
XA04N0933
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The Torres Strait is a reef-laden stretch of water lying south
of New Guinea and north of the tip of the Cape York Peninsula of
northeastern Australia (See Figure 1). Because of its location
and geologic structure it is particularly hazardous to shipping,
and limits passage through the area. It was suggested [8] that
nuclear explosives might be used to create a safe shipping channel
through the strait, and in this paper that possibility will be
explored.

The Cape York peninsula of Australia projects some 150-200
miles into the Pacific Ocean, separating the Arafura Sea to the
west from the Coral Sea to the east. The population density of the
peninsula is quite low on the northern tip (̂  0.1 inhabitants/sq
mi) and increases slightly (to 25 inhabitants/sq mi) further south.
The peninsula is covered with monsoon forest (moist deciduous
forest) and some tropical rain forest. The inhabitants are for the
most part primitive people engaged in hunting^ fishing, gathering,
and primitive agriculture. Southern New Guinea is of a similar
nature in that it is covered by scrub, grass, monsoon forest and
mangrove swamps. There are less than 25 inhabitants per square
mile, and the inhabitants are on the same primitive level as the
inhabitants of the Cape York peninsula [1].

Starting near the eastern tip of New Guinea and running south
parallel to the eastern Australian coast is the Great Barrier Reef
which varies in width from 2 to 45 miles. The Reef is perilous
to navigate and about 10 fair weather passages lead through it.
Just east of the reef the water depth is 250 to 300 feet (see
Figure 2). However, just west of the reef at the "Yule Entrance",
which is the entrance nearest the Torres Strait, the depth is only
60 to 100 feet. Travelling further west the water depth decreases
to about 50 feet in 70 miles. In the next 50 miles the water depth
decreases to 20 to 30 feet between the exposed reeves, and having
passed the most treacherous area one must still travel another 40
miles west to again reach waters whose depths are 120 to 150 feet.
The depth of the water somewhat limits the size of the vessels
which can pass through the Strait and generally they are in the
25,000 ton (dead weight) class [2]. The navigational difficulties
in the area are further increased by extremely complicated tides.
The Torres Strait separates two tidal systems, and high and low
tides may occur simultaneously on both sides of the strait. This
leads to high velocity currents (6 knots) and shifting sand banks
and ridges which limit passage to fair weather and skilled pilots
[4,10]. In_ toto, there are about 120 to 180 miles of treacherous
waters through which a safe channel might be opened. To do so by
conventional explosives would be impossible because of the amount
of material to be moved and the cost of the explosive. It would,
however, be feasible using nuclear explosives.
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Figure 1 - Torres Strait Area approximately 185 by 250 miles.
Depth in fathoms
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Figure 2 - Torres Strait approximately 90 by 125 miles. Depth
in fathoms



Determining what would constitute a safe channel would require
extensive studies of the sand motion and currents. As a first
estimate, a channel of the size of the proposed Transisthmian
Canal can be used. This would be about 1000 feet wide and 225 to
250 feet deep. The length of the channel would be 180 miles. A
shallower channel, say 150 to 200 feet need not be quite as long
and would significantly reduce the amount of explosive required
(due to the decrease in apparent crater size). The media across
the strait vary from mud, coral, and other sediments to shales,
sandstones, and some volcanics with no regularity [4].

The Transisthmian Canal study serves as an excellent guide
to the construction of a long channel. Like the canal the Torres
Strait Channel will best be constructed in a series of dashes
about 10 miles long, and this will mean up to 100 charges per dash.
Each single charge will produce a crater with a diameter of 1000
to 2000 feet at the ocean surface, and the net result of the row
charge will be a 10-20% increase in ditch dimensions [7]. Using
these assumptions to calculate the charge size should yield a con-
servative estimate of the total row shot charge. Further assump-
tions must be made about what scaling laws can be used and wnat
type of material to scale.

The coral, sand, sedimentary material, and rock have no
analogies in past experiments with nuclear explosives because of
the water involved. The water not only changes the properties of
the medium, but may be considered as either part of the medium to
be moved (with different properties) or as an increased resistance
to the moving of the medium. In this paper the coral-mud-sediment
media was assumed to be an average of alluvium and tuff. This
assumption was also made when the water was considered as part of
the media to be moved. Alluvium was chosen because of its
"sandiness" and the tuff because of its porous structure. The
simple scaling law:

Y 2 1/3.4

was assumed to hold. Here the Yj_ are the yields and the XJ_ may
be the depth of burst, apparent crater radius or apparent crater
depth. The data used in scaling is indicated in Table I.

TABLE I
Data Scaled [5]

apparent
Shot name Medium Yield(kt) DOB(ft) radius(ft) depth(ft)

Jangle U

Neptune

alluvium

tuff

1.

0.

