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US Advanced Nuclear Power Research Program Proposal 

We are in a deep, complex Crisis.  As the global economy continues to expand rapidly the 
crisis will become ever deeper, conventional resources will become scarcer, and damage to 
the environment will increase ever more quickly.  Of even greater concern is that any of 
these will cause one or more essentially irreversible changes that can’t be recovered from. 
A new solution is needed now! 

The most critical issues for America are:  
- dependence on foreign oil 
- the environment, including climate change, which have also now become issues for the entire global 

community  
- national and global political instability caused by shortages of resources 
- our decreasing global influence both economically and from a technological standpoint. 

There are many proposed Solutions to the above set of issues, but… 
What is required are ones that are fully capable of meeting future needs for centuries to come in 
a reliable and affordable way. The key ingredient to any successful implementation is guaranteed 
abundant, inexpensive, clean energy.  With sufficient energy, all other resources can always 
be had, and energy is the central resource for cleaning and preserving the environment.  

ADVANCED NUCLEAR ENERGY is one extremely viable approach for achieving the 
required goals.  With its extraordinarily high energy density (both per unit mass and per unit 
volume), it produces over seven orders of magnitude less waste than fossil fuels per unit of 
energy generated.  The key is the use of advanced concepts, as conventional nuclear will suffer 
from depletion of fuel resources even more quickly than fossil power.  Integral breeding and full 
fuel usage are critical for future success, and with them nuclear resources will last for at least a 
millennium. The nano-technologies we propose to apply to nuclear reactors will bring about 
the extraordinary performance required. 
The solution is to create a virtual research organization, and a PROGRAM (Advanced Nano-
Nuclear) with the participation of several national laboratories, universities, private companies, 
and people to aggressively advance the knowledge and applications of nano-technologies in the 
nuclear domain for producing clean nuclear power with full fuel consumption, advanced 
shielding, and advanced transmutation/breeding. The development of direct electric conversion 
would ultimately even open the door to much more compact and mobile energy sources. I 
generically call this development process “Generation 5-8”1 nuclear reactors. A large scale and 
rapid development and implementation program will be required to avoid the looming 
consequences alluded to above.  With the potential magnitude and irreversibility of the 
consequences of continued business as usual, let alone the uncertainty of the timing of the onset 
of major damage, simple prudence dictates that we cannot afford to delay starting as rapidly as 
possible.   

                                                 
1 Inspired by DOE 2002 document “Road map to Generation 4 or nuclear reactors”. 
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The Advanced Nano-Nuclear Program 

The goal of the program is to transform the current nuclear development program to the one 
that will be required to achieve a clean reliable energy source for the next millennium.  
A novel nuclear reactor concept is proposed that is radically different in structure from the 
present or currently projected technology in terms of nuclear fuel formulation, fuel burning 
efficiency, energy extraction method, fission products management, and radiation management.  

The concept is based on an in-depth phenomenological analysis of the fundamental processes in 
a nuclear reactor. It has tremendous advantages over the current state of art designs, driving to a 
significantly reduced cost, greater safety, significantly reduced waste, and high versatility 
(covering the entire range from large to small power systems). The development of the research 
will position US at the forefront of nuclear power system development and more importantly 
implementation. 

The whole concept is developed around a novel approach to the control principles applied to the 
physics involved in the nuclear energy release process. 

A specific list of development elements includes:  

1. The design of the micro-hetero structured fuel  “Cer-Liq-Mesh” is based on the fission 
product’s interaction with the fuel lattice, greatly diminishing radiation damage and 
maximizing heat transfer leading to much more robust materials performance. 

2. nano-cluster-sinter (NCS) structure delivery of isotopic enriched materials with minimal 
chemical processing exploits the n capture nuclear reaction kinematics features, 
synergistically coupled with the nano-cluster properties. 

3. The direct conversion from nuclear energy -to- electric energy –“CIci” structure,† 
exploits the features of the kinematics of the stopping of the fission products in matter. It 
relies on a nano-structured design to improve the power extraction from the nuclear fuel.  It 
also allows for much more compact designs that simultaneously opens the door for more 
specialized applications in addition to baseload power. 

4. nano-structured radiation guides (NRG) for electronically controlled nuclear  reflectors 
and ultra-light radiation shielding, exploits the specificity of n and gamma interactions with 
collectives of atoms, grouped by nano-structures, as a combination between the phenomena 
in super-mirror and super-collider storage ring structure, driving to the nano-material 
engineering. 

These four elements may be applied separately or in various combinations, depending on the 
applications and the goals to be achieved. 
If fully realized, all 4 elements together could lead to applications at the limit of science fiction 
and reality, like: 

- a 1-10 MW car battery (1 cubic feet volume) which could provide 10-20 years of autonomy 
and 1 million miles by using 1 cup of Plutonium, or  

- a 1-10 GW solid-state nuclear reactor battery in a trailer for space and terrestrial 
applications.  

                                                 
† Conductive materials with high electron density “C” are used as generators, separated by an 
insulator “I” and conductor materials with low electrons density “c” are used as electron 
collectors or absorbers, the whole cell being insulated by another insulator “i”. 
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The full technology set may take 30 years to accomplish, but during the a stepwise process, a lot 
of interim products could delivered such as:  

- ultra high temperature reactors,  
- full fuel burning nuclear reactors, and  
- hybrid fission-fusion reactors, etc. 

The development of the 4 advanced elements in a step-wise process would lead to a series of 
ever more advanced Generations of Nuclear Reactors (5-8) inspired by DOE’s Generation 4 
approach.  These generations would deliver ever-growing advantages of enhanced economics 
and safety, a minimization of nuclear waste, and inherent proliferation resistance. 

An example of the gains possible through element 1 implemented via a micrometric hetero-
structured fuel include: 

a) Reactors free of fission products accumulation 
b) Longer fuel life (20-30 years)– up to a factor of up to 20 improvement 
c) Enhanced fuel thermal conductivity, with lower radiation damage. 
d) Higher operating temperatures (1000K < T < 2500K) for higher power generation 

efficiencies (50-85%) 
e) New waste cycles with less waste (up to a factor of over 100 reduction) 
f) Higher burn-up (up to >700 GW-day/ton of fuel theoretically possible) 

This new type of fuel would be compatible with the present pressurized water reactor (PWR) 
fuel pellets, improving the fuel recycling process, improving burn-up and minimizing fuel 
element stress. It also opens the door to the concept of novel reactor structures with near perfect 
burning, minimal accumulation of fission products or ultra long burning by dynamic 
transmutation of fertile into fissile fuel with local reactivity variation following the “candle 
reactor” pattern2. 

These advantages are also likely to result in a reduction of the cost of the energy produced, and 
reduced dependence on water presence as cooling source.  
 
