




















THE OAK RIDGE SOLUTION TO MANUFACTURING PROBLEMS
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ORCMT has received requests from numerous businesses in the United States. Numbers on the map
represent problems solved for businesses within each of the 50 states. In some cases ORCMT has
responded to two or more different requests from a single business.

productive and competitive economy.” Two goals
are to “improve industrial competitiveness” and
“promote economic growth and the creation of
high-wage jobs through access to technical
information and research and development
partnerships with industry.”

ORCMT helps achieve these goals by aiding its
business customers through direct assistance,
partnerships, cooperative research and
development agreements (CRADAs), user
facilities access, and work for others.

Direct assistance transfers know-how on using
technology better, more efficiently, or in a unique
application.

Direct assistance is a hands-on approach. If
problems can’t be solved through telephone calls
or fax transmittals, Oak Ridge technical experts

actually go to company sites to analyze problems
and suggest solutions. The fun ™ is limited to a
total of $5000 per company request. DOE’s
Defense Programs National Machine Tool
Partnership (NMTP) works in much the same
way, except it can provide up to 10 days of
technical help to any U.S. machine tool
manufacturer or user.

Since it was officially created in September
1993, ORCMT’s industrial outreach has generated
some impressive statistics. Through the second
quarter of fiscal 1995, the centers had assisted
more than 1600 businesses nationwide. Industries
requesting technical assistance include automotive
part production, food product manufacturing,
ceramic manufacturing and machining, materials
testing and evaluation, and precision
measurement. The | vate-sector impact of this
assistance is estimated at more than $150
million—a 400% (4:1) return on investment. It is
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users to rapidly and fully characterize their
machined materials.

Fred Jones, an Energy Systems Corporate
Fellow and Core Manager for Industry Specific
Technology, commenting on the working
relationship that has developed through CEMOC,
says, “The terrifically unique thing about these
ceramic projects at Oak Ridge is that they bring
together the incredibly strong materials science
expertise of ORNL research, the world-class
equipment at the High Temperature Materials
Laboratory, and the Y-12 Plant staff’s unique
experience in manufacturing. Those three
elements make it go. What is significant is that we
are establishing an integrated set of capabilities
for manufacturing structural ceramics.”

“We don’t have this great delineation of us or
them,” says Bill Barkman, manager of the
Ceramic Manufacturability Center. “We view it as
an Oak Ridge program. We tap whatever
resources are appropriate. We’ve looked at the
whole organization and pulled out the resources
that could do the best job for the industrial
partner.”

Textile manufacturing occupies a very large
sector of the U.S. economy. The $219 billion
textile industry employs 12% of the
manufacturing work force and consumes about
6% of the nation’s energy. And, like other sectors
in the manufacturing economy, textiles have
undergone dramatic changes in recent years
because of pressure from off-shore manufacturers.
The AMTEX program is an agreement between
DOE and the textile industry to apply the specific
skills of the national laboratories to improve all
aspects of textiles—from raw material use to
retail sales.

Oak Ridge is participating in three AMTEX
projects: Computer-Aided Fabric Evaluation

(CAFE), Demand-Activated Manufacturing
Architecture (DAMA). and Textile Resource
Conservation (TReC). The CAFE laboratory
project manager is Glenn Allgood of ORNL's
Instrumentation and Controls Division. ORCMT
researchers are most closely involved with the
CAFE project.

“What we are doing here is building a
partnership that supports textile industry needs,”
Allgood says. “Specifically, we provide a central
point for developing and testing new concepts
that could lead to rapid development, deployment,
and prototyping of new textile technologies. We
have created a textile center to test those
technologies and to help show industry what
ORCMT can do for the textile manufacturers.”

Fabric woven from spun yarn and filament on
looms may develop defects during the weaving
process. After a production run, workers feel and
look at cloth in search of defects. If defects are
found, the off-quality cloth is discarded.
Correcting this inefficiency to reduce financial
losses is one of AMTEXs goals.

One purpose of the CAFE project is to develop
an on-line inspection system that would detect
defects as they occur and remove the bad cloth
from the production run to reduce manufacturing
waste. Allgood has led the development of an on-
loom greige-inspection system that combines
optical sensors and machine diagnostics with
computers. Greige (French for gray) is
unbleached, undyed raw fabric. The system can
detect and map structural defects. Information is
passed along by computer to the next production
step, such as cutting. This information is also fed
back to the process to remediate the cause of the
defects. The data also provide the basis for
process control.

The CAFE project is also developing a system
for inspecting color-printed pattern goods. Smart
optical sensors are used to ensure that colored
patterns on cloth are true and in register. A
prototype system now being tested at textile firms
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designed to hold liquid hydrogen at three
atmospheres internal pressure.

* Aerospace structures—Oak Ridge has
provided guidance to NASA and U.S. Air
Force programs in developing new
graphite fiber—reinforced thermoplastics
for structures in space.

» Compressed gas cylinder—Fiber
placement methodologies and advanced
resin curing processes are being developed
at Oak Ridge for manufacturing
lightweight storage cylinders for high-
pressure natural gas fuels.

* Centrifugal concentrator—OQOak Ridge is
developing a centrifugal concentrator
device that extracts trace quantities of
heavier-than-air molecules from air
samples, enhancing the sensitivity of
existing gas detection instruments. A high-
speed rotor in the concentrator is made of
graphite-epoxy composites.

e Lightweight automotive materials—To
improve the efficiency and safety of cars
and trucks, the structural materials for
these vehicles should be light and strong.
Oak Ridge is working with private industry
and other DOE laboratories, under the
direction of the Automotive Composites
Consortium, to perform basic materials
research and optimize manufacturing
technologies for composites in
transportation vehicle structures.

* Flywheel energy storage—QOak Ridge is
working with private industry and the
federal government to develop composite
components for high-speed flywheel
systems for storing energy for later use in
automotive vehicles. This work capitalizes
on the world-record flywheel rotational
speed of 1400 meters per second (3100
miles per hour) set by Oak Ridge in 1985.
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A couple of decades ago, ORNL developed
techniques for diagnosing problems in nuclear
reactor operation by spotting abnormalities in
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noise signatures. A similar technique was
developed at ORNL to detect hints of abnormal
operations in electric motors. This expertise is
now being called upon at ORCMT’s Advanced
Diagnostic Center, which includes personnel from
both ORNL and the Y-12 Plant. Expertise in
optical diagnostics, electrical signature analysis,
vibration monitoring, chaos theory, neural
networks, and other diagnostic techniques are
used to address a wide range of industrial needs.
The center is working with numerous companies
to help improve their operations and products.
Applications include condition monitoring of
electrical machinery, diagnostics for advanced
development of automotive and aircraft engines,
predictive maintenance of industrial plant
equipment, and improved techniques for disease
diagnosis.

Experts in optical diagnostics at ORCMT are
studying the potential of using phosphor
thermometry as a metrological standard. This
method provides an absolute measurement of a
material’s surface temperature using the
fluorescence signatures of certain chemically
stable phosphors on the material. An optical
material, elastic silicone rubber optical fiber, has
been developed at ORNL for weighing vehicles as
they roll over high-precision sensing plates placed
on roads. This weigh-in-motion measurement
technique is expected to play an important role in
traffic monitoring and control, truck weighing,
and vehicle identification.

Sun

In conclusion, the Oak Ridge complex has a
combination of capabilities and facilities
unmatched anywhere in the country or even in the
world. These resources have been used to help
meet the challenges of producing and conserving
energy, protecting the environment, and providing
for the nation’s defense. Now, these resources are
being used to meet another important challenge—
increasing the nation’s industrial competitiveness.
Today, Oak Ridge is bridging basic and applied
scientific research with manufacturing technology
and experience to benefit U.S. industry while
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of Larry Barnthouse in the Environmental
Sciences Division performed the ecological risk
assessment portion of the PEIS (see the following
article). In addition to health and ecological risks,
other impacts evaluated in the PEIS include
socioeconomic impacts, air and water quality
impacts, costs, and transportation risks. ORNL is
responsible only for evaluating the human health
and ecological impacts.

For effective project management, the human
health risk assessment was divided into two
parts—ER and WM. The ER risk assessment
team, led by Jill Morris and Irene Datskou,
assessed the risks for the baseline conditions of
various categories of waste sites across the DOE
complex: facilities,
buried waste,

linearity of the computer model allowed the team
to use a unit risk approach to estimate risks for
numerous exposure scenarios for various times
(e.g., living on a waste site 500 years from now)
for each of the waste sites being evaluated.

t

The unit risk approach is a simple concept that
was applied on a large scale to yield complex
results. ORNL worked with DOE’s Pacific
Northwest Laboratory, which provided
contaminant concentration data for each waste site
and many of the environmental parameters needed
to run the computer models used for the risk
assessment. The ER team assumed that one unit
(1 gram or 1 curie) of each contaminant was

contaminated
soils, liquid
containment
structures, surface
water, and Primary Secondary
groundwater. Primary release Secondary release
sources mechanism sources mechanism Pathway Receptor

To manage the
huge number of
sites and
contaminants that
exist across the
DOE complex, the
ER team used a
fate and transport
model to simulate
and predict the
transport of
contaminants
through the
environment to
different areas
where people
might be living
under both present
and future site
conditions. The
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This conceptual model shows the sources, release mechanisms, and worker
and off-site public exposure routes for contaminants at DOE sites that will
undergo environmental restoration.
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RISKY BUSINESS: ASSESSING CLEANUP PLANS FOR WASTE SITES

present at the site. This one unit was used in the
computer simulation of environmental transport
for different exposure pathways (such as drinking
groundwater and swallowing soil), exposure
scenarios (such as on-site resident or off-site
population), and time periods (such as present
and future). Once the simulation was complete,
the analysts could tell how much contaminant
remained over time at different locations in the
environment. In addition, the ER team could
estimate how much of that contaminant might be
ingested, inhaled, or absorbed by potential
populations or individuals located within a given
distance of each site. Once the exposure was
estimated, then the potential health risk was
estimated using standard U.S. Environmental
Protection Agency (EPA) toxicity values and
radiation risk assessment methods. The result was
a “‘unit risk,” or risk per unit of contaminant for
each exposure scenario and pathway. From there,
the actual risks posed by a site under given
conditions were estimated by scaling up to the
actual amount of contaminants at the site. If 50
grams of a contaminant were present, the ER
team multiplied the final concentration by 50 and

calculated the subsequent exposures and risks.
The final risks were presented in terms of cancer
fatalities, cancer incidences (the probability of
developing fatal or nonfatal cancer), adverse
genetic effects, dose, and the potential for health
effects from noncarcinogens, known as the hazard
index.

For each site, different assumptions about land
use were used to estimate the future risks to
various receptors (people who may be exposed to
contaminants). Land use included restricted use,
where the public was denied access to the site;
unrestricted use, where a hypothetical
homesteader could live on top of the site; and
mixed land use, where a combination of both
occurred; but the groundwater use remained
restricted. The risks to the off-site public within a
50-mile radius of the installation and to a
hypothetical homesteader living on the site
boundary were examined.

In addition to estimating baseline conditions of
each site for different land use scenarios, the ER
team estimated risks during remediation for
various remediation alternatives. Louis, Berger,
and Associates, an engineering firm based in New

In waste management, waste is retrieved, treated, stored, and disposed of in approved facilities.
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where workers are located to treat or handle waste
as it is processed through a facility. A treatment
train of several modules might include receiving
and inspection, sorting, compaction, incineration,
solidification, packaging, and shipping. Workers
are located inside the building where the module’s
process occurs, and fugitive emissions from
treatment processes may be released into the
atmosphere of the building. A facility can contain
several treatment modules simultaneously, and a
module may contain several subactivities with
different unit exposures. The unit exposures are
summed to yield the total exposure for a given
module, and the exposures for modules are
summed to yield the total exposure for a given
treatment train.

The WM computer models require many
different types of information to estimate risks
from TSD facilities. Such information includes
facility dimensions, treatment and storage
capacities, stored waste inventory, engineered
safety controls, storage and disposal criteria, and
TSD technologies. For disposal, in most cases,
two engineered disposal options are considered:
(1) installations in the eastern United States are
assumed to use the tumulus option, and
(2) installations in the western United States are
assumed to use the shallow land burial option.

A tumulus is an aboveground, vault-type disposal
facility made entirely of reinforced concrete. The
waste is placed in a metal and concrete cask and
then placed inside the vault. Once the vault is
filled, it is closed and covered with a clay soil cap
to reduce infiltration of contaminants into the
groundwater.

Shallow land burial uses a long, narrow, unlined
trench for waste disposal. Waste is stacked on the
earthen floor, the voids between the waste
containers are filled with earthen material, and
the top of the disposal unit is covered with dirt.

A third disposal option, a below-ground vault, is
also evaluated only for the Savannah River Site in
South Carolina.

