OAK RIDGE NATIONAL LLABORATORY Vol. 37 » No. 1 « 2004

www.ornl.gov/ORNLReview

* MANAGED BY UT-BATTELLE FOR THE DEPARTMENT OF ENERGY ¢




Vol 37 «No. 12004

' OAKRIDGENATIONAL LABORATORY

- REVIEW

* MANAGED BY UT-BATTELLE FOR THE DEPARTMENT OF ENERGY »

Features

BACK TO THE FUTURE: Nuclear Energy Research at ORNL
1 Editorial
Fabricating Fuels
Can the Next Generation Take the Heat?
A Revolutionary Reactor Concept
Coming Full Circle
Recovering Fuel from Waste
8 Staying in the Comfort Zone
9 Getting Credit
10 Shooting for the Moons
11 Ahead of Their Time

GROUNDBREAKING SCIENCE
12 New Horizons in Science Briefing
Carrying Your Own Weight
13 Defining the “Machines of Life”
14 Nanofluidics and the Artificial Cell
15 Imitating Nature
16 Tiny Detectors
17 A Neutron Microscope
18 Neutron Clues
19 Uncovering the Evidence
20 Bone Diaries
From Exotic to Extinct
Protein Folding Gone Awry
Unfolding the Answers

PROFILE
22 Jeff Wadsworth: New Director, New Directions

RESEARCH HORIZONS

24 Cyber Science

25 Modernizing the Grid

26 ORNL's Impact on Big Bang Research

AWARDS
28 And the Winners Are. ..

COVER: Overhead view of ORNL'’s High Flux Isotope Reactor pool after shutdown. Reactor personnel
push poles into the pool to prepare the reactor for refueling. ' .

(o) &) E N \b)




BACK TO THE FUTURE

Nuclear Energy Research 4 /

at ORNL - ¢

The widespread concern over the role of carbon dioxide in global warming has led to a growing
realization that nuclear energy is the only commercially available, carbon-free form of large-scale
energy production. Thus, a broad consensus has emerged that nuclear energy must remain a vital part
of the energy mix for our nation. As a result, the current administration featured nuclear energy
prominently in the Energy Policy Document issued in 2001. Furthermore, Congress is currently de-
bating a new energy policy that envisages a larger role for nuclear energy research in the future and
authorizes research into advanced reactors for hydrogen cogeneration and the nuclear fuel cycle.

In response to this growing national interest in nuclear energy, Oak Ridge National Laboratory
formed the Nuclear Science and Technology Division (NSTD) in October 2001 to consolidate the nuclear
capabilities at the Laboratory. As the Laboratory’s largest research division, NSTD, together with the
unparalleled materials development expertise in ORNL's Metals and Ceramics Division, provides the
basis for ORNL to be a leader once again in nuclear-related research. Many of today’s nuclear reactor
challenges call upon ORNL's past experience and expertise in particle fuels, materials, nuclear power
systems, and gas centrifuge technologies—giving our work a “back to the future” theme.

Four main issues impede the development of nuclear energy: economics, waste, nonproliferation,
and safety. ORNL is engaged in programs that address all of these issues in either current or future
nuclear systems. This issue of the ORNL Review highlights a broad spectrum of programs that utilize
ORNL's unique capabilities to address these issues. Nonetheless, some significant areas of nuclear work
performed at ORNL (for example, research related to nuclear medicine and nuclear security) are not
included. Although most of the programs described here rely on unique ORNL technologies and capa-
bilities, such as particle fuels and gas centrifuges, many of the programs are collaborative in nature. Our
research partners include commercial entities such as the United States Enrichment Corporation, other
national laboratories, and various National Aeronautics and Space Administration facilities.

As the country reinitiates research and development efforts aimed at producing a new genera-
tion of nuclear technologies that address the key issues for nuclear energy, the cooperative efforts of
the whole nuclear infrastructure in the United States will be needed to make this a successful en-
deavor. An increasing amount of international cooperation will be required. Exactly how these partner
ships will develop is unclear, but develop they will. Because of its combination of critical technolo-
gies, dedicated staff, and long-established experience of cooperation with both domestic and interna-
tional partners, ORNL is well positioned to help lead the nuclear renaissance.