2

115

17

100

130

100

53

35

The question of when the overlying water behaves as part of
the medium and when it acts as a resistance to moving the medium
is not easy to answer. In 1958, 2 kt of conventional explosives
were used to remove a shipping hazard called "Ripple Rock" about
120 miles north of Vancouver, B.C. [6]. The hazard consisted of
two underwater pinnacles, extending to within 9 and 20 feet of
the surface at low tide, joined by a saddle 70 feet below the sur-
face. The two pinnacles were removed, and in the research to
determine the amount of explosive to be used it was found that the
same particle acceleration could be obtained in water as in air if

1695



twice the amount of explosive were used. This worked as predicted
in the removal of Ripple Rock,

Taking Ripple Rock as an example (, it was assumed that if the
water depth were greater than 25 feet, the amount of explosive
would be doubled. The water was then a resistance to the moving of
the medium while if the water depth were less than 2 5 feet,, the
water would be considered as part of the medium to be moved. This
meant that for a water depth of 100 feet for a 250 foot channel,
the necessary apparent crater depth was assumed to be 150 feet and
the yield was doubled. For 10 feet of water, however, the neces-
sary apparent crater depth was assumed to be the channel depth,
250 feet.

In order to carry out the computations, a simple computer
program was written, into which the depth of water was inputed at
5000 foot intervals from the Great Barrier Reef to 180 miles west.
At each point, yield, depth of burst, crater radius and other data
were calculated from the necessary apparent crater depth required
by the water depth. Explosives cost was evaluated at each point
[7] and multiplied by a factor of 5 to cover the 5000 foot stretch.
Drilling costs were assumed to be $300/foot based on the Transisth-
mian Canal study. The sum of explosives cost and the drilling made
up approximately 1/3 of the Transisthmian Canal estimate, and the
total cost of the Torres Strait Channel was estimated on this basis.

Some typical values from this program are given in Table II.
Table III gives an idea of the total costs of the Torres Strait
project as well as the total amount of explosive required. From
Table II we see that the maximum explosive required per 10 mile
dash would be 11 Mt. This is considerably less than the 12 Mt
per 6 mile dash required by the Transisthmian Canal. The maximum
aggregate yield of 157 Mt is also considerably lower than the Canal's
170-300 Mt and is spread over 180 miles rather than 43-48 miles.
It would appear that none of the devices need be larger than 165
kt as compared to a 35-40 Mt maximum for the Canal. The Torres
Strait Channel would have less radioactivity and blast effects per
shot, per dash, per maximum shot, and in total than the proposed
Transisthmian Canal. The total costs of the channel would be
higher because of the increased number of shots and the associated
drilling, dredging, and study costs. The relative isolation and
low population density of the area reduces many of the problems
associated with radioactivity and blast.

Consider the maximum explosive, 11 Mt, spread evenly over
10 miles; first for radioactivity problems, and then for blast
effects. In neither case are there equivalent experiments which
can be scaled. Glasstone indicates that the fallout from the
shallow underwater Bikini BAKER test was very much like that from
an underground shot [3]. Since the explosions will always be
underground and also underwater, a first guess estimate of the
released radioactivity pattern can be obtained from scaling the
pattern from a previous underground shot in alluvium. The 0.1R
integrated dose contour from the SEDAN (10 0 Kt) event extended
approximately 100 miles downwind [7]. Use of the 1/3.4 scaling
law (Glasstone uses 1/3 for surface bursts) puts the 0.1R inte-
grated dose contour some 40 0 miles downwind of the dash. A
westerly wind would carry any fallout pattern out over the Arafura
Sea. A southeasterly would carry it out over the Coral Sea. In
either case there is nothing for at least six hundred miles. The
cross wind width of the SEDAN 0.1R contour was about 5 miles. This
scales to about 20 miles and will cover no major land bodies in the
Torres Strait itself. It may be possible with the proper choice
of wind direction and duration to keep the integrated dose in all
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TABLE II

Typical Values for a 250' Channel

Distance from Great Barrier Reef

Water depth, feet

Yield, kt

Depth of burst, feet

Hole depth, feet

Surface width, feet

Hole cost, $ x 10~4/shot
— 4

Explosive cost, $ x 10 /shot

16.1 mi

150.0

14.5

375.

225.

685.

$ 6.75

$ 3.91

4 0.7 mi

54.0

142.6

495.

441.

1342.

13.23

48.79

9 4.7 mi

0.0

163.1

459.

459.

1396.

13.76

49.36

180 mile channel

120 mile channel

TABLE III

Yield and Cost Data for

Torres Strait Channel

Total yield

Explosives cost

Drilling cost

Est. total cost

225 Ft

102

$ 395

88

1600

. depth

Mt

million

million

million

250 Ft

157

$ 414

102

1750

, depth

Mt

million

million

million

Total yield

Explosives cost

Drilling cost

Est. total cost

225 Ft

58

$ 280

66

1235

. depth

Mt

million

million

million

250 Ft

85

$ 290

75

1310

. depth

Mt

million

million

million
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inhabited areas well below 0.1R per dash. The predominant winds
in the area are from the southeast to the northwest and the surface
water currents are from the Coral Sea to the Arafura Sea [1,4].
Summer (Janu'ary) is monsoon season so the channel will have to be
constructed during Winter (July). Construction should be from
west to east to minimize delays. It appears then that the radio-
active fallout over populated areas can be kept to a minimum and
evacuation may not be necessary. This is facilitated by the fact
that there are no large cities within 100 miles and only 4 or 5
within 300 miles of the Torres Strait.