The WM team estimated risks for normal

operating and accident conditions assumed to

Number One, 1995

occur during either the treatment or storage stage.
They estimated risks for a variety of scenarios or
consolidation alternatives. First, they estimated
risks for a no-action scenario, which represents
the TSD activities if they were to cease today.
Then, they evaluated a current program alternative
that represents the WM program in its current
state, including planned transportation of waste
and planned TSD activities. The remaining
alternatives were evaluated to determine the
impacts of different waste consolidation options.
These alternatives are regionalization,
centralization, and decentralization. For each of
these alternatives, the WM team evaluated many
different “‘cases” or permutations of waste
consolidation. The difference between these
alternatives is the number of sites that treat waste,
store waste, or dispose of waste.

To determine the potential impacts of
regionalizing the handling of hazardous waste, for
example, the team might evaluate the impacts of
six sites treating hazardous waste, four sites
storing the waste, and three sites disposing of the
waste. If the alternative mandates that fewer
installations across the complex treat, store, or
dispose of waste, those installations must take on
more of the waste from other installations,
increasing the risks at the chosen installations and
increasing the transportation risks by requiring
more waste shipments. However, if an alternative
specifies that many different installations must
treat, store, or dispose of waste (i.e., decentrali-
zation), then more installations must build
facilities to accommodate these processes, and
costs and risks will increase at these installations.

Evaluation of the different waste consolidation
alternatives shows the trade-offs between cost and
risk that must be weighed by decision makers.
The integration of the ER and WM program
within the PEIS will present decision makers with
a large body of information on different options
for cleanup and waste treatment, storage, and
disposal. This information is intended to be useful
for demonstrating the options available within ER
and WM.
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RISKY BUSINESS: ASSESSING CLEANUP PLANS FOR WASTE SITES

For this project, the CRM developed risk
assessment methodologies for estimating human
health risks (for the public and for workers)
associated with ER and WM activities. Both
methodologies are broad in scope and are useful
for DOE risk assessment applications beyond the
PEIS. The worker risk methodology, developed in
conjunction with Pat Scofield of the DOE Office
of Environmental Compliance and
Documentation, is a ground-breaking

development because DOE has previously had no
consolidated guidance for assessing occupational
health risks at its waste sites. The risk assessment
methodologies have been validated by pilot
studies and have been successfully applied in
installation-wide risk assessments of ER activities
at two DOE installations.

In addition to these methodologies, our staff
has automated the unit risk approach for both
public and worker risk assessment for ER and
WM activities. The automated methodology and
data bases developed for the PEIS have
applications beyond the PEIS because they
provide an efficient, user-friendly method of

Ex situ
soil washing

Excavation o}—l
contaminated
~il |

Incineration Paf:kagmg . E.x.sm.'
solid waste vitrification
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solidification | X desorotion
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Site Transport
| restoration | of waste

Sequential activities required for site remediation form a technology train, which depicts the number, order,
and nature of remediation activities that workers must perform to remediate a site.
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ORNL AND THE GEOGRAPHIC INFORMATION SYSTEMS REVOLUTION

more points recorded, the more detailed the
shoreline will be. Both forms, raster and vector,
are essential to support environmental restoration
projects on the ORNL reservation, for instance,
and the software must be capable of rapid
conversion from one form to the other.

For such geographic information to be
meaningful, it must be accompanied by
“metadata” documenting the source, description,
spec "7 ations, accuracy, time of acquisition, and
quality of each data element. As GIS technologies
and multitudes of geographic data bases have
spread to the desktop in the past decade, metadata
have become very important. Good metadata are
essential in determining fitness of the geospatial
data for each intended use—that is, determining
which applications can be accomplished while
ensuring the desired quality of results and
decisions made from those data.

One of the most exciting applications of GIS
combined with remote sensing technology is its
ability to detect changes in features of large areas
of land over many years by analyzing and
comparing past and present landscape images.
Each pixel can indicate a type of land cover, such
as wetlands, forests, pastures, and developed
areas. Such technology is now being used to
monitor gains and losses in wetlands along the
U.S. coast forass  ng environmental impacts on
U.S. fisheries. The technology has the po  al
for monitoring global change. For example, it is
possible to detect increases in deforestation,
which may alter the climate, or increases in
desertification that may result from climate
change.

In this article, we focus primarily on ORNL’s
role in the development and application of GIS to
real-world problems over the past 25 years. Over
this time, hundreds of projects and tasks involving
GIS have been carried out by several
organizations at ORNL involving a number of
scientists, managers, and sponsors. It would be
impossible to mention them all, but we do
recognize and appreciate their significant
contributions and collective vision for advancing
GIS technologies over the years. In addition to the
Computational Physics and Engineering Division,
the examples of collaborating organizations

within Martin Marietta Energy Systems have
included the Energy Division, the Environmental
Sciences Division, Chemical Technology
Division, the Environmental Restoration Program,
Biology Division, Data Systems Research and
Development, and the Hazardous Waste Remedial
Action Program. We highlight several of the
larger efforts to illustrate the diversity of
applications and techniques. We describe some of
the early GIS developments and summarize some
of the current systems capabilities. We offer
examples in which GIS has proven useful in
research and decision support.

Actually, the term GIS, though first introduced
in 1964, was not extensively used until the late
1970s. The first comprehensive geographic data
management system—called the Oak Ridge
Regional Modeling Information System
(ORRMIS)—was developed in 1974 at ORNL by
Durfee. Its purpose was to integrate and support
the data management needs of a series of regional
analytic models depicting and forecasting land-
use, environmental, socioeconomic, and
sociopolitical activities in the East Tennessee
region.

Many early ORNL developments in GIS that
are commonplace today are remarkable primarily
because of their dates. Examples from the 1970s
and early 1980s include perspective and isometric
drawings of cartographic surfaces, integration of
remote sensing and statistical techniques with
GIS, raster-vector transformation, viewshed
calculation, polygon intersections, transportation
routing models, and true three-dimensional (3-D)
imaging.

ORNL has a long heritage of GIS research,
development, and application to complex
problems ranging from national issues to site-
specific impacts. After presenting an overview of
GIS technology development in ORNL’s
computing environment, we discuss three eras of
GIS history at ORNL—regional modeling and
fundamental development (1969-1976),
integrated assessments (1977-1985), and issue-
oriented research and analysis (1986-1995).
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ORNL AND THE GEOGRAPHIC INFORMATION SYSTEMS REVOLUTION

2020 CONSUMPTION OF 7-DAY/10-YEAR STREAM LOW FLOW

ESTIMATES FOR COUNTIES
PROJECTED WATER CONSUMPTION BY ENERGY FACILITIES
IN THE OHIO RIVER BASIN

L_i < 5.0% CONSUMED 5.1% - 10.0% 10.1%2 - 15.0% Z‘;//% 15.1%2 ~ 20.0%

@ 20.1% — 25.0%

25.1% ~ 30.0% B 30.1% - 35.0% - 35.1% - 40.0%

Results of one assessment of projected water consumption by energy facilities in the Ohio River Basin were
shown to President Carter in a live presentation using a graphics station when he visited ORNL in 1978.

allocation models, environmental assessment inventory for the Office of Surface Mining (OSM)
models, and spatial data bases. The principal of the Department of Interior. This effort, headed
output was by county, but many of the data bases by Bob Honea, was based on federal legislation
and computations covered details finer than the mandating that abandoned mine lands be
county level. For example, the data bases included reclaimed to protect human health, safety, welfare,
population at the Enumeration District level, all and the environment, using funds collected as
power plants over 10 megawatts in generating taxes on mining operations. A national inventory
capacity (see figure on p. 59), and all U.S. of abandoned mine lands was necessary to
Geological Survey stream gauging station records. determine the affected areas in urgent need of
The models were as sophisticated as any in use at reclamation and to establish priorities for
that time with or without GIS. reclamation of other sites. The effort was initially
Another major multiyear effort involving viewed as a technology-based project involving
ORNL researchers in the early 1980s was the heavy use of remote sensing, GIS, record-based
development of a national abandoned mine lands information systems, and statistical tools.
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3,593 MW DADE COUNTY, FLA.
895MW ANDERSON COUNTY, TENN.
<100 MW OSCEDA COUNTY, IOWA

TOTAL GENERATING CAPACITY
EXISTING IN 1985

Using spatial techniques and various models and data bases, ORNL researchers displayed a geographic
breakdown of the total electrical generating capacity in 1985 in the United States. The information aided
utilities and energy agencies in the planning process for meeting projected demands for electricity.

It was anticipated that analysis of Landsat
satellite imagery would be a key ingredient for
identifying detailed impacts from the disturbed,
abandoned lands. However, an interesting turn of
events made the project much more difficult than
expected. When attempts were made to use results
from satellite analyses to meet the mandates in the
legislation, we found that the worst threats to
human health and safety (e.g., open mine shafts,
acid drainage, polluted water supplies) could not
be determined from satellite data. Major
environmental impacts could be addressed by
analyzing satellite images, but health and safety
impacts and reclamation cost estimates required
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field data collection and field assessment efforts.
Thus, a major field collection effort, which
included on-site interviews with affected
populations, was carried out in conjunction with
the state agencies of all the coal-mining states (see
photo on p. 61). Unique information handling
techniques were devised to standardize and
computerize textual, tabular, temporal, and spatial
data from forms and maps that could then be
linked with GIS for spatial aggregation, statistics,
and mapping. Don Wilson was responsible for
overseeing the computerization of all this
information and development of a consolidated
data base. These results could then support
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ORNL AND THE GEOGRAPHIC INFORMATION SYSTEMS REVOLUTION

assessments at the state, regional, and national
levels to aid OSM in allocating reclamation funds
and overseeing mitigation of the severest
problems.

Methodologies developed at ORNL for one
application were readily adapted and applied to
other problems. For example, our initial
demographic work of the late 1970s was extended
to compute detailed population distributions for
any place or region in the United States (see
figure on p. 62).

The technique was used by Phil Coleman and
Durfee to compute population distributions
around all nuclear power plants in the United
States. Our results, including the calculation of
population exclusion zones. enabled the Nuclear
Regulatory Commission to assess these exclusion
areas—regions where additional nuclear power
plants should not be built because too many
people live or work there—to help make planning
and licensing decisions.

Starting in the mid-1980s, the emphasis shifted
again, this time in a very positive direction, as
GIS became an important tool in topical | rch
on scientific issues of national interest, as
illustrated in these four examples.

Lake Acidification and Acid Precipitation.
Acid precipitation can cause water in lakes to
acidify, potentially reducing fish populations.
Lake acidification and other environmental issues
that may be related to acid precipitation were
major themes of GIS work at ORNL in the late
1980s. The Environmental Sciences Division
(ESD) was involved prominently in the National
Acid Precipitation Assessment Program
(NAPAP). especially the National Surface Water
Survey. Through extensive collaboration with
U.S. Environmental Protection Agency (EPA)
laboratories and numerous universities and private
firms, Dick Olson, Carolyn Hunsaker, and other
ESD personnel collected, managed, and analyzed
massive geographic datal s for lakes and

watersheds throughout the United States. The goal
was to characterize contemporary chemistry,
temporal variability, and key biological resources
of lakes and streams in regions potentially
sensitive to acid precipitation.

Simultaneously, the Energy Division
approached the same problem from a different
perspective. While NAPAP focused on impacts of
acid precipitation, this project focused on
watersheds and investigated possible causes of
lake acidification.

In 1950, a huge storm with heavy rain and 105-
mile-per-hour winds blew down numerous trees in
171,000 hectares of forest in the Adirondack
Mountains of New York (see figure on p. 63). In
the 1980s it was observed that several lakes in the
area were acidified. so one hypothesis was that the
blowdown of the forest might be a cause. To
determine if a relationship existed between the
forest blowdown and lake acidification, Dobson
and Dick Rush of ORNL and Bob Peplies of East
Tennessee State University used an approach that
combined GIS and digital remote sensing with the
traditional field methods of geography. The
methods of analysis consisted of direct
observation, interpretation of satellite images and
aerial photographs, and statistical comparison of
two geographical distributions—one representing
forest blowdown and another representing lake
chemistry.

Associations in time and space between surface
water acidity levels (pH) and landscape
disturbance were found to be strong and consistent
in the Adirondacks. Evidence of a temporal
association was found at Big Moose Lake and
Jerseyfield Lake in New York and at the Lygners
Vider Plateau of Sweden. The ORNL researchers
concluded that forest blowdown facilitated the
acidification of some lakes by altering pathways
for water transport. They suggested that waters
previously acidified by acid deposition or other
sources were not neutralized by contact with
subsurface soils and bedrock, as is normally the
case. Increased water flow through “pipes”™—
small tunnels formed as roots decayed—was
proposed as the mechanism that may link
biogeochemical impacts of forest blowdown to
lake chemistry.
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bare ground over a period of years to characterize
coastal changes. We are trying to model the direct
relationship between land-cover changes and
ecological processes.