David J. Hill
Associate Laboratory Director
Energy and Engineering Sciences
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“TO THE FUTURE:

NUCLEAR POWER AND HYDROGEN PRODUCTION

FABRICATING FUELS

ORNL is improving the process of producing reliable coated-particle fuels for advanced gas-cooled
nuclear reactors that will provide electricity and hydrogen.

Over the past decade, increased pub-
lic pressure to provide more electricity,
reduce air pollution, and slow the rate of
global warming has led many Americans
to revisit the potential of nuclear power to
meet anticipated demands for more energy.
The Department of Energy and others in
the scientific community are interested in
adapting the gas-cooled reactor for use
both in producing hydrogen for fuel cells
to power cars and buildings and in sup-
plying electricity competitively.

Studies indicate that these ad-
vanced reactors—which would operate at
a much higher temperature than the wa-
ter-cooled reactors that produce 20% of
our nation’s electricity—could convert
43% of their fuel-core heat into electric-
ity, much higher than the 31% efficiency
of today’s reactors.

Oak Ridge National Laboratory is
contributing to this effort by improving
how coated-particle fuels are made. Ac-
cording to David Williams of ORNL's
Nuclear Science and Technology Division
(NSTD), these nuclear fuel particles—some
4 billion in each reactor—must be able to
withstand the reactor’s high temperature
and neutron radiation from heat-generat-
ing fission reactions.

“Regulations allow a fuel failure rate
of only 1 in 100,000 particles,” he says,
explaining that maintaining the integrity
of the particle coating is the key to avoid-
ing fuel failure. “To ensure protection of
workers and the public, only a small frac-
tion of fuel failure is tolerated, to mini-
mize the amount of radioactivity released
to the coolant.”
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Perfect Spheres

The fuel being perfected for gas-
cooled reactors would provide an addi-
tional level of safety. The meltdown-proof
fuel particles would function as miniature
reactors with their own containment. Each
unit of fuel is a dark gray uranium bead
shrouded in black carbon-containing coat-
ings that trap and retain radioactive fis-
sion products, preventing their escape into
the environment. The coated fuel par-
ticles—as small as ballpoint pen balls—
would be compacted into fuel sticks em-
bedded in a graphite block, which would
moderate the neutrons and enable passage
of the coolant, helium gas.

Since the early 1960s ORNL re-
searchers have made important strides in
developing and testing coated-particle fuel
for high-temperature, gas-cooled reactors.
Funding levels for this research that
dropped after the 1979 accident at the
Three Mile Island nuclear power plant have
risen again. Drawing on four decades of
experience, ORNL's modern researchers
are taking advantage of state-of-the-art in-
strumentation, microwave technology, and
computer modeling to create and produce
efficiently the best possible coated fuel
particles for advanced gas-cooled reactors.

In the late 1970s, ORNL's Milt Lloyd
learned about a type of sol-gel process
called internal gelation from its inventor,
M. E. A. Hermans of the Netherlands. Lloyd
brought back this knowledge to ORNL's
sol-gel group. Today, chemist Jack Collins
has become ORNL's expert on using the
hexamethylenetetramine (HMTA) internal
gelation process, which begins with black

pellets of depleted uranium dioxide and
ends with perfect black uranium dioxide
beads. Collins and Rodney Hunt, both of
NSTD, will eventually produce beads en-
riched to 20% in uranium-235.

In the early 1980s, Lloyd, Collins,
Paul Haas, and others were interested in
using internal gelation only to make differ-
ent sizes of fuel spheres. “We are tailoring
the chemistry to make beads of one size
with the right density and smooth surfaces
so the coatings won'’t have structural flaws,”
Collins says of their efforts today. “The goal
is to determine a fail-safe formula that con-
sistently produces the desired kernel prod-
uct and a process that can be scaled up by
the chemical engineers.”

In the bead-making process perfected
by Collins, pellets of uranium oxide are
mixed with nitric acid to make acid-defi-
cient uranyl nitrate, which is cooled, com-
bined with a chilled HMTA and urea solu-
tion, and dispatched to an injector system.
This chilled stream (0°C) is dispersed into
perfect drops of uniform size, with the help
of controlled vibration, and is caught in a
veil of silicone oil. The temperature differ-
ence causes the droplets to precipitate into
perfect solid spheres and to flow with the
oil without coalescing. The oil maintains
the spherical shape of individual droplets.