Blast may be more of a problem than radioactive fallout
because it has three forms:

a) Air blast - air motion
b) Seismic effects - ground motion
c) Tsunami - water motion

Air blast would not be a problem beyond 600 miles downwind and
like radioactive fallout should pose no difficulties provided the
shots take place during winds from the east or the northwest.
Seismic effects cannot be directed by the wind and therefore may
be important. Using an equation given by Teller e_t aJL [7] for
ground motion:

v = k Y 0- 6 7 R-1-5

for an 11 Mt shot in alluvium, v = 8 cm/sec at 20 km and 0.75 cm/
sec at 100 km. For granite these values must be multiplied by
about a factor of 8. Hence close to the shots (say 10 miles) some
ground motion damage might be expected (window breakage, plaster
cracking) although none of the larger communities should be
affected. The problem of tsunami production is not soluble until
tests in similar media are carried out. However, waves could be
very large, on the order of hundreds of feet trough to crest [3],
and something would have to be known about the normal wave patterns
and heights in the area to assess possible damage. Blast effects
are something which must be considered further when better geolog-
ical data is available and in particular close attention will have
to be paid to tsunami production.

It would appear that the construction of a Torres Strait
Channel is technically feasible, but economic feasibility and
environmental effects need also be considered. The economic gains
from the construction of such a channel stem from two sources:
reduced shipping costs and economic development of new areas.
Australian shipping is about 35 million tons per year of which the
majority is coastal shipping between different sections of the
country [9]. Half of this coastal shipping passes through the
Torres Strait along with any shipping from southeastern Australia
and eastern New Guinea to Indonesia, Indochina, and Japan [1].
These vessels are small (in the 25,000 ton class), and the con-
struction of the Torres Strait Channel would allow the use of much
larger vessels with lower shipping costs as a direct result.
Northwestern Australia is an important contributor of raw materials
to the Australian economy, and these pass through the Torres
Strait. Construction of a safe channel would add incentive to the
development of northwestern Australia because of the greater ease
and lower cost of shipping. This is particularly true in light
of the proposed nuclear excavated harbor in northwestern Australia.
Taken in the perspective of lower shipping costs and the develop-
ment of northwestern Australia, the $2-3 billion construction
cost is quite reasonable and the project appears economically
feasible.
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Environmental effects appear in the interaction of the channel
and its construction with the people and the ecology of the region,
and in depth consideration of them is beyond the scope of this
paper. One of the questions which arises is: What will be the
effect of the channel on the Great Barrier Reef? The Reef is
protected by Australian law and is considered to be the "world's
largest wildlife sanctuary" [4]. While the salinity (34-35%),
chlorinity (19%), and water temperature (29°C) are nearly the same
throughout the region and do not present a problem, the effect of
the channel on the ecology of the Reef is a complete unknown and
will require very thorough study. The oceanic transport of the
radioactivity deposited in the ocean presents still another
problem. Where will it go?; What species will take it in?, and
How much will it be concentrated? are all questions which need as
yet unavailable answers. The population of the region while sparse
also presents some interesting questions. Since they are extremely
primitive and live by hunting, fishing, gathering and primitive
agriculture, it is important that it be known how the sudden contact
with civilization that the channel construction will bring will
affect them. Their roaming and gathering existence will put them
in greater contact with even small amounts of radioactivity, but it
is not known how much of an effect this will be. There are many
other questions like these which need to have answers before the
channel can be constructed.

While the construction of the Torres Strait Channel appears
feasible from both a technical and an economic point of view, a
great deal of further research will have to be done in a number of
areas. The Channel would be a great economic boost to northwestern
Australia and to trade between southeast Asia and Australia, but
its effect on the Great Barrier Reef and the people of the region
will require serious consideration.

1699



Bibliography

1. The Times Atlas of the World, John Bartholomew, ed., Vol. 1,
Houghton Mifflin Company, 195 8.

2. Bird, J., Seaport Gateways of Australia, Oxford University
Press, 1968.

3. The Effects of Nuclear Weapons, Samuel Glasstone, ed., USAEC
1957.

4. Maxwell, W.G.H., Atlas of the Great Barrier Reef, Elsevier
Publishing Company, 1968.

5. Nordyke, Progress in Nuclear Excavation Technology, UCRL-1224 8,
1964.

6. Ripple Rock, Hazard to Navigation Destroyed, "Civil Engineer-
ing", Vol. 28, May 195 8.

7. Teller, E., e_t aJL, Constructive Uses of Nuclear Explosives,
McGraw-Hill, 1968.

8. Teller, Edward, article that I have not been able to relocate.

9. Theel, Gustav, The World Shipping Scene, Westadt-Verlag, 1963.

10. Worrell, Eric, The Great Barrier Reef, Angus and Robertson,
Ltd,, 1966,

1700