Nano-hetero-structures handling the knock-on electron showers 
This concept relies on the relationship between the fission products and the electrons and is a 
byproduct of the answer to the question: How does fuel heat up? This also brings up a secondary 
question: How to take that energy out without heating the fuel? 

The answer to the questions drove to: Direct conversion of nuclear energy into electricity! 

The thermo-mechanical intermediary conversion cycle is removed creating a solid state-compact 
nuclear reactor battery, similar to a super-capacitor that charges directly from nuclear fission or 
moving particles energy, and discharges it as electricity. 

 Direct nuclear energy conversion into electricity with applications in fission, fusion, hybrid 
structures, active shields and remote power antenna for space shuttles – without using 
thermal turbines and heat exchangers. 
 Cryogenic nuclear reactors, for high efficiency conversion (efficiency>98%) 
 Self-recovering structures from radiation damage 

                                                 
2 Japanese concept (COE-INES-TiTech) of dynamically varying local reactivity of the fuel by breeding and burning, 
driving to fuel reprocessing elimination, by high total burnup. 
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 High direct efficiency conversion over 80% without using turbines 
 Mobile, nuclear high-power (<1GW) sources (battery like devices). 
 Nuclear compact isotopic batteries using fission products and actinides. 

The efficiency is the critical issue, and together with the maximum operating temperature and 
other safety issues will determine the real operating parameters, power density included. 

The biggest advantage is the miniaturization of the nuclear power plant at the reactor itself only. 

This can attract a MWh cost reduction, increased mobility, increased production and deployment 
capability, and many more applications. 

The material may be used for isotopic batteries from mm size and microwatt power to several 
kW, ion beam energy recovery targets, fusion system blankets for energy harvesting and many 
space and underwater applications. 

The Nano-clustered enhanced transmutation – will in fact ease the nuclear cycle, helping in fuel 
breeding and by this potentially eliminating the nuclear fuel peaking by the end of this century, 
reducing the fuel cost, increasing its availability, and reducing the environment negative impact 
and stimulating the production of many other important radioisotopes. 

The nano-structure radiation guiding  
The incorporation of the electronically controlled reflectors minimizes the critical mass and 
shielding dimensions making possible the production of ultra-small nuclear power sources. 

Nuclear reactor shield size is reduced from 6 ft down to 2-4 inches thus reducing the dimensions 
of the nuclear reactor from 30 ft to less than 3 ft for about 1GW of power. 

The reactor might contains two electronically controllable albedo active shields that regulate the 
criticality and breeding rate and along with the operating power. 

Escaped neutrons are transmitted to an absorber material for transmutation purposes and are 
totally reflected inside the reactor. 

Finally, a complex nano-structured composite material is proposed for shielding, generating a 
new type of nuclear reflectors with increased electronically controllable albedo/transmission 
ratio and ultra light nuclear shielding, which opens the way towards portable nuclear power 
sources based on fission and hybrid fusion-fission power sources. 

Hybrid nuclear reactors using fusion-fission sources based on super-colliders or plasma devices. 

The nano-hetero structured material solves both the problem of the energy harvesting from 
fission products and fusion charged particles as well the problem of neutron energy amplification 
by fission and harvesting. 

Providing Clean, Abundant, Affordable Energy 

Gen 5 and 6 may reach, 1kg (2.2lb) of fissile material burned for each 1GWDay delivering 10 kg 
waste of fission products, 3kg irradiated structure, 25 m3 mining sterile uses all resources of 238U 
and 232Th, with less than 20% residual heat dumped into environment.  

100 years of power without mining! (using the nuclear materials we already have) 
Creating Next Generation Microsystems 
Long life (200 yr) high power density (4W/cm3) case-morphed, super-cooling batteries will 
change electronic design and widen the consumer applications. 
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Identify, Prevent and Mitigate Hostile attacks 
Aids remote sensing technologies development and miniaturized sensing remote devices.  
Avoiding Technical Surprise 
By developing in advance the technologies of the future, and not being surprised that other 
nations have and use them first. 
Transforming Surety 

Less nuclear waste,  
less negative impact to the environment, and  
advanced nonproliferation policies. 

Mobile high-power nuclear reactor (1GW/liter);  
Fusion harvesting,  
Highpower Space applications. 
 

Potential future results: 
SUV propulsion 1 Gw Nuclear Reactor  1-10 Gw Mobile nuclear reactor (Trailer) 

 
1 oz of fuel for 1 Million miles 

Actual Nuclear 
Power 

Future nuclear reactor by direct conversion 
such as Solid State Nuclear Fission Battery 

mobile miniature nuclear reactors for SUV,  
miniaturization of an actual nuclear plant to a trailer 
portable solid-state reactor. 

 
Advanced Nuclear Power is ecological ! 

 
If life is an offspring of a nuclear universe, then how can nuclear power be non-ecological? 
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The Advanced Nano-Nuclear Program - Overview 
The topics/solutions involved/needed for advanced nuclear power generation include a series of 
interrelated ideas that are essential to getting a significant long-term future nuclear power 
program off the ground and moving forward in a major way. They include the 4 elements 
previously outlined and which will now be discussed in more detail. Briefly, they are again:  

1) Cer-Liq-Mesh: small ~micron scale radioactive fuel elements embodied as ceramic (e.g. 
UO2) beads located on wire meshes, which in turn reside in a liquid metal bath to transfer 
heat to a conventional secondary heat transfer system which removes the heat from the 
reactor core.  The liquid metal bath also serves to slowly remove fission products from the 
reactor core. The concept is meant to greatly reduce radiation damage and thermal stress, 
while also preventing poisoning of the fission fuel by the fission decay products. 

2) A nano-breeding concept based on the tendency of small clusters of a single “element”¥ to 
expel atoms of other “elements” from their interior to their surface, where they can 
subsequently be removed and separated. This concept also incorporates some of the ideas 
from item 1) above. 

3) Direct electrical generation from nuclear reactions as fission and fusion and nuclear decay 
based on using nano-structures to achieve non-uniform charge generation and separation 
associated with the slowing of decay products. 

4) The use of nano-structures to achieve very thin shielding/reflecting capabilities, 
potentially electronically controlled in real time nuclear reactor. 

                                                 
¥ “Element” here can refer to a true element or a molecule (e.g. separating Pu out of a UO2 cluster.) 
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5) Using several of these concepts simultaneously due to similarity of the underlying concepts 

The above topics have in common the idea of trying to match the natural micro/nano-scale of the 
processes involved with the scale of the structures that will be used to form the basis of an 
engineering solution.  
 