As they leave the column, the gel
spheres travel through a few yards of plas-
tic tubing. The beads are then collected
in a stainless-steel, wire-mesh basket and
washed with tricholoroethylene (TCE), to
remove the surface layer of silicone oil,
and with dilute ammonia solution, to re-
move unwanted reaction products from
the spheres. The spheres are heat-treated

Yellow air-dried hydrous uranium oxiq e beads produced at
ORNL are then sintered to
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Nuclear Energy Research at ORNL
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to form a dense ceramic “kernel” that is used
as the starting point for the coating process.
NSTD staff plan to work with Terry White of
the Fusion Energy Division to use a micro-
wave furnace to heat the chilled broth to form
the gel spheres. In this way, the hot silicon
oil and TCE steps can be eliminated.

Coatings and Characterization

During irradiation, the nuclear kernel
will undergo fission, causing it to swell and
give off fission products that span the peri-
odic table, including radioactive gases. Each
uranium kernel will be coated at ORNL to form
a tiny pressure vessel.

Rick Lowden is in charge of coating the
nuclear fuel kernels, John Hunn heads the
group characterizing the fuel particles’ coat-
ings, and Peter Pappano compacts the coated
particles into graphite fuel sticks that are in-
serted into the large holes in a hexagonal-
graphite fuel element block; the small holes
encircling the large ones allow the helium
coolant to flow. All three researchers are with
ORNL's Metals and Ceramics Division.

“Each fuel particle is coated with four
layers, starting with an inner carbon buffer layer,
followed by a pyrolytic carbon coating, a sili-

Coated fuel
particles are
collected after
carbon-containing
gases are flowed up

through a heated con carbide layer, and an outer pyrolytic car-
“funnel” into which bon layer,” Lowden says. “Each layer has its
uncoated particles

own function. The buffer layer consists of po-

are poured, in a ] .
. ] rous carbon derived from a gas mixture con-

process called

Sfluidized-bed taining acetylene, typically used in cutting and
chemical vapor welding torches. The mixture produces a very
deposition.

soft, porous coating that accommodates fission
product recoils from the kernel surface, provides a space for the
fission gas released from the kernel, and accommodates kernel
swelling without transmitting a force to the outer layer. The second
‘sealant’ layer, which is made of hard, dense carbon, helps trap the
fission products inside and protects the fuel kernel from chlorine
generated during the deposition of the next coating.

“Because the silicon carbide layer does not change much
during irradiation and is impervious to gaseous fission products,
it serves as the primary structural component of this miniature
pressure vessel. The silicon carbide also protects the inner lay-

ers from an accidental introduction of air—carbon will burn up
in oxygen. Additionally, because ceramics are brittle and could
be susceptible to damage during handling and compaction, an-
other hard carbon layer is added to the outside to protect the
silicon carbide layer.”

The coatings are produced using a fluidized-bed chemical
vapor deposition process first investigated at ORNL some 40 years
ago. Uncoated or partly coated kernels are poured into a funnel
inside a heated furnace. Fluidizing and reactant gases are flowed
from the bottom up, “stirring up the particles, like the Ping Pong
balls in a lottery machine,” Lowden says. Different gas mixtures
are used to deposit carbon and silicon on the fuel kernels.

“We are improving this process by incorporating advanced
process monitoring and control techniques developed in other
industries,” Lowden explains. “Full automation removes human
error from the process.”

ORNL is also taking advantage of the computer models de-
veloped to examine other applications of fluidized beds, such as
combustors or chemical digesters. “The combination of a well-
controlled and instrumented furnace and computer modeling will
help us to improve the process and, itis hoped, make better fuel,”
Lowden says. “This approach should also simplify the scale-up
of the process.”

John Hunn’s team is tasked with characterizing the ker-
nels and coated particles. Intimate knowledge of the microstruc-
ture and properties of the kernel and coatings is paramount to
understanding the relationships among processing, product, and
irradiation performance. Like Lowden, Hunn is exploiting recent
advancements in materials characterization techniques and ex-
ploring new methods, to more fully understand the behavior of
the various components.