To verify the accuracy of our interpretations of
the satellite data, we visit the imaged sites. In
1993 and 1994, Ed Bright and Dobson went to
Alaska to conduct field verification of a 1986
land-cover classification in the Yakutat Foreland
and Russell Fiord. Now, when we do field work,
we use a hand-held GPS device linked directly to
a color laptop computer. Commercial software
integrates the live GPS location coordinates with
raster images representing land cover and with
vector images representing other features such as
roads. The device has more than doubled
productivity in the field. We are currently
designing a modeling approach that will link GIS,
transport models, and process models to address
the linkage between land-cover change and
fisheries.

Environmental Restoration. To clean up a
legacy of environmental contamination and to
comply with environmental regulations, U.S.
government facilities must locate, characterize.
remove or treat, and properly dispose of
hazardous waste. In the 1980s, ORNL researchers
helped develop geographic workstations, spatial
algorithms, 3-D subsurface modeling techniques,
and data base systems for handling hazardous
waste problems at Air Force installations. Later,
this work provided a foundation for supporting
environmental restoration activities at DOE
facilities. Since the late 1980s. environmental
restoration has become a major theme for GIS
activities at ORNL. The integration of GIS with
other technologies provides an important resource
to support hazardous waste assessment and
management, remediation, and policy formulation
for environmental cleanup at DOE facilities. The
locations of waste areas (i.e., surface operable
units) across the DOE Oak Ridge Reservation
(ORR) are represented by the bold polygons
shown on the map at the top of p. 66.

In conducting successful cleanup efforts and
meeting regulatory requirements at these facilities,
GIS can assist in many ways. Key aspects include
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investigation of the types and characteristics of
contaminants; the location of possible pollutant
sources; previous waste disposal techniques; the
spatial extent of contamination; relationships
among nearby waste sites: current and past
environmental conditions, including surface,
subsurface, and groundwater characteristics;
possible pollutant transport mechanisms; efficient
methods for analyzing and managing the
information; eftfective cleanup strategies; and
mechanisms for long-term monitoring to verify |
compliance.

Three programs that involve significant GIS ‘ es
activities in support of environmental restoration ‘
(ER? in Oak Rldg(? 1nclufie the Oak Ridge el nmei
Environmental Information System (OREIS). the .
Remote Sensing and Special Surveys (RSSS) m oring

Program, and the GIS and Spatial Technologies
(GISST) Program. The OREIS effort is designed
to meet environmental data management,
analysis, storage, and dissemination needs in
compliance with federal and state regulatory
agreements for all five DOE facilities operated by
Lockheed Martin Energy Systems. The primary
focus of this effort has been to develop a
consolidated data base, an environmental
information system, and data management
procedures that will ensure the integrity and legal
defensibility of environmental and geographic
data throughout the facilities. The information
system is composed of an integrated suite of GIS,
relational data base management, and statistical
tools under the control of a user-friendly interface.
Examples of some of these tools are shown on the
inside back cover. The OREIS effort. previously
led by Larry Voorhees and Raymond McCord, is
now being directed by David Herr.

OREIS’s data have been combined with other
site-specific information to study a variety of
environmental problems. ORNL has modeled
contaminant leakage from underground waste
lines and used historical aerial photos to assess
potential pollutant migration.

The RSSS Program under Amy King supports
ER site characterization, problem identification,
and remediation efforts through the collection and
analysis of data from aircraft and other remote
sensors. One example has been helicopter
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proprietor of the National Highway Planning
System and the initial INTERLINE railway
routing model. CTD has had a major
responsibility for routing and assessing hazardous
materials on the nation’s highway and rail systems
for many years (see figure at left). They have
enhanced and adapted the INTERLINE and
HIGHWAY routing models to assist in this work.
CPED has been a major developer of the Joint
Flow and Analysis System for Transportation
(JFAST), which is a multimodal transportation
analysis model designed for the U.S.
Transportation Command (USTRANSCOM) and
the Joint Planning Community.

Operations Desert Shield and Desert Storm
(1990-1991) involved the largest airlift of
personnel and equipment from region to region
ever accomplished. The U. S. Air Force’s Military
Airlift Command, now the Air Mobility
Command (AMC), was responsible for this
movement from the United States and Europe to
the Persian Gulf region. Prior to that event, ORNL
had worked with AMC to develop the Airlift
Deployment Analysis System (ADANS), a series
of scheduling algorithms and tools that enabled
AMC to schedule missions to and from the
Persian Gulf more rapidly and efficiently than
ever before. ADANS is currently being used 24
hours per day by AMC to schedule peacetime,
exercise, and contingency missions, as well as
peacekeeping relief and humanitarian operations.
Some of the key members of the ADANS team
have included Glen Harrison, Mike Hilliard, Ron
Kraemer, Cheng Liu, Steve Margle, and Irene
Robbins.

The ADANS architecture is based on a
relational data base management system. which
operates on a network of powerful, UNIX-based
workstations stretching across the United States
with current installations at ORNL; Scott Air
Force Base, Illinois; and Travis Air Force Base,
California. PCs are used to perform some
functions. The configuration includes a data base
management system, a form generation tool,
graphical display tools, a report generation
system, communication software, a windowing
system, and more than 500,000 lines of ADANS-
unique code. All modules exchange data and run
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asynchronously. Thus. schedule planners can use
the windowing system to keep track of and to
modify multiple pieces of information. The three
main components of the user interface are
movement requirement and airlift resources data
management, schedule analysis, and algorithm
interaction.

All data and algorithms are geographically
explicit. The user inputs data on a station-by-
station basis with the textual network editor; the
graphical network editor allows the user to
establish a network and to enter or to edit
information directly on a world map. With this
system, it is easy to determine how cargo and
passengers were moved, how many were moved
as required, and to what aircraft they were
assigned.

The JFAST effort. initiated by Bob Hunter, is
designed to determine transportation requirements,
perform course of action analysis, and project
delivery profiles of troops and equipment by air,
land, and sea. JFAST was used in Desert Shield to
analyze the airlift and sealift transportation
requirements for deploying U.S. forces to the
Middle East and predict their arrival dates in-
theater. These deployment estimates provided
input for establishing concepts and timing for
military operations. Under Brian Jones’ direction
during Desert Storm, JFAST was also used to
track ships, provide delivery forecasts, and analyze
what-if scenarios such as canal closings and
maintenance delays. In addition to analyzing
support for humanitarian efforts such as those in
Rwanda and Somalia, USTRANSCOM and the
Joint Planning Community use JFAST to
determine the transportation feasibility of
deployment plans.

JFAST incorporates a graphical user interface
that makes significant use of geographic display of
transportation data as well as other graphic
displays to aid the planner in understanding the
output from the flow models. To assist in
preparing briefings, all JFAST screens and graphic
displays can be captured and inserted directly into
presentation software while JFAST is running.
Data from JFAST can also be sent directly to other
Windows!™-compliant applications, such as
spreadsheets and word processing packages.

ADAN is
currently
being
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peacekeeping
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ORNL AND THE GEOGRAPHIC INFORMATION SYSTEMS REVOLUTION

After a quarter of a century, how have GIS
developments and applications at ORNL
advanced science and served the national interest?
ORNL has played an instrumental role in the GIS
revolution by establishing and implementing a
coherent vision that has been welcomed by
scientific, policy, and management communities.
ORNL has advanced the use of GIS within our
national infrastructure. Today, commercial GIS
products address many of the technical needs that
required so much of our effort in the past, and the
research frontiers have moved on to more
complex methodological issues. However, no
single commercial product today will handle all
the current needs for GIS and related spatial
technologies. One of our ongoing roles will be
integration of multiple products with in-house
technologies to best meet real-world needs that
arise.

For the future, we envision linkages of GIS
with environmental transport models and process
models traditionally used by biologists,
ecologists, and economists; implementation of
GIS and digital remote-sensing techniques on
supercomputers; 3-D GIS visualization and
analysis; temporal analysis in a spatial context,
and improved statistical analysis capabilities for
geographic and other spatial data. The use of
supercomputers will become even more important
as new data collections—for example, the next
generation of high-resolution satellite imagery—
inundate the scientific community with terabytes
of information. Justification for collecting and
using these data will depend on the ability to
extract meaningful information using

supercomputer technology.
addressing these and other
such as GIS animation, telec
real-time GPS and video lin

We hope to maintain a le:
through continued advancen
graphics systems, GIS softw
that will more effectively so
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Joy, pride, and hope. These were the emotions
that Oak Ridge residents and ORNL employees
felt October 13. 1994, when it was announced
that Cliff Shull had received a Nobel Prize for
physics. These emotions were rekindled on April
10 and 11, 1995, when Shull came home from
Massachusetts to be honored for his achievements
and to describe them in a replay of his Nobel
Prize lecture.

The professorial Shull—diminutive in stature
but a giant among scientists—had been a resident
of Oak Ridge from 1946 to 1955. He and his wife
Martha lived on Kentucky Avenue, and his
children played with the children of former
ORNL Director Alvin Weinberg. He conducted
his pioneering research using neutron scattering
with Ernie Wollan at the Graphite Reactor of Oak
Ridge National Laboratory. He is the first person
to receive a Nobel Prize for research conducted in
Oak Ridge.

Shull shared the 1994 Nobel Prize in physics
with Bertram Brockhouse of McMaster
University in Hamilton, Ontario. Shull and
Wollan used neutron scattering to determine
where atoms are in a crystal, and Brockhouse
used this tool to learn how atoms move in a
material. Neutron scattering has been used at
ORNL reactors and research reactors throughout
the world to probe the structure and dynamics of
materials. The research has led to development of
high-strength plastics and improved magnetic
materials used for small motors, credit cards.
computer disks, and compact discs.

“This award was greeted with great joy in the
neutron science community because of the respect
we have for both men and in Oak Ridge because
Cliff Shull did the work here that earned him the
prize,” said Ralph Moon, Shull’s first doctoral
student at the Massachusetts Institute of
Technology (MIT), where Shull spent his career
after leaving ORNL in 1955. Moon was master of
ceremonies for an April 10, 1995, program at the
American Museum of Science and Energy in Oak
Ridge, where Shull was honored. Sharing the
stage was the original neutron diffractometer that
Shull had used for his prize-winning research and
that was brought to Oak Ridge from the
Smithsonian Institution in Washington, D.C., as a
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new exhibit for the museum’s future ORNL room.

At the ceremony, Oak Ridge Mayor Ed
Nephew said the city is proud of Shull’s
achievements. He presented the scientist with a
proclamation declaring April 10, 1995, as
“Clifford G. Shull Day” in Oak Ridge.

Shull’s Nobel Prize also raised the hope that the
Advanced Neutron Source research reactor to be
built at ORNL would stay in the president’s
budget as a construction item and receive
congressional funding. That did not happen, but
Oak Ridge was named the preferred site for a
proposed spallation neutron source, an accelerator
to replace the reactor as a future facility for
neutron scattering research.

On April 11, before Shull gave his Nobel Prize
lecture “Early Development of Neutron
Scattering” at ORNL, Tennessee Representative
Zach Wamp pledged to Shull that he would
support funding for neutron science and would
educate fellow congressmen about the need to
support activities in neutron science to which
Shull had dedicated his life. For neutron scientists,
there was still hope for more research
opportunities ahead.

The neutron diffractometer now on display in
the Oak Ridge museum was built at the University
of Chicago using a 1915 design by Arthur
Compton, Nobel Prize winner under whom
Wollan had done his doctoral research in
scattering of X rays from solids and gases at the
University of Chicago. “This instrument was
designed by a Nobel Prize winner,” Moon said,
“and it was used by another Nobel Prize winner.”

A frequently used photograph of Wollan and
Shull with their second instrument was first
published in the April 8, 1949, issue of The Oak
Ridge National Laboratory News. The photograph
is displayed with the original instrument as part of
the museum exhibit.

“I last saw this diffractometer in England in
1982 during the celebration of the 50th
anniversary of the discovery of the neutron by
James Chadwick,” Shull said. “Since I last used it,
it’s been gilded and nicely polished.

“The years I spent in Oak Ridge were really
exciting. I left Oak Ridge because of the prospect
of teaching at MIT and starting a research
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He asked penetrating questions and made tough
requests. That’s how former Laboratory staff
members remembered former ORNL Director
Alvin Weinberg at his 80th birthday celebration
on April 20, 1995. Bill Fulkerson, former ORNL
associate director, called Weinberg “our spiritual
leader.”

In honor of the occasion, ORNL Director Alvin
Trivelpiece announced the inauguration of the
annual Alvin M. Weinberg Lecture Series. The
first lecture, “On Plutonium” (summarized
below), was presented by Wolf Hifele, scientific
director of the Research Center at Rossendort-
Dresden, Germany.

Several persons recalled that Weinberg used to
sit in the front row at ORNL division information
meetings and ask the first question after each
scientific talk—often a very penetrating question.
For a young scientist giving his first information
meeting presentation, the experience was
frightening but also exciting and stimulating.

