation will
be done in one of several ways, depend-
ing on the distance from land, the
depth of the water, and the size of the
afea to be searched. For short-range
work in depths to 2000 meters when
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an area of up to 50 square nautical
miles is to be searched, the following
method will ordinarily -be used. Two
taut-moored, subsurface buoys will be
installed some 10 miles apart outside
the search area; a surface buoy with
radar transponder will be tied to each.
Under most circumstances, the move-
ment of a transponder buoy relative to
a point on the surface above its anchor
will be less than 20 meters. The ship
will then obtain its position relative to
these fixed buoys by ranging on them
with radar. The digitized distance to
each buoy will be recorded at 1-minute
intervals, which are also coded auto-
matically on the margin of the record-
ings. The maximum uncertainty of po-
sition will be about 40 meters (half the
length of the ship).

Searching, Inspection, and Recovery

When the ship arrives at a site se-
lected for search, the transponder
buoys are installed and the area is sur-
veyed with an ordinary echo sounder,
in order that the search can be con-
ducted approximately along contour
lines. The instrument pod is lowered

on the weighted pipe until it is about
60 meters above the bottom. Then the
ship begins to move along the planned
course at a speed of about 0.8 meter
per second. At this height above the
bottom, the sonar scans a pathway
about 400 meters wide. At this velocity,
it searches an area of about 20,000
square meters per minute, a square
kilometer every hour, and a square
nautical mile every 4 hours. Allowing
for an overlap in pathways of . 50
meters, to make up for the navigational
uncertainty, and allowing time for turns
and adjusting pipe length, the average
time needed to search 1 square nautical
mile will be about 6 hours.

Doubtless, many objects will be de-
tected in each square nautical mile
searched. These will be given priorities
for inspection, based on experience in
interpreting such records. Ships that. ~
rest upright on the bottom should be
relatively easy to identify as ships. De-
ciding whether or not they are valuable
as salvage targets is a more difficult
problem. ) ,

The pod that holds the sonars also
holds the television camera and lights,
but the sonar height of 60 meters above
the bottom is beyond the range of the

Fig. 5. The super-tongs shown are lifting a small vessel from deep water. Guidance
is by television; closing power comes from seawater pumped down the pipe at high
pressures. These tongs (which weigh 50 metric tons) would be towed to the salvage
site on their own flotation and used in a nearly neutral condition of buoyancy.
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Fig. 6. A museum barge could be constructed to support a tank in whxch an ancient ship could be carefully rebuilt underwater
and displayed. A crane that can lift 200 metric tons (and that is available around most major ports) would be used to hft the
super-tongs and the ship from shallow seawater into the tank and then return the tongs to the sea.

television (about 15 meters is the maxi-
mum range in clear water).

Therefore, when a visual inspection is
to be made of the objects found with
sonar, the pod is lowered until it is a
few meters above the bottom. The ship
navigates by radar back to the priority
site, and a more localized search begins.
While the ship holds position, the tip of
the pipe is maneuvered by means of a
propeller just above the pod. This pro-
peller, driven by seawater pumped
down the pipe, is capable of moving the
pod up to 50 meters in any direction
(depending on depth and pipe weight).
Watchers on the ship will look for and
attempt to identify the object and, if it
is a ship, to determine the approximate
kind and age. All wrecks would be care-
fully photographed for whatever infor-
mation they contain.

If the ship is worth close inspection,
the next step would be to retract the
pod and replace it with the exploratory
tongs shown in Fig. 4. The tongs are
a grasping tool guided by television.
They are supported by a movable arm
that cxtends out from a cylinder con-
taining a ‘10-meter-long, hydraulically
driven pin. This pin is used to fasten
the tip of the pipe to the bottom adja-
cent to the wreck, and to give a fixed
point about which the tongs can be ro-
tated. The tongs can thus make slow,
sure movements, in spite of small move-
ments of the ship above. Watchers on
Alcoa Seaprobe can wait for the dust
to settle without the ship’s drifting off
course. Each of the tong tips has a

pipe through which clear seawater is
" pumped to wash sediment away so that
a better inspection can be made. Ob-
jects weighing less than 5 metric tons
can be grasped and lifted with consid-
erable delicacy. Specific objects of art
or items of cargo can be recovered with
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these tongs and withdrawn through the
center well into the ship.