“We’'re also looking at developing a higher-temperature fuel
or fuel for reactors with a different neutron spectrum in which,
for example, silicon carbide is replaced with zirconium carbide
or titanium nitride,” says Lowden. Says NSTD’s David Williams:

“ORNL will help improve the quality of
particle fuels for all gas reactors by
devising methods that can automate
: fuel inspection and production and
/“ { increase the understanding of why
Y a particular process yields the

: best product.” @

| _f_,g,_..

Peter Pap ano inserts a
fuel stick containing non-,
nuclear coated particles
into one of the large holes
in a hexagonal graphite
fuel element block; the
small holes encircling the
large ones allow helium
coolant flow.

Vol:37, Now1%2004— 3~



FUTURE REACTOR MATERIALS

CAN THE NEXT GENERATION

TAKE THE HEAT?

ORNL is the U.S. leader in developing materials for
21st-century, high-temperature nuclear plants that

will produce power and hydrogen.

Oak Ridge National Laboratory has
long been a world leader in materials re-
search, and now with the resurgence of
interest in nuclear energy, ORNL has a
leading role in developing and selecting
materials for the next generation of nuclear
power plants. According to the vision of
the U.S. government for 2015 and beyond,
these plants will produce hydrogen as well
as electricity, efficiently providing clean
energy for the next generation of cars,
trucks, homes, and factories. To achieve
the vision, the Department of Energy has
called upon ORNL to help cross one huge
hurdle: finding materials that can with-
stand high temperatures, high radiation
levels, high pressures, and harsh chemi-
cal conditions.

As the National Technology Director
for Materials for DOE’s Generation IV Reac-
tor Program, ORNL's Bill Corwin under-
stands the challenge. DOE’s Office of
Nuclear Energy, Science and Technology,
has the U.S. lead for the International Gen-
eration IV Nuclear Energy Systems Initiative,
which includes 10 partners from 9 other
nations, as well as the European Union.

Corwin is building a team to resolve
the materials issues for the four reactor con-
cepts that DOE favors out of the 122 con-
cepts considered in a recent international
road-mapping process. The four selected
concepts are the Very High Temperature
Reactor (VHTR), the leading candidate for
hydrogen production; the Gas-Cooled Fast
Reactor (GFR); the Lead-Cooled Fast Reac-
tor (LFR); and the Supercritical Water-Cooled
Reactor (SCWR), a much-higher-efficiency
variant of the boiling-water reactor.

“We understand that a limiting fac-
tor for these reactors will be the materials
used in their operation,” Corwin says. “Re-
actor materials will be exposed to very high
temperatures, intense neutron radiation,
and corrosive environments—in many
cases, all three at once.”

DOE’s goal for Gen IV nuclear energy
systems is a 60-year life rather than the 40-
year life of today’s light-water reactors. Be-
cause some of these reactors will produce
process heat for hydrogen generation, the

4  Ock Ridge National Laboratory REVIEW

equation for materi-
als compatibility
changes.

“In a future
hydrogen produc-
tion plant, a reac-
tor may be con-
nected by a long
pipe to a chemical
plant to produce hy-
drogen, using the
reactor’s heat to drive
a thermochemical sepa-
ration cycle. The best heat
transfer medium must be se-
lected to get the process heat
from the reactor to the chemical
plant. Some of the reactants used to
make the hydrogen at high temperatures
are really nasty.”

Producing Hydrogen
Economically

To produce hydrogen economically,
a reactor must operate at extremely high
temperatures. Thus the VHTR has been
selected for future hydrogen production
plants. “The VHTR has the highest priority
among the U.S. reactor concepts,” Corwin
says, “because it fits into the President’s
plan for the hydrogen economy.”

In the envisioned hydrogen econ-
omy, hydrogen will be used in fuel cells to
propel automotive vehicles and power
buildings. By making hydrogen the fuel of
choice for transportation and building sec-
tors, the nation will be less reliant on im-
ported fossil fuels and will, subsequently,
reduce its emissions of climate-altering
carbon dioxide. Because most hydrogen
today is obtained from natural gas, pro-
ducing significant greenhouse gases as a
by-product, DOE plans to use nuclear re-
actors to produce hydrogen in an environ-
mentally friendly fashion.