1) The Micro-Hetero Nuclear Fuel for the Cer-Liq-Mesh Element 
A particularly important scale is that of the range of the fission products resulting from the nu-
clear fission itself.  This is due to the fact that these fission products carry the bulk of the energy 
of the fission reaction and furthermore that most of the energy deposition per unit pathlength and 
radiation damage are at the end of the range of the fission products. The range of the fission frag-
ments is of course dependent on their starting kinetic energy, their mass and charge, as well as 
the composition and density of the material through which the fragments are passing. Taking into 
account the average kinetic energy shared between the fragments (~170 MeV), and the average 
values of the other properties mentioned above, the range of the fission fragments is ~ 20-25 µm.  
Thus the nuclear fuel micro-beads would have a diameter on the order of 20 µm or less and 
would have center-to-center separ-
ations of some 50 µm. As such, the 
fission fragments would predomin-
antly come to stop outside of the 
actual fuel micro-beads, namely 
stopping in the liquid metal in 
which these beads would be 
suspended (currently proposed to 
be a lead-bismuth eutectic although 
other liquid metals such as sodium 
/potassium could be used).  This 
has several immediate advantages: 

a) The most intense energy deposition and thus prospective radiation damage would now occur 
outside the ceramic fuel micro-beads (e.g. UO2) thereby minimizing physical damage to 
them. Instead it would occur in the liquid phase where there is no physical structure to 
damage. 

b) The fission products, which together typically have a volume several times that of the 
starting solid fissionable fuel, would come to stop outside of the fuel micro-bead itself and 
hence prevent a major volume expansion inside the solid fuel beads, thereby minimizing 
expansion induced cracking of the fuel beads. 

c) With the fission fragments coming to a stop in the liquid metal, the fragments could 
gradually be flushed outside the reactor core by a slow flow and thereby prevent them from 
poisoning of reactor system due to neutron absorption by the fission products. 

d) The concept should allow for a far greater fractional burning of the nuclear fuel, thereby 
greatly reducing the radioactive waste that must be disposed of. 

e) With the use of fuel micro-beads embedded in a liquid metal eutectic, there is less energy 
deposition in the fuel bead itself (which also has a small thermal conductivity), a smaller 
thermal conduction path through the fuel before reaching the much higher thermal 
conductivity eutectic, and a much higher thermal conductivity on average for the reactor 

Liviu Popa-Simil E-mail: lps@lavmllc.com; Phone: 505-661-8767 Pg. 7 of 25



Advanced Nano-Nuclear Program Proposal LAVM LLC, Los Alamos,  

system as a whole. This makes for lower internal temperatures and thermal stress and/or 
allows higher power density operation.‡ 

The first micro-hetero fuel versions may be produced as soon as 2014, and an entire nuclear 
reactor structure may be possible by 2020. These structures will also be compatible with current 
PWR pellets, thereby giving them enhanced properties. Finally we note that the fuel structure is 
capable of handling higher fuel enrichments as might be found in compressible nuclear reactors 
and the associated higher power density, higher temperatures, and higher conversion efficiencies. 
Novel compact reactor prototypes for continuous fission products separation, and ultra high 
burn-up may be delivered for tests after 2025. 

2) Nano- Clustered Direct Transmutation /Breeding Fuel 
The nano-breeding concept would take the above concept one step further by embedding nano-
grains of breeding material in a liquid. In this case the relevant scale is of interest is even smaller, 
at least as far as that of the breeding material is concerned. The scale must be small enough so 
that epithermal or higher energy neutrons that are used to transform the breeding material would 
provide a sufficient kick to knock most of the now transformed nuclei out of their nano-clusters 
and into the surrounding liquid, which would then flush them out of the breeding region.  For 
any transformed breed-ing nuclei not directly ejected from the nano-clusters, the rejection 
process would be further aided by properties of the nano-clusters itself and several other effects.  
First there is the tendency of the atoms of the nano-clusters tend to arrange themselves in very 
stable nano-structures. This is further aided by the different chemical properties of the 
transformed nuclei relative to that of the breeding material. As a result, any “impurity” atoms 
that are formed as a result of transmutations will tend to be rejected from the interior of the 
lattice structure to the surface of the nano-clusters from where they enter the mobile liquid itself. 
The energy deposition from the kinetic recoil of the breeding reaction aids the mobility of any 
trapped transmuted products by displacing them from their lattice positions.  The high 
temperatures of the overall system 
further aids the mobility of the 
transformed nuclei. (The overall 
concept would rely on constraining 
the motion of the nano-clusters 
themselves by trapping them 
between layers of ultra fine filters.)  

Additional benefits brought about by 
the slow, but continual removal of 
the newly bred fuel are: 

a) The shorter residence time of 
the breeding product in the 
reactor core would limit the 
extent of secondary breeding 
products (i.e., an undesired 
second transformation of the desired transmuted product). This avoids both a loss of product 

                                                 
‡ The actual removal of heat from the reactor core as a whole would still be handled by a secondary working fluid 
and not by the lead-bismuth eutectic.  The eutectic would however do a much better job at moving the heat resulting 
from the fission reaction to the secondary working fluid. 
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as well as any poisoning effect of secondary transformation products and their possible 
decay products. 

b) The ability to much more easily (and continually) separate out the newly bred fuel. 
c) The ability to fully use the breeding material. 
d) The production of both a richer fuel and much less waste. 
e) With proper design, the ability to “continually” replace the consumed breeding material. 

The first breeding structures may be delivered by 2014 mainly for the Th-U cycle, and by 2015 
the U-Pu cycle. Other minor actinide burning and special interest isotope production (238Pu) may 
also be deployed.  

Of special interest may be the engineering of a structure that unifies the properties of the 
microstructure with the nano-clustered structure. This would provide an opportunity to higher 
overall process optimization (higher burn-up, higher breeding, better neutron economy, less 
waste). 

The final effect will be the creation of new nuclear fuel at low cost, low negative environmental 
impact and avoiding the “nuclear fuel peak” by completely usage of actual fuel reserves. 
 
3) Nano-hetero structures for direct conversion of nuclear energy into electricity 
The concept behind the direct electrical generation is based on nano-structures whose scale is 
again set by the range of the nuclear fission products. It however requires finer substructures due 
to the mechanism to be used. The concept involves having the fission fragments leave the fuel 
itself while still carrying most of their kinetic energy. The fission fragments would then pass 
through a series of very thin layers arranged as a high Z conductor, an insulator, a low z 
conductor, an insulator, a high Z conductor, …, the nuclear fuel itself potentially forming the 
first high Z material. 

