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Abstract

NASA and the US Navy have demonstrated Lattice Confinement Fusion (LCF) and the Fusion-Fast-
Fission of natural uranium and thorium. Both methods build upon decades of research, and the latter ben-
efits from conventional nuclear fission and fusion results. However, this nascent technology doesn’t re-
quire fissile isotopes and avoids nuclear weapons proliferation concerns from uranium **°U isotopic en-
richment or plutonium ***Pu separation. ~ Of particular note, LCF doesn’t need power hungry magnets,
lasers, or particle beams. Potentially, it could provide watts to hundreds of kilowatts of electrical power
and process heat suitable for space power and high Iy, nuclear electric propulsion (NEP) as well as distrib-
uted terrestrial power. Finally, there are indications that LCF fast-fission products are more benign than
those of conventional fission reactors. Our goal is to scale the reactions and increase the power output
through higher temperature operation and increased material masses.

Background

Co-deposition, or the simultaneous electrolytic reduction and loading of palladium and deuterium,
was invented by the US Navy as US Patent 8,419,919, “System and Method for Generating Particles”.
This protocol is one means of loading hydrogen isotopic fuel at very high densities in solid lattices, in-
cluding thorium and uranium. Building upon three decades of research conducted with the US Navy
SPAWAR [SZPA91], [MOSI16], the Naval Surface Warfare Centers [DECH15], [DECH21] and the
NASA Glenn Research Center [STEI20], [SMIT21] we have continued to explore, observe, model and
understand LCF science. We have characterized the fusion, activation and fast-fission products through
experimental nuclear product observations and material assays, and modeled reactions using
SRIM/TRIM, Density Functional Theory (Quantum Espresso) [DECH15], LANL Monte-Carlo Nuclear
Modeling (MCNP®) and CERN GEANT-4 [BARA21] codes.

Goal

Our goal is to determine whether Lattice Confinement Fusion or Fusion-Fast-Fission technologies can
be scaled to demonstrate power within three years. Lattice Confinement Fusion fast neutrons [MOSI09],
[STEIN20], uranium fission [MOSI16], and activation products [MOSI19], [STEI20] have already been
observed. We’re working with Los Alamos National Laboratory on augmenting the MCNP® code to
model electron-screened fusion reactions [LIPO11], [SCHE19] based upon our publications [PINE20]
and fusion modeling tables [MILO12] supporting ITER*. We are currently using the real-time neutron
spectroscopy [BARA21] developed for the previous bremsstrahlung-initiated fusion campaigns [STEI20]
with the co-deposition protocol while exploring various reaction triggers and manufacturing LCF active
nano-materials.

Science

Lattice Confinement Fusion relies upon heavily deuterated materials whose cold, neutral plasma den-
sities approach electron Fermi-degeneracy of 10%/ions cm® [PINE20]. Fermi-degeneracy, a quantum me-
chanical electron phenomena, occurs in the conduction bands of metals and prevents White Dwarf stars
from collapsing. In turn, having fusion-ready, electron-screened isotopes at high density reduces the
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fusion Coulomb barrier and enhances fusion rates [LIPO11],[SCHE19]. The resulting fusion fast neu-
trons [MOSIO09] have fissioned fertile actinides [MOSI19].

Over 1000 co-deposition related experiments have been successfully conducted in US Federal labora-
tories [DECH21], universities, in industry, and several foreign countries. Building upon this, we are ex-
ploring Lattice Confinement Fusion scaling in nanomaterials and the fast fission of uranium and thorium.
Our diagnostics include real-time neutron scintillator spectroscopy [BAY A20], time-of-flight and materi-
als assays including high purity germanium gamma ray detectors (HPGe), SEM/EDX and ICP-OES.

Research and Development

We have manufactured and initially triggered LCF-active nanomaterials and fertile actinides. We an-
ticipate scaling the actinide co-deposition system from < 100 mg [MOSI19] of depleted uranium or tho-
rium, to 1 and then 10 grams. Second, we will increase the operating temperature of devices from < 100
degrees Celsius at atmospheric pressure to higher temperatures with eutectic salts, and to high pressures
and temperatures with nanomaterials. The fusion-augmented MCNP® and GEANT-4 codes allow model-
ing the most effective materials and geometry for the highest power.