Trivelpiece acknowledged that he is not always
able to attend information meetings and ask
questions. “How did you find the time?” he asked
Weinberg. The former ORNL director replied in
jest, “We didn’t have a DOE in those days.”

Sam Beall, director of ORNL’s old Reactor
Division, recalled Weinberg’s requests that led to
the development of several new reactors and

“criticality parties” when the reactors were started.

“Fifty years ago, I was called to his office and
asked, ‘Can we convert the Materials Testing
Reactor mock-up to a real reactor?” He wanted
something for nothing.” The result was ORNL’s
Low Intensity Test Reactor (LITR), or the “Poor
Man’s Pile.” Experiments at the LITR supplied
data that aided the design of both pressurized-
water and boiling-water nuclear reactors, the
dominant reactor types in commercial nuclear
power plants.

Weinberg then asked the reactor engineers to
design a reactor that used fluid fuel instead of
solid fuel. It was called “Alvin’s 3P reactor”
because it required a pot, a pipe, and a pump. The
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Homogeneous Reactor Experiment (HRE), as it
was called, went into operation in 1950. At the
criticality party, Weinberg pulled a bottle with a
black label from his briefcase. Beall recalled that
Alvin told him, “Sam. when piles go critical in
Chicago, we celebrate with wine. When piles go
critical in Tennessee, we celebrate with Jack
Daniel’s.”

The HRE had a 105-day run and then was
closed despite Weinberg’s attempts to sell the
merits of the reactor to powerful people in
Washington. In fact, Weinberg even invited
Senator Jack Kennedy and Jackie Kennedy and
Senator Albert Gore, Sr., to visit the reactor.
Weinberg recalled the event: “I invited John
Swartout to be in charge of Jack Kennedy so I
could be in charge of Jackie.”

Information gained from operation of the HRE
and the Aircraft Reactor Experiment (for 100
hours) led to the design and operation of the
Molten Salt Reactor Experiment. It set a record
for continuous operation of a reactor, and it was
the first reactor to use uranium-233 as fuel.

Ellison Taylor, former director of ORNL’s old
Chemistry Division, said, “‘Reactors were the
centerpiece of the Laboratory in the Weinberg
era.” But he called the Molten Salt Reactor
Experiment “a chemist’s reactor” because the
“make-or-break problems” of the reactor required
chemical solutions.

Howard Adler, former director of ORNL’s
Biology Division, recalled that under Weinberg
this division was the largest, “five times the size
of the next largest division.” Its mission, he said,
was to understand how radiation interacted with
living things and to find ways to help organisms
survive radiation damage, such as with bone
marrow transplants.

Fulkerson remembered Weinberg as an
environmentalist. “He viewed national
laboratories as tools for achieving social
progress.” Fulkerson said that once the nuclear era
was under way, Weinberg thought that ensuring
sufficient food, clean water, and biological
survival were important missions. Thus, in the
1960s Weinberg pursued new missions for the
Laboratory, such as using nuclear energy to
desalinate seawater and “make the deserts
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development in the areas of the three E’s—
energy, the environment, and the economy.”

Hifele, who in 1959-60 was a guest scientist
with ORNL’s Neutron Physics Division and an
assistant to Weinberg (““a highlight of my
professional life”). spoke on plutonium as a future
resource, a future investment. Some people, he
said, are “religiously against plutonium” because
of its toxicity and potential for use in weapons.
Because 200 tons of scrap plutonium exist in the
United States (80 tons) and former Soviet Union,
people are looking for ways to deal with it. One
proposal is to burn it in reactors; another is to
“hide it” by isolating it permanently from the
environment.

Hifele sees plutonium as a resource to be
guarded and proposes subsurface storage of
plutonium. He said it should be kept in this
“bank” for later use when nuclear power becomes
more acceptable and energy needs necessitate a
second nuclear era. Various countries would
withdraw the plutonium they own from the bank
as they need it for reactor fuel in accordance with
international guidelines. Nuclear power will be
more acceptable, he says, once waste disposal is
addressed by an international group and once
people have experienced problems in using
alternative nonnuclear energy sources and the
adverse environmental and climatic impacts of
fossil fuel use.

“Plutonium is neither waste nor fuel,” Héfele
said. “It is an endowment.”

In his remarks at the end of * birthday
celebration, Welnberg complimented Héfele on
his proposal for a global plutonium regime. He
then spoke of the previous day’s car bomb
explosion at the federal office building in
Oklahoma City, which killed or injured hundreds
of adults and children. The worst bomb attack
ever in the United States, he said, raises “‘grave
questions and concerns for a world that finds
existence of plutonium to be threatening. How
does the world deal with senseless acts if nuclear
bombs come into the possession of people like
that? I don’t really have an answer.”

He noted that a possible solution to the scrap
plutonium-238 problem is to blend it with
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plutonium-240 so that the nuclear material could
not be used to make an atomic weapon. But he did
not know if enough plutonium-240 exists to fully
“denature” plutonium-238.

“Ultimately, the issue is organizational,”
Weinberg said. “Is the regime of terrorism the
bitter fruit of today’s technology? Is there no
longer order in our society? It has been said that if
society has a choice between freedom and order,
it will choose order. Is it possible to have both?”
More penetrating questions from Alvin.

Weinberg called for the strengthening of the
International Atomic Energy Agency and for
defensive systems as the number of nuclear
weapons for each superpower drops from the
thousands to a few hundred.

The main job of the Laboratory director,
Weinberg said. is to keep money coming in to
support research. not to sit in the front row at
scientific meetings and ask questions. He noted
that the recent publication of the Clinton
administration, Science in the National Interest,
proposed that 3% of the national budget be
allocated to support research and development.
But, he said, this report is not being taken
seriously as was Vannevar Bush’s report 50 years
ago that called for strong government support for
science.

Now that he is 80. Weinberg said he looks to
the next generation to take over. “The problems
they will face will be monumental. They will have
large opportunities to deal with problems and
bring on the secc " auclear era. I hope they will
make a better world than we oldtimers were able
to produce.”

So spoke Weinberg, whom former Tennessee
Senator Howard Baker called “the master of the
majestic concept” and whom Oak Ridge
Associated Universites President Jon Veigel
called ““a citizen of the world who is our neighbor
and friend.” Even on his 80th birthday, Weinberg
made sure we had some intellectual meat to chew
on before we helped him eat his birthday cake
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which in large numbers would provide fissionable
material far beyond what was then thought to exist
in natural uranium deposits. The other was the
application of nuclear energy to solve social or
political problems—the technological fix. The
most ambitious such fix was the agro-industrial
complex, which would use giant reactors to
supply cheap electricity and desalted seawater to
overpopulated and underfed regions of the world
and thus ensure peace and plenty to their
struggling peoples. Clearly, Weinberg was going
for the long ball. Big problems have always
tempted him, and in the 1960s he was captured by
a nuclear euphoria and became one of nuclear
energy’s most eloguent exponents.

But the devil is in the details. Fermi saw a
problem as early as the Chicago days. In the book,
Weinberg quotes him as saying, “It is not clear
that the public will accept a source of energy that
produces so much radioactivity or that might be
subject to diversion of bomb material by
terrorists.” As in so many other cases, Fermi turns
out to be right. Perhaps nuclear energy was
developed too rapidly. Because of the pressing
need for a nuclear navy, reactors became an article
of commerce before engineers could examine in
depth such issues as nuclear waste, reactor safety,
fuel reprocessing, and the economics of energy
production and use. Weinberg points out that the
choice of the light-water reactor system was really
driven by the naval reactor programs, and that
other systems, and there are plenty of them, never
had a chance. In their euphoria, reactor
entrepreneurs forgot Fermi’s warning. “During
my years at ORNL,” Weinberg says, “I paid too
little attention to the waste problem. Designing
and building reactors, not nuclear waste, was what
turned me on . . . had I to do it over again. it
would be to elevate waste disposal to the very top
of ORNL’s agenda.”

When Weinberg became convinced that reactor
safety was an issue of the greatest importance, that
loss-of-coolant accidents were not unthinkable, he
was punished by the nuclear advocates. In the
book Weinberg quotes what, to me, is the most
bizarre statement of the whole story. In a
conversation about reactor safety, Chet Holifield,
then chairman of the Congressional Joint
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Committee on Atomic Energy, told him, “Alvin,
if you are concerned about the safety of reactors,
then I think it might be time for you to leave
nuclear energy.” Soon after, Weinberg was fired
from his job as director of ORNL. That was in
1972. In 1979 Three Mile Island fully justified
Weinberg’s concern, setting in motion events that
led to much enhanced safety of U.S. reactors but
also leading to cancellation of many reactor sales.
No new reactor orders have been placed by U.S.
utilities since then.

Did Weinberg acknowledge defeat? Not at all.
From his position as director of the Institute for
Energy Analysis at Oak Ridge Associated
Universities, he redoubled his efforts to make
nuclear energy a viable source of power. He
initiated among the first government-funded
studies of global warming caused by increased
atmospheric levels of carbon dioxide from
burning fossil fuels to produce electricity. He
examined a new class of reactors, the so-called
inherently safe reactors, whose safety does not
depend on engineered systems but rather on
processes based on laws of nature. His intellectual
curiosity led him into arms control issues, high-
level waste storage, and eventually to the nub of
the question: Why are people afraid of nuclear
energy? And, why are they so averse to certain
very small risks?

There is much to read in this book for those
who are interested in the history of ORNL. Buy
the book and get the inside scoop on the X-10 pile
(Gr | ite Reactor), the Aircraft Nuclear
Propulsion program, the Materials Testing
Reactor and its progeny, the thermal breeder, the
Homogeneous Reactor Experiment, the
Experimental Gas-Cooled Reactor, the Molten
Salt Reactor Experiment. and other projects
nuclear.

On the whole, Weinberg thinks nuclear energy
has done reasonably well, progressing in “50
years . . . from a miraculous dream into a major
source of electric energy.” But he recognizes that
there is a pause in its further development and that
not much is likely to happen in the next several
years. Weinberg is ever the optimist, especially
when it comes to the ability of mankind to rise to
the occasion. “To deny rebirth of nuclear energy



TRIBUTE TO ALVIN M. WEINBERG

is to deny human ingenuity and aspiration. This I Alex Zucker, now retired, was acting director of
cannot do. During my life I have witnessed ORNL in 1988 and ORNL associate director for
1 iienin extraordinary feats of human ingenuity. I believe the Physical Sciences and later for the Reactor
rgming that this struggling ingenuity will be equal to the and Engineering Technologies for many years. He
task of creating the Second Nuclear Era.” has taught courses at Roane State Community
Whenever it comes, Weinberg’s labors will be College. He is writing a book about scientific
there to light the way. literacy.
0 1915  Born in Chicago in 1915

1939 Received Ph.D. degree from the University of Chicago in mathematical biophysics

1942 Worked at the Metallurgical Laboratory at the University of Chicago

1946  Named director of ORNL’s Physics Division

1948  Appointed research director at ORNL

1955  Named director of ORNL

1958  Weinberg and Nobel Laureate Eugene Wigner’s classic The Physical Theory of Neutron

Chain Reactors is published

1959  Elected president of the American Nuclear Society

1960  Began service on President’s Science Advisory Committee

1965  Appointed vice president in the Union Carbide Corporation’s Nuclear Division

1973  Became director of energy R&D in the White House

1975  Founded and became director of Institute for Energy Analysis at Oak Ridge Associated

Universities (ORAU)
1985  Retired from ORAU and became ORAU distinguished fellow
1992 Named chairman of International Friendship Bell Committee
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TRIBUTE TO ALVIN M. WEINBERG

Norris Bradbury, director of Los Alamos
Scientific Laboratory for a long time, used to
scare other lab directors by saying, *‘Suppose an
earthquake destroyed your laboratory. Would the
AEC or DOE decide to rebuild it?” The
implication was that he wasn’t sure.

The contract between the scientific
establishment and the government is being
reviewed again. In 1945 Vannevar Bush wrote a
paper that set forth why science should be
supported by society. That provided the
underlying understanding for why these big
laboratories and science are supported. Well, 50
years later, we seem to be reopening that
question. The advantage today is that we have
people very adept at exploiting the political
process. Why should science be supported? Only
the government can decide the proper role of
science and the labs.

Q. What was your reaction to the decision to
ter1  ate the Advanced Neutron Source
research reactor, which would have been built
at ORNL to produce medical isotopes, test
materials, and provide beams for neutron-
scattering research?

WEINBERG: It was an awful error on the part of
the government to cancel the ANS. A dreadful
decision. The government is prepared to spend
$30 billion on an international space station, but
it won’t spend one-tenth of that on something of
central importance.

Q: Do you think scientists have lived in a
golden era that may be ending?

