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Oak Ridge National Laboratory is a multiprogram,
multipurpose laboratory that conducts research in the
physical, chemical, and life sciences; in fusion, fission,
and fossil energy; and in energy conservation and other
energy-related technologies.

This computer
graphic (produced
by Paul T.
Williams of the
Martin Marietta
Energy Systems,
Inc., Computing
and Tele-
communications
Division) is a
“finite elements”
model developed
for vibrational
analysis of part of
a scanning
tunneling
microscope being
built at ORNL.
Color variations
indicate the
degree of surface
change (see page
9 for the full story).
A special section
of this issue is
devoted to the
applications of
supercomputers,
particularly the
local Cray X-MP,
in research and in
visualizing
scientific results at
ORNL.
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now operational: The National Center tor Super-
computer Applications (University of Illinois), the
San Diego Supercomputer Center (University of
California, San Diego), the John Von Neumann
Center at Princeton, the Pittsburgh Supercomputer
Center, and the Cornell National Supercomputer
Facility. They employ Cray. ETA. IBM. and
Floating Point Systems (FPS) products. Although
this initiative has had the undesirable short-term
effect of making programmers for supercomputer
systems somewhat scarce. a generation of students
and scientists is receiving valuable training. Some
6000 researchers around the country have shared
computer time at these centers. The NSF plans, as
the next step. to establish a higher-speed commu-
nication network between these centers.

U.S. industry is now beginning to recognize the
importance of supercomputers for performing
geologic calculations. engineering design. high-
quality animation, and even large. mundane
business tasks. Thus. the commercial market for
supercomputers is also growing.

Historically, the DOE detfense laboratories.
Lawrence Livermore and Los Alamos. have led
the way in purchasing supercomputers and in
developing software to run them. As supercomput-
ers become more widely used, vendors will be
able to provide more of the necessary sottware.

Today. using all the capabilities of highly
parallel machines such as hypercubes cannot be
done without incurring considerable added
programming costs. To do it economically
will require software advances and. probably.
programming languages that are designed to
incorporate parallelism. Some studies suggest
that parallel computers will not be used as
general-purpose computers within the next ten
years because of the programming costs.

Increasingly. supercomputers will be considered
merely another resource that can be accessed
from a personal workstation. With the advent of
reliable. high-bandwidth telecommunications. it
1s possible for workstations to route work invisibly
to the most effective resources for execution.
Work-stations are now starting to provide real-
time animation of simulations produced by super-
computers, such as the operation of a reactor or
the aerodynamics of an airplane.

Number Three 1988

The Cray X-MP. located at the Oak Ridge
Gascous Diffusion Plant (ORGDP). was acquired
to handle uranium enrichment calculations in a
classified environment. Just as the machine was
obtained in 1985, that work disappeared because
the plant was placed on standby. and the gas-
centrifuge enrichment project was terminated.
The computer was retained, however. to satisty
other computing needs within Martin Marietta
Energy Systems. Inc.. and is now operated for
classified use during part ot cach week and un-
classified use tor the remainder. Most of the un-
classified time is used for ORNL projects, while
the classified time is used primarily by ORGDP
and the Oak Ridge Y-12 Plant. When the Cray is
unclassified, most Energy Systems employees
may access it.

At ORNL. this Cray and other supercomputers
are used for the simulation of complex physical
systems and for large engincering studies to
provide numerical results that augment theoreti-
cal. heuristic, and probabilistic approaches. In this
context. the supercomputer is a usetul tool tor
problem solving. The level of resolution (detail}

Ihe Cray X-MF
(shown in the
background) is
controlled by
researchers like
Richard Hicks,
working at an
ordinary computer
terminal.



AN arrangement ot
computer chips
and microcircuits
typical of the
electronics that
drive a super-
computer.

SUPERCOMPUTERS IN SCIENTIFIC RESEARCH

of the solution is usually limited by the power of
the computer available. Doubling the linear
resolution in a three-dimensional simulation. for
example, can require a factor-of-cight increase in
computer run time.

Ten years ago. the validity of numerical simula-
tions was not widely accepted in the scientific
community. Because of verified successes during
the last decade and the money saved by perform-
ing computer, rather than laboratory, experi-
ments, numerical simulations in many fields are
considered as acceptable as other theoretical and
laboratory techniques. (See the following articles
for some detailed examples of supercomputer
uses by ORNL researchers.)

Even before installation of the local Cray. some
ORNL researchers used remote supercomputers,
primarily those at the defense laboratories. For
example. the researchers in ORNL's Fusion
Energy Division have historically used the largest
annual amount of computer time at the National
Magnetic Fusion Energy Computer Center at
Livermore.

ORNL researchers have also been investigating
better ways to design and use computers. They
have explored the use of parallel processors in
robotics and have optimized some numerical
algorithms for parallel processors. Significant

progress has been
made in the
effective use of
parallel architec-
tures for certain
classes of
scientific
problems.

Even if the next-
generation super-
computer is only
slightly larger
than today’s
personal com-

puter, it is likely to cost millions of dollars. But. as
the desktop power available for thousands of
dollars increases dramatically. so will the power
available in a supercomputer increase. Many of
the problems being solved today on supercomput-
ers will be studied economically on much faster
machines. Today's computerized physical simula-
tions have by no means exhausted all possibilities.
They incorporate numerous assumptions that can
be refined, yielding further understanding. The
study of nonlinear phenomena, geometrically
complex systems, and problems involving diverse
time or space scales, real-time animation, and a
high degree of dimensionality will strain the capa-
bilities of supercomputers for some time into the
future. Scientific problems that require even more
computer power than can be delivered will persist.

If software can be developed to facilitate the
effective use of many parallel processors. then the
widespread use of massively parallel machines
could enormously increase the effective comput-
ing capability available. This assumption, how-
ever. implies that compilers will also recognize
and utilize parallelism.

Many researchers are also investigating the pos-
sibilities for significantly increasing processor
speed. Today"s computer chips are based on
macroscopic electronic technology. Atomic- or
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Using a Supercomputer
for Theoretical Chemistry

escribing the motions within atoms
and molecules is a goal of chemistry
and physics. A detailed understanding
of these “nonlinear dynamical systems,” which
have received much attention since the late
1970s. could provide insights into how
they are affected by molecular
collisions, laser irradiation, and other
perturbations.

Almost every molecular or atomic
system has been found to exhibit two
very different types of motion. In the
ground state, there is a stable, or
quasiperiodic, motion. However, if a
certain amount of excitation energy is
deposited in the system as a result of

molecular collisions or absorption of a laser
photon, the motion becomes random, or chaotic.
This chaotic motion was unknown until 1964,
when high-speed digital computers were first
used to simulate the motions of a set of objects
believed to be governed by classical mechanics,
such as the solar system. Before then, analytical
methods always revealed only quasiperiodic
motion. Chaos. currently a hot topic in science,
has been found in almost every dynamical system
ranging from nuclei to planets. (See the book
review of Chaos on page 62.)

During the past 15 years (10 of them at ORNL).
I have studied quasiperiodic and chaotic behavior
in the infrared (IR) multiphoton dissociation of
molecules, molecular collisions, atomic dynamics
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This fractal region of the energy-transfer map for a

helium atom colliding with a diatomic molecule of iodine (1,)
was produced by the author in collaboration with S. D. Gray
and S. A. Rice of the University of Chicago.
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studies of the ability of reactor buildings to retain
fission products released from the primary
containment during severe accidents. This
capability has recently become the focus of much
attention within the NRC and the nuclear power
industry.

Current ORNL investigations are evaluating the
ability of BWR reactor buildings to withstand the
pressures and temperatures generated by the
combustion of hydrogen and carbon monoxide in
the reactor building following primary contain-
ment failure. The computer code used for these
studies is MELCOR—a 500,000-line FORTRAN
code developed by Sandia National Laboratories
for the NRC. Although MELCOR simulates a
wide variety of phenomena (including core heatup.
fuel melting and relocation, reactor vessel failure,
core-concrete interactions, primary and secondary
containment response, and fission product and
aerosol transport), only the containment analysis
capabilities of the code are exercised in the present
studies.

A typical ORNL MELCOR secondary contain-
ment model might consist of 26 computational
cells or control volumes that represent the various
regions within the reactor building. MELCOR
performs mass and energy balances for each cell;
calculates cell pressures and atmospheric and
structural temperatures: simulates hydrogen and
carbon monoxide deflagrations: and tracks the
flow of gases, aerosols, and fission products
through the reactor building. Within the MELCOR
model, the primary containment blowdown can be
assumed to enter one or any combination of cells.

The accident analysis period of interest tor these
calculations typically ranges from 1 to 10 h, and
the computation time depends on factors such as
model formulation and the physical phenomena
chosen for investigation. Computing time on the
Cray generally ranges from 30 min to 10 h. A
recent series of calculations required 6 h of
computing time for simulation of a 2-h transient
event. Such simulations would not be feasible on
less powerful computers. In fact, codes such as
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CONTAIN and MELCOR typically execute 5 to
100 times faster on the Cray X-MP than on the
IBM-3033 system.

