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Letter from the Director 

Anthony E. Hechanova, Ph.D. 
Director, UNLV Transmutation Research Program 
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It is my pleasure to present the UNLV Transmutation Research Program’s third annual 
report that highlights the academic year 2003 – 2004.  Supporting this document are 
the many technical reports and scientific papers that have been generated over the past 
three years, which can be found on our program’s website at http://aaa.nevada.edu. 
 

In the third year of our program, we experienced infrastructure growth despite a de-
creasing budget.  This past year we continued into the final phases of the initial 16 in-
dependent student research tasks started in 2001 and 2002, supporting 45 graduate stu-
dents and 11 undergraduates in 6 academic departments across the UNLV scientific 
and engineering communities during the academic year 2003 – 2004.   
 

Our research tasks span the range of technology areas for transmutation, including 
chemical separation of uranium from spent nuclear fuel, methods of fuel fabrication, 
optimization of super-conducting components for proton accelerators, and corrosion of 
materials exposed to lead-bismuth eutectic. 
 

In order to continue the growth and vitality of the research effort at UNLV, we also 
invested in our research infrastructure.  We continued our emphasis on actinide chem-
istry and basic analytical techniques in our enhancements to UNLV this year to build a 
foundation in areas that are in line with UNLV’s strategic growth and our ability to 
address student-appropriate research in the transmutation program.   
 

Finally, I believe that through the Transmutation Research Program, UNLV has estab-
lished itself as the core university participant in transmutation research with active col-
laboration with Los Alamos, Argonne, Lawrence Berkeley and Oak Ridge National 
Laboratories, Idaho State University, Georgia Tech,  and Texas A&M.  We’ve also 
included international collaboration with the Khlopin Radium Institute in St. Peters-
burg, Russia, the Institute for Physics and Power Engineering in Obninsk, Russia, and 
Tbilisi State University in the Republic of Georgia.   
 

I congratulate our students and faculty on a job well done and I look forward to the 
opportunities and challenges of this exciting research endeavor. 
 
Sincerely, 



The UNLV Transmutation Research Program was 
established in March 2001 as part of the national 
transmutation program (currently called the Ad-
vanced Fuel Cycle Initiative of the U.S. Department 
of Energy, Office of Nuclear Energy, Science and 
Technology) to develop the technologies necessary 
for the ecological and economical treatment of 
spent nuclear fuel.   
 
The goal of the UNLV program is to develop a sus-
tainable and robust research community at UNLV 
that is able to contribute to and support the national 
effort through faculty-supervised, student-conducted 
research.  In establishing the UNLV program, four 
basic principles were followed:  peer review, pro-
gram focus, integration with the national program, 
and commitment to the long-term goals of transmu-
tation. 
 
The primary role of the UNLV program in the na-
tional effort is the training of graduate and under-
graduate students in nuclear engineering and other 
related fields to support the augmentation of the hu-
man infrastructure for transmutation technologies.  
However, the research conducted by UNLV faculty 
and students is also an integral part of the national 
research effort.  This is accomplished through the 
direct involvement of students in collaborative re-
search supporting the national transmutation re-
search and development program. 

Sixteen independent student research tasks, sup-
porting 35 graduate students and 12 undergradu-
ates, were in their second and third years of their 
program.  The UNLV program includes the involve-
ment of 33 faculty in 6 academic departments in 
three colleges (College of Engineering, College of 
Health Sciences, and College of Sciences). 
 
UNLV research tasks span the range of technology 
areas for transmutation:  separations of used fuel 
materials, fuel fabrication, accelerator design, mate-
rials corrosion and performance, neutron multiplicity 
and transport simulations and experiments,  and re-
search in lead-bismuth eutectic technology develop-
ment. 

UNLV Transmutation Research 

2 

A Transmission Electron Microscope was installed at the 
UNLV Harry Reid Center for Environmental Studies in  
December 2003.  

30 UNLV students attended the ANS Student Conference at the 
University of Wisconsin, Madison April 1-3, 2004.  25 of them 
were supported by the UNLV Transmutation Research Pro-
gram. 

ANS President Larry Foulke (right) presents the new UNLV 
Student Section of the ANS their charter.  Elizabeth Bakker 
(center) is the President and Prof. Samir Moujaes (left) is the 
Faculty Adviser. 



Program Overview 

Through the international collaborations component, 
the program hosted a team of Russian scientists 
from the Institute for Physics and Power Engineer-
ing in Obninsk, Russia, who came to start the instal-
lation of the Russian-built lead-bismuth loop.   
 
