

















Chernobyl Shows Failures
of Current Technology

The misconception that current robots perform
like movie characters has resulted in unfulfilled
expectations. During the Chernobyl nuclear power
plant accident in April 1986, Soviet scientists
attempted to employ robots to entomb the
damaged nuclear reactor and remove more than
100 tons of contaminated debris from the roof of
the reactor building. The Soviets used about 60
remotely controlled machines, but most of the
robots quickly succumbed to the adverse effects of
high radiation levels on their electronic
components. The machines that were able to
operate in the high-radiation environments often
failed later because of moisture penetration
following decontamination with water sprays.
Because the robots failed to perform these tasks,
Soviet officials eventually gave these jobs to 5,000
workers, who absorbed a total of 125,000 rem of
radiation doses. The maximum permitted dose for
any one worker was 25 rem, which was five times
the normal yearly standard. Altogether, 31
workers died at Chernobyl, 237 had confirmed
cases of acute radiation sickness, and many more
are likely to eventually suffer adverse effects from
their radiation exposure.

Can Humans e Removed from
Hazardous Environments?

Although the robotics experiences at Chernobyl
paint a bleak picture, they also challenge
researchers to develop advanced technologies that
will remove humans from hazardous
environments. The Department of Energy,
realizing that current robotics technology may not
be sufficiently developed to be used effectively in
day-to-day operations of nuclear facilities or under
accident conditions, has funded a research
program involving a team from the universities of
Michigan, Tennessee, Florida, and Texas and from
Oak Ridge National Laboratory to conduct
research leading to the development and
deployment of advanced robotic systems. These
systems would be capable of performing tasks that
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are hazardous to humans, that generate significant
occupational radiation exposure, and whose
execution times can be reduced if performed by an
automated system. DOE’s goal is to develop a
generation of advanced robotic systems capable of
performing surveillance, maintenance, and repair
tasks in nuclear energy facilities and in other
hazardous environments.

Rc otics Research for
Advanced Reactors

The team adopted a strategy to achieve the program
goals efficiently and quickly. It consists of using, and
advancing where required, state-of-the-art robotics
technology through close interaction among the
universities, ORNL, and the manufacturers and
operators of nuclear power plants. The approach
adopted by the team is a staged transition from robots
remotely operated solely by humans (teleoperation) to
intelligent and unsupervised (autonomous) operation
(see sidebar on pp. 16-17).

An example of how such a staged transition could
benefit a robotic application is the simple cleanup of a
radioactive chemical spill so that humans can safely
enter the work area. Using current technology, a
trained operator manipulating a joystick controller
directs a robot into the work area, which is viewed on
a video monitor. Because the operator has a limited
field of view and must avoid running the robot into or
over obstacles, the robot is driven at a very slow
speed. Once the robot has arrived in the work area, the
operator takes control of a mechanical arm
(manipulator arm) and uses a sweeping motion to
move an attached vacuum cleaning device over the
spill area. This cleanup operation is very tedious
because of the large number of similar repetitive
sweeping motions required. Studies of manipulator
arms in laboratory environments have shown that
completion of a simple repetitive task such as vacuum
cleaning may take up to ten times longer than if done
by a human.

First-Stage Solution:
Ai Robot Operators

The team attacks a problem like this through a
staged approach. In the first stage, techniques could












robot and mechanical arm), and a video camera
now has increased in complexity by the addition
of a computer, computer code, force-reflecting
Joystick, and range sensors, all of which have a
higher probability of failing while the robot is in a
high-radiation environment.

The second-stage solution requires an even
higher level of sophistication at correspondingly
higher cost and complexity. A human-machine
interface is necessary, along with additional
sensors, for navigating the robot, detecting the
spill location, and cleaning it up. More
importantly, the intelligence to support these tasks
and deal with unexpected events must be
programmed into the robot’s computers. Because
of the number and complexity of the tasks that
must be performed by the robot, multiple
computers are needed to accomplish the work in a
reasonable amount of time. Again, although the
robot is capable of performing tasks without the
supervision of a2 human being, its complexity has
been dramatically increased by the addition of
numerous hardware items and literally thousands
of lines of computer code. Because of such
complexity, it is possible that the failure of a
single piece of hardware, or a single mistake in a
computer program, will cause the robot to become
totally inoperative.