When an entire ship suitable for re-
covery is located, the super-tongs will
be towed to the site. These tongs
would weigh about 50 metric tons and

would be supported on the surface by .

their own pontoons, whose buoyancy
can be adjusted. On site, the tongs may
be slung beneath the ship, secured to
the tip of the pipe, and lowered. As
with the exploratory tongs, these will
have television equipment mounted so
that those on the ship can see the ob-
ject to be seized. When fully closed,
these tongs will surround a cylinder

about 10 meters in diameter and 12

meters long. They are closed by a
hydraulic system worked by leverage,
which exerts increasingly greater force,
up to about 10 metric tons per double

.tine (60 metric tons for six double

tines). This should be sufficient to pene-
trate the mud beneath a hull and to
close without touching the old ship.
The dimensions were selected with
the sizes of ancient ships in mind. Fig-
ure 5 shows the super-tongs holding a
small Phoenician-like trading ship of
1000 B.C. The ship is about 16 meters
long and 7 meters beam. (Half full of
mud, this would approach the weight-
lifting capacity of the Alcoa Seaprobe.)
Depending somewhat on the amount of
mud and cargo in the hull, the remain-
ing structural strength of the wood (22),
and the shape, ships up to the rated

. capacity of 200 metric tons could be

lifted. Much longer ships would be
neatly cut into two or more pieces with
a hydraulically driven chain saw, and
the lifting process repeated. These
pieces can be reassembled later, prob-
ably with less difficulty than the frag-
ments of ships found in shallow water
to date.

When the super-tongs have been re-
tracted to a position just below the ship,
the Alcoa Seaprobe will slowly move
into 'quiet, shallow water and set the
burden on the sea floor. There the mud,
ballast, and cargo can be removed by
divers, thus lightening and strengthen-
ing the hull for its final move.

A special museum barge (Fig. 6)
would then be brought in, and an or-
dinary, large capacity marine derrick
will lift tongs and hull from the sea
bottom to the barge’s tank, which is a
few meters deep and filled with water.
The super-tongs are removed (and pos-
sibly sent back for the rest of the hull),
and the archeologists can complete the
reconstruction underwater, with con-
trolled conditions of light and chemi-
cals. The ancient ship will be visible to
the public, but will remain submerged
in a controlled environment. Because
the barge would be mobile, it can be
conveniently moved about the world
for display.

Legal Considerations

The objects being considered for sal-
vage are clearly part of the general her-
itage of our civilization and should
eventually become the property of the
world’s great museums. Since the coun-
tries and kingdoms that once owned
these ships are long gone, it may not be
easy to say who owns them, and it may
not even be possible to determine what
flag the ship sailed under. However, in
most cases the following general prin-
ciple will apply.

Many countries subscribe to those
Law of the Sea conventions that spec-
ify a 3-mile zone of territorial waters
(measured from a base line drawn be-
tween promontories) and, beyond that,
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a contiguous zone to 12 nautical miles.
The laws of most countries would pro-
hibit ships of a foreign power from
conducting salvage operations within
these zones without specific permits.

Beyond the 12-mile limit are the high
seas, where a vessel may generally be
said to possess the right to conduct sci-
entific research and to search for sunk-
en property. Private vessels derive the
right of the country whose flag they fly.

A coastal state may lay special claims
to the sea floor on the continental shelf
(whose limit is generally considered to
be 200 meters). This kind of claim is
intended to protect a state’s natural re-
sources to the limits of exploitability,
but sunken property can hardly be con-
sidered a natural resource. Since the
depths of greatest interest for Alcoa
Seaprobe are well outside both the 12-
mile limit and the 200-meter contour,
it would seem that the ship will clearly
be operating on the high seas. This
would be true under U.S. law, off our
own coast.

However, as a matter of scientific
courtesy, one might invite archeologists
from nearby states to participate. In
some cases, the ship may be invited into
territorial waters to perform search and
recovery in the interest of international
science or for a local government. De-
pending on the nature of the material
salvaged and its origin, it should be
possible to negotiate a reasonable ar-
rangement for distributing the finds
among the appropriate museums. The
unique capability of the Alcoa Sea-
probe makes it likely that several of
the countries around the Mediterranean
will be interested in cooperative arche-
ological ventures.

Conclusion

Obviously this kind of work is ex-
pensive; so is any work in modern sci-
ence, compared to what it cost a few
years ago. But the results will justify
the expense. Salvaging one ancient ship
from deep water will probably cost no
more, for example, than salvaging the
Maine, or the Vasa, or the Roskilde
Viking ships. The daily cost of Alcoa
Seaprobe will be about half that of an
ordinary tanker, destroyer, or deep-sea
drilling ship. The preservation and
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maintenance of the ship salvaged will
be a fraction of similar costs for the
Texas or the Queen Mary (23). It is
quite possible that a museum of ancient
ships can be made self-supporting. Cer-
tainly it will attract the general public
as well as the scholars, the tourists as
well as the natives.

Who can say what a Roman trireme,
or a Phoenician trader, or a Cyprean
pirate ship is worth in terms of a better
understanding of history? By these stan-
dards, it would seem that our civiliza-
tion can afford to recover those ancient
ships that can provide insights into the
living and working conditions of an-
other civilization, especially when they
are not discoverable by other means.
A new intellectual adventure that is
understandable by the public and that
generates interest and excitement can
contribute to the appreciation and sup-
port of science as a whole.

Summary

There is reason to believe that some
old wooden ships on the deep-sea floor
have survived for thousands of years
without much change. They will not be
covered with much sediment, and it. will
be possible to find them using new
searching techniques. These are em-
bodied in the system of the Alcoa Sea-
probe, which is also equipped to identify
and raise old ships.
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