The international collaboration component also sup-
ported two joint research proposals between UNLV 
and the Khlopin Radium Institute in St. Petersburg, 
Russia.  These projects, UNLV Tasks 15 and 16, 
address significant issues relating to the chemical 
processing of nuclear fuel. 
 
The program support component sponsored a num-
ber of workshops and meetings this year between 
UNLV researchers and scientists from our national 
laboratory partners and the international community 
for the development of transmutation technologies, 
as well as sponsoring the participation of 25 UNLV 
students in the American Nuclear Society Student 
Conference at the University of Wisconsin, Madison. 
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The UNLV Transmutation Research Program con-
sists of four components:  Program Support, Re-
search Infrastructure Augmentation, International 
Collaboration, and Student Research. 
 
In the first year of the program, the student research 
component was supported by the infrastructure 
augmentation and the program support compo-
nents.  In the second year of the program, the fourth 
leg of the support system, international collabora-
tions, was added to the research support system.   
 
These components are responsible for all aspects 
of the program that are not directly related to the 
student research projects, such as hiring new fac-
ulty, bringing new research equipment to campus, 
assisting the development of new student research 
projects, coordinating with the national program, co-
ordinating with the international research programs, 
as well as the typical administrative details of a pro-
gram of this size.   
 
The primary goals of these components are to sup-
port the current UNLV research efforts in transmuta-
tion technologies, to augment faculty and staff, and 
to increase research infrastructure necessary for 
the strategic growth of the UNLV research mission.   
 
Through the infrastructure augmentation compo-
nent, this year, the UNLV program developed a new 
Transmission Electron Microscope User Facility and 
started the installation of a molten lead-bismuth 
loop.  The program also began work on a new acti-
nide chemistry laboratory and a new Inductively 
Coupled Plasma – Atomic Emission Spectroscopy 
User Facility.  These new facilities are in addition to 
the program’s continued support for the new Ph.D. 
Program in Radiochemistry and the Electron Micro-
analysis and Imaging Laboratory (EMIL). 
 
The infrastructure augmentation component also 
supported the addition of two new faculty members 
in the Chemistry department:  Professors Ken Czer-
winski and Clemens Heske, in addition to the con-
tinued support of the three Ph.D. researchers added 
to the UNLV faculty in the first two years of the pro-
gram. 

The Russian-built lead-bismuth eutectic loop is in the process 
of installation in the UNLV Howard Hughes College of Engi-
neering. 

UNLV Transmutation Research Program Components  

Student Research 

Program  
Support 

International 
Collaboration 

Research  
Infrastructure 
Augmentation 



Introduction 
 
Over 20% of the electricity generated in the U.S. 
is provided by nuclear power reactors.  It is esti-
mated that the amount of used nuclear fuel in the 
U.S. will reach 140,000 tons by the end of the op-
erational period of current reactors. 
 
Many countries take different approaches to the 
management and recycling of used nuclear reac-
tor fuel.  The U.S. is pursuing a strategy of waste 
management that would place used nuclear fuel 
in deep geologic repositories for a long time, 
separating it from the biosphere and allowing the 
radioactive isotopes of the waste to decay to 
more stable progeny.   
 
Transmutation is an alternative waste manage-
ment strategy undergoing research and develop-
ment in the U.S.  The new national program was 
authorized by Congress to begin in fiscal year 
2001, as the Advanced Accelerator Applications 
program.  In fiscal year 2002, the national pro-
gram was continued and expanded by Congress, 
and renamed the Advanced Fuel Cycle Initiative 
(AFCI) program.  The goals of the national pro-
gram are to develop fuel cycle technologies that: 
 
•    Enable recovery of the energy value from 
commercial used nuclear fuel, 
•    Reduce the toxicity of high-level radioactive 
waste bound for geologic disposal, 
•    Reduce the inventories of civilian plutonium in 
the U.S., and 
•    Enable more effective use of the currently pro-
posed geologic repository and reduce the cost of 
geologic disposal. 
 
The transmutation concept could provide a dra-
matic shift in the U.S. waste management strat-
egy by lessening the inventory of residual radio-
activity, allowing recycling of fuel, providing opti-
mization of final waste forms, and potentially re-
moving much of the material from Nevada. 

Transmutation at a Glance 
What is Nuclear Transmutation? 
 
For centuries, alchemists have been trying to trans-
form elements into other elements, primarily lead 
into gold.  With modern nuclear science, we can fi-
nally accomplish this.  Scientists are using nuclear 
transmutation to change one isotope into another 
more favorable isotope by changing its nuclear 
structure. This process for waste management is 
aimed at plutonium, other actinides, and long-lived 
fission products, with the ultimate goal of converting 
them into short-lived isotopes that can be managed 
over a reasonable timeframe. 
 