WEINBERG: For 50 years, the contract between
scientists and government has been firmly in
place, and it has been very generous. We
scientists were very lucky people. It is a much
colder world today. Perhaps it will mean that
scientific careers will revert to the way they were
in the 1930s, some 60 years ago. In that time,
scientists didn’t have large sums of money.
College professors were poor then. They lived a

life of genteel poverty. It was a trade-off—you did
something you enjoyed doing, but you had to pay
by living a life of genteel poverty. I hope this does
not happen. I hope people realize that science
must be pursued and that government must have a
dominant role in supporting it.

Q: Your mentor, Nobel Laureate Eugene
Wigner, always seemed to be two steps ahead
of everyone. Was that really so?

WEINBERG: Eugene Wigner was smarter than
anyone else by a good deal. No one at the
Laboratory was in the same intellectual class as
Eugene Wigner. That was so evident during a
scientific discussion. His intellectual power was
phenomenal.

His aptitude as an engineer was remarkable. He
would argue details of design for the Hanford
plutonium-producing reactors, invoking common
engineering principles. Yet he was not a trained
engineer or physicist. He started out as a chemist.
In his eulogy on Wigner (who died January 1,
1995), Frederick Seitz recalled that Wigner knew
how to prepare every known inorganic chemical
compound. Isn’t that extraordinary?

Wigner attributes much of his excellence in
science to having gone to the best high school in
the world. It was a Lutheran high school in
Budapest. His classmate and best friend, John von
Neumann, was a genius like Wigner.

ORNL is wonderfully fortunate in having had
this close interaction with a great genius. Even the
people there who didn’t know him are aware of
Wigner’s influence on the Laboratory. He had a
tremendous influence on me.

Q: One-third of the DOE budget is devoted to
environmental restoration. What is your
position on the goal to remediate all hazardous
sites even though many of them may pose no
more of a health risk than areas where most
people live and work?

WEINBERG: I think it’s nonsense. We’ve gone
crazy. I have argued at various times that one of
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the prices of nuclear energy is the commitment of
certain pieces of real estate in perpetuity to
nuclear activity, including waste disposal. This is
not all that big a commitment because there are
only 85 reactor sites and 50 other nuclear-related
sites throughout the United States. That’s the price
we pay, and I"m prepared to pay that price. Not
that these sites are not useful. They are.

Recently, Donna Cragle, director of the Center
for Epidemiologic Research at Oak Ridge
Associated Universities, led a study at the
Savannah River Plant in South Carolina that found
that long-term exposure to low-level radiation
may increase workers’ risk of leukemia. (The
study found that workers exposed to higher doses
had a higher rate of leukemia deaths than workers
exposed to lower doses; however, the study did
not find a significant increase in leukemia cases
over the expected rate for the general population.)
The study also showed that the Savannah River
worker population had a lower risk of developing
certain other cancers and a lower death rate than
the national population. Overall, life expectancy is
rather long for nuclear workers.

Q: Why do you think people worry so much
about the hazards of nuclear power plants and
hazardous waste sites when greater health risks
are closer to home in the form of cigarettes,
food, alcoholic beverages, and cars?

WEINBERG: You look around and Americans
are fat. This is the fat generation. I think eating the
wrong foods in large amounts is a more serious
risk to health than smoking. Not everybody
smokes, but everybody eats.

Q: In your book The First Nuclear Era: The
Life and Times of a Technological Fixer, you
come across as a man of integrity. You have
spoken out on your beliefs, even when your
views were, as we say today, politically
incorrect. Should researchers at government
laboratories speak out truthfully about their
findings and concerns even if their careers
could be jeopardized?
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WEINBERG: Karl Morgan, once director of
ORNL'’s Health Physics Division, disagreed with
the way reactor development was going. He
thought the thorium cycle (breeding uranium-233
in a reactor by neutron bombardment of thorium)
should be pursued because the waste disposal
problem was simpler to handle. We had some
difficult times there. The problem that Laboratory
management always faced was that our survival
depended on our ability to get money, mostly
from the Atomic Energy Commission's Reactor
Division under Milton Shaw. Karl Morgan’s
dissenting views on reactors placed ORNL in an
awkward position, but Karl’s career didn’t suffer.
He’s going strong even though he’s close to 90.
Milton Shaw had a singleness of purpose. In
many ways I admired him, and in many ways he
drove me nutty. He had a single-minded
commitment to do what he was told to do, which
was to get the Clinch River Breeder Reactor built.
My views were different from his. I think the
Commission decided that my views were out of
touch with the way the nuclear industry was
actually going.

Q: Which views were these?

WEINBERG: I wasn’t a great believer in the
liquid metal fast breeder reactor (which was
designed to breed plutonium using neutrons from
the plutonium fuel). I pushed for the molten salt
breeder reactor, which used the thorium cycle.
Also, [ was outspoken on how much effort should
go into developing safety systems for reactors.

rt

Q: In your book, you mentioned that Rep. Chet
Holifield, chairman of the congressional Joint
Committee on Atomic Energy, said, “Alvin, if
you are concerned about the safety of reactors,
then I think it might be time for you to leave
nuclear energy.”

WEINBERG: 1 did include that anecdote in my
book, but I'm not quite proud that I'd done that
because Chet Holifield was a remarkable man.
He, perhaps more than any other person, was

it.
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responsible for the government spending billions
and billions of dollars on nuclear energy. It was
kind of odd. Toward the end, he and I did disagree
in 1970 when the establishment of national
environmental laboratories was proposed. I had
worked with senators Howard Baker and Edmund
Muskie on this issue, and we advocated that
ORNL become an environmental laboratory. That
really caused Chet Holifield to blow his stack.

Q: Speaking of national environmental labs,
you wrote in your book that you proposed the
idea for a solar energy national lab, which
became the Solar Energy Research Institute, or
SERI, which has since been renamed the
National Renewable Energy Laboratory. Are
you in favor of making more labs single-
subject labs?

WEINBERG: Not necessarily. I guess I feel that
the establishment of SERI was the one thing I was
really proud of in that year (1974) I spent in
Washington (as director of the Energy Research
and Development Office of the Federal Energy
Administration). We were to have a think tank in
Washington, but no one told us what to think
about. I'm pleased that we came up with this idea
of a solar energy national laboratory. Most people
are unaware of where the idea for that got started.

What the focus of the national labs ought to be
for the future is very difficult for me to say. I
think a big environmental component is
inevitable. I still have this notion that nuclear
energy will reemerge. Although we spent 50 years
and an awful lot of money on the development of
nuclear energy, I don’t see the development as
completed. If I had my druthers, I would say,
“Let’s take out a clean sheet of paper and let’s
design a new category of reactor that avoids all
difficulties and is inherently safe.”

Q: Do you think that nuclear energy is less
popular in the United States than in France
and Japan because there is more reverence for
human life in this country? Does this

reverence make us overly concerned about
health risks of environmental agents?

WEINBERG: I don’t think so, the main thing is
that we have enormous amounts of coal. It has
always been problematic whether nuclear energy
can compete with coal.

Q: But someday we’ll run out of the coal.

WEINBERG: Yes, someday we’ll run out of the
coal. That’s when many of us say a second
nuclear era may begin. But we don’t really know
when.

In the meantime. the problem with coal is that
burning it produces carbon dioxide, which can
intensify the greenhouse effect and may produce
undesirable climate changes. I was the first to alert
the Energy Research and Development
Administration, AEC’s successor, to the carbon
dioxide question. The head of ERDA then
established a carbon dioxide effects office in
1975. ERDA gave the new Institute for Energy
Analysis that I had established in Oak Ridge the
responsibility of assessing the impacts of
increased atmospheric concentrations of carbon
dioxide. From 1976 to 1984, IEA became the
nation’s center for studies of the carbon dioxide
issue.

Q: Do you think the United States will ever be
energy independent?

WEINBERG: It depends on the time scale you are
talking about. How long will the oil and gas last?
100 years? 200 years? In a sense the question
answers itself. When I worked on Project
Independence in 1975 under AEC Chairman Dixy
Lee Ray, the goal was that we would be energy
independent by 1980. It was utter nonsense.

The question is, is energy independence all that
important? When I was in Washington it was of
central concern. It is no longer regarded as a
central concern except that it contributes a lot to
our trade imbalance.

Oak Ridge National Laboratory REVIEW







88

Cl
to the

and o.

din
h

10

TRIBUTE TO ALVIN M. WEINBERG

Q: Dixy Lee Ray claimed in her autobiography
Is It True What They Say about Dixy? (by Louis
R. Guzzo) that she saved the Laboratory back
in 1972. Is that a realistic claim?

WEINBERG: Let me read to you what she said in
her book: “One of the notions he (Milton Shaw)
had was his stated desire to destroy the Oak Ridge
National Laboratory. I never really knew exactly
why but I was equally determined that that fine
American institution should live forever. At one
time he (Milton Shaw) could have accomplished
his goal, because he had Congressman Holifield
on his side and both of them detested my old
friend, Dr. Alvin Weinberg, who ran the Oak
Ridge lab. To this day I don’t understand the
Holifield-Shaw dislike of Oak Ridge, but I had to
believe it had no place in the Holifield nuclear
empire.”

So she fired Milton Shaw. Her claim that he
was out to destroy the Lab is not realistic because
the Lab is a big place. Shaw was out to get me
fired, and I did get fired. But, in looking back, I
think I had outlived my usefulness at Oak Ridge
National Laboratory. I left at an appropriate time.
I had been director and research director for 26
years, which is an awfully long time.

Q: What contributions are you most proud of
as a scientist, scientific administrator, and
writer and thinker?

WEINBERG: My career as a practicing scientist
was really quite short. But the formulation and
codification of the theory of nuclear reactors
culminated in the book I coauthored with Wigner
called The Physical Theory of Nuclear Chain
Reactors. That’s probably my most important
contribution to science.

I’m known as the person who proposed to
Admiral Rickover that the Nautilus submarine be
powered by a pressurized-water reactor. We were
working on the Materials Testing Reactor at the
time, SO it was easy enough for me to say, “Take
the MTR and put it under pressure and put it in
your submarine.” (After that, the pressurized-

water reactor was used in many commercial
nuclear power plants throughout the world.)

As a scientific administrator, I am proud that
under my leadership, ORNL became a very viable
entity.

But my contribution to what I call the
philosophy of scientific administration is probably
the most important and original thing that I did in
my life. The philosophy of science is concerned
with how you decide if a scientific finding is
correct or true. You have to establish criteria to
determine if the finding or theory is valid. Validity
is a funda~ ~ ~tal problem in the philosophy of
science,b e fundamental problem in the
philosophy or sr*~=*ific administration is the
question of valt  wo scientific activities are
equally valid if ..._, achieve results that are true.
Now, how do you decide which activity is more
valuable? The question of value is the basic
question tha e scientific administrator asks so
that decisions can be made about funding
priorities. C1  ria for measuring value of
competing scientific ventures that I set forth in a
series of papers have been accepted by people in
the National Science Foundation.

Another thing I’ve done is to promote the
Friendship Bell now in Oak Ridge as a way to live
with the bomb. (Weinberg showed us his
miniature copy of the replica of the Hiroshima
bonshoo friendship bell now in Oak Ridge; he
chaired the International Friendship Bell
Committee, which raised money for the project.)
It’s pretty controversial, and I'm prepared to live
with the controversy.

In my most recent book, I wrote about what 1
call the sanctification of Hiroshima. People ask,
‘Was the Hiroshima bomb justified?” Well, it was
justified on two accounts. I believe that Hiroshima
really did end World War II, that it saved many
lives. [ was a signer of several petitions urging
that the bomb not be dropped on Japan, just
demonstrated by blowing up a tower in the desert.
I’ve come to decide that dropping the bomb
actually saved lives.

The other justification is that we will have to
live with bombs for the rest of time. Is there some
way we can invest in the bomb some “aura of
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The researchers simultaneously deposited the
desired materials on substrates such as silicon and
graphite. Then they deposited the composite
coating on a titanium alloy used for parts in
engines.

“To make the coating for a titanium alloy
substrate,” Besmann says, “we flowed several
gases at a temperature of 800°C and low pressure
into a reactor containing the heated substrate. To
get the best coating composition, we varied the
composition of the gases. which included
molybdenum hexafluoride. hydrogen sulfide,
ammonia, and argon. that carried the titanium
organometallic vapor into the reactor.”

Researchers elsewhere have used CVD,
sputtering, or plasma spraying to deposit films of
titanium nitride and of molybdenum sulfide. But
the ORNL group is the first to co-deposit the two
materials to form a composite coating.

“Solid lubricating films of molybdenum sulfide
have been deposited on moving parts, but the
lubricant tends to be worn away quickly.”
Besmann says. “Our composite coating increases
the sliding life of the molybdenum sulfide
lubricant by incorporating it in a hard material.”

Besmann proposed that CVD could be used to
develop a low-wear, low-friction composite
coating. The development of the coating was
carried out primarily by Bae and Lee.

Other division members who contributed to the
work are Blau and Charles Yust. who measured
the coating’s friction and wear characteristics:
Karren More, who took electron micrographs of
the experimental coatings to reveal their structure;
and David Braski, who analyzed the coating
structure using Auger electron spectroscopy.

