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DESIGN PARAMETERS FOR A SOUTH AFRICAN ICEBERG
POWER AND WATER PROJECT

by
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ABSTRACT

Construction of an iceberg processing
plant at Saldanha Bay, Republic of South Africa,
is proposed. A reservoir would be constructed
at Rieibaai for ice storage. Tidal forces would
be harnessed to pump the warm water of Saldanha
Lagoon over heat exchangers (using ammonia or
propane gas as a heat exchange medium), thus
providing power for electrical generators and
for melting ice. A functional analysis of
operations is presented, together with proposed
costs. It is suggested that the fresh water and
electricity produced by this system will cost
6¢/m? and 3¢/kwH, respectively.

s LIFE CYCLE STATUS OF ICEBERG UTILIZATION

PROPOSALS

In any scientific pursuit
take stock of where you are, 1
appropriate to do this today, as we approach the
close of this second meeting on the use of ice-
bergs. If we know where we are, and where we
have been, we can formulate better plans as to
where we should be tomorrow.

Every project has a life cycle. In assess-
ing the history of a large number of recent
inventions, Bright (1972) found that a typical
project went through several distinct phases in
its development, illustrating this as a product
life cycle (Fig. 1). In this life cycle, the
average new product requires 18 years to develop
from the initial suggestion to product status.
Three of these years are spent in basic research,
seven years in applied research, and seven years
in preduct development.

Where in this cycle does the use of ice-
bergs as a fresh-water and power source stand?
Weeks and Campbell (1969) presented the first
scientific paper on this subject. The earlier
suggestions of John Isaacs in the mid-1950s can
be excluded because they were never published.
During the eleven years that have elapsed since
that paper, a great deal of attention has been
given to the topic and much research has been
done. Wecks and Campbell themselves published a
more detailed article (1973). A review of the
papers presented during the present conference,
and at the 1977 conference (Husseiny 1978,
Balaban 1979), suggests that we are still
enmeshed in the initial stage of this project
cycle. Perhaps this is to be expected, consider-

it is well to
think.it is
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ing how little we know about icebergs and the
Antarctic and Arctic oceans and currents that
both transport and degrade them.
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Fig.l. The product life cycle (after Bright).

Nonetheless, we live in a highly competi-
tive technological age and it is important for
us to turn from our basic research endeavors
to the development of an engineering methodology
that can bring water and power from this untapped
natural resource to arecas needful of these com-
modities. If this is not done quickly, I fear
that the world may turn to technologies such as
desalination to meet its future water needs.

If the cost of desalination is lowered the
incentive to fund the development of an iceberg
technology will be lessened. Interesting as our
expeditions and studies are, they are but the
means to an end, and it is important for us to
keep this end in mind as we continue to work in
our respective avenues of research and develop-
ment,

I have been involved in some conceptual
studies of iceberg processing after towing to an
appropriate delivery site. Some have pointed
out the futility of these studies if it should
prove impossible to tow icebergs to such sites.
Superficially, such arguments seem valid, yet
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it is vital that we develop and maintain an
economic approach to schemes for making use of
icebergs. Studies of iceberg processing make
sense since they have considerable impact on the
cost of the end-product, and hence may act to
control expenditure on transport systems. These
economic constraints may prove to be more import-
ant than physical constraints on the success of
an iceberg project. Even if it should prove
impossible to transport icebergs, studies of
shore-based water-storage locations will be
necessary before ocean-based desalination plants
can be developed. Finally, comprehensive studies
of iceberg harvesting and processing are needed
by government or private agencies who have to
consider the merits of specific proposals for
meeting future water and power needs. Adequate
estimates of total costs and profits can be made
only when an entire system is detailed. Lacking
such an analysis, a potential client has to make
a decision by intuition alone. Like the prover-
bial bird in the hand versus the bird in the
bush, engineers will value water in a reservoir
more than icebergs in an ocean.

Db SOUTH AFRICAN ICEBERG UTILIZATION

PROPOSAL

It was with these thoughts in mind that I
presented a paper (DeMarle 1979 [b]) on iceberg
utilization at an international conference on
value engineering that was held in Pretoria,
South Africa, during October 1979. 1 proposed
that Saldanha Bay, about 113 km north of
Capetown, South Africa, would make an excellent
site for an iceberg processing station, and
while in South Africa, I consulted members of
the Department of Water Affairs about this pro-
posal. They arranged a visit to the Saldanha
Bay area and other areas along the west coast of
South Africa. I also visited a major irrigation
project, as a guest of the Department of Agri-
cultural Technical Affairs. Many people do not
realize that South Africa has a limited supply
of fresh water and that the South Africans have
used most of the available water sources in a
comprehensive program of water projects through-
out their nation. In inter-basin water trans-
port, water conservation, and water reuse, the
South Africans are without peer in the inter-
national community. They are interested in all
proposals which may help them to meet their
future water needs.