DOE's Office of Nuclear Energy plans
to build a VHTR, also called the Next Gen-
eration Nuclear Plant (NGNP), by 2015 or
soon thereafter. “Between now and 2009
it will cost about $200 million to answer
the research questions about different

o

i

h Advanced materials that will be used
— —y, =

in components of Generation IV

reactors must be able to survive

intense neutron exposures, corrosive
igh temperatures.

materials and to select or develop and then
qualify the needed materials for the NGNP,”
Corwin says.

ORNL principal investigators (PIs)
working on materials research and devel-
opment (R&D) for the selected advanced
reactor types are Randy Nanstad, radiation
effects; Bob Swindeman, high-temperature
materials and alloys; Roger Stoller, micro-
structural analysis and modeling; Jim
Corum (retired) and Tim McGreevy, high-
temperature design methods; Tim Burchell,
graphites; Lance Snead, ceramics; James
Klett, carbon-carbon composites; and Dane
Wilson, materials compatibility. As National
Technology Director for Gen IV Materials,
Corwin, working with ORNL PIs and repre-
sentatives from other national laboratories
responsible for leading the design activi-
ties for the various reactor concepts, has
put together an integrated plan for materi-
als R&D for the four reactor concepts.

For the NGNP, ORNL researchers are
examining existing materials because of
the tight deadline. They are considering
candidate materials they developed for
DOE’s fusion and fossil energy programs
because they can survive higher tempera-
tures. Those materials include 9 chrome-1
moly vanadium steel and tungsten-



A REVOLUTIONARY REACTOR CONCEPT

A revolutionary nuclear reactor concept, based partly on ORNL's
past coolant and fuel research, could be an economical source of
hydrogen. Called the Advanced High-Temperature Reactor(AHTR),
it would cost only half as much as current gas-cooled reactor _....

concepts. {

Primary heat exchanger loop for
o the Advanced High-Temperature
" Reactor, conceived by an ORNL
researcher and two other
collaborators.

In January 2003, Charles Forsberg of ORNL's Nuclear Science
and Technology Division explained the AHTR to the National
Academy of Sciences. The Academy is interested in deter-
mining the most economical ways to produce hydrogen.

— |

“More than 30 years have passed since a brand new

nuclear reactor concept has been proposed,” Forsberg
says. “The Academy is very interested in our concept for

vanadium . .-
making larger quantities of hydrogen more cheaply”

steel (devel-

oped by ORNL's The AHTR, which could also be used to produce electricity, was conceived in
Ron Klueh as a re- 2001 by Forsberg, Paul S. Pickard of DOE'’s Sandia National Laboratories, and
duced activation alloy Per Peterson of the University of California at Berkeley. The AHTR is based
for fusion devices) and a on three technological feats: a molten-salt coolant developed at ORNL
variant on the Hastelloy ma- for the nuclear aircraft propulsion program of the 1950s and the mol-
terial developed primarily at ten salt breeder reactor program of the 1960s; fuel elements made
ORNL years ago for nuclear re- of coated _nuclear fuel particles embedded in a graphite matrix, de-
veloped in the 1970s at ORNL for the gas-cooled reactor program;

and passive safety systems devised by industry for gas-cooled

and liquid-metal reactors.

|
|

actor components.
“We are trying to identify a
material that might be used in a com-

pact heat exchanger, which could con- In the AHTR concept, the primary molten-fluoride salt cool-
sist of thin, closely spaced, parallel lay- ant flows through the reactor core, dumps the heat it
ers containing alternating, perpendicu- picks up on an external heat exchanger, and returns to
larly oriented micro-channels,” Corwin the core. The “dumped” heat is carried by molten salt
says. “The helium cooling the reactor would through a long pipe to a thermochemical plant, where
pass through the module in one direction and hydrogen is produced from water using chemical
transfer its heat to, say, molten salt passing reagents such as hydrogen iodide and sulfuric acid.
through in the other direction on its way to the The AHTR’s fuel and coolant allow the reactor
hydrogen production plant.” to be operated at 750°C, producing 2400

. megawatts of thermal energy (MWt) in a
Graphite Structure vessel the same size as that of a 600-MWt