Transmutation can be done with two different proc-
esses: neutron-induced fission and neutron capture.   
Both processes start with the target nucleus absorb-
ing an incident neutron.  After the neutron is ab-
sorbed by the target nucleus, the nucleus can either 
fission (splitting of the nucleus) or go through an-
other nuclear transmutation process such as radio-
active decay.  Both processes lead to the same final 
result:  transmutation of waste.  These processes 
are illustrated in the figure below. 

This picture illustrates how neutrons are used to transmute 
actinides and fission products.  
 
Neutron-Induced Fission (top):  a neutron is captured by a 
fissile actinide (e.g. Plutonium-239) and is induced to split 
(or fission).  
 
Neutron Capture (bottom):  a neutron is captured by a nu-
cleus (e.g.  Iodine-129).  A new nucleus is produced, Iodine-
130, which decays into Xenon-130 which is a stable isotope 
(i.e., not radioactive).  This decay process is complete within 
a few days. 
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The above figure shows how used nuclear fuel could be managed under a multi-tiered trans-
mutation strategy.  In the first tier, plutonium (and other fissile actinides) would be recycled 
from used fuel and transmuted in a new advanced thermal reactor.  In the second tier, re-
maining long-lived radioactive isotopes would be transmuted using a fast spectrum reactor 
and/or accelerator-driven system. 

Benefits from Transmuting Nuclear Waste 
 
Many benefits are obtained from transmutation 
of nuclear waste. Some of them are: 
 
(1) The initial amount of high-level radioactive 
waste will be reduced by virtue of separation 
(only two percent of used nuclear fuel is highly 
radioactive, the rest, if separated, can be classi-
fied as low-level or non-radioactive). 
 
(2) The radiotoxicity of the residual waste will 
be reduced such that it could be less radiotoxic 
after 300 years than direct disposal of used nu-
clear fuel after 100,000 years. 
 

(3) Usable energy is produced by destroying 
hazardous components of used nuclear fuel.  
Plutonium and other isotopes can be continu-
ously recycled. 
 
(4) Someday other used nuclear fuel materials, 
such as uranium, may be reused.  It is possible 
that other isotopes separated from nuclear 
waste could have a useful purpose in medicine 
and industry.    
 
(5) The accelerator process will provide a pow-
erful proton source that could be used in medi-
cal therapy and to produce isotopes for a vari-
ety of applications such as: medical isotopes, 
industrial isotopes and research isotopes. 

Multi-tier Transmutation Concept 

REDUCE, REUSE, RECYCLE, RESEARCH 
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BACKGROUND 
 
The incorporation of non-fertile actinides into a fuel matrix for 
a transmuter blanket is of interest to the Advanced Fuel Cycle 
Initiative (AFCI).  One of three currently proposed candidate 
matrices for the transmuter is a metallic alloy fuel matrix.  Me-
tallic fuels are an outstanding candidate for a transmutation 
fuel due to excellent irradiation performance and ease of fabri-
cation.  However, incorporating a volatile constituent during 
fabrication of these or other fuel pins presents a challenge. 
 
Volatile actinides, particularly americium, are susceptible to 
rapid vaporization during the traditional metal fuel casting 
processes.  The actinide vapors boil off, and flow out of the 
system into the off-gas recovery system, resulting in only a 
fraction of the volatile actinide charge being incorporated into 
the fuel pins.  The loss of these actinides from the fuel greatly 
complicates the task of preparing them for transmutation, re-
quiring additional recovery and fuel fabrication steps to try to 
incorporate the volatile actinides into the transmuter fuel. 
 
RESEARCH OBJECTIVES AND METHODS 
 
The goal of this project is to investigate the casting processes 
for metallic fuels to help design a process that minimizes the 
loss of the volatile actinide elements from the fuel.  The 
research effort centers on the development of advanced 
numerical models to assess conditions that significantly impact 
the transport of volatile actinides during the melt casting 
process and represents a joint effort between researchers at 
UNLV and Argonne National Laboratory (ANL).  Assessing 
critical equipment and process variables is required to build a 
successful system that will operate efficiently. 
 
RESEARCH ACCOMPLISHMENTS 
 
Development of the induction-heating model: Modeling efforts 
centered on the development of the governing equations, incor-
porating these equations into computer codes, setting up a test 
problem, and making preliminary calculations for the geometry 
of interest.  Detailed analyses were conducted for an Induction 
Skull Melter (ISM) previously built and tested by ANL. 
 