SOme SCenarios, as much as Y% ot the aerosols
released into intact reactor buildings may be
retained, never reaching the surrounding environ-
ment. The results of recent analyses indicate,
however, that the structural integrity of reactor
buildings may be challenged in some accident se-
quences. Much work

remains to be done in

this field. and many

uncertainties persist.

However, ORNL's

resource triad of experi-

enced and skilled per-

sonnel, state-of-the-art

severe accident simula-

tion software, and the

Cray X-MP ensures our

future as a national

center for BWR severe

accident research.—

Sherrell R. Greene,

Engincering

Technology Division






brittle to be fabricated into useful structures. The
grain boundaries (interfaces between grains in the
solid material) are structurally disordered regions
that attract impurities from the bulk material,
causing embrittlement and severely affecting
performance. The key to controlling this grain
boundary brittleness in the ORNL nickel
aluminide alloy was the discovery that minute
additions of boron to the correct alloy composition
resulted in strong interfacial cohesion. The new
ORNL-designed material is ductile and can be
easily fabricated. Five companies have already
obtained nonexclusive licenses for the commercial
use of the improved aluminide alloy.

At first the question of why
boron ennances interfacial cohesion in grain
boundaries of the alloy seemed beyond the scope
of conventional theoretical techniques. However, |
have recently developed, collaboratively with
Frank Averill of Judson College, Illinois, a new
atomic-cluster theoretical approach called the
augmented Gaussian orbital method. which solves
the LSDA equations for model atomic clusters of
arbitrary composition and structure. This approach
had the potential for explaining why boron
produced this remarkable enhancement of cohe-
sion (whereas most impurities cause embrittle-
ment). With our new technique, we addressed the
problem of explaining the effects of boron and
other impurities on the properties of nickel
aluminide. First using various atomic clusters to
model the grain boundary region of the nickel
aluminide alloy. we then calculated the effects of
various impurities on the binding energy and
interatomic forces in the clusters.

Great care and
accuracy are required in all phases of our work,
because the energy differences of interest are in
the parts-per-million range. Supercomputers such
as the Cray X-MP are extremely useful in per-
forming these intensive calculations. To under-
stand how various impurities affect the cohesive
strength of grain boundaries in nickel aluminide
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Binding energy curves for various
impurity atoms in nickel host clusters.

alloys, we first calculated the binding energy as a
function of interatomic separation for several
bare-host clusters (nickel, aluminum, and mixed
metal) as reference systems. The calculations
were repeated for impurity-containing clusters to
determine the effects of inserting impurity atoms
in octahedral host clusters representing the open
sites where impurities bond in grain boundaries
(see figure above).

Our research showed that the effects of various
impurities on the cohesive and mechanical
properties of the host material are profoundly

5.5
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SUPERCOMPUTERS IN MATERIALS SCIENCE THEORY

different. The figure shows the binding energy

curves we calculated for various impurity atoms

[hydrogen (H), carbon (C), lithium (Li), and

aluminum (Al)] when they occupy the interstitial
octahedral site in a Ni_host
cluster. The curve labeled Ni
represents the bare-host refer-
ence curve.

Various impurities affect the
cohesive properties (indicated
by the curve depths) and
mechanical properties (as
defined by the energy variation
with Ni-Ni atom separation) in
very different ways. Both Li and
Al impurity atoms have a desta-
bilizing (embrittling) effect on
the nickel host clusters, while H
and C bind strongly and have a
stabilizing effect on the host.

An analysis of our calculation
results enabled us to identify the
atomic-level factors important in
determining these effects of im-
purities on interfacial cohesion.
In particular, the results from
our study of boron and sulfur in
nickel clusters provided the first
reasonable explanation of why
boron enhances cohesion in
grain boundaries of superalloy
nickel aluminide, whereas most
impurities, such as sulfur, are
embrittling species.

The study of
superconducting oxides represents another
materials area where supercomputers will play an
important role. Nancy Wright. Bill Butler, and |
have initiated studies in the Metals and Ceramics
Division to understand the interatomic forces
underlying structural stability of the high-tempera-
ture superconducting ceramics. The complexity of
these systems will require extensive computing re-
sources tor performing the calculations involved.

One key to our continuing advancement in
applying electronic structure theory to more
realistic models for complex materials science
problems is the availability of high-performance
computers. In a sense. the computer serves as the
experimental tool of the theorist. allowing new
concepts to be explored through calculations. Our
analysis of electronic structure calculations is
greatly aided by computer visualization of the
results, such as the electron orbital densities
shown in the figure on page 14. Future advances
in this field will bring us nearer the ultimate goal
of designing materials to have specific desirable
qualities, based on an understanding of the atomic-
level interactions involved.—Guayvle S. Painter,
Metals and Ceramics Division
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Theoretical Atomic and
Nuclear Physics

he advent of modern heavy-ion accel-
erators and supercomputers has revolu-
tionized atomic and nuclear physics.

A wide variety of new phenomena have
already been discovered using these advanced
tools. Scientists in ORNL's Physics Division can
now study collisions between nuclei as massive as
uranium at relative speeds very near the speed of
light and distances ranging from about the size of
atoms to a scale much smaller than the individual
protons and neutrons that make up an atomic
nucleus.

In studying the most energetic nuclear collisions,
an interesting new feature has emerged: for short
periods of time during the collision. the strengths
of the electromagnetic forces (which hold the atom
together) and the nuclear forces (which hold the
nucleus together) become nearly equal. One of the
new structures produced during this type of
collision is a vacuum consisting of strongly
coupled particle-antiparticle pairs. The new
vacuum state decays, usually in <10 s, with the
emission of the particle pairs. Experimentalists
detecting the emission of these pairs are alerted to
the fact that something unusual has occurred to
disturb the normal vacuum. To interpret and verify
what the experimentalist measures, it is essential
to have a reliable means for computing the same
phenomena using various theories.

The strong electric fields produced in these
collisions can be as large as 107 V/m, exceeding
any other laboratory-produced electric field and
comparable to the fields in the center of a neutron
star. In contrast. the largest electrostatic fields that
have been produced by conventional means were
only ~10” V/m. in ORNL's Holifield Heavy lon
Research Facility. The enormous nuclear-collision
fields preciude the use of traditional analytical
approaches for understanding the novel effects
that appear. We found it necessary to completely
reformulate the problem-solving method. to
exploit the special advantages of supercomputer
architectures. Our analysis method involves three
steps:

(__J We first consider an approximation, based on
a mean field picture, which reduces the
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complexity of the problem and results in a
simpler, flowing-fluid description of the
collision:

A we interpolate the fields. or tluid elements,
using a linear combination of basis splines—
mathematical devices introduced in the last
century as a means for describing the
contours of smooth objects such as the
hulls of boats;

[ We solve the mean field problem by evaluat-
ing the fields on a special space lattice. A
diagram of the points on such a lattice is
reminiscent of a crystalline solid.

To illustrate, the figure on this page represents a
near-collision between uranium nuclei (solid
circles) in a three-dimensional space lattice whose
coordinate axes are shown in the lower left. The
shaded region between the nuclei depicts the
induced magnetic field.

[n principle, the
tull quantum-mechanicat, many-body equations
of motion should yield an exact description of the
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Representation of a colliding atomic or

nuclear system in a space lattice.






Parallel Computers for
Efficient Problem Solving

omputer users continually demand

more computing power. Even on the

current supercomputers, some rela-
tively small problems can be intractable. For
example, to accurately simulate the heat transfer in
a I-m* block using a simple computation method
requires 4.8 x 10" arithmetic operations per
second of time simulated. For a computer to do the
simulation in real time would require a sustained
computation rate 1000 times greater than that
achievable by a Cray X-MP.

To meet the need for greater processing speed,
computer designs have emerged that make
multiple processors available to the computer user,
and almost all mainframe computers incorporate
some sort of parallel processing. Existing parallel
computers are generally one of two types: shared-
memory multiprocessors and distributed-memory
multiprocessors. The shared-memory type allows
all processors equal access to memory. usually
through a common communication channel. or
“bus.” As the number of processors sharing a bus
increases, the maximum distance between a
processor and the memory increases, and so does
the potential for contention between processors for
control of the bus. Both conditions degrade the
communication speed. Thus bus architectures
cannot efficiently employ a large number of
processors, although commercially available
computers of this type exist with up to 30
processors.