. gas-cooled reactor. Its molten-salt coolant en-
Unlike the other three reactor concepts, the NGNP ables reactor operation at atmospheric pres-

will have a graphite structure to contain the fuel and moder- sure, avoiding the need for an expensive high-pressure
ate its neutrons to sustain heat-producing fission reactions. reactor vessel, albeit with increased corrosion concerns.
“We are working with graphite manufacturers to help them make The liquid coolant transfers heat more efficiently than
graphites that are sufficiently similar to nuclear-qualified graphites high-pressure gas. The combination allows the use

of passive safety systems in a large reactor, lower-
ing the AHTR's costs per unit output to 60% of
gas reactor costs.

produced in the 1970s,” says Tim Burchell of ORNL's Metals and
Ceramics Division. “We want to show that the VHTR graphites be-
have in a predictable manner during irradiation, based on knowledge
from the past 40 years. Then we’ll develop fundamental materials-
physics models so we can predict with confidence the material properties
in the new graphites.”

Many of the metal components used inside current reactor vessels would
not survive the 1200°C temperatures that might occur during an accident. Car-
bon-carbon composites could be candidates for these components, but ORNL
researchers must determine how well they will perform under long-term radiation
exposure and long-term and short-term oxidation. One potential problem is that if
air enters the hot reactor internals, the composites would be converted to carbon
dioxide. Silicon carbide is also being studied for potential use in control rods, which
absorb the reactor’s neutrons.

As they race the clock to meet America’s energy needs, Corwin and his team mem-
bers are absorbed by the challenging project of finding materials that can take the heat of a
21%%-century nuclear reactor. (@
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URANIUM ENRICHMENT
COMING FULL CIRCLE

The resurrection of gas centrifuge technology for uranium enrichment—a dream come true for
many Oak Ridge researchers—has brought the largest CRADA ever to ORNL.

From neckties to popular music, numerous trends and ideas
identified with the 1970s are finding their way back into the
American mainstream more than two decades later. The phe-
nomenon extends to the world of technology, where the gas cen-
trifuge method for making fuel for nuclear power plants, after a
20-year hiatus, is once again on center stage.

The uranium enrichment technology using spinning rotors
was largely developed in Oak Ridge; highlights were the success-
ful operation of the first cascade of 35 centrifuges in 1961 and
the startup of the Centrifuge Test Facility in 1975. Centrifuge
technology was shelved in 1985 by the Department of Energy in
favor of the now-abandoned atomic vapor laser isotope separa-
tion (AVLIS) technology. At the time, fiberglass centrifuges were
being built for a DOE-sponsored centrifuge enrichment plant at
Portsmouth, Ohio. The plant closed in 2000. Research on AVLIS
continued at DOE’s Lawrence Livermore National Laboratory.

“The uranium enrichment market was nonexistent in the mid-
1980s because nuclear power was not seen as the energy source of
the future,” says John Shaffer of ORNL's Nuclear Science and Tech-
nology Division. “Interest in centrifuge technology for uranium en-
richment in the United States lay dormant until 1999.”

By then, DOE had turned over the agency’s enrichment facili-
ties—two gaseous diffusion plants—to a new private company, the
United States Enrichment Corporation (USEC). USEC, which has
one-third of the world’s enriched uranium market, obtains one-half
its product from down-blended Russian weapons material and half
from the gaseous diffusion plant in Paducah, Kentucky.

Because a gas centrifuge plant uses only 5% as much
electricity as is consumed by a diffusion plant, USEC determined
that the best chance to remain competitive with URENCO—a
British, Dutch, and German consortium that uses centrifuge
plants—was to resurrect the centrifuge technology. USEC turned
to the “priesthood” of American centrifuge technology, Oak
Ridge researchers and retirees.

NUCLEAR WASTE

Since July 2002 ORNL researchers have been working on the
centrifuge program as part of a five-year, $125-million cooperative
research and development agreement (CRADA) with USEC. Some
$28.5 million worth of centrifuge research in Oak Ridge is directly
funded by USEC as part of the CRADA, the largest in ORNL history.

Materials, Motors, Modeling

Since the mid-1980s, advances in materials, motors, con-
trols, and modeling have made possible the improvement of tech-
nology developed in the 1960s and 1970s in Oak Ridge. The ad-
vances are enabling the development of centrifuges that can be
manufactured more economically and produce nuclear fuel with
greater efficiency.