Modeling of casting process:  Efforts continued to improve a 
model for the casting of fuel pins.  Work considered the flow 
of the melt into the mold and heat transfer into the mold during 
solidification (after flow has stopped).  Results from an energy 
balance model indicate that the thermal mass would typically 
be greater than needed to solidify the melt within the mold.  
The results of this simple model have aided in designing a 
mold to hold and solidify the fuel pins.  Detailed flow and heat 

Task 1 
Design and Analysis of a Process for Melt Casting Metallic Fuel 

Pins Incorporating Volatile Actinides  
Y. Chen, D.W. Pepper, and R. Clarksean 

transfer models show how the melt flows into the mold and 
ultimately solidifies. 
 
In order to test the impact of process parameters (temperature, 
pressure, alloying elements, etc.) on the casting process, para-
metric studies were carried on different processing parameters.  
These studies centered around model development and analysis 
of the impact of mold preheating on heat transfer into the 
model.  Results will assist with determining which process pa-
rameters are critical in manufacturing a suitable metallic fuel 
pin. 
 
Americium Transport Models:  A model that analyzes the 
transport of americium from the melt to the vapor phases above 
the crucible has also been developed.  The model considers 
mass transport in the melt, vaporization at the surface, and 
transport through the vapor phase.  Parametric studies are un-
derway to evaluate the impact of different properties or situa-
tions on the transport of americium from the melt.   
 
Develop Prototype Furnace Design:  A preliminary furnace 
design that can be built and tested with surrogate materials is 
critical in order to assess the viability of metal fuels.  A pre-
liminary analysis of potential surrogate materials has been 

6 

Induction skull melting process in the crucible and the casting 
process in a metallic fuel pin mold. Rapid heating occurs near 
the surface of the melt region (small localized region of high 
heat generation).  Flow into mold occurs rapidly with the flow 
solidifying near the walls initially, fluid near centerline then 
flows out past the solidified material to touch the walls of the 
mold. 
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HIGHLIGHTS 
♦ “Simulation and Analysis for Melt Casting a Metallic 

Fuel Pin Incorporating Volatile Actinides,” ASME Inter-
national Mechanical Engineering Congress and R&D 
Expo, Washington, DC, November 16-21, 2003. 

♦ “Design and Numerical Simulation of an Induction Skull 
Melting Process,” ANS Student Conference, Madison, 
WI, April 1-3, 2004. 

♦ “Numerical Simulation of an Induction Heating Proc-
ess in an Induction Skull Melting Furnace,” International 
Symposium on Advances in Computational Heat Trans-
fer, April 19-24, 2004, Norway. 

♦ “Simulating the Casting Process for Melt Casting a Me-
tallic Fuel Pin” and  “Simulating the Induction Heating 
Process in an Induction Skull Melter for Casting Metallic 
Fuel,” 12th International Conference on Nuclear Engi-
neering (ICONE), Arlington, VA, April 25-29, 2004. 

Research Staff 
Yitung Chen, Principal Investigator; Associate Professor, Mechanical Engineering Department; Associate Director, NCACM 
Darrell W. Pepper, Professor, Mechanical Engineering Department; Director, Nevada Center for Advanced Computational Methods 
Randy Clarksean, Adjunct Professor, Mechanical Engineering Department 
 
Students 
Taide Tan, Graduate Student, Mechanical Engineering Department 
Yulien Chen, Undergraduate Student 
 
Collaborators 
Mitchell K. Meyer, Leader of Fabrication Development Group, Nuclear Technology Division, Argonne National Laboratory 
Steven L. Hayes, Manager of Fuels & Reactor Materials Section, Nuclear Technology Division, Argonne National Laboratory 
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completed.  Manganese appears to be an acceptable surrogate 
material.  Discussions will be held with Argonne National 
Laboratory staff members to insure that no health and safety 
issues prevent manganese from being used in future tests. 
 
FUTURE WORK 
 

The following are research objectives for future research:   
• Continue analysis of americium transport and loss from 

the melt process using the combined heat and mass trans-
fer models developed at UNLV.   

• Continue to revise and refine the combined heat and mass 
transfer model of representative furnace geometry. 

• Benchmark and validate the model through comparisons to 
experimental tests.   

• Develop a complete model that incorporates all of the 
complex physics and test its ability to model the complete 
system. 

2-D (lower right) and 3-D (upper left) view of the time average power deposition (x (m), Q (w/m3) inside of induction skull melting fur-
nace.  3D view (upper left) shows rapid rise in power deposition near the outer edge of the melt.  x is the distance from bottom of cruci-
ble – other dimension shows the radial variation of the heat deposition.  Q is the heat generation or power deposition rate within the 
melt material.  Model is able to capture the skin heating effect and the sharp gradients near the surface of the melt. 