Distributed-memory multiprocessors are charac-
terized by a network of communication channels,
each of which connects a processor to other
processors and memory units. Typically each
processor has a local memory of limited size.
When a processor needs data stored in a memory
other than its own, the computer program must
explicitly request transmission of those data. Extra
programming effort is required for coordinated
data movement. Because communication channels
are not shared in distributed-memory architec-
tures. they are more efficient than bus architec-
tures in the use of processors and memory. But the
lack of equal access to memory by all processors
makes the use of distributed-memory computers
more difficult and more limited.
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Not all types of problems lend themselves

to a parallel solution. However. our experience
shows that a number of computationally expen-
sive problems can be efficiently solved on
parallel computers. For example. ORNL"s Intel
hypercube. a distributed-memory multiprocessor,
and the Sequent Balance 8000, a shared-memory
multiprocessor, have been used for the numerical
approximation of problems in molecular dynam-
ics, stress analysis, magnetohydrodynamics.
contaminant transport, and electrostatics. All of
these problems can be posed as partial differential
equations (PDEs). and paralle] computers seem to
be particularly well-suited to their numerical
approximation. In our work we have developed
methods for solving several common types of
problems. performing the exhaustive calculations
on a distributed-memory multiprocessor.

Usually the
solutions of partial differential equations are
functions over

some spatial
domain—for
example. the
velocity of a fluid
in a pipe or the
electromagnetic
potential on a
plate. The solution
may also vary
with time. When
solving such
equations, it is
sutficient to know
the solution at
some finite time
point and loca-

tions within the
spatial domain.
For example, if
the solution 1s defined on the unit square, then it
may be enough to know the value of the solution
at the points of intersection of the square with
some uniform grid (see tigure).

Partial differential equations express a relation-
ship between the solution function and the

Example grid in unit square.









Rising aspirations
and population
growth in
developing
countries such as
Pakistan (shown
here) add up to
growing needs for
energy services.
The U.S. Agency
for International
Development,
assisted by ORNL,
is trying to help
meet these needs.

Energy for Development:
ORNL Returns

to the
Third World

By Thomas J. Wilbanks and
Sherry B. Wright

he 1980s have been a quiet decade
for energy research and development
(R&D), as the energy crises of the 1970s
have faded into the background. But
lower prices for oil in world markets have not
solved the energy problems of developing
countries. where a shortage of reliable and
affordable energy services has continued to slow
the engine of social and economic development.
At the same time. the growing appetites ot these
countries for commercial fuels have made them
the fastest growing market in the world for energy
technologies, and many observers believe that
their energy decisions will have a profound effect
on the world’s total energy requirements (and the
global environment) by the middle of the next
century.

Since 1982, Oak Ridge National Laboratory has
been involved in analysis and technical assistance
to help developing countries meet their energy
needs, as a part of the programs of the U. S.
Agency for International Development (AID). In
Asia, Africa, Latin America, and the Middle East,
ORNL statf members from several divisions are
working with their counterparts from the countries
involved and with other colleagues to help solve
current energy problems.

Of course, helping the developing world is not a
new venture at ORNL. From 1959 through 1965,
the Oak Ridge School of Reactor Technology
trained 112 individuals from 27 countries—
including Brazil. India. Indonesia, Pakistan, the
Philippines. and Thailand—in nuclear reactor
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hazards evaluation and operations supervision. In
addition, ORNL staff members John Pinajian.
Fritz McDuffie, Frank Plasil. and others lived and
worked in developing countries as representatives
of the former U.S. Atomic Energy Commission.

During this same period. ORNL was becoming
a leader in examining the applications of “big
science,” such as the “Nuplex™ concept. to
development problems at a grand scale. As
conceived by ORNL, a Nuplex would supply
inexpensive power from a large generating
facility—probably but not necessarily a nuclear
plant—Ilocated on an arid seacoast in a developing
region. A desalting facility would make tresh
water from the seawater, pump this water inland to
irrigate the desert, and provide electricity and
thermal energy for the communities and agro-
processing industries that would follow (see article
in the Review, Summer 1967, pages 3-9). In the
process, ORNL attracted world attention as a
center of desalination expertise. stemming from
the Laboratory’s Molten Salt Reactor Program. By
the early 1970s, ORNL was well-known in Asia
and Latin America, and Laboratory leader Murray
Rosenthal and others visited developing countries.
such as Pakistan, to provide technical advice.

Because of the mushrooming demand for
energy R&D and problem solving in the United
States during the 1970s, the Laboratory’s
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resources were needed at home, and ORNL"s
connections with developing countries decreased.
In the 1980s. however, the situation changed as
energy was shifted to the back burner as a domes-
tic policy issue. ORNL needed innovative ways to
keep its energy expertise fresh in order to be
prepared to meet domestic needs certain to lie
ahead. One response was to look for energy needs
in other countries linked to U. S. government
programs and the U. S. national interest.

AID. the U.S. government agency responsible
for assisting developing countries, had developed
significant energy programs during the 1970s. In
1982 a number of discussions among AlD, the
U.S. Department of Energy. and ORNL resulted
in an interagency agreement with DOE to have
ORNL conduct a one-year energy planning and
assessment project in Liberia for AID.

Liberia is a small developing country on the
west coast of Africa, about 10% smaller than the
state of Tennessee. with a population of approxi-
mately two million people. In [981, the gross
domestic product (GDP) of the country was
$841 million for the monetary economy and
about $1 billion for the monetary and traditional
economies combined (or roughly $500 per

ORNL
subcontractor
Jean-Roger
Mercier and
Energy Division’s
Robin Cantor
record the weight,
cost, and quality of
a typical Malagasy
family's charcoal
purchase to meet
a day’s cooking
needs. This kind
of information is
being tracked
longitudinally by
AID and the World
Bank to reveal
trends in actual
household fuel
costs throughout
Antananarivo,
Madagascar's
capital and

largest city.



“The most
striking
ORNL con-

tribution . . .

showed that
Liberia
should shut
down its oil
refinery
rather than
borrow
money to
upgrade it.”

ENERGY FOR DEVELOPMENT: ORNL RETURNS TO THE THIRD WORLD

capita). This measure of development ranked
Liberia a little below Bolivia, Zambia, and
Indonesia but a little above Pakistan and the
Sudan. During the late 1970s, the country’s long-
standing favorable trade balance had disappeared,
as the bill for oil imports grew from $5.5 million
in 1971 to $152 million in 1980 (in nominal
dollars). The country was mired in a severe
recession; real GDP was falling at the rate of

5% per year, and national indebtedness was
rising rapidly.

It was natural to look to the energy sector for
some of the solutions to Liberia’s growing
economic problems, but attempts in the late 1970s
to identify initiatives in this sector had foundered
because of a lack of reliable information about the
country’s energy system. its needs, and its
options. At the request of the Liberian govern-
ment. AID agreed to support a project to improve
the base of information and to strengthen
Liberian capabilities for energy planning. In turn,
AID asked ORNL to conduct the project. in
collaboration with Liberian colleagues and
consultants from two universities and a private
firm.

The initial project. a national energy assess-
ment, was carried out over a one-year period in
1982 and 1983. At the time the project began, a
highly factionalized energy policy-making system
had led to a focus on three proposed actions:

(1) large-scale development of hydroelectric
power, which centered on the St. Paul Project, a
proposed storage and generation facility (with an
ultimate capacity of ~1000 MWe) at the conflu-
ence of two rivers upcountry; (2) renovating and
upgrading Liberia’s only oil refinery to increase
its efficiency and shift its product slate toward
lighter fractions (at an estimated cost of $50
million); and (3) domestic oil exploration and
production, given the country’s proximity to oil
production offshore from the Ivory Coast.
Working with Liberia’s National Energy Com-
mittee (NEC), the U.S.-Liberian project team
produced a summary assessment, 18 working
papers, and a number of informal comments and
advisories during that first year. The team was led
by Bill Barron of ORNL's Energy Division and
M.-H. Neufville, secretary of the NEC and

director of what was then the Liberian Bure
Hydrocarbons (now the Department of Ener
within the Ministry of Lands. Mines. and Ei
Seven ORNL staff members participated in
sessments that year.

By normal standards for such projects. th
impact of that year’s work was dramatic. B¢
producing a mass of fresh data, which has b
adopted by Liberian institutions and interna
lending institutions alike as a standard base
evaluating energy alternatives, the project ¢
the direction of energy policymaking in Lib
The most striking ORNL contribution was &
initially sketched out by Dick Barnes and la
amplified by Garland Samuels and other En
Division staff members, that showed that th
country should shut down its oil refinery rat
than borrow money to upgrade it.

An inefficient, simple, poorly maintained
facility, the refinery was producing gasolin¢
diesel fuel, and other light petroleum produ:
very high cost compared with world market
ORNL analyses showed that if, instead of re
oil within the country, Liberia imported oil
products at world prices and sold them dom
cally at the higher prices to which domestic
markets had become adjusted, the country v
realize a revenue windfall of $15-20 millio
year. This was equivalent to about a 2% inc
in the GDP—a substantial payoff. indeed, fi
$200,000 project! After this assessment was
confirmed through an independent study by
international consulting firm. the refinery w
down. As a result, Barron reported, the Libe
government was able to triple the tax on ga:
and diesel fuel while reducing prices at the
by 10%.