“Through the analytical work,” Besmann says,
“we are determining which coating structures and
compositions are lowest in wear and friction. We
have found that the friction of our best coatings
containing titanium nitride and molybdenum
sulfide is three times lower than a titanium nitride
coating alone.”

The coating development was supported by the
Division of Advanced Energy Systems Projects in
the Department of Energy's Office of Basic
Energy Sciences.
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Highway maintenance crews battle icy roads by
salting them. But how much salt should be
sprinkled on the ice to melt it as quickly as
possible? Moonis Ally of ORNL can provide the
answer in a few minutes using a personal
computer program he helped to write.

“If you add just the right amount of salt,” Ally
says, “the freezing point of the ice will be lowered
as much as possible, and the ice will melt faster.
But if you add too much salt. compounds called
hydrates will form. raising the freezing point. The
salt then becomes a burden instead of a benefit. In
fact. too much salt not only wastes taxpayers’
money but also can be toxic to roadside
vegetation.”

To develop the software, Ally, a researcher in
ORNL's Chemical Technology Division, and
retired consultant Jerry Braunstein developed the
theory and algorithm, a step-by-step method for
arriving at answers using available information;
Andrea Sjoreen, a programmer in ORNL’s
Computational Physics and Engineering Division,
converted the algorithm into a computer program.
The result is a labor-saving software package that
rapidly and inexpensively predicts the properties
of various water-based salt solutions. Called
Aqueous Electrolytes (AE). the software
eliminates the need for researchers to measure
such properties in the laboratory—a time-
consuming, laborious, and expensive process.

“In only one day.” Ally says. “AE can predict
the thermodynamic properties of mixtures of
different salts in water that would take chemists
several months or even a year to obtain in the
laboratory. These properties include boiling and
freezing points, density, and vapor pressure as a
function of solution temperature, salt
concentration, and salt composition.

“In addition, our software can predict the
properties of aqueous electrolytes that have higher
salt concentrations than those treated by
competitive programs. Also, it can be used on
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chillers—refrigerators under development that do
not require energy-hungry compressors. Such
refrigerants remove heat from the refrigerator
cabinet at lower temperatures and reject it to the
outside at higher temperatures. To make such
machines more energy efficient, developers are
trying to identify aqueous salt mixtures that have
even better heat-transfer properties than the more
fully understood mixtures of lithium bromide and
water and of ammonia and water. Several
potential salt combinations have been identified
by AE for advanced absorption machines.

The paper you throw away at ORNL may
someday be used to heat your office, reducing the
need for coal and landfill space. ORNL
researchers have begun work on a pilot project to
demonstrate the feasibility of burning fuel cubes
made of shredded wastes collected from DOE
facilities in Oak Ridge.

The pilot project will allow testing of air
emissions and ash from various fuels and fuel
mixtures to determine if refuse-derived fuel
(RDF) is suitable for use in steam plant boilers.
The project will proceed with a full-scale ORNL
steam plant demonstration if the pilot
demonstration identifies no air emission or ash
problems as a result of burning the RDF fuels and
fuel mixtures.

Tens of millions of pounds of sanitary waste are
produced on the Oak Ridge Reservation annually.
A successful RDF program would reduce both the
amount of waste placed in landfills and the
amount of coal burned at the ORNL steam plant,
with possible savings of more than $300,000 per
year.

The Oak Ridge project may be a model for
other DOE facilities. Municipalities across the
country already are implementing similar
programs to comply with new Environmental
Protection Agency and state mandates to reduce
the volume of waste placed in landfills.
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A team of researchers from ORNL,
Brookhaven National Laboratory (BNL), and the
State University of New York (SUNY) at Stony
Brook have set a new world record for system
size in molecular dynamics, using the 1024-node
Intel Paragon XP/S 150 supercomputer at ORNL.

Molecular dynamics, a field of study that
models the interactions among atoms in a
chemical, biological, or solid-state system, is a
cornerstone of applications ranging from the
study of DNA-protein interactions to the design of
new materials.

In two record-breaking runs, members of the
Partnership in Computational Sciences (PICS)
consortium performed molecular dynamics
simulations for systems of 200 million and 400
million particles, with each simulation step taking
80 and 160 seconds, respectively. These results
far exceed recently reported simulations of 10
million particles on the 512-node Intel
Touchstone Delta system at the California
Institute of Technology at Pasadena and 180
million particles on a 1024-node Thinking
Machine CM-5.

“This breakthrough is yet another example of
the High Performance Computing and
Communications program bearing fruit for U.S.
science and industry,” said Ken Kliewer, director
of the Center for Computational Sciences (CCS)
at Oak Ridge. “It demonstrates the ability of key
molecular dynamics algorithms to scale up to the
large sizes needed for biologically interesting
problems. This achievement should lead to major
breakthroughs in molecular biology by permitting
the simulation of realistic systems over significant
time scales.”

The computer code used to achieve this feat
was developed by Osman Yasar of ORNL’s CCS,
Robert B. Marr and Ronald F. Peierls of BNL,,
and Yuefan Deng and R. Alan McCoy of SUNY.
All three institutions are members of the PICS
consortium, which uses the large Intel Paragon
system at ORNL.—Jennifer Ball
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this code eliminates the need for trial-and-error
experiments in part design, resulting in significant
savings.

The Quench Simulator code is now being
applied to nonmilitary tasks, such as helping the
automobile and steel industries. Ludtka, now a
staff researcher in the Materials Modeling Process
Group of ORNL’s Metals and Ceramics Division,
is a principal investigator for a three-year, $20-
million cooperative research and development
agreement (CRADA) that is based on the success
of the Quench Simulator code. CRADA
participants include DOE and four of its national
laboratories, the National Center for
Manufacturing Sciences, General Motors, Ford
Motor Company, and Torrington Bearing
Company.

For the CRADA, Oak Ridge, Lawrence
Livermore, Los Alamos, and Sandia national
laboratories are producing customized software
based on concepts used in the development of the
Quench Simulator code. For the automobile
industry, the software will be used to improve the
efficiency of design of gears for transmission
systems. When gears are heat-treated to increase
their strength, their volume will increase, affecting
gear tooth size and shape. The software will
predict the starting geometry that will give the
desired gear design and properties.

This CRADA is also developing software to
predict the effects of trace impurities on the heat
treatment of recycled steel. Recycled steel from
old cars is used to make new cars. But the steel
from car parts may have impurities such as copper
from wire for electric circuits. The software will
predict the quality of the recycled steel product
based on its impurities and manufacturing cycle.

The latest quantitative leap at ORNL provided a
reason to jump for joy. A new parallel computer
now being used at ORNL has over four times the
peak computing power of its predecessor of the
same type and, as of April 1995, was the world’s
fastest computer. This was one of two high-
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performance computing developments celebrated
at the Laboratory on April 21.

The other was the opening of ORNL’s new
computer-based facility for users from industry.
Joining in were distinguished guests representing
Intel, the Department of Energy, other agencies of
the federal government, the state of Tennessee,
U.S. industry, ORNL, Lockheed Martin Energy
Systems management. and users at ORNL’s
Center for Computational Sciences (CCS), one of
two DOE High Performance Computing Research
Centers.

The first development was the completion and
installation of the Intel Paragon XP/S 150, which
has 1024 MP-nodes (two computer processors and
one processor for message passing per node), or a
total of 3096 processors. This machine passed
acceptance tests and was made available to CCS
users January 20, 1995. It is the fourth in a series
of massively paralle]l machines developed for
ORNL by Intel. The other Intel Paragon machines
are the XP/S 14 (96 MP-nodes), the XP/S 35(512
GP-nodes, each with one computer processor and
one message-passing processor), and the XP/S 5
(66 GP-nodes). The processors working together
on complex problems can do more than 150
billion calculations per second (150 gigaflops).
The goal of future machines is one trillion
calculations per second (one teraflop).

At the April 21 event, the Paragon XP/S 150
was dedicated at a ceremony at ORNL’s Central
Auditorium in which the speakers simultaneously
flipped switches for the symbolic ribbon cutting.
As aresult, the lights on the face of the new Intel
machine displayed the words ON TO
TERAFLOPS (as shown to the audience on
closed-circuit television).

In addition, the new DOE national user facility,
the Computational Center for Industrial
Innovation (CCII), was inaugurated with a ribbon
cutting by a Remotec robot (seen at the
auditorium by closed-circuit TV). The purpose of
the center is to promote and encourage industrial
participation in mutually beneficial,
computationally intensive collaborative projects
with ORNL scientists and engineers.

Participants at CCII include Reynolds Metals,
Weyerhauser Technology Center, and the U. S.
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exploration, fusion power, climate prediction,
environmental remediation, materials science,
human genome analysis, and high-energy physics.

At the ceremony, CCS Director Ken Kliewer
acknowledged the contributions of the Department
of Energy and ORNL Director Alvin Trivelpiece
to the development of the center. He said that
Trivelpiece’s “recognition of the need for high-
performance computing made possible the
emergence of ORNL as one of the premiere
computational centers in the world.” Trivelpiece
noted that DOE national laboratories are
distinguished by their user facilities and that CCII,
ORNL’s newest user facility, will use “one of the
latest state-of-the-art computers.”

James Decker of DOE’s Office of Energy
Research noted that CCS and other centers have
been established to improve the nation’s
competitiveness in world commerce. He
challenged computer scientists and engineers to
build machines capable of petaflops, or a
quadrillion calculations per second. He then
mentioned two trends: partnerships and strategic
alliances are being formed for many megascience
projects, and computational science is moving into
business and industry.

Ed Masi, the Intel manager responsible for the
Intel Paragon machines built for ORNL, said that
building parallel computers is technically and
financially difficult. He noted that the U.S.
government has given considerable support in the
past to the development of big computing
machines, especially in 1983 with the
inauguration of the National Science Foundation’s
four supercomputer centers and in 1989 with the
High Performance Computing and
Communications (HPCC) initiative pushed by
then Tennessee Senator Albert Gore and President
Bush. “Big computing machines, like giant
telescopes, are enormously important tools
because they lead to new discoveries,” Masi said.
He challenged the government to continue support
for the development of faster computing
machines, and he challenged ORNL scientists “to
make great use of this outstanding tool” and get
results to justify continued government funding.

Malcolm Stocks, an Energy Systems corporate
fellow and an ORNL materials scientist who uses
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the Intel Paragon, said it is being used to model
transport of contaminants in groundwater and
simulate properties of materials calculated from
first principles. For example, a computer
simulation of several hundred atoms of copper
and nickel can improve understanding of
magnetism in a copper-nickel alloy. Or simulation
of several thousand atoms of carbon can aid
understanding of the melting behavior of
diamond—information nearly impossible to get
experimentally. Stocks noted that understanding
interactions among nuclei and electrons in
materials took a leap forward in the 1980s with
the introduction of vector computers and another
leap in the 1990s with the introduction of parallel
computers.

Thomas Zacharia, CCII director, said that the
new user facility offers a classroom, computers,
and visualization capabilities. He called CCII “a
focal point for industrial interactions and
partnerships in the critical area of high-
performance computing.” CCII was made
possible by support from DOE’s Office of
Scientific Computing and Ron Hultgren, DOE site
manager for ORNL. Hultgren said, “Let’s
officially open CCII and let the good times roll.”

Gordon Fee, president of Lockheed Martin
Energy Systems, called the construction,
installation, and programming of the latest Intel
supercomputer “a great accomplishment” for
DOE and the country.

Other distinguished guests at the ceremony
included Walter Ermler, David Nelson, and Ed
Cumesty of DOE; Jose-Marie Griffiths of the
University of Tennessee; Robert Sugar of the
University of Santa Barbara; David Daugherty of
the University of Vermont, who is a member of
the CCS Advisory Committee; Faris Bandak of
the National Highway Traffic Safety
Administration; and Peter Gorog of Weyerhauser.

Ron Tipton of Reynolds Metals Company is
optimistic that CCII will help his company find
ways to better use aluminum for building cars and
bridges. “When you know where people are
coming from and they know where you’re coming
from,” he said, “you can get a lot done.” It is
hoped that CCS and CCII will smooth the way for
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a quantum leap in cooperation between industrial
firms and national laboratories.

For 20 years U.S. scientists have sought an
advanced source of neutrons for research. Debate
centered on whether to build a reactor or
accelerator as the primary source. The most recent
scientific consensus favored building a reactor
first—the Advanced Neutron Source (ANS)
proposed for Oak Ridge—and a complementary
accelerator source second.

However, because of the push to reduce the
national deficit and because a reactor could cost
three times as much as an accelerator, the Clinton
administration in January 1995 canceled the $2.9
billion ANS, which had been in the president’s
budget as a construction item for the past two
years. To replace the ANS, the Clinton
administration proposed an accelerator option
called a spallation neutron source and designated
ORNL as the preferred site.