The idea is to take advantage of the fact that most of the energy loss per unit path-length is in the 
high Z material and takes the form of forward moving knock-on electron showers.  The electron 
showers would pass through the extremely thin insulators in which they would not stop and then 
pass into the low z conductor, which is sufficiently thick to stop the electrons. In contrast, the 
fission fragments would themselves pass through both the low z conductor and the subsequent 
insulator layer. Due to the thinness and low z nature of these two layers, minimal energy 
deposition would occur, and a minimal number of knock-on electrons would be produced 
thereby limiting any negative charge transfer to the following high Z layer. The result of the 
passage of the fission fragments would be a 
series of positively charged high Z 
electrodes (due to the knock-on electrons 
leaving them) and negatively charged low z 
electrodes (due to the knock-on electrons 
being collected in them and few electrons 
being knocked out of them).  The resulting 
charge difference generates a voltage 
between the electrodes and a current flow 
that could be used if the oppositely charged 
electrodes are connected through an 
external load. 
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The device construction has to consider several 
constraints that involve the following issues: 

a) Solid angle considerations limit the amount of 
kinetic energy that can be transformed into 
electrical energy as opposed to heat. This 
aspect is mitigated by various constructive 
structures. 

b) Improper design will result in most of the 
kinetic energy of the knock-on electrons being 
transformed into heat as opposed to electric 
energy. The kinetic energy is only transformed 
into electric energy if it is used to overcome 
the potential build-up between the alternating electrode layers. Any energy deposited in the 
low Z conductor in the form of ionization energy and/or displacement energy is lost as heat. 
The same is true for all energy 
deposited in the insulating layers. Thus, 
careful optimization of the design of 
the individual layers and the 4 layer 
subsystem units is required. Material 
engineering will play a critical role in 
minimizing these effects. One possible 
implementation that would meet the 
constraints is shown to the right. 
Comprehensive experimentation and 
tests will be required to prove and 
better understand the physics covering 
all its possible aspects. The complex 
nature of the needed structure and the 
potential for radiation damage to destroy the required electrical properties over time.  
Overcoming this issue will require careful tradeoffs between electrical generation 
requirements and the realities of radiation damage, especially at the end of the range of the 
fission fragments.  

c) The direct conversion eliminates more than 90% of the actual nuclear reactor complexity, 
by replacing bulky volume with nano-complexity in a solid-state miniature system 
resembling more to a fission battery than a complex nuclear reactor. This will however need 
to be traded off against the relatively high electrical generation efficiency that could be 
achieved by the much more mature heat engine technology, as a result of the higher 
temperatures directly achievable by the Micro-Hetero Nuclear Fuel of the Cer-Liq-Mesh 
concept.§ (The two approaches are in the same time complementary and competitive) 

d) To produce such a nuclear reactor the critical mass must still be achieved. This imposes the 
inherent requirement for the creation of the ability of producing several cubic feet of nano-

                                                 
§ The direct generation concept could nonetheless have potential applications in small one-of-a-kind applications 
such as electrical generation in space-based applications and could be pursued in that venue.  In particular, in 
applications where considerations such as total mass and reliability currently drive one to unique electrical 
generation techniques such as thermoelectric (which have very low efficiencies) the direct generation concept would 
have decided advantages. 
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structures, which in itself is equal 1% of the actual capability of world’s semiconductor 
industry. 

e) Other byproducts like high efficiency isotopic batteries are another possibility. These 
batteries would rely on direct conversion from the emitted particles of radioactive decay, 
mainly alpha, and beta radiation instead of the fission products as in the nuclear reactor 
case. The scope of these devices is limited by the availability of the needed radioactive 
alpha and beta emitters, which are the fuel that power these devices and which would be 
produced from spent nuclear fuel. The current fuel available from all the nuclear reactors 
would likely limit the total power production to 500 MW. This figure may be improved 
somewhat by the application of the nano-cluster direct transmutation structures, but 
nonetheless still remains under 1 GW. 

f) The conversion structures not containing actinides or radioactive isotopes as primary power 
source may be used to harvest external radiation as fusion, particle beams and space 
particles and convert in electric energy. Space applications may benefit both from power 
generation and the use of the devices for shielding purposes.  

The use of meta-materials may improve the conversion efficiency, and for higher efficiencies 
some supra-conductive structures become interesting candidates for super high intensity nuclear 
power structures. 

A hybrid structure containing micro-nano-hetero structures may be also developed to cumulate 
the properties. 

The first intermediate product – an enhanced radio isotopic battery- may have dimensions of 
only 50 x 100 x 100 microns and deliver an initial power of 1 mW for 238Pu with a halving time 
of 87.7 years or 400 mW for 210Po with a halving time of 138 days. A usable battery may be 
multiples of this size, but will be limited by the critical mass of the system in the case of actinide 
fuels use, or by other safety standards. A 
single isotopic battery could replace more 
than 50,000 equivalent chemical 
batteries. 

The delivery of a direct conversion 
nuclear reactor is not anticipated before 
2020 because of all the development 
work required and that achieving the 
critical mass limit needed for a reactor 
application would require large volumes 
of complex nano-structured materials, at 
least by today’s standards. Cubic mm test 
samples might be available much earlier, 
while first solid state isotopic batteries 
may be delivered as soon as 2014. 
 
The direct conversion nuclear reactor structure, resembles a ultra-capacitor (an advanced energy 
storage device), being loaded directly from nuclear energy ( six orders of magnitude more 
concentrated than the chemical energy), delivering directly electricity, with a fast response time 
(being a nuclear reactor inside a capacitor) behaving as an ideal backup storage device (short 
response-high energy). 
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4) Nano-Nuclear Guides 
This includes both passive guides, 
as well as electronically controlled 
nano-structure-based shielding and 
reflector systems. Nano-structures 
such as nano-tubes, nano-wires, and 
nano-cluster assemblies have the 
ability to guide the radiation, 
including gamma rays, X-rays, 
neutrons, and charged particles.  

If this is done at a large scale, the 
material can achieve focusing or 
steering abilities, or ultimately perform shielding functions.  

The guiding ability involves a number of different principles. These show up in systems ranging 
from Mössbauer effect based reflectors, resonant absorption systems, x-ray and gamma ray 
channeling systems, to nuclear magnetic moment based neutron-channeling systems, some of 
these potentially being switchable via fast electronic control. 

Furthermore, although all of these techniques work in theory, actual working structures for reac-
tor based systems are still a very long way off, in particular when they would have to simultane-
ously deal with the different types and energies of the radiation associated with fission systems. 

This concept is new, the entire radiation channeling concepts are less than 40 years old, but it 
seems to have significant chances of success. 

From an extrapolation of our simulations it appears possible to create electro-sensitive structures 
that are able to influence the transmission of the radiation in nano-channels. When applied to 
neutrons, such structures would create a new way of controlling the neutron flux in the reactive 
area of nuclear reactors by electronically varying the transmission through a quasi-shielding 
layer and thereby keeping the criticality at the desired levels. 

Channeling resulting in reflection and/or absorption would open the way for light shielding and 
microsecond response times for the control systems by directly modulating the power output of 
reactors.  This would be particularly important for reactors that rely on fast neutrons, where 
electronically controlled neutron reflectors would be one of the few possible ways of achieving 
the needed reactor control. 

Initial experimental demonstrations of special irradiation channels in test reactors could be 
achieved by 2015. However, more complex nano-structures capable of dealing with radiation 
whose wave numbers cover a range of a few orders of magnitude will require more advanced 
designs.  Furthermore, full-scale implementation will require covering square meters with a 
rigorously controlled nano-structure. 