Other contributions of the project may be
equally important in the long run, even if th
less dramatic in the short run. For example,
project team showed that the proposal for tk
St. Paul hydroelectric project was based on
demand forecast that ignored uncertainties ¢
the country’s rate of economic development
during the next 20 years. A more appropriat
strategy would be to add generating capacit
smaller increments, allowing it to be fine-tu
the development actually experienced (e.g..
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upgrading an existing hydroelectric facility).

As another example, the project team drew
attention to Liberia’s impressive wood resource.
which could meet a sizeable share of the country’s
energy needs on a sustainable basis. especially in
rural areas. Particularly interesting is the prospect
of using wood gasification to power stationary
internal combustion engines, which account for
two-thirds of Liberia’s oil consumption.

Other examples include the introduction. during
an electric power shortage in December 1982, of a
number of ideas about energy conservation and
load management and the transformation of the
NEC, which had previously been an ineffective
body, into a major force for rational energy
planning.

At the end of the first year, the government of
Liberia and AID decided that further support was
needed to help turn the project’s information.
ideas. and recommendations into a national
energy strategy. Barron moved to Liberia for two
years to serve as technical advisor to the NEC.
ORNL staff provided support by conducting short-
term analyses of still-unresolved issues, such as
the economics of harvesting the wood resource
and the potential for energy conservation in
buildings. This period culminated with the
issuance in June 1985 of An Integrated National
Energy Program for Liberia. submitted by the
NEC to the government of Liberia and adopted as
the nation’s energy strategy. In September of that
year, just before Barron's return, he organized a
retreat for high-level officials of the Liberian
government, energy institutions in that country,
major lenders, and others to discuss and publicize
the strategy.

Soon afterward, a controversial election was
held in Liberia and most development assistance
from AID, the World Bank, and other lenders was
placed on hold while the political situation was
sorted out: thus, much of the strategy is yet to be
realized. But it remains the road map being used
by all parties interested in Liberia’s energy future
and the project itself was judged by AID to be one
of the most successtul on record. The refinery
remains closed, the St. Paul project has been
replaced by a successful rehabilitation of existing
hydroelectric facilities. the possibility of wood-

Number Three 1988

fueled facilities for power supply in rural areas is
being actively explored. and the NEC is conduct-
ing energy planning and analysis on a continuing
basis without external assistance.

By 1984, AID’s Oftice of Energy (see figure
on page 29) was finding the entire program of
which the Liberia project was a part—the energy
planning and policy development (EPPD) portion
of a larger program entitled Energy Policy
Development and Conservation—difficult to
manage. Without a staff arrangement for techni-
cal assistance, the program lacked coherence and
was not producing the desired results.

AID dccided that ORNL. which had performed
impressively in Liberia, might be able to solve
this problem. The Laboratory was world-famous
as a diversified center of energy R&D. including
energy policy analysis. and during the late 1970s,
it had developed a strong reputation for program
management (assisting busy federal program
offices in connecting with the best available
technical resources in the larger research
community. based on the Laboratory’s own
technical strengths). With these qualities in mind,
AID asked the Laboratory to lead and manage the
EPPD project and. with the agreement of DOE.
ORNL accepted this new challenge.

It seemed to ORNL that the first step should be
to take a fresh look at energy conditions in
developing countries in the 1980s. For example,
by 1984. three years after EPPD program
directions had been defined. oil prices had leveled
and the dominant view within AID was that “'the
energy problem™ had gone away, at least as a
major priority for allocating scarce development
resources. In addition, a major AID-sponsored
conference in Reston, Virginia, in February and
March 1983, held to take stock of the experience
with national energy planning activities in
developing countries, had concluded that. in
many cases, national energy planning was not
helping to meet energy needs. Quite simply,
although the planning was sometimes being done
reasonably well, it was seldom connected with
actual decisions about major energy actions and
investments.

“ORNL staff
conducted
short-term
analyses

of still-
unresolved
issues, such
as the
economics of
harvesting
the wood
resource

and the
potential for
energy
CONnservation
n
buildings.”









The AID program
at ORNL has
grown rapidly.
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ENERGY FOR DEVELOPMENT: ORNL RETURNS TO THE THIRD WORLD

Throughout the developing world, electricity
consumption is growing: annual growth rates in

the range of 10 to 12% are common. According to

the World Bank. this trend translates into a
requirement for $500 to $900 billion in capital
investment in the next 10 years for power system
expansion in developing countries, or else the
development process will be inhibited—a crisis
indeed. If a solution is to be found for this power
crisis, it lies in some combination of three
strategies: (1) rationalizing energy prices to
reduce demands resulting from inappropriately
low prices, (2) increasing private sector roles in
power sector financing. and (3) improving the
efficiency of systems that provide electricity
services to minimize the cost of increasing
these services.

ORNL’s power system planning program
focuses on the third option: improving system
efficiency through “least-cost™ power system

planning. For instance, in
many cases the cheapest
way to provide more
clectricity services (e.g..
comfort, convenience,
mobility. productivity
increases) is not to build
another power plant but
to improve the efficiency
of the power system:
existing power plant
operations. transmission
and distribution net-
works. and end uses.
During the late 1970s and
early 1980s. many U.S.
electric utilities became
significant innovators in
increasing efficiency. It
seems certain that power
system planners in
developing countries can
benefit from this experi-
ence. Power system
efficiencies in developing
countries are usually
quite low (see figure on page 31). and adding new
generating capacity—the approach assumed by the
World Bank estimates—usually entails unneces-
sarily high capital costs for the services added. For
example, a study conducted by Ed Hillsman of
ORNL. David Jhirad of AlID. and Pirooz Sharafi
of Hagler, Bailly, and Company. Inc.. indicates
that an estimated capital requirement for power
system expansion in India of more than $50 billion
in the next five years could be cut to $30 billion or
less by successful implementation of a least-cost
approach to planning.

Putting such an approach to work in developing
countries does not just depend on convincing the
countries themselves of its merits, however. There
is considerable evidence that the “least-cost™
options are not always the most easily financeable
options. and developing country decision makers
are more likely to respond to signals from lenders
than from analysts. Accordingly. the AID-ORNL
program has also opened up a dialogue with the
major development lenders. to pass on these
perspectives.
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Work at ORNL on the
issues regarding power for
development is also
concerned with two other
energy problems: power
for rural areas and
sustainable paths tor
energy system develop-
ment. The current empha-
sis of activities related to
rural power systems is on
technological and institu-
tional options for mini-
grids (i.e.. medium-scale
alternatives to extending
the central grid. on the one
hand. or self-generation.
on the other). Bob Perlack
of ORNL has helped to
develop a strategy to
pursue such options as:
persuading a relatively
large private-sector rural
enterprise, for example a
minerals extraction or
agroprocessing plant, to
generate enough power to
meet needs of other users and sell it to a coopera-
tive or other third party for distribution in a
minigrid. Perlack and others have also analyzed
the pros and cons of substituting a simple mini-
grid. connected to a small centralized power
generator, for small decentralized equipment for
water pumping. Advantages of the minigrid option

include power for small rural industries (especially

when requirements for water pumping are small)
and for other village needs. as well as simpler
operation and maintenance. Finally. David
Eissenberg of ORNL's Engineering Technology
Division has played a major role in preparing a
basic guidebook on technologies for water lifting
in developing countries.

ORNL’s program for AID includes three kinds
of activities related to sustainable development.
First, the Laboratory is helping to explore the role
of coal and other solid fossil fuels in energy
strategies for developing countries. ORNL
organized the technical program for the first
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Pakistan National Coal Conference in 1986, at
which Shelton, Wilbanks, and Eissenberg made
presentations. R. Krishnan and others from the
Engineering Technology Division are assisting an
R&D institution in India in improving capabilities
for evaluating experiments with fluidized-bed
coal combustion. ORNL is leading AID’s eftfort
to determine the potential of coal as a wood-fuel
substitute in developing countries. Additionally,
ORNL is joining with Bechtel and Pyropower

to assess the feasibility of using oil shale to
gencrate electric power in Jordan.

Second, the Laboratory—in association with
Ouk Ridge Associated Universities™ Institute for
Energv Analysis-—has taken stock of more than a
dozen years” experience in renewable energy
applications in developing countries to focus AID
programs more effectively on projects and
technologies that have high probabilities of
success. Under the leadership of Dan Waddle,
ORNL is helping to initiate new projects in
several countries.

Power system
efficiencies in
developing
countries are
usually quite low,
placing heavy
demands on
energy and capital
resources. For
example, an
efficient system
(bottom) delivers
2.5 times more
electricity services
from a given
amount of fuel
than an inefficient
system (top).


















the country’s electric power system. The hope

is that such institution-building will speed the
process of communicating and evaluating new
technology options for improving electricity
services. ORNL will serve as an important source
of U.S. technical assistance. In addition. ORNL iy
assisting AID’s Office of Energy in taking a more
comprehensive look at the implementation
problem.