A group led by Shaffer developed carbon-fiber composites
to replace the fiberglass used for the 1985 rotor. “Our new centri-
fuge material is lighter and stronger, so the rotor can spin faster
without falling apart,” Shaffer says. “As a result, more enriched
uranium can be produced by each machine for a longer time.”

While the centrifuge program lay dormant in the 1980s
and 1990s, carbon-fiber composite technology moved from a labo-
ratory curiosity to a mature technology. “These materials are
being used anywhere high strength and light weight are needed,”
Shaffer says. “They are found in racing cars, rocket motors, sub-
marine hulls, missiles, bridges, space satellites, telephone poles,
and sewer pipes.”

A group led by Don Adams of ORNL's Engineering Science
and Technology Division has developed small motors operated
by power electronics for the centrifuges. “The new motors are
smaller and cheaper than the 1985 motors and the use of power
electronics will simplify the control of the centrifuge motors,”
Shaffer says. In recent years, Adams and his colleagues have
been adapting the technology for use in American automakers’
development of hybrid gasoline-electric cars.

RECOVERING FUEL FROM WASTE

6 gc]( Rldge National Lubord?gr.y

The nation’s permanent nuclear waste repository could be used more efficiently than cur-
rently planned, according to ORNL's Emory Collins. He and his colleagues believe it makes sense for
the repository to take mainly nuclear fission products, or 5% of the wastes, and turn away the
~ bulk of the waste—spent nuclear fuel. The usable uranium and plutonium in this mate-

. nal could be extracted, chemically treated, and recycled as mixed-oxide (MOX)
: fuel for nuclear reactors.

When the $60-billion repository at Yucca Mountain, Ne-
vada, begins accepting shipments of waste in 2010, it may fill
up soon after it opens for business. By then the Secretary of

- Energy may have convinced Congress that a new reposi-
—tpry is needed or that the current one should be expanded.
; *‘E__A Collms and his colleagues believe that building



More than 15 years ago, Oak Ridge
researchers developed computer models
to optimize the centrifuge design. The
design’s geometry had to be precise to
balance the high-speed rotating equip-
ment. The speed had to be increased to
improve the flow of uranium hexafluoride
(UF,) gas. The goal is to locate the most
fissionable uranium-235 into the middle
and out the top of the rapidly spinning
centrifuge as it separates from the heavier
and much more abundant uranium-238,
which migrates toward the rotor wall.

“In the 1980s we needed weeks or
even months to do these tricky, intensive
calculations on the CRAY supercomputer,”
says Doug Craig, who leads the ORNL ef-
fort in the CRADA. “Now, running fluid
dynamics and other codes can be done in
a few days on a desktop computer.”

The question now becomes, “Can
ORNL help USEC reduce the cost of manu-
facturing a centrifuge from $100,000 to
$50,000?”

Cutting Costs

“ORNL is working out the techniques
for making more economic centrifuges us-
ing carbon-fiber composites.” Craig says.
“Shaffer is helping USEC employees learn
how to fabricate the components at the
Boeing facility USEC is leasing in Oak Ridge.
Shaffer’s group is leading the manufactur-
ing of test centrifuges for a demonstration
program at Building K-1600 at the East Ten-
nessee Technology Park in Oak Ridge. The
project, which will involve the experimental
operation of centrifuges using UF,;, is funded
by USEC and overseen by DOE.”

“The CRADA allows us to refresh
and reinvigorate the enrichment technol-
ogy base with new people,” Craig says.
“The younger folks can get hands-on ex-
perience with the technology that hasn’t
been used in Oak Ridge since 1985. It's
great to have an opportunity to train a new
generation of centrifuge researchers and
transfer the technology to USEC.”

Former ORNL employees who worked
in the centrifuge program are coming out
of retirement to lend their expertise
to USEC, which now has ap-
proximately 100 employees
in Oak Ridge. The retirees
are helping USEC build
200 test centrifuges for a
lead cascade plant in
Portsmouth. The centri-
fuges will be installed and
operating by 2005 under
the watchful eye of the
Nuclear Regulatory Com-
mission. USEC’s longer-
range plans include con-
struction of a modern
commercial centrifuge en-
richment plant by 2012.