A i lenPrc em:
ack of obt 1ess

When systems such as robots, space vehicles, or
nuclear power plants become complex, they may
suffer from a problem called lack of robustness.
That is, when any such system encounters an
unexpected event or uncertainty, or it attempts to
operate in a regime not considered by the system
designers, the system may fail to operate,
sometimes catastrophically. In many cases, lack of
robust operation of a system may be caused by
internal inconsistencies or conflicts. For example,
when one of the three computers monitoring the
same subsystems on a space shuttle launch
indicated a problem, it generated a conflict that the
system was unable to deal with: two computers
saying, “Launch,” while the third says, “Hold.” In
this instance, the system failed in a safe manner
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and the launch was aborted even though the
problem was caused by a failed sensor. For robots
operating in hazardous environments, such a lack
of robust operation can be devastating. If the
robot shuts down in a radiation field, humans may
have to enter the work area to recover and repair
the robot, thereby accumulating radiation
exposure. Unfortunately, as the robots become
more complex, more intelligent, and, therefore,
more likely to be used for complex tasks, the
probability of running into situations that will
cause a lack of robust operation becomes higher.

ORNL and other researchers believe that many
of the difficulties from lack of robust operation
can be overcome by improving a robot’s ability to
sense its environment and interpret the data
coming from its sensors. In terms of hardware,
sensors must be improved to detect more
accurately the object of interest without being
adversely affected by other external variables. For
example, a video camera is used to detect light
reflected from the surfaces of objects in the
robot’s environment. However, high radiation
levels can cause “snow,” or noise, in the video
signal. How does the robot distinguish between
real objects and and the noise created by the
radiation field? To achieve more robust
operation, one solution is to improve the sensor to
minimize the radiation effects. Another solution
is to develop software that can intelligently
interpret the video signal and disregard the noise.
So increased robustness can result from
combining improved hardware with software
intelligence.

Software designed to improve the robustness of
robot actions generally must cope with three
types of problems: errors (no signal is coming
from the sensor), uncertainties (the video image
of the room is not clear), and limitations (the
room is too dark for a good video image). When
these problems occur, the system must be able to
compensate for poor conditions and continue to
operate. To overcome these problems, ORNL
researchers are seeking to obtain the best
information from several different kinds of
sensors. This technique is called multi-sensor
integration (MSTI), or sensor fusion, because data
from several sensors are combined, or “fused,” to












A seven-degree-of-freedom manipulator arm
(CESARm) mounted on the HERMIES-III robot
carries a vacuum device to remove simulated
chemical spill material from the floor. Three
computers are used solely to control the
manipulator.

avoidance can be highly or completely automated
and that this automation can significantly reduce
the human burden of operating robots.
Unfortunately, the cost of such automation is very
high today because of the expense of hardware and
research development and because of system
complexity and robustness.

Currently, most autonomous robots operate
effectively only in fairly well-characterized
environments—that is, environments in which the
range of physical variables (lighting intensity, size
and location of obstacles, etc.) is fairly well known.
On the surface, nuclear facilities are good
candidates for well-characterized environments; the
challenge lies in the ability of autonomous robots to
cope effectively with unexpected events as minor
as failed light bulbs in a corridor or as major as
explosions in which known environments suddenly
become unfamiliar.

Through their research programs and annual
demonstrations, ORNL and its university partners
have made significant progress in advancing the
ability of robots to robustly operate in these types
of uncertain environments.

What is the future of robotics for nuclear
environments? The rate of growth of robotics for
current light-water reactors has been agonizingly
slow. Virtually all robots in use at these facilities
are teleoperated with few or no autonomous
capabilities. Many of the robots at these facilities
are of “one-off” construction— that is, designed to
perform a single task. Such robots can be very
costly to operate compared with general-purpose
robots that could perform a variety of tasks.