Besides representing a significant attempt to
break new ground with implementation, the
PACER project is also an experiment in technol-
ogy transfer. In other project activities, ORNL is
encouraging technology transfer by seeking
private-sector participation in coal briquette
production in Haiti and Pakistan, improving the
state-of-the-art for market acceptance studies in
developing countries, assisting AID with informa-
tion dissemination, and providing insights about
the special challenges faced by U.S. energy
technology producers in the competition for
markets in developing countries.
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Buses are
important public
transportation in
most developing
countries.
Analyses by
ORNL and others
have shown that
oil fuel
consumption can
be reduced by
transportation
system efficiency
improvements.

As long as this list may seem to be, it still
neglects a host of other recent ORNL-AID
activities. For example, the work of David Greene
(Energy Division) and others on the potential for
improving the energy efficiency of transportation
systems in developing countries, based on field
investigations in Tunisia and Costa Rica, is
considered the best available reference work on
this subject. In one major contribution, Greene,
ORNL’s Frank Southworth, and colleagues from
Hagler. Bailly, and Company. Inc.. conducted
experiments in Costa Rica that established for the
first time that driver training and improving
maintcnance practices can pay off in significant
reductions in fuel use by bus and taxi fleets (see
table on page 38).












A Prisoner’s Puzzle

A prisoner is given an opportunity to participate in a random-selection experiment, the
outcome of which may set him free. He is given two identical urns and 10 green balls and 10 red
balls. He is asked to distribute the 20 balls into both urns. When the prisoner has tinished, one
of the urns will be chosen at random, and the prisoner will be asked to pick a ball at random
from this urn. If the ball is green, he will be set free. The question is: How can the prisoner best
apportion the balls in the two urns?

[t turns out that the prisoner’s best strategy is to put one green ball in one urn and the re-
maining 19 balls in the other urn. With that distribution, the probability that he will be set free
after the experiment is nearly 75%.

Take the natural number 7, raise it to the
100th power, and note that it ends in 1.
Similarly, raise 2 to the 100th power and
note that it ends in 6. It can be shown that
when any natural number is raised to the
100th power, the results end with either
digits 0, 1, 5, or 6. If 5 is raised to the 100th
power, the final two digits are 25. In fact,
when any natural number is raised to the
100th power, the last two digits can be only
00, 01, 25, or 76. Even more interesting, the
final three digits of the 100th power of any
natural number will be either 000, 001, 625,
or 376.
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Ron Klueh (left),
Phil Maziasz, and
Bob Swindeman
discuss the
behavior of
designer steels
after creep testing
in the Multi-Frame
Skutt Creep
Testing Facility
behind them.
Creep behavior of
small specimens
(like the one held
by Swindeman) is
used to predict the
lifetime behavior
of machine
components (like
the tubes in the
foreground) in
energy production
facilities.
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Designer
Steels for
Advanced
Energy
Applications

By Carolyn Krause

quiet revolution in the design of new
stainless steels and other iron-based
alloys tor use in advanced. high-
temperature energy systems is under way at Oak
Ridge National Laboratory. Since 1984, ORNL
researchers in the Metals and Ceramics (M&C)
Division have designed several outstanding new
alloys:

L] A modified 14% chromium. 16% nickel
stainless steel, which has excellent resistance
to radiation damage—swelling and severe
embrittlement caused by prolonged irradia-
tion at elevated temperatures—and creep—
the long-term tendency to stretch at high
temperatures under an applied stress. This
material, which has up to 1000 times the
creep resistance of type 316 and other com-
mercial stainless steels at 700°C, could be
used in both advanced coal power plants and
nuclear reactors.

D A modified alloy that consists of 20%
chromium, 30% nickel, and less than 50%
iron by weight (hence. the designation alloy
rather than steel). Resistant to corrosion as
well as creep, this alloy may prove to be
particulx. :y useful for superheater and
reheater boiler tubes in advanced steam
cycles for coal-fired power generating
systems and other high-temperature uses.

E] A modified 12% chromium, 20% manganese
steel that. compared with conventional steels.
is expected to be both resistant to radiation
damage and to have a much greater and more
rapid decay of radioactivity induced by long-
term exposure to intense neutron irradiation in
a fusion reactor. Fusion reactor components
made of this “low-activation™ material would
pose less of a radioactive disposal problem at
the end of their useful lives.

The developers of these alloys are metallurgists
Phil Maziasz, Ron Klueh. and Bob Swindeman of
the M&C Division. Together they have expertise
in advanced electron microscopic analysis along
with an understanding of the mechanical behavior
and fabrication processing of iron-based steels
and alloys.

Their alloy design is based on knowledge
gained from intensive years spent studying creep
and other effects of neutron irradiation and
thermal exposure on alloys. In particular, they
have made use of new information about irradiated
alloys gained from analytical electron microscopy
(AEM). which can provide structural and
compositional information at the 2- to 10-nm
scale. The new alloys are a direct spin-off of
ORNL alloys already designed and developed to
improve resistance to radiation-induced void
swelling and helium embrittlement in fusion
energy applications.
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Maziasz calls these new materials “designer
steels™ or “gourmet alloys™ because their
properties are predetermined by adding unique
combinations of key trace elements and because
knowledge of material behavior is essential tor
deriving the right alloy “recipe.” Understanding
the complexities of alloy behavior during use is
the key to designing steels. Just as a gourmet cook
inventing a new dish must know the critical
ingredients and understand their possible interac-
tions during cooking, the metallurgist designing a
new alloy must know the likely contribution of
each ingredient in specific proportion to the alloy
recipe during use as well as the synergistic effects
of combined ingredients. Will interactions with
other constituents improve the alloy enough to
achieve a desired characteristic? Or will they
degrade the alloy’s desirable properties? If a little
is good, would a lot more be better—or worse?

ORNL metallurgists have shown that minor
changes in the composition of alloys can change
their microstructure enough to produce desired
properties, just as adding a touch of thyme and a
pinch of garlic can improve an ordinary tomato
sauce enough to please a discriminating gourmet.
“Small changes make a big difference,” Maziasz
says. “For years, M&C researchers
have added small amounts of
titanium to steel to produce fine metal
carbide precipitates that improve
radiation or creep resistance. In
recent years. Arthur Rowcliffe and
Eal Lee have observed that adding
small amounts of phosphorus to steel
improves its radiation resistance.

Adding small amounts of boron has
been known for years to improve
creep resistance in steels and has
been found at ORNL to improve the
ductility of nickel aluminides.

“However, the secret of our
success has been the realization that
combinations of these elements are
more effective than any single
addition by itself. The alloys devel-
oped at ORNL are not produced by a
mysterious black art or random
guesswork. Minor additions are
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deliberately and carefully controlled to preserve
or add good properties. Decisions about what and
how much to add are based on the special insights
gained from studies of the effects of long-term
radiation on steels using AEM. This information
has suggested ways to design alloys to meet
special needs by altering their microstructures.”
(See sidebar on page 48.)

In 1976, Jim Stiegler, now director of the M&C
Division, started a group to demonstrate the
concept that a material’s microstructure is linked
to its properties, suggesting that manipulation of
the microstructure could achieve desired proper-
ties. In the past 12 years, several groups in the
division have shown that these ideas are correct.

In 1983, ORNL"s Magnetic Fusion Energy
Materials Program, headed by Everett Bloom of
the M&C Division, encouraged Maziasz to try to
design a steel for fusion reactors that has better
radiation resistance than the titanium-modified
steels that had been developed at ORNL in
1977-1978. Design engineers want to build
fusion reactor “first walls™ from a steel that resists

Maziasz peers at
an irradiated steel
specimen in a
Philips CM30
analytical electron
microscope, one
of the key
instruments for
understanding
how alloys of
specific
compositions
change during
irradiation.












improve the alloy’s weldability. The result was a
20Cr-30Ni-2.5Mo-2Mn alloy. modified with
vartous minor element additions, several heats of
which were also produced commercially by
AMAX in 1986.

The new modified 20Cr-30Ni alloy i1s 100 times
more rupture-resistant than alloy 800H at 700°C
and 170 MPa and is comparable to the modified
lean stainless steels. In addition. this corrosion-
resistant alloy is also tougher and more resistant to
cracking along grain boundaries during creep than
alloy 800H. In short, this new designer alloy is
well suited for either advanced steam-cycle or
fludized-bed combustion fossil power plants
because it is highly resistant to both creep and
corrosion.

From the standpoint of DOE’s fusion materials
program, Maziasz's 14Cr-16Ni steel scored high
marks for radiation resistance. Unfortunately. a
changing set of design and
safety requirements made this
alloy unsuitable for commer-
cial fusion devices because of
possible disposal problems. It
contains elements such as
nickel, niobium, and molyb-
denum that, when subjected to
prolonged neutron irradiation.
are transmuted to highly ra-
dioactive isotopes having long
half-lives. The material could
be too radioactive to be easily
and safely buried once its
useful life has expired.

Applying the principles for
a priori design of alloys,

Maziasz and Klueh attempted

to design a low-activation

steel that ts as strong and

resistant to radiation damage as the moditied
14Cr-16Ni-2.5Mo-2Mn stainless steel. The initial
overall strategy for designing low-activation steels
had been developed by Klueh and Bloom several
years before.