Not surprisingly,
USEC'’s chief scientist for
the centrifuge project is
aformer ORNL employee,
Dean Waters, who re-
ceived an E. O. Lawrence
Award from DOE, largely
for his centrifuge innova-

Multiple gas centrifuge cascades
were constructed at the Portsmouth

tions. Like Shaffer and his ORNL col-
leagues, Waters is helping transfer the cen-
trifuge technology he developed during
much of his career. Former and present
ORNL researchers are excited. As they
bring their old ties out of the closet after
two decades, they also are making an in-
valuable contribution that will help sustain
America’s uranium enrichment program. ®
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Gaseous Diffusion Plant in Ohio and ' -

successfully operated until the
program was discontinued in 1985.

of the repository. “It could receive wastes for hundreds of years
rather than fill up when it opens,” Collins says.

Here’s the vision of Collins, Charles Forsberg, Dennis
Benker, Kevin Felker, G. D. “Bill” DelCul, Barry Spencer, Ron
Canon, and David Williams, all of ORNL's Nuclear Science and
Technology Division, and personnel at four other national labo-
ratories performing research for the Advanced Fuel Cycle Initia-
tive of the Department of Energy’s Office of Nuclear Energy.

A 2000-ton-per year commercial reprocessing and recycling
plant, including a MOX fuel fabrication facility, is designed, built,
and operated. The spent fuel that has cooled for as long as 40 years
at power plant sites is transported in government-approved casks
to the safeguarded plant. Using the UREX process, the uranium in
the spent fuel is separated from radioactive fission products and
heat-emitting isotopes of cesium and strontium. The liberated iso-
topes are shipped in special packages to the waste repository.

At the plant, plutonium and neptunium are separated from
the uranium and fission products using an ORNL-developed pro-
cess that makes neptunium stay with the plutonium, so it can-
not easily be diverted for use in a nuclear weapon. The neptunium
has a decay daughter, protactinium-233, which emits an easily
detected gamma ray that could signal that stolen plutonium is
about to be smuggled past plant portals and entrances.

“We showed that a plutonium-neptunium product can be
recovered in high yield from light-water-reactor spent fuel,” Collins
says. “We demonstrated that this product is sufficiently purified
of fission products and can be made into MOX fuel for use in a
fast reactor or a current commercial power reactor.”

The envisioned plant could also make reactor control rods
containing “burnable poisons” like americium-241, from long-
cooled nuclear waste. When americium-241 absorbs reactor neu-
trons, it forms plutonium-238, which can be used in MOX fuel. @
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SAFETY

STAYING IN THE COMFORT ZONE

ORNL has provided the Nuclear Regulatory Commission with valuable scientific data and computer codes
to help the agency decide whether individual nuclear power plants can continue to operate safely.

America’s nuclear power plants,
which provide 20% of the nation’s electric-
ity, have operated relatively safely since the
startup of the first plant in 1957. To en-
sure the continuity and improvement of
these facilities’ safety records and to avoid
accidents such as the 1979 loss-of-cool-
ant (LOCA) accident at the Three Mile Is-
land plant, the watchdog of the nuclear
power industry—the Nuclear Regulatory
Commission (NRC)—relies partly on the
work of ORNL researchers.

NRC’s research program at ORNL,
led by Julie Simpson, addresses newer as
well as older threats to the safe operation
of U.S nuclear power plants. The new
threats include electromagnetic interfer-
ence from wireless technologies and at-
tacks by terrorists and computer hackers.
The traditional threats include lightning,
human error, and challenges to the integ-
rity of reactor pressure vessels (RPVs),
such as corrosion, pressurized thermal
shock, and irradiation.

License To Keep Operating

Of the nation’s 103 nuclear power
plants, 18 plants that currently have 40-year
operating licenses have had their licenses

nded by NRC, allowing them to operate

another 20 years. Data and modeling by
ORNL researchers have helped guide the
NRC in making these decisions.
Researchers in ORNL's Heavy-
Section Steel Irradiation Program, led by
Tom Rosseel and Randy Nanstad, both of
the Metals and Ceramics (M&C) Division,
have analyzed whether the steel in differ-
ent RPVs has become too embrittled from
neutron irradiation to continue safe opera-
tion. “Based on our test data and computer
modeling,” Nanstad says, “it looks like
many of the nation’s RPVs could last 60 to
80 years instead of the expected 40 years.”
“We write reports that help NRC un-
ders