Despite this slow penetration of robotics
technology into the nuclear environment, several
bright spots exist. In 1986, the Utility/Manufacturer
Robot User Group (UMRUG) was formed to
promote technical interaction between utility
engineers and robot manufacturers to bring cost-
effective utility robotics applications to the
marketplace. The group, which includes ORNL
participants, meets biannually and circulates
materials concerning robotics activities with the
minutes of its meetings. ORNL hosted the
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UMRUG meeting in May 1990 as part of the effort
to move advanced robotics technologies
into the field.

Another bright spot has been the recent
increase in the use of robots by nuclear utilities.
In 1986 only 5 utilities reported use of robots in
their operations, but in 1989 this figure had
increased to 26. An important impetus for robotic
development has been the rapid increase in the
cost of human radiation exposure. Human
radiation exposure costs are estimated to exceed
$10,000 per person-rem, and increasingly strict
regulations may drive this figure higher, perhaps
exponentially. Current robotics technology is
capable of reducing radiation exposure, and the
degree of success in this endeavor is largely
determined by the commitment of the utilities’
management to its use.

Although much of the focus of robotics
applications is on current light-water reactors,
robotics will be needed for advanced reactors
now under development. The ORNL-university
team has helped define robotics needs for the
Power Reactor Inherently Safe Module (PRISM),
which is an advanced liquid-metal reactor that
may be built in the late 1990s. The team has
shown that advanced robotic systems will be
needed for safe, efficient operation of PRISMs;
other advanced light-water reactors; and modular
high-temperature, gas-cooled reactors.

Besides me, members of ORNL’s DOE/
Nuclear Energy Robotics Team are Martin
Beckerman, Phillip Butler, Ralph Einstein,
Judson Jones, and David Reister. The team is
guided by Harry Alter of DOE’s Office of
Advanced Reactor Programs.

Robotics also has a future in waste
management and environmental restoration
activities. These efforts are important to the DOE
complex in meeting the goals of reducing risks to
human health and the environment. Hazardous
and radioactive waste materials stored or buried
underground since the 1950s as a result of
weapons programs now threaten to contaminate
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Besides diffusive flow of
soil gas, we have found
another mechanism for radon
transport into houses: a
subsurface stack effect
involving radon-bearing air in
a network of cracks and
cavities in underlying
limestone. A close look at
limestone bedrock in hilly
regions reveals that it has a
subsurface circulatory system
of fissures and “solution
cavities”—holes formed when
groundwater dissolves the
limestone. Columns of radon-
rich air can move through this
network. We hypothesize that
the primary force for driving
underground radon-bearing air
through a circulatory system,
and subsequently up into a
house, is the pressure
difference created by the
difference between the
underground and outside air
temperatures. This transport
mechanism can carry radon
rapidly over distances much
farther than the 1 or 2 m
predicted by diffusion and soil-
gas flow mechanisms for lJow-
permeability soils underlying
most American homes.

Our proposed radon
transport mechanism results
primarily from our field
studies of two detached houses
on karst hills in Huntsville and
Oak Ridge. Karst is an
irregular limestone region that
has sinks, underground
streams, and caverns. The
Huntsville house has a mixed
slab-on-grade and crawlspace.
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Drawing by Eddie Barker

Drawing by Eddie Barker

Summer, Huntsviile

Round Top Mountain

Warm air enters the circulatory system uphill from the Huntsville house; cools, falls, and picks
up radon; and vents through holes in the ground into the atmosphere.

Winter, Oak Ridge

Black Oak Ridge

330m
(1100 ft)

Cold outside air pushes the radon from the cave into a system of underground channels; thus,
in wintertime the indoor stack effect, now working in unison with the subsurface stack effect,
draws an unusually large amount of radon into the house.










Radon levels vary
from day to day,
from season to
season, and from
house to house.
This graph shows
the maximum,
minimum, and

(in bold)

average radon
concentrations in
the living area of a
Huntsville house.
Inside this house,
the radon level is
higher during
warm weather.
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Our goal is to understand the conditions of radon
availability and transport that raise indoor radon
levels so that we can predict which houses should
be screened for radon in summer and which should
be screened in winter.