In an April 4, 1995, internal workshop at
ORNL to discuss plans for designing a spallation
neutron source, Bill Appleton, ORNL associate
director for the ANS, said, “The design for the
ANS was the best and most complete design of
any recent Department of Energy project.” He
noted that the design, which was done under the
leadership of the ANS Project Office in Oak
Ridge, may still be useful in the future and that
efforts will be made during closeout activities to
properly preserve the ANS design for DOE.

The ANS, Appleton said, was canceled mainly
because of its cost. A secondary reason was a
political consideration related to the U.S.
government’s nonproliferation goal. Some people
in the Clinton administration were concerned that,
because the ANS was originally designed to use
highly enriched uranium (although designs were
in progress for making use of low-enriched
uranium), the government would have a problem
urging other nations to avoid using nuclear
materials that could be made into weapons.

Because the Department of Energy had
promised to provide new facilities to ORNL and
other national laboratories under its facilities
revitalization plan, Appleton said that DOE
supports replacing the canceled ANS with a new
spallation neutron source at ORNL. The pulsed
spallation source would provide neutrons for
neutron scattering research but, unlike the ANS,
would not produce radioisotopes or steady-state
beams for materials irradiation experiments.
Neutrons from the spallation source would be
used primarily to address questions in
fundamental and condensed-matter physics,
structural chemistry, materials science, and
molecular biology.

Appleton said ORNL was also chosen for the
spallation source to maximize use of the
Laboratory’s neutron source design expertise and
to take advantage of its experience in operating
particle accelerators and in conducting neutron
scattering research. He noted that expertise in
particle source design resides in ORNL’s Fusion
Energy, Metals and Ceramics, Engineering
Technology, Solid State, and Research Reactors
divisions and in the ANS Project Office.

“We are doing about $120 million worth of
studies in neutron science,” Appleton said. “We
have a strong neutron science competency. We
also have complementary neutron science
facilities, such as the High Flux Isotope Reactor
(H™™), Radiochemical Engineering Development
Center, the Oak Ridge Electron Linear
Accelerator, and hot cells. Also, we have a strong
materials science and engineering program. What
is missing is experience in high-energy accelerator
design.”

Appleton said that ORNL will team with
accelerator design experts from Europe and from
U.S. national laboratories and universities to come
up with the best accelerator design. The goal is a
5-megawatt (MW) source. However, because the
best available technology will now permit the
operation of only a 1- to 3-MW source, Appleton
said the spallation source would be built in stages
while new technology is developed to contain
such a high-energy beam in the target area.

Another option, Appleton said, would be to
upgrade ORNL’s HFIR to make it more suitable
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as a neutron research facility. To become a
complementary capability to a spallation source,
the HFIR would receive modest upgrades, such as
the addition of a cold neutron source in existing
beam tubes, and it would continue to be used for
isotope production and materials irradiation
experiments. If for some reason the spallation
source were not funded. he said. improvements
could include a new reactor vessel and moderator,
a high-flux cold source, increased power level
(HFIR's power level is now 85 MW but will
return to 100 MW; ANS would have been
operated at 330 MW), and new neutron-scattering
instruments. He noted that any options would
have to be consistent with available funding.

“There are significant problems involved in the
spallation source project.” Appleton said. *“We
have to get it through Congress to maintain
funding in the fiscal-year 1996 budget. The big
problem is bringing the neutron science
community together and getting a consensus on
the best spallation source design, a steady-state
neutron source such as an upgraded HFIR. and an
affordable integrated facility.

“Argonne, Brookhaven, and Los Alamos
national laboratories have already done designs
for a complementary spallation source, so people
there think their lab should be the site for the
Spallation Neutron Source. But DOE supports
building it at ORNL.”

A spallation neutron source consists mainly of
an ion source, a linear accelerator, a synchrotron
or storage ring. a target area, and neutron beam
lines. A continuous beam of negative ions of
hydrogen is obtained from an ion source and
accelerated by the linear accelerator. At the Los
Alamos spallation source, the ion beam passes
through the linear accelerator’s radiofrequency
quadrupole (RFQ), where it is bunched into pulses
and accelerated by RF waves: then it is focused by
quadrupole magnets into the storage ring. There
the negative ions pass through a foil, which strips
all electrons from the negative hydrogen ions.
converting them into positive ions, or protons.

The pulsed proton beam is guided around the
ring by a series of magnetic fields: when some
fields are turned off, the beam is “dumped” out of
the ring and directed to a target made of a heavy
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metal, such as lead, tantalum. tungsten, or
uranium. As a result of the intense interaction
between the high-energy protons and neutrons in
the target. many neutrons are knocked out. As the
neutrons spray out in different directions, they are
slowed down as they pass through a moderator—
liquid methane or deuterium, for example. Then
they enter various beam lines for neutron
scattering studies.

According to workshop speakers, one
advantage of the spallation source over the ANS
is that, because the beam is intermittent rather
than steady. more accurate measurements can be
taken between pulses when the source of
background radiation is off. In addition. the
pulsed beam can be used to measure scattered
neutron energies by time-of-tlight techniques. A
third advantage is that measurements can be made
without moving equipment, permitting the use of
many time-of-flight neutron spectrometers around
the target area. Additional physics experiments
possible with a spallation source include studies
of neutron oscillation and of particles such as
muons and neutrinos.

The chief disadvantage of the spallation source,
compared with the ANS, is that the pulsed
source’s repetition rate limits the possibilities for
cold. or slow, neutrons. “By the time slow
neutrons get through the system,” ORNL
physicist Herb Mook said. “the next pulse will be
upon us.” Cold neutrons are particularly useful for
probing the structure of polymers in plastics and
biological materials.

Designers of a spallation source must overcome
at least two problems. One problem is the
possibility of losing control of the beam. allowing
it to irradiate and damage magnets and other
accelerator parts. Second. proton beains can cause
materials in the accelerator and target to become
highly radioactive.

“We can shield high-energy accelerators to
protect workers from activated parts,” said ORNL
physicist Tony Gabriel. “ORNL has developed
shielding codes that have helped other accelerator
facilities solve their shielding problems.”

ORNL physicist John Whealton noted that the
Laboratory’s expertise in RF technology and
computer analysis has been used to help Los
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fiscal belt even more. “The budgets we have to
deal with,” he added, “are the lowest science and
technology budgets since 1975 in terms of gross
domestic product.”

A number of government councils and task
forces—including the Galvin Task Force—will
also influence ORNL’s future, as will the recent
change in congressional representatives. To face
such an uncertain future, Trivelpiece
recommended that the Laboratory sharpen its
focus with R&D strategic planning, produce high-
quality proposals, market its capabilities
effectively in Washington, and ensure top-quality
work.

He also urged that the Laboratory become more
“user friendly” for the benefit of the 4400 guest
researchers and 24,000 students who spend time
at ORNL each year. He said that ORNL would
continue to become better known to the
community through another Community Day
planned for the fall.

In 1994, he noted, former ORNL researcher
CIiff Shull received a Nobel Prize for physics for
his neutron scattering research, and ORNL
geneticist Liane Russell won the Fermi Award for
her biological research. Two ORNL innovations
received R&D 100 Awards from R&D magazine,
and ORNL researchers Doug Lowndes and Tuan
Vo-Dinh were named Corporate Fellows by
Lockheed Martin Energy Systems.

On a sad note, Nobel Laureate Eugene Wigner,
a former ORNL research director, died at the age
of 92. Trivelpiece said that as a memorial to the
famed physicist he hoped to rename Central
Auditorium after Wigner.

Trivelpiece’s choice of research highlights for
1994 included the acquisition of the 1024-node
Intel Paragon, which is one of the world’s most
powerful massively parallel supercomputers; the
introduction of ORNL to the Internet and World
Wide Web; ORNL work in collaboration with
others to make cars and textile production more
efficient; use of ORNL-developed nickel
aluminides for longer-lasting furnace trays for
making parts for the automobile industry; the
acquisition of a recoil separator from England for
use with the Holifield Radioactive Ion Beam

Facility; and ORNL’s entry into forensics research
by analyzing the chemical composition of
children’s fingerprints, which vanish from
surfaces more quickly than do adult fingerprints.

Trivelpiece said that the Laboratory is well
positioned to support DOE’s new mission of
developing and deploying technologies and
influencing social systems to ensure a sustainable
future for the world. Such work could help sustain
ORNL through an uncertain future.

What happens when molten volcanic rock cools
in a lava lake or below the surface of the earth?
How are large granite masses formed? Answers to
these questions may be emerging from volcano-
free Tennessee.

A soil-to-glass environmental restoration
process used at ORNL can mimic some of the
processes of magma formation and cooling.
That’s the conclusion of geoscientists from
around the nation.

The process, in situ vitrification (ISV), is a
patented technology developed for DOE by
Battelle Pacific Northwest Laboratory. It uses
electrodes to heat soil contaminated with
radioactive elements to temperatures up to
1600°C (2900°F). Upon cooling, the molten soil
transforms to a mixture of glass and crystals in the
ground, trapping the radioactive material.

ISV has been tested with and without
radioactive materials at ORNL. It will be used in
September 1995 to produce 600 tons of glass at an
ORNL waste pit. In this melt, 4 megawatts of
electrical power will heat and melt the soil.

“ISV melts,” says Mike Naney, a geochemist
with ORNL’s Environmental Sciences Division
(ESD), “can provide artificial magmas in a
controlled, monitored environment. The moiten
rock, crystals, and gases produced by the melting
are formed at temperatures similar to those in
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“Our studies of artificial magmas during and
after cooling,” Naney says, “help us understand
how igneous rocks form during the cooling of
pools of natural magma and lava lakes. The
ORNL soils that we studied melt to form a basalt-
like liquid, rich in calcium, magnesium, iron. and
silicon. As the molten basalt cools, minerals
containing calcium, magnesium, and iron
precipitate out, leaving a liquid rich in silicon. As
the last remaining liquid cools, it solidifies into a
mixture of glass and crystals having the
composition of granite.

“Our observation of small amounts of granite
filling spaces between the larger feldspar and
pyroxene crystals that form the predominantly
basalt-like rock provides information on granite
formation in the crust of the earth,” Naney says.
“The same phenomenon in natural magmas would
trap granite liquid between interlocking crystals
of a basalt, preventing migration and coalescence
of the granite liquid to form large masses.”

What conclusions have the ORNL researchers
made from their observations? Says Naney: “The
existence of some large bodies of granite, of the
size exposed at Stone Mountain, Georgia, or in
Yosemite National Park, may require multiple
cycles of melting and squeezing of solidified
basalts. These processes extracted the small
amounts of granite liquid required to form granite
masses as large as hundreds of cubic kilometers.”

This idea is not new to geologists. “But,”
Naney says, “the ORNL studies provide a large-
scale example of the ‘fractionation’ process that
generates granite from a “parent’ basalt magma.”

The ORNL researchers noticed an interesting
phenomenon 20 hours after the ISV power was
shut off. “The cooling of the artificial magma
halted for 24 hours,” Naney says.

The high temperatures needed to generate and
maintain the ISV molten rock are the result of
adding heat energy through electric-resistance
heating of the soil and resulting meit. After the
electrical power is turned off, the magma begins
to cool. Radiative, convective, and conductive
processes all constantly remove heat, cooling the
magma.

The observed halt in cooling, a thermal arrest,
was produced by the generation of sufficient heat
within the magma to counterbalance the three
heat-removal processes. The source of this energy
was heat liberated during growth of crystals in the
magma. This is a well-known thermodynamic
phenomenon—an exothermic phase change.

The same phenomenon benefits fruit growers
when they mist citrus groves with water during
cold weather. The water droplets are cooled by
cold air and freeze to form ice crystals. In the
process of freezing, the water crystallizes (a phase
change), giving off heat to the surfaces of fruit
and the surrounding air. For air temperatures near
0°C (32°F), this heat can be sufficient to prevent
the temperature of fruit from falling below 0°C
and destroying a crop.

“In the case of the ISV test,” Naney says,
“thermal arrests were anticipated, but the
magnitude and duration of the effect was
surprising. The temperature and duration of the
thermal arrest provide information about
crystallization processes within the melt that could
not be directly observed.”

Although basalt is a common rock at volcanoes
in the Cascades in the western United States and
in Hawaii, it is not present in East Tennessee. The
common rocks at the ORNL site are limestone and
shales. “But,” Naney notes, “the chemical
compositions of basalt and the combination of
shale and limestone are similar, so ISV melts in
Tennessee can provide useful information on
volcanic processes.”

Naney and Jacobs pursued the idea of using
ISV melts as artificial magmas at a meeting of
geologists in San Francisco and later in Boston. In
the spring of 1994, he and Gary Jacobs organized
a workshop on this subject in Oak Ridge. It was
attended by 23 geoscientists from universities,
research institutions, and national laboratories
across the country.