Experiments have been conducted at the NASA Glenn Research Center - Lewis Field near Cleveland,
OH and the Armstrong Test Facility near Sandusky, OH. We are currently using facilities and instrumen-
tation developed for the previous NASA SMD Advanced Energy Conversion Project and the current Lat-
tice Confinement Fusion Project. Additional analyses and experiments have been conducted in GEC la-
boratory facilities in San Diego, CA and at the University of Texas, Austin, Nuclear Engineering Teach-
ing Laboratory.

Technology Readiness Level

The current level of research is at NASA TRL 2 with over 60 US and foreign peer-reviewed papers
published regarding the patented and related protocols’, experiments and modeling. We expect to reach
TRL 5 after three years by demonstrating scaled output with modeling and extended lifetime experiments.
Higher temperature operation is necessary for thermal to electric conversion efficiency such as with Ad-
vanced Stirling Engines [GIBS20] or closed Brayton Cycles.

NASA has supported the underlying LCF science for a decade. However, Lattice Confinement Fu-
sion and fusion-fast-fission technologies are the next steps to solve NASA, NRO, Navy, Army, US Space
Force and commercial energy needs. Although other agencies like DARPA have funded limited research,
and ARPA-E has expressed interest, NASA has developed an unmatched team and key facilities. By ad-
vancing this research into a technology, NASA builds on its capabilities, solves its problems, and in turn
attracts additional public and private partners. World-wide, NASA is viewed as working for all of hu-
manity by forging and deploying new technologies.

Research Activities

The fundamental research began thirty years ago with the US Navy NOSC/SPAWAR-PACIFIC and
resulted in two patents followed by several NCRADAs, and two NASA Space Act Agreements. Related
research was conducted under the NASA Science Mission Directorate Advanced Energy Conversion Pro-
ject and has continued under the Planetary Exploratory Science Technology Office, Lattice Confinement
Fusion Project. This research continued with the Naval Surface Warfare Centers, one under NASA sub-
contract and the other most recently funded by DARPA.

In addition, the Anthropocene Institute has supported the university undergraduate Trackers STEM
Program™ that also uses US Patent 8,419,919, “System and Method for Producing Particles” [MOSI18].
The European Union HORIZON 2020 Program is supporting two, multi-year efforts [HORI74] one of
which uses the co-deposition protocol [HORI84] following the basis of the Trackers Program™., The US
Army has funded a related program using co-deposition. Most recently, Forsley, Benyo and Mosier-Boss



were invited to give presentations at a two-day DoE ARPA-E Workshop on Low Energy Nuclear Reac-
tions [ARPA21] on nanomaterials, deuterium gas pumping and co-deposition, respectively.

The development of LCF as a technology is significant to both terrestrial power and heat production
for DoD as well as NASA and NRO Programs. A compact, long-lived, extensible power source is useful
for distributed terrestrial power and necessary for NASA deep space missions. By eliminating the need
for enriched uranium, LCF reduces the safety, security and launch costs for future NASA missions em-
ploying fission reactors while using the power conversion and heat dissipation fast-fission infrastructure
[GIBS20]. LCEF eliminates the need for, and proliferation issues of, uranium enrichment.

Raison d'étre

Lattice Confinement Fusion presents an opportunity to address numerous concerns across diverse
problem areas. For DoD and NASA, the logistics of continually delivering energy sources to distant loca-
tions are one of the primary challenges associated with their missions. The public will benefit from an
economical, safe, clean, and virtually unlimited power source to reduce both pollution and our reliance on
fossil fuels. LCF would reduce the burden on the electrical grid from the booming trend towards vehicle
electrification. It eliminates the risks of fission and its products, doing so on a far smaller scale than large
tokamaks. The US Government, European Union and multiple industries in the US and in Japan are ex-
ploring various forms of Lattice Confinement Fusion. This is a pivotal time.
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