The proposed future research program would take the following sequential approach: 

a) The initial work will be confined to experimentally driven theoretical studies of how to 
effectively channel/reflect fast neutrons, which have a significant energy spread. 

b) Experimental and Theoretical efforts to understand how the above ability could realistically 
be combined with effective electronic control, as a fast-controlled reflector will be critical 
for future reactor applications.  
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c) Development of the ability to build structures capable of dealing with a significant spread in 
neutron energy. 

d) Adapting the structures to deal with both neutrons and gamma- and X-rays. 
 

It has to be considered that this technique is in its early stages, important research work is 
needed, and a prototype radiation nano-structured shield is anticipated by 2030. 

Meanwhile, byproducts as radiation 
concentrators, imaging concentrators, 
radiation filters, and other applications 
based on channeling may be developed, and 
obtain exceptional applicative successes.  

The final product will have a significant 
importance in pushing the nuclear power 
applications near the physical limits by 
having a lighter several inch thick nuclear 
reactor shield, equivalent to the actual 20 
feet concrete shield, and a response time in 
micro-second domain. 

This will open a large spectrum of 
applications of nuclear power, in mobile systems, powered by small (1 ft3) nuclear structure, 
pulsed power systems, equivalent storage systems 3 orders of magnitude smaller to assure the 
grid quality and backup all renewable harvesting power sources, optimizing the planetary power 
production and quality of the delivered power. In spite the last two paragraphs are looking highly 
speculative, a blend of science fiction, they represent the final goal of this research direction. 
 
5) Combinations 
Due to the similarity of the physics and scales of the above concepts, one could also consider 
combining them to gain enhanced performance, have multiple “products,” and meet multiple 
requirements in a single facility. The main reason to engage in the development of such 
combined applications results from the fact that without a breeding program, fission energy 
simply does not have the needed fuel quantities for it to be a long-term solution. 

There are a number of possible combination sets that should be considered.   

Examples where two elements are combined include:  
- A micro-hetero fuel with a nano-clustered transmutation structure able to directly separate 

the fission products and transmutation products leaving the fuel at constant reactivity. 
- A “Candle” burn type micro-hetero-structure with continuous fission product removal 

making a low enriched Uranium product which offers a near perfect burning ability with easy 
fuel reprocessing. It is better than the OTTO Cycle, as all the actinides are consumed. 

- A direct conversion nano-hetero-structure embedded in a Micro-hetero fuel, producing 
electricity and separating the fission products possibly using a “candle” burn design. 

- A direct energy conversion nano-structure enclosed in a system using active nano-guide 
shielding, to produce a light, portable, solid-state fast response power source. 

Examples where three concepts are combined include: 
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- A nano-clustered direct breeding fuel embedded in Micro-hetero structure separated by an 
active nano-guiding shield from a nano-clustered direct transmutation blanket which is 
encased in a nano-guiding passive structure that reflects non-absorbed neutrons back into the 
absorption blanket. This maximizes the neutron economy, and minimizes the neutron 
damage in the structure, the neutrons being mainly used in the fissile and fertile materials 
with few being absorbed in structural marerials. 

- A direct conversion nano-structure associated with a micro-hetero-fuel-structure and 
employed in a reactor that utilizes nano-guide shielding. 

Finally, all four concepts could be combined in a complex nuclear reactor structure that directly 
deals with fission products, transmutation products, produces electricity, and is contained in a 
light structure with fast response. This represents a superior stage of fission power applications 
for possible deployment after 2050. 
 
6) Hybrid reactors based on micro-hetero structures 
These structures will lead to new reactor designs. The most interesting designs are those using a 
hybrid structure – based on fusion-fission accelerator driven systems (FFADS). These structures 
will be capable of burning all light elements from H to Li, as well as actinides 

The combined action, of a neutron generating fusion system embedded inside a fission system, 
uses abundant hydrogen and deuterium to produce nuclear energy 

Many of the previously developed 
structures will be usable in the fission 
systems for terrestrial, underwater and 
space applications.  

This will be the Generation 8 of 
nuclear reactors starting to show the 
first products as early as 2030, but 
longer time is required and 
experimentation until to be safely 
deployed.  

As a continuation to Generation 8 I 
will mention that the most interesting 
structures are based on aneutronic 
fusion reactions that may make use of 
direct conversion nano-structures and 
use a minimal shielding, an enhanced version may be produced by solid-nano-structured-fusion 
systems, a concept under development3. 

The success in the direct conversion structures will give the ability to apply the direct conversion 
and the light shielding developments from the fission program to the fusion program and the 
advantages this would provide are important. Light compact direct conversion of fusion energy 
into electricity structures, working without using any actinides. 

                                                 
3 A potential future clean energy system – not detailed in this proposal – possible to be started in a later stage. 
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Proposal Timeline: The need for the development   
2010- Start with small preliminary researches in the areas already having small applications 
- Define individual programs, Work Breakdown Schedules, Milestones, teams and collaboration 
structure to initiate the project to be financed starting by 2011. 
 
Funding proposal: (in smooth development, economic approach version) 
(The biggest constrain is specialized available people, to work on the subject) 
 
First year < 3 millions – now there is no selection for new people in place;  

$0.3M might be spent on consulting fees with identified specialists to define the program 
structure and identify the right persons to take part in the project.  

Available staff: (less than 10 people ½ of them part time) 4, and I know about 30 other 
persons in US that potentially may be interested in this program. 
 
Second year: approx. >$8 mil. for initiation stages and first feasibility approaches  
(with emphasis on:  - radiation guides; nano-tubes direct conversion structures, nano-powders 
properties) 
 Available staff: about 20-25 people ¼ part time –  
 
Third year: about $20 mil. upon the definition of the program in the first year.5 
Available staff: about 40 people / mainly collaboration based in different locations in US. 
(From this point the program will become better defined, better budgets will be elaborated for 
continuation)  
 
If approved: In the first 3 month I will provide a clear program description, and a clear list 
with the initial list of scientists involved –  
 
The goal is to define in detail the research program for the next 2 years and to sketch the 
program for the next 20 years, as a new  
Road map for Advanced Solid-State Clean Nuclear Power. 

                                                 
4 The start-up of this program is weak, and DOE help is welcomed, because there are not so many people in the 
world knowledgeable on this subjects and ready to work full time from the first year. 
5 These supplementary spending will not affect by no means the deployment of generation 3+, as NE-4 asserts, but 
for sure the success here will affect the future of smooth deployment of Generation 4 up to 2060… 
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Considerations in Program Selection:  

• Complements the actual DOE programs bringing new development and capabilities for 
independent safe power sources. 

