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ground heat exchange device must be selected. These include the 
horizontal coil, the vertical heat exchanger, the buried water 
tank, and the buried flat plate. Third, the heat-exchange device 
must be sized relative to the heat pump, the load, and the solar 
components, if any. The ways in which these decisions have 
been approached in a variety of countries and climates have 
been analyzed as a base for assessing the outlook for ground-
coupling applications in terms of economic, energy supply, and 
technology development scenarios which could work for or 
against ground coupling. These include availability and cost of 
the various forms of energy, in particular gas versus coal; 
availabilhy of capital and interest rates; utility load profiles; and 
technical developments in air-to-air heat pumps, gas furnaces, 
and gas-fired heat pumps. The paper concludes with a discus
sion of research and development needs for ground coupling. 
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Overview of International Solar Central Receiver Projects 

(No abstract) 
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Supply of Australian Export Coal—How Much at How Much? 

In 1980-81, Australia exported 47.4 million tonnes of coal, 
split equally between New South Wales and Queensland. 
Forecasts by the Joint Coal Board for Australian exports in 1990 
are in the range 115 to 180 million tonnes, increasing by 2,000 to 
180 to 290 million tonnes; 55 to 60% is to come from New South 
Wales. The World Coal Study forecasts are at the lower end of 
the range. Will the supply factors allow these forecasts to be 
achieved? 

Australia's measured and indicated recoverable reserves are 
sufficient to sustain the year 2000 (total) production level for 
about 70 years. The desire of companies to produce coal is also 
sufficient to achieve these forecasts. Committed and proposed 
projects could result in an export produrtive capacity, by 1990, 
of 110 million tormes in Queensland and 80 million in New 
South Wales. However, port capacity will probably constrain 
exports to a maximum of 65 million tonnes for each state. 

A more severe constraint upon exports will be the cost of the 
coal FOB port. Although the Australian coal industry has the 
world's highest output per manshift, wage scales are also very 
high. More critically, royalties and other government charges, 
particularly excess rail freight charges, are so high that many 
prospective mines will probably not be economic. 

This prediction is expounded using supply curves for the ex
isting and near term New South Wales and Queensland pro
ducers. 
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Results of Exploration in Browse Basin, Northwest Shelf, 
Western Australia 

The Browse basin lies entirely offshore beneath the remote 
northwestern continental shelf of Australia. It occupies an area 
of approximately 39,000 mi2 (100,000 km2), most of which lies 
in water depths exceeding 650 ft (200 m). The basin originated 
during the Paleozoic as a broad, intracratonic downwarp, which 

was considerably modified by tectonism association with con
tinental break up during the Jurassic. After passing through 
restricted rift-basin and rim-basin phases during Eariy-Middle 
Jurassic and Late Jurassic-Eariy Cretaceous times the basin was 
opened to oceanic circulation in the Late Cretaceous, when its 
western margin subsided. Prograding Tertiary shelf carbonates 
subsequently covered the old basin and formed the present con
tinental shelf. 

Exploration of the basin and environs began in 1964 when 
license areas totaling some 63,000 mi^ (164,000 km^) were 
awarded to the "Northwest Shelf Joint Venture," a consortium 
of companies presently comprising the Woodside Group, 
together with Hematite Petroleum, Shell Development 
Australia, California Asiatic and BP Petroleum Development 
Australia. During the 11-year period to 1975, some 13,700 mi 
(22,000 km) of seismic were shot and 11 exploration wells drill
ed, resulting in the discovery of gas at Scott reef. At the end of 
the initial permit period some 62% of the total area was relin
quished. The remaining permit areas, totaling 24,162 mi2 
(62,579 km^) were renewed for the first renewal period of 5 
years. During this renewal period a further 4,100 mi (6,700 km) 
of seismic were acquired and 8 wells drilled, resulting in 2 addi
tional gas discoveries (Brecknock and Brewster) and one en
couraging oil show (Caswell). In 1980, following statutory relin
quishment, remaining permit areas, totaling 10,842 mi2 (28,083 
km2), 

were renewed for a further 5-year period. 
Initial obstacles to explorlation were water depth and the con

siderable thickness of multiple-generating Tertiary carbonates 
covering much of the basin. These have been largely overcome 
by advances in drilling technology and seismic data processing. 
Lost circulation zones and geopressured claystone intervals con
tinue to cause problems with drilling. 

Geochemical and maturation studies indicate that mature 
source rocks are present in the central basin, parts of which have 
been generative since the Late Cretaceous. Structural analysis 
suggests that the timing of trap formation is favorable with 
respect to likely hydrocarbon migration throughout much of the 
central basin, but is less favorable in the north, where a very late 
phase of structural growth is evident. 
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Role of U.S. Geological Survey in Assessment of Conventional 
Energy Resources in Countries Other than USA 

The U.S. Geological Survey has had a program of energy-
resource Studies in cooperation with counterpart agencies of 
other countries for many years. The products of the earlier 
cooperative activities were mainly reports of geologic research 
conducted to aid exploration and development of energy 
resources in specific areas such as coalfields or potentially 
petroliferous basins. In contrast, many of the more recent 
studies have been wide-ranging evaluations of conventional 
energy source materials and conditions in the developing coun
tries. These recent studies are largely based on existing informa
tion, and attempt to assess the quantity and quality of known 
energy resources, to evaluate the potential for development of 
both known and hypothetical resources, and to act as guides for 
future research and development activities. The studies are made 
ni collaboration with the appropriate agency of the foreign 
government and are funded by the U.S. Agency for Interna
tional Development, the U.S. Department of Energy, or, in 
some cases, by the participating country itself. 

The reports that have been produced range from ad
ministrative project reports of varying format to U.S. 
Geological Survey Professional Papers. Comprehensive reports 


