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Potential Use for Glacier Ice  

Glaciers contain frozen fresh water. About 75% of the earth's fresh water supply is 
locked up in ice sheets. In water short areas, thin vast seemingly unused resource 
offers an interesting challenge. In addition the ice sheets are a heat sink which could 
provide a welcome relief to some regions suffering from the adverse side effects of thermal 
pollution. 

A glacier occurs because more snow accumulates during the year than is removed by 
evaporation and melting during the melting season. The snow accumulates and compacts the 
previous accumulation until a considerable depth of snow and ice exists. The density of 
glacier ice varies from 0.84 to 0.89 compared to 0.92 for a solid ice cube. 

There are two parts in the hydrologic cycle for a glacier. The first is accumulation 
which occurs during periods of precipitation in the winter time. As the summer season 
approaches some of the surface snow melts, evaporates or runs off. This is a period of 
ablation, but for a glacier, the long-term mass ablation is less than the mass accumulation. 
Thus a glacier is a type of open-ended long term storage element in the hydrologic system. 
Obviously the accumulation cannot continue to exceed ablation year after year without 
removing entirely all of the water of the earth from the hydrological functions. 

The glacier begins a slow viscous type of creeping in a down slope direction col-
lecting in valleys. The glacier will continue movement down the valleys until warmer condi-
tions prevail and ablation controls the glacier terminus or until the glacier reaches the 
ocean. At the ocean-glacier interface, the glacier ice is undermined by melting due to warmer 
water and slabs of the glacier break off, fall over and float away as icebergs. The glacier 
ice floats because the density is less than sea water. The formation of the iceberg is 
called calving. 

The iceberg has much greater mobility than the glacier ice possessed. If we are 
interested in utilizing glacier ice, then we should carefully observe and monitor the calv-
ing process. Normally the icebergs float off to warmer regions where they eventually melt. 
Meanwhile the icebergs are a navigation hazard. We all remember the unsuccessful encounter of 
the Titantic with an iceberg in the North Atlantic Ocean. Harvesting glacier ice offers three 
advantages: 

1) Provides a source of fresh water, 
2) Provides a heat sink, 
3) Removes a potential navigation hazard. 

History of Use of Glacier Ice  

The idea of using glacier ice as a potential fresh water supply was considered 
about 25 years ago when the Bureau of Reclamation was exploring various ways to augment the 
water supply to the Southern California region. At that time, it was thought that the ice-
berg would be towed into a dry dock and allowed to melt pumping out the fresh water. The idea 
was discarded because of adverse cost compared with other water sources. 

Keithahn (1967) cites the fact that during the winter of 1853-54, a ship loaded 
glacier ice cut from the Baird Glacier for use in San Francisco. Prior to that time Alaskan 
lake ice had been harvested and transported by ship to San Francisco. According to Weeks 
and Campbell, C. Hoerning relates that small icebergs were towed by ship and sailed from 
Laguna San Rafael, Chile (at latitude 450 S) to Valparaiso and even to Callao, Peru 
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(at 120° S) a distance of 3900 kilometers. This was in the period from 1890 to 1900. (By 
way of comparison, the distance between Yukatat, Alaska and Los Angeles is 3200 kilometers. 
The distance between southern Greenland and the entrance to the Mediterranean is 4000 kilo-
meters.) 

In more recent time, the feasibility of towing icebergs from the North Atlantic into 
the Mediterranean has been discussed (Jacobi, 1974). Even a superficial review of the 
literature discloses a long standing interest in the use of glacier ice in various parts of 
the earth. 

Source Regions for Icebergs  

With the advent of satellite weather observations and the new ERTS photographs, it is 
now possible to carry out a systematic study to gather the facts about calving frequency of 
large icebergs and their migrations. Swithinbank (1969) reports the tracking of two very large 
icebergs from the Amery Ice Shelf in Antarctica to the Weddell Sea using ESSA-3 satellite 
photographs. 

These ice islands measured 45 km by 100 km and 70 km by 100 km. These were identi-
fied on ESSA-3 satellite photographs. These ice sheets are commonly about 250 meters in 
thickness and the figure of 250 meters was used in the Weeks and Campbell study. 

The desirable tabular ice island type of iceberg forms when a very thick ice sheet 
moves without a great deal of fracturing into the ocean. The ice island simply breaks away.   
In the Arctic region this type of calving of the ice sheet occurs mainly to the north and west 
of Ellesmere Island, Sater (1969). From this region the ice islands move into the Beaufort Sea 
Gyre and do not become readily accessible for towing because the ice islands are embedded in 
pack sea ice. One of these was called Fletcher's Ice Island, T-3, formed in 1946, and has 
been occupied by an observation station since 1952. Sater (1969) relates how in 1961-62 the 
Ward Hunt Ice Shelf lost five large ice islands. 

Another source of icebergs which calve from the tidewater inlets in southeastern 
Alaska is shown in Fig. 1. Since these icebergs are derived from highly contorted valley 
glaciers, the icebergs are smaller in volume and bear little resemblance to the tabular 
icebergs discussed by Weeks and Campbell. The redeeming feature of the southeast Alaska 
icebergs lies in the fact that 1) they are derived from a region having relatively high 
precipitation (accumulation zones), 2) they could be towed in a relatively strong southward 
California current a short distance off shore and 3) they are only about 3200 kilometers from 
an obvious region of need off southern California. 

The strong orographic effect of the rugged mountain slopes accounts for the more than 
1500 to 5000 millimeters of annual precipitation experienced here. Since the glaciers move in 
narrow valleys and discharge into narrow fjord-like inlets, they often tend to span the valley 
and to be blocked by a relatively prominent constriction. Post and La Chapelle (1971) have 
documented many of the facts of the glacier ice. They show graphically the retreat of Guyot 
Glacier between 1938 and 1963. Approximately 165 square kilometers of the glacier was lost 
during the 25-year interval. A major part of this loss occurred during a 6-year period when 
the glacier retreated from a promontory in the inlet to the next channel constriction 
upstream. The headlands seem to provide an anchor point where the glacier terminum achieves 
a temporary stability until the next sudden retreat. 

Technical Problems Requiring Solution  

In the early days, Alaska Glacier Ice was shipped to San Francisco by sawing the ice 
into blocks and loading aboard the ship. Obviously this technique is not feasible for the 
quantities of ice needed today. It would be much simpler to tow an iceberg to its 
destination. 

Power Required: The total drag on an iceberg is the sum of three drag components: 
(1) form drag, (2) skin friction and (3) wave drag. Since the towing velocity is likely to 
be so small, the wave making resistance is negligible. The form drag for a blunt object 
decreases as the length to beam ratio increases. Gordienko (1960) documented iceberg 
sightings and shapes in Antarctic waters. The length to width ratio was commonly 4 and the 
heights above water were between 30 to 50 meters which means that the total iceberg thick-
ness must have been between 170 and 280 meters. (The thickness of the Amery Ice Shelf is 
in the order of 250 to 300 meters.) 
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