• Impact on the nuclear and nano sciences and their interface  
• Fast approach in a novel long term national project 
• Qualifications and commitment of program leaders  
• Impact on cross-disciplinary research - especially the span of the scientific problems 

covered and likelihood of significant technology transfer  
• Breadth of development of human resources, including the extent of diversity  
• Effects on education of new generations of nuclear specialists 
• The need to reshape in part the military component of the nuclear complex to more 

challenging approaches without losing capabilities. 
• The use of the high potential the developments in nuclear equipments and nano-

technologies  

How the new reactors will mitigate the need for energy of the future? 
The actual power needed to be converted on nuclear = 10 TW –planet scale; 0.6TW for US. 
This means 10,000 reactors total, and 600 reactors in US.  
What probably will be achieved up to 2020 is 35 new nuclear reactors, Generation 3+. 
By 2020 the first micro-hetero-fuel enhanced efficiency (50% conversion efficiency) will be in 
test phase. Replacement sets for the old reactors going to decommissioning will be done. 
The nano-breeding structure for nuclear fuel economy will be introduced in parallel.  
By 2030 – the first high efficiency (70% conversion efficiency) nuclear reactor may reach the 
test phase for portable under 1 GW reactors, not water presence dependent. The maturity and 
large-scale multiplication phase is reached by 2040; Possible 100 reactors to be commissioned. 
By 2050 the electro-sensitive nano-shields may reach the advanced stage being implemented in 
nuclear reactor control.  
Only an intensive effort in nuclear micro-nano-fuels will bring us to be compliant with this time 
scheme. 
- Suggestion of organization6: 

Item Fission 
products 

Direct 
Conversion 

Transmutation Channeling Fusion Integration 

Start 2010 2010 2010 2011 2012 2010 
LANL; 
SNL 

SNL LANL, INL LANL, SNL LBNL, 
SNL 

ARPA 

LAVM 
LLC 

LAVM LAVM LAVM LAVM LAVM 

Teams: 
Natl.Lab.s 
Companies 
Univ 
Persons AAMU 

 
AAMURI  AAMURI U U,  

Phases 
Initial/Theory LAVM  TBD7    
Simulation       
Mock exper. Acc.SNL      
Prot.Des.1 3      

                                                 
6 Based on the LAVM knowledge of people that showed interest in developing the new concepts and cooperating. 
Some more people (about 20) having similar ideas may steel be contacted and integrated in a larger project. 
7 Some spaces are left empty – as will be fulfilled pending to DOE’s approval, and scientists vetting process. 
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Prot exec 6      
Prot. Test 1 6      
Applications Fission Fission 

Fusion 
Beams 

Fission 
Materials 

Fission 
Shielding 
Materials 

Fusion Energy 
Space 
Transp 

Output Waste 
reduction 
Lighter 
reactors 

Compact 
power, 
Nuclear 
Batteries 

U-Pu 
Th-U 
Isotopes 

Portable 
Reactors 

  

This is just a description of what might be developed down to WBS (work breakdown schedule) 
with the observation that in research unexpected might occur more often than in other projects 
and a dynamic, adaptive WBS is required. 
 
Scientific Description:  
 
The program will bring a strong positive impact of the development of nuclear structures and 
concepts, nano-devices and a wide range of applications in radiation and nuclear power and the 
science and theory behind mainly quantum physics applied to nano and meso scale structures 
with nuclear and electromagnetic forces involved. 
Will stimulate all the branches of the physics involved to act together, synergistically to produce 
the necessary jump in nuclear power availability, that will come may be at the right time, when it 
will be needed most. 
 
The goal of the program is to complement the actual nuclear development programs with 
outstanding knowledge and capabilities to extend the actual nuclear power as backup for 
renewable harvesting global systems in a geometric progression.  
 
Based the actual knowledge, I learned that these systems are achievable, I know a little bit more 
of the path, and we have to learn even much more until to fully accomplish. 
To be successful there is not enough a solitary development of one or other applications with 
momentary success but a coherent systematic approach in research and application leaving no 
corner not explored. This will maximize our success. 
Developing interdisciplinary Excellence: 
- In this program will participate National Laboratories, Universities having Nuclear 
Engineering, Theory or Nano-Engineering excellence, Private companies and individual 
scientists.  
Program Scope, Timing and Activities:  
The total program duration is unknown8, if started it may have components being subject of 
active research until 2100. 
The present program initiation may be founded for 4-8 years, until it starts to return the 
investment, and get first achievements. 
The proposed duration of the program should be indicated, and possible timing of the program 
given (i.e., is a particular semester preferable?).  
Some indication of the proposed activities in the program are welcome (workshops, courses, 
study groups . . .), especially as they relate to the proposed science.  

                                                 
8 The present ideas are in TRL=2, and served as nucleus for a much larger project, that may get new paths and 
approaches, subject of improved collective thinking. 
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Program Outcome:  
There are 5 main research directions that can be pursued independently, but if they are correlated 
they may produce synergistic developments. 
The micro-hetero structure (Generation 5) will drive to: 
- Increased fuel lifetime (up to 5 times) 
- Increased burning factor (up to 4 times) 
- Less nuclear waste (reduced minor actinides, reduced fission products types) 
- Lower criticality mass, less nuclear fuel mass, reactors (by up to 40%) 
- New nuclear reactor designs 
- Higher operating temperature allowing higher thermo-mechanical efficiency 
- Reduced accident hazard, and proliferation resistant reactors 
- Enhanced thermal conductivity, cracks free fuels 
 
Nano-Cluster-Sinter Fuel for Transmutation and Fuel Breeding (Generation 6) will drive to: 
- Reduces the need of hazardous chemical processing as Urex and Purex 
- Delivers higher purity transmutation isotopes  
- Reduces the cost of nuclear fuels as 233U, 239Pu, 238Pu, and at least other 20 isotopes produced 

in nuclear reactor 
 
The nano-hetero structure  
- Direct conversion of nuclear power into electricity 
- Reduction of the nuclear reactor size up to 90% by elimination of the thermo-mechanical 

cycle and its associated equipments 
- High efficiency isotopic batteries with a wide range of isotopes 
- Modular nuclear reactor structures 
- Less residual pollution 
- Enhanced reactor diagnosis systems 
- Tiles and blankets for fusion energy harvesting 
- Space applications with beam propulsion and remote energy transfer 
- Space energetic shielding and energy harvesting device 
- Easiness in fabrication, an Intel like plant alone may produce 1 nuclear reactor per year, 

working with 100 smaller footprints than the actual technology. 
 