In the hilly karst terrains of the southern
Appalachians, whether a house has higher radon
levels in winter or summer depends on its location
with respect to the point where outside air enters
the air-circulating system in the limestone bedrock.
If it is located below the entry point for outside air,
the house should have higher radon levels in
summer because warm air entering the upper end

—
12/21/87

cools, and as it becomes heavier, forces radon-rich
air out at the bottom. The levels should be higher
in winter if the house is above the air-entry point
because cold air entering the ground warms and
rises in the underground circulating system. On its
upward travels it becomes enriched with radon gas
before exiting the ground higher up the hill.
Differences in location with respect to the
inhomogeneous cavities in underlying bedrock
may also explain in part why similarly built
neighboring houses often have very different
indoor radon levels. The results also suggest that if
your house is in a hilly karst area, it would be
safest to test for indoor radon in both summer and
winter unless you want to thoroughly analyze your
home’s surrounding geology.
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subsequent operation of the Center for Energy
and Environmental Research underacontract
administered by Oak Ridge through a Puerto Rico
area office. In 1989 the MOU provided a
mechanism to support eight faculty members and
students conducting research at ORNL. This
relationship strengthens UPR’s capabilities in
energy-related research and enhances the training
of students in science and engineering disciplines.
As a part of this collaboration, the two institutions
will support

» collaborative research projects;

» research participation appointments for faculty
and students;

* short-term visits to ORNL by UPR faculty and
students to conduct research and use equipment
and facilities;

= short-term visits to UPR by ORNL staff to
conduct research, teach classes, consult, and give
seminars;

« technical assistance in preparing research
proposals to federal agencies; and

+ assistance to UPR in developing a “Visiting
Lecturers Program” to attract prestigious
scientists in energy-related disciplines.

In FY 1990, as a part of one UPR program,
15 Puerto Rican high school students plus two
high school teachers, two graduate students, and
one professor spent three weeks at the university
and one week at ORNL studying energy-related
topics.

Foreign Institutions

“We're establishing international agreements,”
said Chet Richmond, director of Science
Education Programs and External Relations at
ORNL. Recently, the Laboratory has signed
MOUs with the Universidad Nacional Auténoma
de México (UNAM) and the Gesellschaft fiir
Strahlen- und Umweltforschung mbH Miinchen
(GSF).

UNAM, which has 12,000 faculty and lecturers
and 130,000 students, asked ORNL to establish an
MOU with them. Besides promoting better north-
south relations, the agreement could give UNAM
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access to ORNL's advanced scientific equipment
and ORNL access to resources such as two
oceanographic research vessels (one in the Gulf
of Mexico and one in the Pacific Ocean). This
potential access to ocean study may be of help in
ORNL’s global environmental studies.

GSF, a national research laboratory
established and operated by the German federal
government and the Bundesland Bavaria, is a
center for health and environmental sciences.
GSF provides ORNL with a basis for rapid
international collaboration in response to
research opportunities or emergency situations.
“Because of the global nature of many scientific
problems,” says Richmond. “and the scarcity of
resources to perform R&D, it will become
increasingly important to develop international
collaborations.”

GSF’s research activities are concentrated on
the impact of radiation and chemical pollution on
the environment and on human health. ORNL s
collaboration with them will contribute to the
overall national goal of strengthening energy-
related research by taking mutual advantage of
the research facilities and scientific
instrumentation at both a national laboratory and
at an excellent research laboratory in Germany.

Premier Institutions Program

An advisory committee once pointed out that
most of ORNL’s university interaction is with
the University of Tennessee (ORNL has
$14 million contract with them for the 1990
fiscal year) and © ~ ORNL should not neglect to
interact with the many other outstanding U.S.
universities. In response to this comment, ORNL
created the Premier Institutions Program, which
provides joint steering committees to identify
areas for collaboration. ORNL has established
MOUs with Duke University, because of its
general excellence, and with the University of
California at Santa Barbara, because of its
studies of global environmental concerns,
geographic information and analysis systems
(GIAS), and its interests in applying artificial
intelligence systems to GIAS systems. Several
other universities have expressed interest in
establishing formal alliances with ORNL. E&
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energy loss through the insulation. These test
results are helping Attic Seal improve the product
and determine its market potential.

