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“Are you still using fossil fuels, or have you
discovered crystallic fusion?”

--Buzz Lightyear

1. “Radio-microanalytical Particle Measurements, Techniques and Application to Fukushima Aerosols Collected in
Japan", Zeissler, Forsley, Lindstrom, Newsome, Kirk and Mossier-Boss, Methods & Applications of Radioanalytical
Chemistry (MARC IX), Kona, HI March 28 2012
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PdCl, and LiCl
In a deuterated
water solution

As current is applied, Pd is deposited
on the cathode. Electrochemical
reactions occurring at the cathode:

Pds*+2e~ — Pd°
D,O+e~ - D%+ 0D~

The result is metallic Pd is deposited
In the presence of evolving D,
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V¥ CR-39, polyallyldiglycol carbonate —_
polymer, is widely used as a solid state
nuclear track detector

¥ When traversing a plastic material,
charged particles create along their
ionization track a region that is more
sensitive to chemical etching than the
rest of the bulk

Alpha track cross-sections after
V¥ After treatment with an etching agent, etching on a CR-39 detector.

tracks remain as holes or pits and their  T. Yoshioka, T. Tsuruta, H. lwano,

size and shape can be measured. T. Danhara, Nucl. Instru. and Meth.
Phys. Res. A, Vol. 555, p. 386 (2005)
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chip
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V¥ CR-39in close proximity to the
cathode because high energy particles
do not travel far

V¥ Cathode substrates used: Ni screen;
Ag, Au, Pt wires
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Vv Control experiments show that the tracks
are not due to radioactive contamination,
impingement of the D, gases on the
detector, chemical reaction of O, and Cl ,
gases, or the Pd dendrites piercing into
the plastic

Vv Sequential etching shows tracks due to 3
MeV protons and 12-16 MeV alphas
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238py O fission neutron source
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Vv To go through 1 mm thick CR-39, particles can
be either >40 MeV alphas, >10 MeV protons, or
neutrons

Vv Tracks are primarily circular in shape. Some
tracks are circular with small tails. These are
due to recoil protons that have exited the CTR-
39 at an oblique angle

Small latent tracks are observed.

Sequential etching shows the presence of
proton recoils deeper inside the CR-39

Vv Estimated neutron energy range is ~2.2-2.5 MeV

Ag/Pd, backside
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Triple tracks are formed when a carbon
atom shatters into three alpha particles.

The three alpha particles break away
from a center point

Triple tracks are diagnostic of neutrons
with energies greater than 9.6 MeV

This is the most easily identified neutron
interaction inside CR-39 detectors
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Energy (MeV)
En = Eth+ Ea1+ Ea2+ Ea3

E. =(9.6 +0.59 + 0.91+ 1.23) MeV

E,=12.33 MeV



DT Neutron
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Pd/D Co-dep




Recoil proton

Recoil carbon & oxygen
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CR-39 that has been exposed to 0.114 MeV
(black). 0.25 MeV (blue), 0.565 MeV (red),
1.2 MeV (green), 8 MeV (brown) and 14.8

MeV (purple) monoenergetic neutrons

Phillips et al, Radiat. Prot. Dosim Vol. 120,
pp. 457-460 (2006).
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» >40 MeV a, >10 MeV protons,
and neutrons can traverse
1 mm thick CR-39

» Three populations of neutrons
are observed consistent with
recoil protons, recoil carbon
and oxygen, and 3 a particle
reactions



_ ==m V=Lert
V h=25um =1.47x10° um3

V=1.47x1010cm3

Each ejecta vaporizes a Pd volume of 1.47x10-10 cm3

1.47x101% cm?3 x 12.02 g/cm?® = 1.8 x10-° gm of Pd

Useful Constants: 1.8 x10-° gm/105.6 gm/mole = 1.6 x10-" moles of Pd
Pd solid density 12.02 g/cc Each ejecta vaporizes a Pd mass of 1.8x10-° gm or 1.6x107 mol
Pd melting point 1554.9 C
Pd Boiling point 3140 C Given 3.57x10° J/mol x 1.6x10-7 moles = 5.8 x 102 Joules/ejecta to vaporize the palladium
Pd heat of vaporization = 357 kJ/mol
= 3.57x10° J/mol

It takes 5.8x102joules to vaporize this amount of palladium
1015 pm3/em? If the heat is generated primarily by conventional DD/DT
fusion reactions, with a 50% branching ratio, then:

1 MeV = 1.6 x 1013 Joules

The combined average energy of both the primary and secondary DD/DT reactions is about
20 MeV or 3.2 x 1012 J/reaction with 2/3, or 2 x 1012 J, in charged particles/reaction

Nearly one third of the energy leaves with 2.45 MeV or 14.1 MeV neutrons.

Given 5.8 x 102 J/ejecta /2 x 1012 J/reaction = 3x10% reactions/ejecta

Then there are about 3x101° nuclear fusion reactions per ejecta site.




*

*

*

*

*

——

Primary DD fusion reactions:

D+ D — T (1.01 MeV) + p (3.02 MeV)
D + D — n (2.45 MeV) + 3He (0.82 MeV)
Secondary DT fusion reactions
D + T (s1.01 MeV) — a (6.7-1.4 MeV) +n (11.9-17.2 MeV)
D + 3He (<0.82 MeV) — a (6.6-1.7 MeV) + p (12.6-17.5 MeV)
Thermal, aneutronic channel, “cold fusion”
D + D — 4He (24 MeV)
Stripping reactions,
D(°X,,'X,)p
D(X,, Y, )n
Fission Reactions




High Purity, Cryogenically cooled, Germ
Percentage as compared to a 3x3 Nal crystal for em

105% 40 keV — 3 MeV (double Al “window”)
65% 25 keV — 3 MeV (Al window)
25% 25 keV - 3 MeV (Al window)
15% 5 keV — 3 MeV (Be window)

GEC Proprietary and Confidential 19 9/2010
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10% cryo-cooled
Sandia Ge
detector

n,Ge recoil

-1000

Energy in keV

Consistent with primary and secondary neutron energy spectra from scattering of 6+ MeV neutrons, Dr. P.
McDaniels, DoE Sandia National Laboratory.
Note: It is common to look for thermal neutron capture on Ge isotopes, however, these are fast neutrons.



GEC Proprietary and Confidential 21 9/2010



ast neutron energy spectrum exceeds U238

fission threshold!

Red: fission neutron elastic Ge recoils
Blue: Co-dep neutron elastic Ge recoils
Average neutron energy > 6 MeV

1P. McDaniel, Sandia DoE National Laboratory, April, 2008
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# Palladium melting and vaporizing as a result of
nanonuclear reactions

* Temperatures exceed 5,300 degrees F.















* Multiple NUCM

* Fast protons

* Fast neutrons

* Collateral Damage
* Tritium previously observed
* Elemental transmutation

+ Aneutronic Thermal Channel



a
Incident angle = 35°

Etch rate = 1.25 ym hr -1
Etch time =6 hr

NOTE: This is the energy of the
particle when it impacts the
CR-39 detector

d; =5.34 £ 0.19 pm
d, =9.36 £ 0.19 pm
m =7.68 £ 0.19 um

d; =5.59 pym
d2 =9.32 MM
m = 7.68 pum
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Ni/Pd-D, no external field v Magnetic field

= For Ni cathode, external E/B field necessary for
nuclear reactions

V¥ Materials

Au was plated on half of the Ni cathode
No external E/B field

Only X-rays on Ni portion

Charged particles and neutrons on Au half

Ni/Pd-D, external B field

No tracks

Tracks