Enhanced micro-nano-hetero structure (Generation 5+6)  
- Combines the features of the two developments 
- Nuclear radiation enhanced pulsed thermo electric materials 
 
Combined nano-cluster sinter – micro-hetero structure 
- Is separating simultaneously the fission products from transmutation products into two 

distinct separation units 
 
Nano-structure radiation guiding (Generation 7) 
- Radiation handling and imaging devices 
- Light shielding structures based on radiation diverting 
- Nuclear reactor light shielding making nuclear reactor portable at SUV level 
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- Electro-sensitive radiation guide transmission systems – variable transmission/reflection 
systems 

- Replace mechanical neutron flux control systems by electronic control 
- Embedded safety – by transmission limited by temperature 
- Various nuclear systems, pulsed power nuclear systems 
- High frequency power modulation 
- Ultra low critical mass nuclear fission reactors 
 
Accelerator based complex nuclear power systems (Generation 8) 
- Combines the features of the previous generations with enhanced spallation sources, or 

hybrid fusion/fission structures for advanced energy harvesting systems. 
- Advanced accelerator transmutation systems with power generation capabilities 
 
With such power sources hundreds of new applications may be developed like: 

Autonomous turbofan flying vehicles,  

– Nuclear-Electro-Turbo-Fan Jet 
Propulsion Autonomous Vehicles 
Only Nuclear propulsion makes it excel 

super fast trains,  
ships,  
airplanes,  
flying stratospheric aerodromes,  
space applications, etc.  

 
Most important is–the modular emergency power systems 
complexes to mitigate the challenges of the future climate 
change. 
 
 
 
 

DOE’s present Roadmap to Generation 4 This Proposal for Advanced research 

Gen. 1 Gen. 2 Gen. 3 Gen.4 Gen. 5 Gen. 6 Gen. 7 Gen. 8 

 

Use micro hetero 

structure for 

direct 

electricity 

production and 

electro-

sensitive albedo 

instead of 

control rods 

Use 

combinations of 

fusion, 

fission, 

accelerator for 

optimal power 

production 

1945-1965 1965-1989 1990-2010 2010-2050 2010-2025 2010-2040 2011-2050 2012-2080 
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Program Development:  
 
In the first year a complete strategy and a program for the next 5 years have to be elaborated and 
approved.  
 
Actually very few persons are able to understand this aspects of combined nuclear and nano-
technologies and to be part in the project.  
Up to my knowledge, there are several universities, national laboratories with experience in 
nuclear fuels and separately even in the same laboratories with experience in nano-technologies, 
that may be initially involved in the development and identification of new talents.  
The next year spending will follow a progression due to the appearance of the outcomes, 
identification and join of new people. 
The symptom here is that the nuclear people do not understand nano-materials and 
fundamentals of interaction while the materials people do not understand the nuclear reactor 
aspects. 
 
This is a bottleneck to the project, and will make it start small, in the range of few $M/year, 
growing from year to year based on the association of new people. 
The Program Leaders elected as PI of each unit subsequently choose an enlarged Scientific 
Committee to help with the planning of the scientific program 
Up to now the following persons have been identified as potential local program leaders:  
 
Los Alamos – LAVM LLC – Liviu Popa-Simil, program initiator,  
SNL  Barney L. Doyle, Veena Tickare; Steven Wright, 
CIM AAMURI – Claudiu Muntele, Dariush Ila, 
Other local leaders may be associated to form the scientific committee  
Program Participants:  
Up to now I have identified the following potential participants having near by activities: 
One of the best places in US I have identified is the Los Alamos Nuclear Laboratory because has 
the expertise of handling actinides, has the technologic pollution already in place, and has the 
CINT and computing capabilities available. The problem is that I did not identified a person to 
be directly involved in this development, and main core coordination.  
Sandia National laboratory has the technology and engineering with both nano-technologies and 
electronics in radiation fields, giving a valuable complement to LANL. 
 
LAVM LLC9 , has 28+ years of experience in nuclear applications, ion beams, accelerators, 
fuels, and seems to know a little bit more than he published. He learned from experience in a 
different nuclear approach several elements that may lead to success, his knowledge and abilities 
being valuable to the project. He is convinced as in spite his almost expensive to eliminate 
knowledge, he has a lot to learn and understand but has the bee-instinct that makes the sure he 
will build these structures if helped. 
CIM-AAMURI has the expertise in producing nano-composite for other applications identified 
by LPS as extremely useful for a new thermo-dynamic process leading to advanced low grade 
heat direct conversion to electricity device. 
There are several other 10+ identified entities ready to take part in the project. 
                                                 
9 Liviu Popa-Simil 
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Appendix: 1  

Resume:  Liviu Popa-Simil, PhD., PMP10,  
A Nuclear Engineer Physicist, with >25 yrs. experience in Accelerators and 
Nuclear Applications, 20 yrs. in Romanian National Nuclear Physics and 
Engineering Institute (a LANL homologue), and 8 yrs. in US (LANL, and 
LAVM LLC). Hopes and expects to become a US citizen in the spring of 2010. 
I have accidentally discovered Direct Conversion in Nano-Layers about 20 years ago, and 
worked on other micro-nano nuclear applications in parallel while promoting nuclear 
applications in industry, defense, medicine and environment. 
I write this proposal as an individual based on my best knowledge and good will. 
The main reason I am joining the US is to translate these advanced concepts and use them for 
peace, world’s prosperity, and possibly its ultimate survival. 
During my years of research (1981-2009), I have learned that these systems are achievable.  
I know a little bit more than I have published, but I am convinced that there is much more to 
learn and understand in this field.  
At the beginning of the program I will enjoy being all-over acting as catalyst for the research, 
sharing my knowledge, but after defining better direction leaders I will love to focus on what 
actually is seen as a high risk researches like direct conversion, active channeling and solid-
state aneutronic fusion, as a researcher doing management only if necessary. 
A coherent systematic approach is the best in order to develop a sustainable, effective, nuclear 
program. I know the way and I have the capability to build it, if allowed.  
I cannot do it alone, in my backyard, on my wife’s sponsorship; that is why I urge US 
government to consider this proposal to initiate the “Nano-Nuclear Project” and integrate me into 
the system in order to give the best help I can.  
My desire is to see these systems working during my life span, which is why I am asking for the 
chance to work in a national program to use my knowledge, learn more, and accomplish this 
goal. 
 

                                                 
10 A resume is attached 
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Annex 2 
The CD content (that can be delivered upon request). 
The following details on the project have been included on the attached CD. 
 
a) – Advanced Nano-Nuclear Program Proposal 
b - Resume of Liviu Popa-Simil. 
 