To reduce neutron-induced radioactivity, Klueh
and Maziasz eliminated nickel, niobium, and
molybdenum from their steel and increased the
manganese content. Manganese is a good substi-
tute for nickel because it, too, stabilizes the
austenitic alloy and because its neutron-induced
radioactivity decays more rapidly than that of
nickel. The resulting Fe-12Cr-20Mn-0.25C base
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alloy. with minor alloying moditications to
produce fine precipitates. is a low-activation steel
that has good strength and should have good
radiation resistance. Calculations of radioactivity
induced by fusion reactor exposure indicate that
this new steel would be 1000 times less radioac-
tive 50 years after exposure to intense neutron
radiation than a typical conventional steel (e.g..
type 316 stainless stecl). Besides its apparent
applicability to future fusion components. the
new Fe-Cr-Mn steel also has good strength at
high-temperature strength and may soon find
other nonnuclear applications.

Maziasz says that these alloy successes show
the value of interdisciplinary programs at national
laboratories. “Development of these specialized
alloys resulted from the combination of our
expertise and the needs of ORNL’s fusion and
fossil programs. This cross-fertilization, made

Solution-annealed
steels aged for
166 h at 800°C.
Note the large
differences in
precipitate
microstructures
among the various
alloys. ORNL's
new steels have a
unique combi-
nation of phases
that are more
finely distributed
than precipitates
in the other alloys.

easy by ORNL’s organizational structure.
produced rapid breakthroughs in the design of
novel materials.™

Maziasz. Klueh, and Swindeman are achieving
their goal of designing dramatically improved
steels and alloys for advanced energy applica-
tions. These alloy designers have shown that
correctly “spicing up™ a material’s microstructure
can produce gourmet ~!l~ve having the properties
to meet special needs
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The only known DNA-specific stain was an
unstable, hard-to-produce. osmium-ammine
complex (a chemical of uncertain composition, but
which has been determined to contain both
osmium atoms and ammonia molecules in some
combination). This osmium complex. called the
Gautier stain, was first prepared and studied by the
Swiss biologist. A. Gautier. The Olinses” request
for a batch of the stain seemed simple enough, so
Bruce Moyer of ORNL's Chemistry Division
readily agreed to prepare it. tollowing Gautier’s
published procedure. As Gautier’s publication
warned. however. the stain proved to be difficult
to make and use and not reproducibly specific for
DNA. Moyer’s interest and previous experience
investigating the chemistry of heavy-metal
compounds. and the obvious need for a better.
more reliable, staining agent for DNA. subse-
quently led Moyer and Ada Olins to file a joint
application for seed money to synthesize and
chemically characterize an improved DNA-
specific cytochemical stain.

Beginning with a thorough literature search,
Moyer prepared a chart identitying several
promising osmium-based compounds having
potential DNA-staining capabilities. With the
funding received, he was able to enlist the services
of an Oak Ridge Associated Universities
Postgraduate Research Associate. Sook-Hui Kim,
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to begin preparing,
purifying. and
characterizing
these compounds.
David Allison,
electron microsco-
pist in the Biology
Division, agreed to
test the compounds
for actual staining
performance.

In one of those
occasional seren-
dipitous occur-
rences in scientific

investigations, one of Kim's first preparations
proved superior to Gautier’s stain in several
ways:

1 Sample preparation is greatly simplified,
requiring only a tew hours, rather than the
usual 4 to 10 days:

D Staining results are consistent, reproducible,
and DNA-specific:

[__J The ORNL stain is completely soluble in
water (unlike Gautier's stain) and leaves less
visible precipitate on the specimen (see
electron micrographs on page 52):

(] The new stain has a longer shelf life, making
it more suitable for research use; and

[_J Greater imaging contrast is provided by the
new compound. even when tenfold lower
concentrations than usual are used.

The contrast between cells stained with a
conventional agent and cells stained with the new
ORNL osmium-ammine preparation is illustrated
in the electron micrographs of rat liver cells
shown on page 52. The top cell, which was
prepared with a conventional heavy-metal agent,
strongly stained most cellular structures, showing
little specificity. In the bottom cell. treated with
the newly developed osmium-ammine complex.

Ada QOlins and
Bruce Moyer use
an electron
microscope to
view cell
structures stained
by a new DNA-
specific agent.






properties, which have been only partially
explored.

[ronically. though dimer 1 was exactly the
compound sought by Kim and Moyer when they
planned the synthesis of the new stain. Allison’s
testing ot the purified
compound showed
that it exhibited no
staining ability.

Purified dimer 2. as

well as the aquated

derivatives of both

dimers. also failed to

stain DNA. Unfortu-

nately, tunding for the

work expired before

the active staining

component (or combi-

nation of components)

could be determined.

But, the project

achieved its goal of

developing a more

reliable cytochemical

stain and has contrib-

uted valuable information about the inorganic
chemistry of osmium compounds.

The Olinses are eager to continue their work
using the new DNA-specitic stain and their
clectron microscope tomography method to create
a sophisticated three-dimensional reconstruction
of the assymetric DNA-containing cellular struc-
tures. Ada Olins was recently honored tor her re-
search contributions toward visualizing the
structure of chromatin. a complex of DNA and
proteins that makes up the chromosomes and
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controls the expression of genes. For this work,
she was named one of six 1988 winners of the
University of Tennessee Chancellor’s Awards for
Rescarch and Creative Achievement. Ada Olins
has also been an Eleanor Roosevelt International
Cancer Fellow. and
Donald Olins has
been an American
Cancer Society
Scholar. Both
Olinses worked. in
1987. as visiting sci-
entists at the Pasteur
Institute in France
and at the Max
Planck Institute for
Biophysical Chemis-
try in the Federal Re-
public of Germany.
Although a patent
disclosure has been
filed for the newly
developed staining
agent, Moyer sees
little immediate
economic incentive for commercial production of
the new stain. However, both Moyer and the
Olinses believe it will be a valuable aid to the
basic biological research that is resolving the
chromosomal structures within living cells.

Cell biologists have an equally fundamental
need for an improved ribonucleic acid—specific
(RNA-specific) stain. If funding can be obtained.
future research will be directed toward the
development of such a stain through the collabo-
rative testing of various osmium complexes and
toward continuing the ~h»llenging chemical
characterization work.

Possible
structures of the
nitrido-bridged
osmium dimers.

)
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occurring constantly in the real atmosphere can
have enormously magnified and unpredictable
effects. He later described this phenomenon,
which he called the Butterfly Effect. in a paper
(presented in 1979 at an American Association for
the Advancement of Science conference) entitled:
“Predictability: Does the Flap of a Butterfly s
Wings in Brazil Set Off a Tornado in Texas?”
Lorenz applied his new way of thinking to
develop some simple-looking equations describing
a hydrodynamic process called convection. He
asked the question, "How can we calculate how
quickly a hot cup of coffee will cool?” If cream 1is
added, the swirls produced by convection can be
complicated, and Lorenz realized that traditional
physics provided no means to calculate the
patterns of these convection currents or predict
their cooling effects. Even though the set of
convection equations Lorenz developed appear
simple, they contain nonlinear terms and, as
Lorenz explained, “You think there must be a way
to get around them. But you just can’t.” He
pointed out that it is very difficult to predict the
temperature of the coffee one minute in advance.
although it is easy to predict it for one hour ahead,
because it will eventually reach room temperature.
Lorenz and other mathematicians and physicists
went on to develop other systems in which our
intuition—and classical science—can be proved
wrong. Consider the behavior of such diverse
“systems” as waterwheels, population models.
investment curves, and static occurrences on a
telephone line—all of these could be expected to
reach some steady state under certain conditions.
But Lorenz and others found that they do not;
instead, they show a strange sort of regularity
within irregularity—always changing in a nonlin-
ear, unpredictable fashion, yet always remaining
within certain bounds and showing unusual islands
of periodic stability within the chaotic whole.
Gleick describes. in a very readable way. the
new wave of research approaches that some
(including former ORNL Director Alvin Wein-
berg) regard as a “revolution™ or “paradigm shift”
in science comparable to that of relativity or
quantum mechanics. The book also traces the
history of chaos studies and the people who left or
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“stretched™ their previous scientific experience
and disciplines to study chaos.