“The participants concluded that ISV
technology can produce large silicate melts whose
makeup and properties provide unique analogs for
natural magmas,” Naney says. “They agreed that
ISV melts are useful for testing theories that
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methods and the coal fuel cycle, were written by
ORNL and Resources for the Future (RFF) as part
of a study sponsored by DOE.

According to the report on coal power, the real
cost includes the social costs of all activities
involved in the production of electricity—that is,
of the fuel cycle. These social costs are the
financial costs plus the external costs and benefits
(externalities) of extracting fuel, processing it,
transporting it, burning it to generate electricity,
and disposing of wastes. These external costs
include injuries, illnesses, and environmental
damage.

Surprisingly, the report found that the external
costs at one coal-fired power plant that was
studied are much lower than expected—about 2 to
3% of the total cost of generating electric power
from coal. Some external costs, however, cannot
be reliably estimated (e.g., global warming) and
are not included in this estimate.

ORNL prepared the report in collaboration with
RFF and with DOE and the Commission of the
European Communities (EC). In this project,
methods were developed for analyzing the
externalities of electricity production. ORNL and
RFF are applying the methodology to estimate the
social costs of coal, biomass, hydropower, oil,
natural gas, and nuclear fuel cycles. EC is using
the methodology to estimate the costs of
photovoltaics, wind fuel cycles, and energy
conservation options in addition to its studies of
these other fuel cycles.

DOE’s and EC’s interest in this study stems
from their desire to assess the full costs of
alternative energy technologies. “Total energy
cycle assessments” are needed to guide research
and development and facilitate deployment of
energy-efficient and renewable energy
technologies in the marketplace. Their interest
also stems from the fact that the impact of energy
production on the global environment is
considered an important issue for years to come.

The methodological foundation for the study
was developed largely by Robin Cantor, formerly
of ORNL and now at the National Science
Foundation, and Alan Krupnick, an RFF
researcher who was with the President’s Council

of Economic Advisers. Russell Lee, a geographer
with ORNL’s Energy Division, took over the
Laboratory part of the study when Cantor left in
1991. In 1995, Lee was honored for the report on
coal fuel cycles by the Association of American
Geographers.

The full social cost of producing electricity, Lee
says, includes two components. The first
component is the price reflected in electric bills; it
covers labor, capital, fuel, insurance, regulatory
compliance, and taxes. The second component
covers costs to people other than producers and
consumers. For example, sulfur and nitrogen
oxides emitted from coal plant stacks may cause
lung disease, reduce fish populations, and damage
crops in some regions.

“From mining to transportation to generation
and transmission of electricity, the coal fuel cycle
imposes burdens on the environment that can
harm ecosystems and human health,” Lee says.
“Individuals place some value on preserving
ecosystems, good health, and materials and are,
therefore, implicitly willing to pay to avoid
damage to them. These values are reflected in the
full social cost, or externalities, of providing
electric power from coal.”

Lee noted that the coal fuel cycle also has some
benefits that must be accounted for in estimating
the full social cost. An example is fertilization of
soil in some areas by deposits of sulfur and
nitrogen.

The methodology developed at ORNL and RFF
includes the “damage function approach,” which
is considered by most researchers the preferred
method for estimating most coal fuel cycle
externalities. Lee says that the work also resulted
in several new analytical methods.

“We developed new models for estimating
concentrations of ground-level ozone from coal
plants at various locations and of sulfur and
nitrogen oxides, lead, and particulates at distances
from coal plants that are not treated by other
models,” Lee says. “In addition, we developed
new methods to estimate nonenvironmental
impacts such as damages to roads by coal trucks
and reduction in unemployment because of power
plant construction and operation.”

Oak Ridge National Laboratory REVIEW




In the study, a coal power plant in the
southeastern United States and one in the
Southwest were examined. The researchers
looked at specific impacts of various stages of the
coal fuel cycle.

“Mining coal can lead to injuries and deaths
from accidents and to lung disease from emissions
of radon and coal dust,” Lee says. “Transporting
coal can lead to injuries and deaths from rail and
truck accidents.

“Generating electricity by burning coal results
in the emission of gases and heavy metals that
have environmental impacts. The most notable are
carbon dioxide, which contributes to global
warming; nitrogen oxides, which contribute to
ground-level ozone; and sulfur oxides, which
form acid rain. These pollutants can cause harm to
crops, forests, fish, wildlife, materials, and human
health.”

Lee said the study made several conclusions
after evaluating the two reference sites. Some
findings showed that costs are generally site
specific—for example, health effects of airborne
pollutants emitted from the coal plant in the
Southeast are 100 times greater than those
associated with the plant in the Southwest.

“We estimate that the externalities are
considerably less than some people expected,”
Lee says. “For the power plant in the Southeast,
the externalities amount to little more than 1 mill,
or 0.1 cent, per kilowatt-hour, which is only about
2 to 3% of the total cost of generating electric
power using coal.”

However, Lee notes, damage from potential
global warming is not part of the estimate. “It
could be 1 cent, or more, per kilowatt-hour,” he
says.

“One problem is that ecological damages are
difficult to estimate and are not all included in the
1-mill estimate. Also, if a coal power plant is
located in 2 more populated area, then damages
might be several times greater.”

“We found that precise social costs are difficult
to estimate,” Lee concludes, “because of
differences from site to site and because of
uncertainties in estimating ecological impacts,
including global warming effects.”

Number One, 1995

The news media claim that some government
programs “rip off” American taxpayers. However,
an ORNL report shows that taxpayers clearly
benefit from a government program called the
Energy-Related Inventions Program (ERIP).

This federal government program for
stimulating energy-related inventions has
generated commercial products that are saving
Americans energy and money, creating jobs,
boosting tax revenues, and slowing global
warming. That’s the conclusion of a recently
published report prepared by Marilyn Brown,

C. Robert Wilson, Charlotte A. Franchuk, Stephen
M. Cohn, and Donald W. Jones, all with ORNL’s
Energy Division.

The report, Economic, Energy, and
Environmental Impacts of DOE’s Energy-Related
Inventions Program, examines the results of
ERIP, which has been jointly operated since 1974
by DOE and the National Institute of Standards
and Technology (NIST). This program solicits
and selects invention ideas, and from 1975
through 1992, it provided $41 million in grants to
inventors to develop the most promising concepts.

“The value of sales of ERIP inventions is
19 times the value of ERIP grants awarded and
7 times the appropriations for the program,”
Brown says. “In 1992, the last year covered by
our evaluation, ERIP technologies launched new
businesses, created more than 650 full-time jobs,
and provided the U.S. Treasury with $2.7 million
in individual income taxes.

“The commercial success of three ERIP
projects has saved more than half a billion dollars
in energy expenditures over the past decade,”
Brown says. “In addition, the energy savings cut
greenhouse gas emissions by nearly one million
metric tons of carbon.” Carbon dioxide and other
greenhouse gases contribute to global warming,
which may have undesirable environmental
effects.
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The three highly successful ERIP projects were
(1) replacement rings for steam turbines, which
prevent the gradual loss in efficiency that
characterizes conventional packing rings; (2) an
ignition control system for automotive internal
combustion engines; and (3) a high-efficiency
gas-fired water heater for industrial applications.

ERIP has brought prosperity to some inventors.
“By the end of 1992.” says Brown, “at least 129
of the 625 inventions recommended by DOE for
support had entered the market, generating total
cumulative sales of $763 million. In 1992, ERIP
inventors earned an estimated $1 million in
royalties. Over the lifetime of the program,
royalties have totaled $18.6 million.”

The authors obtained the report’s information
by designing and distributing a 16-page
questionnaire to the 557 inventors who had been
recommended for program participation by NIST
prior to October 1991. (1t was judged that more
recent participants would not have had enough
time to complete their projects and develop a
successful new product.) They measured an
invention’s progress primarily in terms of market
entry, level of sales, and length of time in the
market.

After being idle for three years. 8 of ORNL's
36 calutrons were restarted by DOE on January 3,
1995, beginning the year that marks the 50th
anniversary of stable isotope production in Oak
Ridge. The reason for the restart: DOE changed
its policy, recognizing that some customers that
have been buying low-priced stable isotopes from
Russia require a more stable supplier.

On December 22, 1994, Trace Sciences
International of Ontario, Canada, signed a three-
year contract with DOE to buy stable isotopes in
large quantities at a volume discount. These
stable, or nonradioactive, isotopes will be
distributed to 14 countries for medical, industrial,

research, and agricultural uses. In the United
States alone, radioisotopes, some of which are
produced from stable isotopes, are used for
medical diagnosis or treatment of 30,000 to
40,000 patients a day.

ORNL’s calutrons at the Oak Ridge Y-12 Plant
are high-current mass spectrometers that use
magnetic fields to separate isotopes by charge and
mass. Some 1152 calutrons were used during
World War II to produce fissionable uranium-235
for the atomic bomb.

In the current facility (Building 9204-3) of
ORNL’s Isotope Enrichment Program, a track of
36 calutrons began separating uranium-235 from
other uranium isotopes on December 13, 1944;
another track of 36 calutrons started uranium
separations on January 30, 1945. Production of
stable isotopes commenced November 11, 1945,
with the separation of copper-63 from copper-65
in the Building 9731 pilot plant at the Y-12 Plant.

In the fall of 1959, ORNL took over operation
of the calutrons in Building 9204-3 for its stable
isotope production program. Over the years it has
operated 30 calutrons for 4 million hours,
producing a total of 250 kilograms (550 pounds)
of material enriched in 232 different stable
isotopes.

The eight restarted calutrons are now used to
produce material enriched in thallium-203 for
Trace Sciences International. This feed material
goes to the isotope supplier, which uses proton
beams in cyclotrons to convert thallium-203 to
thallium-201, a radioisotope. Thallium-201 is
used worldwide to diagnose heart disease.

ORNL had been producing thallium-203 until
1991 when its customers turned to Russia because
it was selling the isotope for 10 to 20% less. So
the calutons were shut down. However, during the
shutdown, the program began selling its reserve
supply of strontium-88 to Amersham
International, a pharmaceutical company in
England that produces strontium-89 chloride for
relieving cancer-induced bone pain.

The calutron is based on an invention by E. O.
Lawrence and associates at Berkeley, California.
In early 1942, this group converted a 37-inch
cycloton to a production mass spectrometer and
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The ORNL battery can operate at higher
voltages and currents than previously developed
thin-film batteries. The key to this improvement
was the group’s discovery in 1991 of an effective
solid electrolyte, called amorphous lithium
phosphorus oxynitride, or Lipon. The electrolyte
separates the reactive electrodes (the lithium and
vanadium oxide film layers), enabling the
conversion of the battery’s chemical energy into
electrical energy.

Bates’ group participated in an earlier CRADA
in 1992 with Eveready Battery Company. In this
project the researchers developed a protective
coating for thin-film lithium batteries.

Currently, the group is involved in a CRADA
with Teledyne Electronic Technologies.
Researchers are working to apply the sensing
device first to the electroencephalogram (EEG), a
test that monitors activity in the brain. The
technology may later be applied to the
electrocardiogram (EKG), a test for detecting
abnormal activity in the heart.

In these tests, extremely low-level electric
signals received from the body are relayed by
sensors across electrical wires to a machine that
amplifies the signal for a reading. “During that
trip, motion and other environmental factors can
distort and even swamp out the signal,” says Bob
Steenberge, a researcher at Teledyne. “The
technology we’re developing puts the amplifier
right at the head of the source, making for a
clearer signal, and the lithium battery may provide
just the power source we need to operate it.”

Several companies have shown interest in
ORNL’s thin-film lithium battery for these
applications: backup power for computer memory
chips in case of a power outage, backup power for
solar-powered devices in space, notebook
computers, miniature hearing aids, and ultrathin
watches. Bates’ group is also exploring the use of
thin-film batteries for powering micromachines.

ORNL is involved in a CRADA with an
Atlanta, Georgia, company to improve the traffic
flow during the Summer Olympic Games to be
held in 1996 in Atlanta. Steve Allison, David
Howell, and Gary Capps, all of ORNL’s
Engineeering Technology Division, will work
with Supercond Technology, Inc., to develop a
traffic monitoring system.

Sensors embedded in road materials — called
“smart structures”— for use in major highways
will allow staff at computer control centers to
monitor the pace of traffic and identify slowdowns
or other problems. The ORNL researchers must
determine the compatibility of the sensors with
road materials, such as asphalt and concrete,
before they can develop smart structures. They
will test the effects of extreme temperatures and
other conditions on the sensors to determine their
durability.

Another project is to develop and implant
silicone rubber fibers into reusable shipping
containers made of polymer-based composite
materials. The fibers will serve as sensors for
quickly and easily monitoring the containers’
structural integrity.

Supercond Technology, a minority-owned
company, specializes in defense technology
conversion focusing on smart-materials
development and advanced communication
systems for aerospace and other commercial
applications.

Thomas Mensah, president of Supercond, said
the research is expected to have applications far
beyond the 1996 traffic flow in Atlanta.
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