In my paper, I described the transport of
icebergs from the Weddell Sea area via the cold
Benguela current to the west coast of South
Africa. The continental shelf here is narrow,
so it seems probable that large icebergs (180 m
draft) could be brought to within 13 km of
Saldanha Bay. Here, cold water (9 to 10°C) up-
welling occurs, which would benefit iceberg pro-
cessing at this site since melting rates would
be low and the ecological effects of iceberg
storage would be less severe. As a community,
the development of Saldanha Bay is recent, and
the population of the area is low. There is an
excellent ocean harbor which is now used for
shipping iron ore from the center of South Africa
to world markets. Located only 113 km from
Capetown to the south, and 113 km from
Clanwilliam (a major agricultural area under
irrigation) to the north, the Bay is a logical
site for storing water obtained from either an
iceberg project or a desalination plant.
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Offshore processing

Assuming that an iceberg has been grounded
at a mooring location 15 km offshore at Saldanha
Bay, processing would begin after the iceberg
was moored on the continental shelf, Conven-
tional drag-embedment anchors would be of trans-
ient use only, as they depend on long catenary
holding lines at only a few degrees above the
horizontal for their drag-holding capacity, so
the iceberg would probably be moored to vertical
resistance anchors permanently embedded in the
ocean floor. These anchors would permit the use
of shorter mooring cables and would provide
better vertical holding ability than drag-
embedment anchors would. Explosive-embedment
anchors with holding capacities from § to 50
tonnes have recently been developed by the U.S.
Navy Civil Engineering Laboratory and could
simplify iceberg mooring.

Factors such as tidal fluctuations, and
ocean swells and storms, would tend to lift the
iceberg from its grounded position, and would
probably require the use of multiple-point moor-
ing systems. Processing operations aimed at
altering the buoyancy of the iceberg in order to
maintain contact with the sea-bed would be used
to counter these ocean effects. Mooring systems,
and the cables used for them, are discussed in
more detail by Weeks and Mellor (1978).

Once the iceberg is grounded and moored, it
could be enclosed by a plastic curtain. This
curtain (suspended from a series of floats and
appropriately weighted at the bottom)would be
towed around the iceberg by a ship, and then
fastened to provide a plastic enclosure. The
curtain would insulate the iceberg by retarding
the loss of melt water from the iceberg. Water
that upwells along this coast at 10°C would
result in a relatively low rate of heat transfer
across the curtain and hence keep the melt rate
of the iceberg at an acceptable level. An open
curtain would probably not prevent pollution of
fresh melt water by salt water. Studies by
Huppert (1980) on ice melting indicate that such
pollution should be expected, and hence, the
main function of the plastic curtain would be to
retard the melt rate of the iceberg.

Once the iceberg was enclosed by this
floating curtain, mining operations would begin.
Weeks and Mellor (1978) suggested how this could
be done, and Smith (1978) discussed methods of
fracturing ice by means of hydrostatic wedges.
The iceberg could also be bench blasted around its
edge; during the Norwegian Antarctic Research
Expedition of 1978-79, such blasting yielded 3.5
tonnes of ice/kg explosive (Orheim 1980). This
value is higher than the values reported by
Weeks and Mellor (1978). South Africa's
expertise in mining operations should be of
real value in devising efficient, low cost
methods for mining icebergs.

Using methods such as these, large slabs
of ice would be broken from the iceberg sur-
face and pushed into the sea around the berg.
These slabs of ice would then be towed to shore
in tugs. Alternatively, an ice slurry could be
pumped to shore. Ice fragments floating on the
sea surface would be collected and pumped to
shore through a pipeline. This would eliminate
the need for tug boats but would necessitate a
permanent ocean pipeline station. As an ice-
berg was processed it would probably require
mooring at a series of successive inshore
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positions. This would complicate the pipeline
system, which would require complete enclosure
to prevent salt water contamination of the ice-
berg. If this is too expensive, a system for
separating and washing ice on shore would be
needed.
Saldanha Bay reservoir and power plant

At Saldanha Bay, a part of the lagoon would
Serve as a storage area for ice harvested at the
offshore processing station (Fig. 2). Saldanha
Lagoon is a large body of shallow water to the
south of Saldanha Bay. It is approximately
14 km by 3 km, with a surface area of about
40 km? at high tide. At low tide, numerous sand
and mud flats are uncovered. Cold ocean water
entering the lagoonas the tide. comes in is
warmed by the sun to a temperature of approxi-
mately 20°C. This represents a 10 deg differ-
ential and this heat, coupled with tidal pumping
of the bay, offers a convenient heat source for
power production and ice melting.
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Fig.2. The Saldanha Bay area.