Published documentation structured on chapter describing various aspects –  
Cap. 1 – Generation 5 – Micro Hetero structures 
1.1 - Micro-structured nuclear fuel and novel nuclear reactor concepts for advanced power 

production 
1.2 - Micro and nano flow usage in future nuclear reactors 
1.3 - Micro-hetero fuel structure with minimized radiation damage - presentation 
1.4 - Micro-hetero fuel structure with minimized radiation damage - paper 
1.5 - Isotopic nuclear reactor with on-line separation - presentation 
1.6 - Isotopic nuclear reactor with on-line separation - paper 
1.7 - Liquid metal cooled variable geometry reactor structure- presentation 
1.8 - Liquid metal cooled variable geometry reactor structure - paper 
1.9 - Compact Fuel Based On Micro-Hetero Structure 
1.10- Novel Spallation Neutron Generator Based On Micro-Nano-Hetero Structures 
1.11- Long Life Single Load Reactor Fuel 
1.12- The advantages of the poisons free fuels  
1.13- Advantages of cer-Liq fuels in power production 
Applications: 
LANL-2006 – Micro-hetero fuels (Rejected but since 2007 started a micro-Fuel Radiation 
damage as LDRD-DR– “LANL/US Loves inventions but hates the inventors”) 
 
Cap. 2 – Generation 6 – Nano-Hetero structures 
2. – Applications 
2.1 - DOE Nano-Hetero-Structured Material for Direct Conversion of Nuclear Energy into Electricity 
2.2.- SNL Appl. - Direct conversion nano-layers based isotopic battery structure 
2. – Papers 
2.3. - Nano-structures materials for Energy Direct Conversion and Fuel Breeding 
2.4 - Space Shuttle Nuclear Antenna for Deep Space Remote Power Transfer 
2.5 - Intergalactic Nuclear Power Systems 
2.6 - Intergalactic nuclear power systems –ppt 
2.7 - Nano-hetero-structured fuel for fusion and fission direct energy conversion 
2.8 - Hetero-nano ceramic material for direct energy conversion 
2.9 - Micro-Nano-hetero-structures for modern nuclear power backing systems 
2.10 - Novel materials and technology for environmentally friendly nuclear power 
2.11 - Power generator substrate 
2.12 - Printed Circuit embedded micro-battery based on nano-hetero structure direct energy 
conversion 
2.13 - Very long lifetime laminar power source embedded in FPD 
2.14 - Pseudo-Capacitor Structure for Direct Nuclear Energy Conversion 
2.15 - Direct Energy Conversion Nano-hybrid Fuel 
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2.16 - The Use Of Nano-Hetero Structures For Compact Isotopic Batteries 
2.17 - Nuclear To Electricity Direct Energy Conversion Solid Sate Fission Powered Battery 
2.18 - Supercapacitor like structure for micro-battery and radiation energy harvesting tile 
2.19 - Nano hetero nuclear fuel structure 
2.20 - On The Possibility Of Using A Solid State Nuclear Reactor - Accelerator Propulsion 
2.21- Direct nuclear power conversion into electricity 
2.22- The Usage Of Nano-Structure For Direct Harvesting Of The Nuclear Particles Energy As 
Electricity 
 
Cap. 3 – Generation 5-7 – Nano-Clustered Direct Transmutation Hetero Structures 
3. Applications 
3.1 – DOE - Nano-Cluster and Nuclear Kinematics based Material Transmutation 
3.2 – LANL-LDRD –MST8- Isotopic production nano-structure 
3. Papers 
3.3 - Nano-Clustered Recoil Based Transmutation Structure 
3.4 - Hetero-Structured Fuel For Direct Breeding And Partitioning 
3.5 - Recoil Based Fuel Breeding Fuel Structure 
3.6 - Nano-cluster Effect of Defect Super-rejection and Radiation Increased Endurance 
3.7 - Nano-Cluster Enhanced Transmutation Fuel Structure 
3.8 - The Usage Of Nano-Clustered Fuels For Rare Isotope Production 
3.9 - Direct Production Of Super-Grade Materials In Nano-Particle Based Fuels 
3.10 –  
 
Cap. 4 – Generation 7 - Nano-shielding, nuclear radiation guiding in nano-structure 
4 - Publications 
4.1 - Nano-layered shell for “nano-electronics” radiation shielding 
4.2 - Nanowire super-thin nuclear radiation shielding concept 
4.3 - Nanotube Potential Future in Nuclear Power 
4.4 - Multi Purpose Radiation Shielding Device 
4 – Applications 
4.5 – DTRA- Nanotechnology-based nuclear radiation gyrator shielding-materials for personnel 
radio-protection 
4.6 – Army -Nanotechnology-based nuclear radiation gyrator shielding-materials for personnel 
radio-protection 
4.7 – DTRA - Nanotechnology-based Electronics Radiation Hardening Strategies 
4.7.1 – Army Debriefing - Development of Radiation Shielding for use in Military Clothing and 
Equipment 
4.7.2 – Army Debriefing official letter 
4.7.3 – LAVM reaction to UNFARE Army judgment –“Dear Stephanie” 
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Cap. 5 – Generation 8 Fusion structures: 
Mars -Cap. 9 – Compact Nuclear Reactor Structures for Mars 
 
Cap. 6 – Other nuclear applications and issues 
5 A– Nuclear Pollution measurement 
5.1.- Method to evaluate the Environmental Impact of Nuclear Legacy in Los Alamos Area 
5.2 - The Volume Distribution Of Cans Used In TRU Waste, Measured By VE And Its Possible 
Economic Implications (inappropriate DOE-WIPP/Tru-waste rules) 
5 B– Appl. DTRA- Topic B: Advanced Radiological-Nuclear Detection and Forensics 
5.3.- Multi-parameter real-time measurement equipment for material identification and forensics 
5 C– Appl. DTRA -Topic M: Fundamental Physics of Rapid Earth Penetration  
5.4 - Method and device for earth deep penetration based on active interaction (interactive fizzle 
device propulsion) 
5 – Nuclear Nonproliferation 
5.5 - The Nuclear Progress And The Non-Proliferation Policies 
5- E – Pulsed power, Accelerator Driven Hybrid reactor structures 
5.6 - Novel Spallation Neutron Generator Based On Micro-Nano-Hetero Structures 
5 – F – Ecology 
5.7 - Nuclear energy among very few alternatives for future clean reliable power 
5.7a - Nuclear energy among very few alternatives for future clean reliable power –presentation 
5 –Business in nano-nuclear domain 
5.8 - Issues of the Business Plan of the Micro-nano-hetero Fuel Based Nuclear Reactor 
5 – Space Applications 
5.9 - Complex Use Of Nuclear Reactor Byproducts In Space Applications 
5.10 - The Nuclear Power Demand and Limitations for Deep Space Exploration 
5.11 – Nuclear Power on Mars 
5 – Innovative Nuclear Terrorism 
5.12 - Considerations on Naval Nuclear Terrorism and on the Possibility of Advanced Detection 
 
Cap. 7 
7.1-  The Executive summary “The Road Map to Generation 8 Of Nuclear Power 
7.2 – Nano-Micro-Hetero-Structures Applications In Advanced Nuclear Power 
7.3 -  Advanced Nuclear Research related issues with impact in Economy, Security and Project 

Management. – Presentation at Project management Institute on 06/23/08 
7.4 -  
7.5 – Multimodal transportation approach / From Formula & Constrains to Design 
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For more details and CD 
please feel free to  
contact us: 

  

Similarity between fire and “Stellar fire” discovery  
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