If changes in loose-fill fibrous glass insulation
can be made to reduce the energy loss from
convection or if cost-effective convection-
retarding products can be developed, energy
losses through house ceilings could be reduced as
much as 33%, depending upon the climatic
conditions, thus lowering energy costs.

The research was performed by Ken Wilkes,
Bob Wendt, and Phil Childs, all of the Energy
Division, and Agnes Delmas, a visiting
postdoctoral student from France.

In terms of energy efficiency, the United States
has come a long way but still has a long way to
g0, according to one of five “white papers”
commissioned by Secretary of Energy Admiral
James Watkins. One of the paper’s authors is
Roger Carlsmith, manager of ORNL'’s
Conservation and Renewable Energy Program.

In Energy Efficiency: How Far Can We Go?,
Carlsmith and three co-authors from other
national laboratories write: “The United States
has made remarkable progress in efficient energy
use since the 1973 oil crisis. In 15 years energy
use increased only 8%, while gross national
product increased 46%. Thus we are now using
26% less energy to produce one dollar’s worth of
goods and services. Some of this reduction came
from structural changes in the economy, but most
of it resulted from increases in energy efficiency.
The experience shows that threats of shortages,
rising prices, and government policies can make
major changes in the operation of the economy.”

The paper concludes that (1) U.S. energy
efficiency may improve by 12% by 2010 in
response to market forces if fuel prices rise as
projected; (2) if extensive government policy
changes take place, cost-effective measures could
be taken to improve the nation’s energy
efficiency by an additional 14%; and (3) the
additional potential for efficiency improvements

beyond 2010 is very large, but much of it will not
be realized without concerted research and
development efforts by government and industry.

Carlsmith’s report is one of those cited in
DOE’s Interim Report on the Development of a
National Energy Strategy, which is permeated
with the belief that “government and industry
could do more to solve energy problems.” This
compilation of public comments, released April 2,
1990, summarizes input from 15 regional hearings
across the country, testimony from 375 witnesses,
and 1000 written comments. ORNL researchers
were sources for some of the statements in the
report and helped with the editing of the
environmental chapters.

According to the report, “The loudest single
message was to increase energy efficiency in
every sector of energy use. Energy efficiency was
seen as a way to reduce pollution, reduce
dependence on imports, and reduce the cost of
energy.”

The report, said Secretary Watkins,
“summarizes what a broad spectrum of American
people had to say about problems, prospects, and
preferences in energy. It is an important step in
building a national consensus.” The report
includes publicly identified goals, obstacles, and
options in increasing energy efficiency, securing
future energy supplies, respecting the
environment, and fortifying American science and
engineering research and technology transfer.

Among the editors of the “Respecting the
Environment” chapter (which explores the
relationship between energy and air quality, global
environmental issues, waste management, and
water and land use) was John Reed of ORNL’s
Energy Division. Many other ORNL employees,
mostly in the Energy, Environmental Sciences,
and Engineering Technology divisions, also
provided support to the document.

Besides Carlsmith, other ORNL researchers and
managers cited in the Interim Report are David L.
Greene (CAFE or Price? An Analysis of the
Effects of Federal Fuel Economy Regulation and
Gasoline Price on New Car MPG, 1978-1989),
Gregg Marland (“Fossil Fuel CO5 Emissions:
Three Countries Account for 50% in 1986,”
CDIAC Communications), T. Randall Curlee (The
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Economic Feasibility of Recycling: A Case Study
of Plastic Wastes and “Source Reduction and
Recycling as Municipal Waste Management
Options: An Overview of Government Actions,
Proceedings of the Workshop on Research Needs
for Waste Reduction), Elizabeth Peelle (“Beyond
the NIMBY Impasse II: Public Participation in an
Age of Distrust,” Proceedings of Spectrum 88,
International Meeting on Nuclear and Hazardous
Waste Management), and William Fulkerson
(Energy Technology R&D: What Could Make a
Difference?).

Several ORNL researchers are also listed as
contributors to Energy and Climate Change:
Report of the DOE Multi-Laboratory Climate
Change Committee, another “white paper” cited in
the Interim Report. They are Robert Cushman,
Donald De Angelis, William Emanuel, Michael
Farrell, Edward Hillsman, Carolyn Hunsaker,
Gregg Marland, and Steve Rayner.