Rieibaai lies at the head of this lagoon
opposite the town of Langebaan. This shallow
bay is nearly 2km long and is situated between
two igneous intrusions. It would provide an
excellent storage basin for ice that had been
moved to the site from the offshore processing
station (Fig. 3). The reservoir would be formed
by constructing a 50-ft[15 m] high sea wall, and
would follow the 50-ft [15 m] contour line on the
topographical map. Access to the bay would be
through a lock located at the entrance to
Saldanha Lagoon, between Meeuw and Schapen
islands. A power plant would be built between
Rieibaai and Saldanha Lagoon which would use the
lagoon as a heat source and Rieibaai as a heat
sink. By selecting a gas such as ammonia or
propane, a closed cycle would be set up where
liquid gas would be vaporized in a heat exchan-
ger located in the channel between Rieibaai and
Schapen lsland. The resulting gas would then
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be run through turbines to generate electricity,

and would then be condensed to a liquid using
ice in the Rieibaai reservoir. The cycle would
be completed by pumping the liquid gas back into
the heat exchanger in Saldanha Lagoon. This
closed cycle would produce both melt water and
electricity.
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Fig.3. Schematic concept of iceberg reservoir
and processing plant fashioned out of and
built at Rieibaai.

A small tideway dam would be constructed
between Schapen Tsland and Langebaan which would
be used to control the tidal flow of water bet-
ween Saldanha Bay and Lagoon. As the ocean tide
rises this dam would be opened and would allow
cold water to enter the lagoon. On the ebb of
the tide, this dam would be closed and would
force the warm lagoon water to flow out of the
lagoon through the chamnel between Schapen
Island and Rieibaai. A rapid current would
improve heat transfer to the heat exchanger
located in the channel. Accurate data on the
mean tide level of the lagoon needs to be
obtained together with the daily and seasonal
characteristics of the tide. Tf we assume that
the mean tidal range is 1 m, and that the lagoon
has an area of 4 x 107 m?, then a total of
4 x 10”3 of water with an average 10 deg temper-
ature rise contains 1.5 x 1013 J. This massive
daily quantity of heat would be available to
generate power and melt ice at the power plant
described above.

Dollar value of ice and power

Assuming that an iceberg 300 m by 900 m by
200 m thick remained after towing from an appro-
priate Antarctic location, this would yield
45 900 000 m® of water worth $2 754 000 at a cost of
6¢/m®. With a latent heat of fusion of
3.332 x 105 Jkg~1, the ice would have
1.532 x 10° J of cooling capacity. This repres-
cnts a total power potential of 4.25 x 10? kWh.
At 3¢/kWh, this represents a value of
$127 600 000. However, not all of this power
would be available. If the power plant had an
operating efficiency of 5%, the ice could he
used to produce $6,380,000 worth of clectricity.
Power plants using ice were first described at
the 1977 conference on the use of icebergs
(Heizer 1978, Roberts 1978, DeMarle 1979(a})).
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The total value of the iceberg would thus
break down as:

power at 3¢/kWh $6 380 000
water at 6¢/m? $2 754 000
$9 134 000

using South Africa's existing tugs.

Functional target costs

At the beginning of this paper it was
stated that it is important for iceberg utili-
zation to move on from the basic research phase
into the development phase. Value engineering
is an excellent methodology that can aid this
process. This discipline uses functional des-
criptions and target costs to design systems to
meet competitive costs. Figure 4 is a functional
diagram that portrays the essential elements of
a project for using icebergs. Functions to be
accomplished are described in simple two-word
phrases which are then interrelated by the how?

of diagram is described in more detail else-
where (Bytheway 1971).

Subjective estimates were made for provid-
ing the functions on this diagram and have been
entered as target costs. The total value in
dollars of these costs accumulatesas the sub-
functions aggregate into the primary functions
shown to the left of Figure 4. The figures match
those described above and would be replicated
with each iceberg. Assuming that five icebergs
per year were moved to this site and that the
facilities would last twenty years, the total
costs of these facilities are obtained by multi-
plying the one-time costs by 100. It is my
present belief that a practical and economical
design for the Saldanha Bay location can be
attained within the boundaries of these costs.
When this design is completed, a major step °
towards the development of a low-cost method for
using icebergs will have been achieved, and we
can begin the hard work of developing a practi-
cal engineering system.

and why? logic flow of the diagram. This type
HOWT——=—
e WHY?
TRANSPORT
WATER
$1 620 000
DISTRIBUTE
. ENCLOSE
WATES L] BASSE
6¢/m
$i 648 000 $926 000
INVENTORY STORE
WATER WATER
$3 028 000 $3 028 000 OBTAIN
WATER mma
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CONDENSE
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POWER @ PRODUCE RUN
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Fig.4.
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Functional diagram for power and water

plant (with target cost per delivery for
5.4 x 107 m® icebergs).
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