Some looked for patterns in chaotic systems
and others found chaos, or nonlinear, unpredict-

able behavior, within systems previously believed “Aﬁ‘er

to be quite orderly and predictable. even going so . .

far as to proclaim that “the regularity Galileo saw leadlng

is only an approximation.”™ At low amplitudes of Chaos, you

any dynamic system, any extremely small
nonlinearity can be—and often has been—
attributed to error and. for practical purposes

will never
look at the

appears to have no discernible effects. but "It is world in
there and it is measurable.” and its effects are .
real. say the chaos investigators. quite the
Robert May. an Australian physicist turned same way
biologist. studied a simple equation used for T
again.

population studies, v(next) = rv(1-x). He showed
that. for certain values of r. the population would
oscillate between two points. At higher values, a
phenomenon now called “period-doubling™ or
“bifurcation™ occurs, with population values
reaching four times those expected. then eight,
and eventually chaos. According to Weinberg,
this type of behavior was seen earlier by E. Fermi
and S. Ulam in a nonlinear oscillator model. (At
first, I thought Gleick had missed this item. but
it's actually mentioned in the notes at the back of
the book.) James Yorke, a University of Mary-
land mathematician, proved that, if an oscillation
involving three variables occurs in any one-
dimensional system, then chaotic behavior will
also occur. From his paper. “Period Three Implies
Chaos.” an emerging field ot science took its
name.

In the 1970s, Benoit Mandelbrot, an IBM
mathematician, realized that Euclidian measure-
ments could not capture the essence of irregular
shapes. He puzzled over problems such as how to
describe the dimensions of a ball of twine. With
his access to what Gleick describes as the “high-
speed idiocy™ of IBM’s considerable computing
resources, Mandelbrot developed a new geo-
metrical concept called fractals. characterized by
“scale symmetry.” It a rough surface is magni-
fied. it may show both smooth and rough areas,
and the “degree of roughness™ usually depends on
the degree of magnification. A fractal surface.
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however, exhibits the same degree of roughness
or irregularity pattern at any scale of magnifica-
tion. Clouds. feathers, caulitlowers. and volcanic
plumes are examples of the fractal surfaces found
in nature. Our human mind cannot visualize the
whole of such infinite self-embedding complexi-
ties, but mindless computers can create them by
performing endless iterations of a mathemati-
cian’s imagined form. Such a surface could even
(theoretically) be infinite in area yet enclose a
finite volume. and several mathematicians since
Mandelbrot have delighted in finding or devising
such fractal figures. once they knew what to look
for. Fractal geometry has been applied to many
natural systems and problems that exhibit some
degree of scale symmetry. such as earthquake and
income distribution. tree shapes. the human
circulatory system, neural networks. snowtlakes,
and galaxies. Christopher Scholz, a Columbia
University professor specializing in the form and
structure of the earth, considers fractal geometry
indispensable to his work. calling it “"a single
model that allows us to cope with the range of
changing dimensions of the earth.”

In 1971, David Ruelle, a Belgian mathematical
physicist, and Floris Takens. a Dutch mathemati-
cian. published a paper. “On the Nature of
Turbulence,” which introduced the term “strange
attractors™ to describe the patterns ot nonre-
peating oscillation around two or more points in
phase space. leading to an appearance ot chaos.
The term caught on, and strange attractors soon
became the subject of several conferences. (A
good description of strange attractors is given by
Douglas Hofstadter in the November 1981 issue
of Scientific American.) The strange attractors
concept has been used in studies of phenomena
ranging from galactic orbits to dripping taucets:
Gleick says they are everywhere in nature, if we
know how to look for them.

Scientists have found the universal property
they sought in chaos. In 1977 two physicists,
Joseph Ford and Guilio Casata, organized the first
chaos conference in Como. Italy. ORNL chemist
Don Noid attended this conference. Then a
postdoctoral researcher at the University of
[llinois. he presented a paper on polyatomic
dissociation by infrared heating that included the

figures on the opposing page. The contrast
between quasiperiodic and chaotic motion for a
classical two-node coupled oscillator model ts
illustrated in (1a) and (1b). For both trajectories.
the Hamiltonian is the same and is very similar to
that for the famous Henon-Heiles model. well-
known to physicists. In chemical application, it
shows the effect of coupling between two vibra-
tional modes ot a polyatomic molecule. Figures
(2a) and (2b) represent the corresponding
quantum-mechanical probability densities tor
these two trajectories (see Noid's discussion of
chaos science in “Using a Supercomputer for
Theoretical Chemistry.” on page 10 of this issue).
Chaos researchers have shared the same
hardships most revolutionaries have—Ilack of
tunding. a scarcity of advisors. and difticulty in
having their work accepted (and published),
because frequently it does not fit the boundaries of
any traditional discipline or match the goals of a
tunding source. Chaos research remains controver-
sial, but it has gained respectability and proven its
usefulness in many areas. For example, llya
Prigogine, a Nobel laureate chemist and author of
a 1984 book, Order Out of Chaos: Man's New
Diualogue with Nature, organized a 1985 confer-
ence on chaos in economics. and a NATO
conference on fractal and nonfractal patterns in
physics was held in 1986. Los Alamos National
Laboratory recently established a Center for
Nonlinear Studies. and Oak Ridge National
Laboratory started a Center for Nonlinear
Phenomena that is now operated by the University
of Tennessee. The U.S. Defense Advanced
Research Projects Agency (DARPA) is funding a
Georgia Institute of Technology project on “rule-
based™ algorithms for fractals. with wide-ranging
applications—missile target recognition, pine
forestry, submarine design, the study of human
taces. flight simulation. and cinematic special
effects (a discussion of the latter appears on
page 28 of the February 1988 issue of Scientific
American). Chaos theory has also appeared in the
local press. in an economics article published by
the Knoxville News-Sentinel on February 14, 1988.
Some of the new computer and mathematics
methods described in this book are also currently
being used at ORNL. For example, Sam Liu, Ted
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nearly $2 million collaborative eftort involving
scientists from ORNL, the University of Tennes-
see, and Vanderbilt University. The special
detector elements (see photo above) were devel-
oped in cooperation with EG&G ORTEC.

One of the interesting uses of this device at the
HHIRF will be the search for super-deformed
nuclei—heavy nuclear systems that, at high
angular rotation, assume a very elongated shape.
Jim Ball. director of ORNL's Physics Division,
says these have been identified in only a few
cases, but some theorists believe they may occur
more commonly than now thought and that hyper-
deformed nuclei may be found with this powerful
new detector array.

Holifield’s second new addition is the Nuclear
Orientation Facility, recently added to the UNI-
SOR Isotope Separator there. Ball says the NOF is
the most powerful instrument of its
type in the world. With this advanced
instrument, scientists are able to
determine all angular distribution
coefficients of the gamma-ray decay
from targeted molecules. The unique
device for the study of nuclear
structure is operated by ORNL as a
national user facility and is funded by
Oak Ridge Associated Universities.

This first NOF experiment involved
a total of 20 researchers. including 3
international research associates, 3
UNISOR staff members. and 6 faculty
members along with 8 graduate
students from & universities. In the
experiment, the NOF magnetically
oriented mercury-191 nuclei. which
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decayed by positron emis-
sion to excited-state forms of
gold-191. The results
provided information about
energy levels in the mercury-
191 nucleus. The NOF is
unique in the United States
in its ability to characterize
nuclear decay modes and test
nuclear theories.

Refueling fusion plasmas with pellets of frozen
deuterium, a heavy hydrogen isotope. has been
demonstrated by ORNL in the 1980s at several
tokamaks. ORNL injectors have
accelerated deuterium pellets into the plasmas of
the Tokamak Fusion Test Reactor at Princeton
Plasma Physics Laboratory and the Joint Euro-
pean Tokamak at Culham Laboratory in England.

Now. ORNL has demonstrated for the first time
that pellets of another frozen heavy hydrogen iso-
tope—tritium—can be made and accelerated.
This milestone brings the fusion community
closer to the achievement of deuterium-tritium
plasmas, which are more likely than deuterium
plasmas to be used first in commercial fusion
power devices because they require less

ORNL researchers
Noah Johnson
(right)and . Y.
Lee, architects of
the Compton-
Suppression-
Spectrometer
system, watch as
the Close-Packed
Array is fitted
around the
reaction chamber.

UNISOR staff,
along with faculty
and graduate
students from
eight universities
who participated in
the first successful
on-line
experiment, are
shown at HHIRF's
new Nuclear
Crientation
Facility.
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Hood River Conservation
Project Attracts Participants,

Saves Energy

recently completed project in the
Pacific Northwest involving work by
ORNL researchers suggests that
energy conservation is an important “source” of
electricity.
The Hood River Conservation Project (HRCP)
in Oregon has shown that home energy conserva-
tion measures—when applied systematically and

thoroughly—can be a legitimate. reliable source of

power for public and private utilities. "Conserva-
tion can be a cost-eftective energy source.” says
Eric Hirst of ORNL, “"because it often costs less to
save electricity than it does to produce it. Thus,

it helps eliminate the need to build expensive
generating plants.”

The five-year. $21-million HRCP “turned out to
be a remarkably popular residential weatherization
program. thanks to extensive word-ot-mouth
communication among Hood River residents and
the project’s ofter of tree weatherization.™ says
Hirst.

*About 90% ot the 3500 eligible households
received free energy audits and installation of
water heater wraps, ceiling insulation, storm
windows, caulking, door weatherstripping. duct
insulation. and other measures to reduce consump-
tion of electricity for water heating and space
heating. This participation rate is far higher than
that usually achieved in conservation programs.™
Hirst points out.