The final report on the national energy strategy
will be published in 1991. It is said that this
strategy will be the first national energy policy
“built from the ground up” because it will be
based on public input. It will be a “road map for
the future,” using 1990 as a baseline point of
reference and containing short-term, mid-term,
and long-term recommendations for the next
40 years.

To understand the electronic structure of a
superconductor, ORNL scientists and their
University of Tennessee colleagues recently
turned to their newest supercomputer—and broke
a record for calculation speed.

In June 1990, using the Intel iPSC/860, they
achieved an execution rate of 1.8 billion arithmetic
operations per second on a supercomputer
problem, solving it 10% faster than did the YMP/
8, Cray Research’s most powerful supercomputer
and previously the fastest machine for this
computation.
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The Intel machine, a parallel computer having
128 high-performance microprocessors, costs an
order of magnitude less than traditional
supercomputers such as the Cray models. It was
installed in January in ORNL’s Engineering
Physics and Mathematics Division. It is being
tested by the Advanced Computing Laboratory,
an organization sponsored jointly by ORNL’s
Mathematical Sciences Section and the Computer
Science Department of the University of
Tennessee.

The Intel computer allows scientists to perform
in a few hours complex calculations that
previously required weeks at ORNL. These
calculations should aid scientists in designing
superconductors capable of operating at near
room temperatures. Existing superconductors
operate only at temperatures lower than —150°C,
requiring expensive cooling techniques.
Determination of these materials’ electronic
structure should help theorists better understand
the behavior of superconductors.

Scientists in ORNL’s Metals and Ceramics and
Engineering Physics and Mathematics divisions
believe that the same code will run well over two
billion operations per second on problems
involving more difficult superconductor
materials. Their goal is to apply this code toward
the study of these complicated alloys.

Besides modeling superconductors, the Intel
machine is also being used for other ORNL
“grand challenge” problems, such as global
climate modeling, gene sequencing, atomic
physics, and plasma physics, and some
computationally intensive problems from other
organizations, such as the Superconducting Super
Collider Laboratory in Texas.

In the event of a nuclear war, would the
ensuing “nuclear winter” kill most Americans and
prove that the U.S. civil defense program is
unworkable? A recent ORNL study for the
Federal Emergency Management Agency
(FEMA) indicates that nuclear war is survivable
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and that the U.S. civil defense program would
cope with the threat of nuclear winter, given adequate
funding and time to implement the plans.

In 1983, a study was published on the effects on
climate of a large nuclear war. It was predicted that
nuclear explosions would inject hundreds of
millions of tons of smoke and dust into the
atmosphere, leaving survivors to shiver in the dark
and do without rain for months. The study, whose
most famous co-author is astronomer Carl Sagan,
was entitled Nuclear Winter: Global Consequences
of Multiple Nuclear Explosions and was
nicknamed TTAPS, from the initials of its authors,
Turco, Toon, Ackerman, Pollack, and Sagan.

Because the TTAPS study predicted that nuclear
war could cause the atmospheric temperatures to
drop by as much as 40 to 60°C, some people
concluded that nuclear war is not survivable and
that the U.S. civil defense program is unrealistic.
So ORNL was asked by FEMA to review the
literature on nuclear winter and recommend any
changes needed to improve the ability of U.S. civil
defense to deal with the threat of nuclear winter.

Conrad Chester and A. M. (Bud) Perry of
ORNL'’s Energy Division and B. F. Hobbs of Case
Western Reserve University reviewed the most
recent results of calculations by global circulation
models at the National Center for Atmospheric
Research, Los Alamos National Laboratory, and
Lawrence Livermore National Laboratory. One
conclusion from the review is that in a worst-case
scenario, depression in the northern hemisphere
temperature would average about 15°C for a July
war that injects 100 to 200 million tons of smoke
into the atmosphere. A winter war might produce a
temperature depression of only a few degrees.

