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ARE THERE MORE OBTUSE TRIANGLES?

Take three points at random on the circumference A PARADOX
of a circle. The triangle formed by these three points
can be either acute or obtuse with positive probabil-
ity. It can be shown that the probability that the
three points form a right triangle is equal to zero, but
it is surprising that the probability with which we

Consider a circle whose circumference is norm
to be unity. Choose two points A and B at rand
the circumference. The expected length of the ;
and the expected length of the arc BA are eacl

: s to .

find an obtuse triangle is %. Now, consider an arbitrary but fixed point P
Monte Carlo studies done at the University of circumference. Only one of the two arcs will ¢

Minnesota indicate that the probability of finding an P. It is interesting that the expected length of 1

obtuse triangle is greater than half, even if the three containing P is equal to 2/3.

points are taken at random inside circles, triangles, or
rectangles — or are formed by throwing three darts at
a barn door.

Can this all be proved rigorously?
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It is, of course, unrealistic to assume that all
the new paper capacity would be supplied by
nuclear plants, but the paper industry would seem
to be a promising potential application for nuclear
energy.

Petroleum Refining

The petroleum refining industry is a very large
consumer of energy — the third largest in the
industrial sector. Refineries start with raw mate-
rials, primarily crude oil, and convert them into
automotive and aircraft fuels, fuel oils, lubricants,
coke, and chemical feedstocks. The kinds and
quantities of individual products vary among
refineries, and, consequently, the characterization
of energy consumption for a typical refinery is
difficult. The industry average is an input in the
form of thermal and electrical energy of about
700,000 Btu per barrel of crude processed; this is
equivalent to 12% of the energy content of the
crude. Refineries vary in size from 300 barrels/day
to 434,000 barrels/day. In January of 1972 there
were 247 refineries with a total capacity of 13
million barrels/day, for an average size of 53,000
barrels/day. Thus, based on industry-wide energy
data one might expect the “average’ refinery to
have an energy use rate of about 450 MW(t) and
the largest refinery would require about 3700
MW(t).

Refineries produce waste-product hydrocarbon
mixtures which are normally used as fuel; these
fulfill about 36% of the energy needs. The remain-
ing 64% is provided by fuels with market value
such as natural gas, fuel oil, and petroleum coke. It
is the marketable fossil fuels that could potentially
be displaced by nuclear fuel.

To get a better understanding of the fine
structure of energy consumption, we examined
energy data for a specific large modern refinery
and for individual processes within the refinery. In
this case, about 80% of the thermal energy
generated is in the form of furnace heat and the
remaining is in the form of process steam. The
process steam requirement could easily be met by
present-day light water reactors, but the furnace
heat requirement could not. The bulk of the
energy consumed in radiant furnaces is used to
heat streams of the refinery process to 700 to
1000°F. The high temperature gas cooled reactor
would appear to be a potential candidate for
supplying this energy. But some modifications to
the current HTGR design might be required for
petroleum refining applications.
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Projections about the future of the petroleum
refining industry indicate a significant expansion.
The National Petroleum Council predicts that,
during the 15 years from 1970 to 1985, refining
capacity must increase by 10 million barrels/day if
the industry is to meet the anticipated demand.
The corresponding increase in process energy
capacity is over 85,000 MW (t). This new capacity
will predominantly be contained in very large
refineries and would seem to be a promising
market for high-temperature nuclear systems, espe-
cially the HTGR.

Chemicals

The chemical industry is second only to pri-
mary metals in the consumption of energy. It is at
once the most complex to analyze and the most
promising in regard to the potential application of
nuclear energy. The complexity arises from the
multiplicity of products which makes it difficult to
characterize energy needs for typical plants. There
are thousands of chemical compounds: alkalies and
chlorine, fertilizers, pigments, industrial gases, syn-
thetic fibers, plastics, soaps and detergents, organic
intermediates, pharmaceuticals — the list is nearly
endless. Seldom does a plant produce a single
product. The promising aspects of the chemical
industry relative to the application of nuclear
energy stem from the following factors: first, the
industry consumes a large amount of energy;
second, it is not difficult to find individual plants
with energy consumption rates of 500 to 1500
MW(t) and chemical complexes with rates of
several thousand MW(t); and third, the chemical
industry among all industries has shown the
greatest awareness of impending fossil energy
shortages and the most willingness to examine
alternatives. An illustration of the latter point is
the planned use of nuclear process steam from the
Consumers Power nuclear plant at Dow’s Midland,
Michigan, chemical complex. This, incidentally, is
the only example to date of the planned use of
nuclear process energy in industry.

Although, as noted previously, it is difficult to
characterize the chemical industry with respect to
energy consumption, we did examine energy needs
on a total-industry basis and obtained data on
energy consumption rates for specific plants and
complexes. Industry-wide energy consumption by
end-use is distributed approximately among pro-
cess steam (52%), furnace heat (24%), and electric
power (24%). It should be noted that this distribu-
tion does not include the energy content of the
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