Most of the nonparticipants were owners of
single-family homes and camed higher-than-
average incomes. The unusually large response to
the program yielded a rich harvest of information

on the tangible benefits of conservation to a utlity.

The project had another important component
besides weatherization: research and data collec-
tion and analysis. Data collecied on the HRCP
from 1982 through 1986 were analyzed by the
Decision Systems Research Section in ORNL s
Energy Division.
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The results showed that an overwhelming
majority of utility customers are willing to
participate 1n an energy-saving program, that
cooperation can be achieved between groups and
institutions that may otherwise be at odds. und
that. adjusting for climate. the Hood River
community had the lowest space-heating con-
sumption ever recorded following a retrofit
program. The results have been used by the
Bonneville Power Administration and the North-
west Power Planning Council to design and plan
future conservation programs.

The HRCP spent about $4400 per houschold on
weatherization measures. As a result of these
measures. the weatherized homes cach reduced
clectricity use by about 15% of the amount
consumed before weatherization (an average
saving of 2600 kWh per vear). The savings would
have been greater if the region had less unem-
ployment and if many of the residents had not
been accustomed to burning wood for space
heating and taking other measures to keep electric
bills down in response to the dramatic price rises
of the 1970s.

The success of the project was partly the result
of cooperation among environmentalists. govern-
ment otficials. and utihity managers. It was
proposed by a private environmental protection
group. the Natural Resources Defense Council:
funded by a federal agency. the Bonneville Power
Administration: and operated by a private utility,

the Pacific Power and Light Company in coopera-

tion with the Hood River Electric Cooperative.

“The questions behind the project were “ls
conservation a true energy resource?” and *Can
utilities rely on it?” From what we have learned
from the Hood River project. the answers are
yes.” 7 said Hirst, who headed the evaluation of
the project for the Decision Systems Research
Section. Much of the analysis was done by group
leader Marilyn Brown and Rick Goeltz.,

“The results
showed that
an over-
whelming
mdajority

of utility
customers
are willing
to partici-
pate in an
energy-
saving
progrant.”






The decline in tree growth in the Great Smoky
Mountains National Park may be a result of the
greater availability of aluminum to the trees
because of the effects of acid rain and air pollution
on soils, according to an ORNL researcher.

Tree-ring evidence showing that aluminum
levels are higher in trees whose outside rings have
decreased in size was presented May 12, 1988,
by Ernie Bondietti of ORNL’s Environmental
Sciences Division at the 14th Annual Scientific
Research Meeting of the Nattonal Park Service
at the Smokies park headquarters.

“The trees are the silent monitors of changing
levels of industrial air pollution.” says Bondietti.
“Since the 1940s. many Appalachian trees, from
the red spruces of New Hampshire to the shortleaf
pines of Tennessee, have experienced declines in
radial tree growth and increases in aluminum
levels. The effect is particularly noticeable for
the past 25 years, when regional fossil fuel
combustion emissions from industry have
increased as much as 200%.”

Research by Fred Baes and Samuel McLaughlin
of ORNLs Environmental Sciences Division has
shown that aluminum concentrations in tree-ring
tissue have risen since the 1940s. The ORNL
researchers have also observed that the tissues of
trees showing decreasing ring growth have a
higher level of aluminum than calcium.

*Our findings,” says Bondietti, “support the
results of U.S. Forest Service research indicating
that aluminum in the soil inhibits the uptake of
calcium by trees. This reduction in calcium uptake
may inhibit tree growth.”

Acid rain is formed when sulfur oxides and
nitric oxides. produced from fossil-fuel combus-
tion, react with atmospheric moisture to form
acids (sulfates and nitrates). Since 1984, ORNL
researchers, including Dale Johnson, have been
examining the idea that acid precipitation makes
aluminum, iron, and other metals in soil more
available to trees and other vegetation.

In most soils, positively charged ions of alumi-
num are attached to negatively charged soil
particles. When negatively charged sulfate and
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nitrate ions are introduced to the soil through acid
precipitation, some of the aluminum is stripped
away from the soil particles and brought into the
acid solution. The solution can carry the previ-
ously soil-bound aluminum into streams or make
it available for absorption by tree roots.

Bondietti says that the evidence suggests that
decreasing industrial emissions of sulfates and
nitrates should lessen the release of aluminum
from soil and foster increased tree growth.

The aluminum studies build on research done
by Baes and McLaughlin in 1984, when they
sampled numerous trees in East Tennessee and
North Carolina. They deciphered the metallic
element content of tree-ring tissues by a tech-
nique called inductively coupled plasma optical
€mission spectroscopy.

They found that annual growth rings from
shortleaf pine trees in the southeastern portions of
the Smokies showed both suppressed growth and
increased iron content between 1863 and 1912.
During this period, large sulfur dioxide releases
from the copper smelting 56 miles upwind at
Copperhill, Tennessee, caused extensive mortality
of trees *ithin about an 11-mile radius of the
smelter.

“Tree-ring
evidence
shows that
aluminum
levels are
higher in

trees whose
outside rings

have
decreased
in size ...

’
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ORNL Alloy Licensed to
Supplier of Aircraft Fasteners

high-temperature. nickel aluminide
alloy developed at ORNL has been
licensed to one of the aircraft
industry’s leading suppliers of bolts and other
fasteners.

Energy Systems recently granted Valley-
Todeco the exclusive rights to supply aircraft
fasteners made of nickel aluminide to the private
sector. Valley-Todeco, located in Sylmar,
California, is a division of The Lamson &
Sessions Company.

Nickel aluminide, which becomes stronger at
higher temperatures, is six times as strong as
stainless steel at 1100°F (600°C). Unlike many
materials commonly used in the aerospace
industry, it is not subject to stress-corrosion
cracking.

Valley-Todeco President Patrick Dansby said
his company anticipates that nickel aluminide
will permit the development of new, high-
performance fasteners for the high-temperature
operating environment of tomorrow’s fuel-
efficient engines. “Manufacturing and testing
programs to determine the engine capabilities of
new high-strength. high-temperature materials
have been started, and Valley-Todeco is working
closely in this endeavor with a major manufac-
turer of metal alloys.” Dansby added.

Energy Systems negotiated the license with
Valley-Todeco following a waiver of patent rights
from DOE. Licensing royalties. under a DOE-
approved formula, will be used to support other
technology transfer activities. Four previous
licenses have granted the right to manufacture
and market nickel aluminide and to use the alloy
in large diesel engines. heating elements. cutting
devices, and tools and dies.

Other potential applications of nickel aluminide
include high-performance jet engines, gas tur-
bines, advanced heat engines, and heat exchang-
ers in nuclear and coal-fired steam plants.

Energy Systems has announced a licensing
agreement with a new Michigan company that will
use the high-strength, high-temperature nickel
aluminide alloy developed by ORNL for its
products.

The company, Metallamics, Inc., of Traverse
City, Michigan, has acquired nonexclusive rights
to the heat- and corrosion-resistant alloy for the
fabrication of industrial parts that must withstand
extremely high temperatures.

Normally a brittle material, nickel aluminide
has been made ductile through a patented ORNL
process. The alloy is described as “intermetallic™
because it shares some characteristics of both
nickel and aluminum. Nickel aluminide has the
unusual characteristic of increasing in strength at
higher temperatures. At 1100°F (600°C), it is six
times as strong as stainless steel.

Robert McDonald. Metallamics president, says
his firm intends to use a proprietary powder
metallurgical process for specialty applications
of the nickel aluminide, such as tool and dies,
cutting devices, and structural and working
components.

A California company has agreed to make a
multimillion-dollar investment over a several-year
period to design and produce a commercial
version of an ORNL device that can “sniff out™
minute traces of the telltale vapors from chemicals
such as concealed explosives. Licensing efforts
were led by Jon E. Soderstrom, technology appli-
cations director for Energy Systems.
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The Finnigan Corporation, based in San Jose,
California, has been granted a license for an
Atmospheric Sampling Glow Discharge Ionization
Source which, when coupled with a mass
spectrometer, can instantly detect low-level
atmospheric chemicals. Finnigan is a worldwide
producer of a broad range of mass spectrometers,
which are analytical devices used to identify and
quantify elements and isotopes in samples.

The proposed device will detect and identify
explosives at levels lower than one part per billion
in less than a second by chemically identifying
organic nitrogen-oxygen compounds that are the
basis of explosives such as TNT. plastiques, and
nitroglycerine.

The key to this increased sensitivity is the novel
ion source developed by Gary Glish and Scott
McLuckey of ORNL’s Analytical Chemistry
Division. This source is a simple and durable
instrument, capable of high-sensitivity, trouble-
free operation for prolonged periods.

“We see this device as having application in
many fields, not only explosives detection,”
Michael Story. a Finnigan co-founder, said. "It is
suited for many low-level remote sensing applica-
tions, such as hazardous wastes and industrial
work-site monitoring. plant fugitive emissions
monitoring, personnel or se~"+" screening. and
even military applications.’
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