Drawing on ORNL studies of U.S. food reserves
and the vulnerability to drought of the nation’s
water systems, the researchers concluded that

« Neither cold nor drought is likely to be a direct
threat to human survival for populations with the
ability to survive normal January temperatures;

* The principal threat from nuclear winter is to
agriculture, with a high likelihood of the loss of a
crop year in the event of a very large spring or
summer war, but the United States can deal with

this problem because it has at least a year’s
supply of stored grain;

« The threat of nuclear winter does not require
changes in the U.S. civil defense program other
than those already needed because of inadequate
funding.

However, the researchers say, the threat of
nuclear winter “does provide an incentive to
remind people to take their winter clothing with
them if they evacuate in summertime, to
encourage people to store food, to sustain
agricultural policies that maintain large reserves of
grain, and to provide backup electric power for
water supplies.”

( L
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In October 1990, ORNL halted its shipments of
tritium, and DOE’s tritium sales program was
transferred to its Mound Facility near Dayton,
Ohio.

Since 1946, ORNL handled the commercial
sales of the radioactive material for the federal
government. DOE is the sole U.S. producer of
tritium, which is used for biological research, for
increasing the power of nuclear weapons, and for
manufacturing radioluminescent products, such as
runway lights for remote airports.

ORNL was a leader in DOE’s research program
to develop self-powered lights with tritium. The
Laboratory built and tested a number of tritium
lights that glowed in the dark on airport runways
in Alaska.

ORNL’s tritium program was scrutinized in
1989 following reports that some of the gaseous
material shipped to customers could not be
accounted for, suggesting that it might have been
stolen or diverted to foreign interests.
Investigations revealed that no tritium had been
stolen but that equipment deficiencies and other
problems made it difficult to accurately track the
material.

However, DOE states that its tritium sales
program was moved primarily to centralize the
activity and reduce costs. Other reasons given for
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number of commercial transportation vehicles
required to support military transportation, and
project arrival dates in the Middle East.

The ORNL models will be providing
automated assistance in scheduling buses, trucks,
trains, aircraft, and ships so that these vehicles
arrive at the proper time to meet follow-on
transportation without congesting ports and
support bases.

Since August 2, 1990, Energy Systems
researchers at ORNL helped the Crisis Action
Teams at Scott Air Force Base in Illinois run the
deployment models. The experience will lead to
design modifications and improvements to make
the models more responsive to users’ needs.

ORNL staff members have been involved in
the development and testing of four models—
dubbed ADANS, STRADS, SAIL, and FAST—
for the U.S. Transportation Command
(TRANSCOM), which is responsible for
deploying U.S. troops and military equipment
anywhere in the world.

The Airlift Deployment and Analysis System
(ADANS) is being developed for TRANSCOM'’s
Military Airlift Command (MAC), located at
Scott Air Force Base. Since October, ADANS has
been used to schedule thousands of MAC Desert
Shield and Desert Storm airlift missions bound
for the Middle East. ADANS also will provide
many new capabilities for automating airlift
planning and analysis tasks.

According to one of its developers, “ADANS
revolutionizes the way transportation scheduling
and analysis are conducted by the Department of
Defense. The system advances the state of the art
in airlift scheduling and provides MAC with new
tools for schedule analysis. ADANS is being used
daily to analyze how best to organize the airlift
system for efficient operations and to evaluate
and establish concepts of operation for Operation
Desert Storm airlift.”

ADANS team members include staff from
Energy Systems’ Data Systems Research and
Development (DSRD) organization and the

Computing and Telecommunications Division, the
University of Tennessee at Knoxville, and various
subcontractors, such as Logicon, ASI, and Science
Applications International Corporation.

The Strategic Deployment System (STRADS)
prototype was developed by ORNL in conjunction
with research centers at the University of
Tennessee. STRADS provides TRANSCOM’s
Military Traffic Management Command with
automated assistance in scheduling trucks, buses,
and rail cars to pick up troops and their equipment
at their place of origin and move them to the
appropriate airports and seaports for deployment
overseas. Continued development of STRADS is
now being managed by the DSRD organization.

The Scheduling Algorithm for Improving Lift
(SAIL) computer model will replace the sealift
scheduler used for war planning by the U.S.
TRANSCOM'’s Military Sealift Command. This
model will schedule and route ships based on the
planned usage of the Panama and Suez canals and
will match the cargo to the ship capable of moving
it at the lowest possible cost.

The Flow and Analysis System for
Transportation (FAST) was developed by a team
of four ORNL researchers and operated during the
Desert Shield deployment. The ORNL team has
incorporated the other transportation models to
develop a transportation analysis tool.

Within a few hours after receiving data on the
troops and equipment to be deployed, FAST can
provide detailed information about their projected
military movements by air, land, and sea. FAST is
designed to stay 10 to 25 days ahead of the
deployment to determine transportation
requirements, show the amount of equipment and
number of troops that have been deployed and
remain to be deployed, and predict bottlenecks
that need to be addressed.

The ORNL researchers say the military
decisionmakers have increased their confidence in
these models because model results often agree
with the manual proiections of experienced
military planners.
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exposures, and offer more information on the types
of radiation that caused the dose. The filters are
used to distinguish among the types of radiation—
beta rays, photons, neutrons, for example—and
their respective energies to estimate doses to
various organs.

The Model 8800 TLD System™ features a self-
contained, integrated system of hardware and
software capable of both routine production
dosimetry and research measurements. The major
components of the systemn are the automatic card
reader; the dosimeters; dose computation
algorithms; and the PC-based Radiation Evaluation
and Management System (REMS) package, which
integrates the operation of the reader, handles the
data, and implements a set of quality assurance
procedures to maintain the hardware and ensure
data traceability, reproducibility, and integrity.

The Model 8800 TLD Card Reader™ auto-
matically processes up to 1400 dosimeter cards at a
rate of approximately two per minute. Each
dosimeter is heated by a separate stream of hot
nitrogen gas under precise temperature control. As
the card is heated, the emitted light is measured by
four photomultiplier tubes, digitized, and reported
to the host computer as a glow curve of 200
ordered pairs of thermoluminescence intensities
and corresponding temperatures.

The thermoluminescent materials in the
dosimeter and filtration materials are selected to be
as equivalent in density to human tissue as
possible, so that their response to radiation
resembles that of a human. According to the
developers, this dosimeter design coupled with the
algorithms are improvements over competitive
products offered by other commercial suppliers.
Also, this system successfully meets all the criteria
of the Department of Energy Laboratory
Accreditation Program.

A Scheme for Producing
Pure Proteins Continuously

An ORNL researcher has devised a separation
scheme for continuously producing very pure
proteins and other biological materials. Further
development of this concept could help the
pharmaceutical industry manufacture pure drugs
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having reduced side effects. This technique would
be an improvement over currently used batch
separations because it would yield more product
over time.

Jack Watson of ORNL’s Chemical Technology
Division has conceived of a “continuous annular
electrophoresis” technique, for which a patent
application has been filed. A prototype, if built,
would continuously separate the large molecules of
a biological material of interest from impurity
molecules, producing a very pure substance.

Such biological materials could include viruses
used for making vaccines and proteins used for
making many drugs. The fewer the impurities in
vaccines and drugs, the fewer the side effects.

Electrophoresis is a process in which large
molecules or larger particles having an electric
charge move in one direction in a solution or gel in
response to an electric current.

Watson’s proposed device would be a cylinder
inside a cylinder, and the separation would occur
between the walls of the two cylinders, or the
“annular region.” There particles in solution would
be subjected to an electric field produced by
electrically charging one cylinder so that each
cylinder acts as an electrode.

“The particles will move under the influence of
the electric field,” said Watson, “and separation is
accomplished because the small particles move
faster than large ones and highly charged particles
move faster than weakly charged ones.”

To improve separation, Watson’s device would
reverse the electric field and rotate the inside
cylinder wall in alternate directions to make the
particles move in rectangular paths—alternatively
parallel to the electrode surfaces and then
perpendicular to the electric field. The separated
biological material would be collected by washing
it out of the top end of the unit by a liquid that
continuously flows in an upward direction.

Watson says that this device would produce
larger amounts of purified substances than
conventional “blot” electrophoresis because the
feed material can be separated continuously rather
than one batch at a time. Also, he adds, it would
make a purer product than a similar British annular
prototype, which moves the particles and removes
the products in different ways. B2l












