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Co-deposition electrochemical cells are a simple means to examine novel nuclear reactions. In this study, palladium
and deuterium atoms were co-deposited on a cathode at stoichiometric densities, forming dendritic morphologies.
Bubble detector neutron dosimeters were used to measure equivalent dose levels during electrolytic deposition.
Cells expected to produce excess neutrons were denoted as experimental cells and contained an electrolyte consisting
of palladium(ID) chloride, lithitum chloride, and heavy water. The control cells used copper(Il) chloride, lithium chlo-
ride, and heavy water electrolyte. Thirteen experimental and nine control cells were supplied current, increasing from
0.1 to 100.0 mA over a period of 20 days. Neutron radiation levels detected near experimental cells were, on average,
greater than those measured near control cells for the entire test profile. For test days 9 through 20, the experimental
cells exhibited significantly higher average neutron radiation than the controls at a 99% confidence level.

1. Introduction

In the field of low-energy nuclear reactions (LENR), anomalous heat pro-
duction and measurement remains a highly controversial subject. No com-
monly accepted explanations for LENR exist, and positive result claims are
often found to be difficult to replicate [1,2]. There iseven controversy whether
nuclear processes are involved. It has been suggested that nuclear particle de-
tection may be a preferred identification method, as opposed to measuring mo-
mentary thermal anomalies [3]. Thus, to accumulate evidence that unexpected
nuclear chemistry is occurring, daily neutron emissions were monitored using a
protocol presumed to exhibit atypical nuclear chemistry properties.

The nuclear chemistry sources employed here are electrolytic co-
deposition cells, which are similar to those developed by Mosier-Boss
etal. [4-6], implemented by Tanzella et al. [7], and reported in many
other instances. This co-deposition protocol appears to build the cathode
morphology required to trigger the reactions of interest, such as those
generating fast neutrons. Comparable electrochemical experiments
have resulted in sustained observations of tritium production [3,8]. As
such, it is of interest to monitor potential neutron activity throughout
the course of the experiment.

Dosimeters are a class of devices used to measure ionizing radiation.
Many forms of personal dosimeters exist to monitor levels of whole-body

equivalent doses. Bubble detectors, in particular, measure neutron doses
via superheated liquid droplets distributed throughout a transparent poly-
mer media [9,10]. If a neutron having more than 200 keV energy impinges
on a droplet, then the superheated liquid droplet expands and becomes a
visible gas bubble.

Bubble detector dosimeters are commonly used in a variety of indus-
trial, medical, and research applications, including the International
Space Station [11,12]. The bubble detectors are of comparable size to
the electrolysis cells and have been previously used for fast-neutron de-
tection near co-deposition cells [13]. Additionally, these dosimeters en-
able equivalent dose measurement at any time by visually inspecting
and counting the number of bubbles. In previous iterations, co-
deposition-generated radiation was often only recorded by Columbia
Resin 39 (CR-39) plastic chips, which require cell disassembly to access,
preparation to analyze, and significant effort to manually count nuclear
tracks.

The purpose of these experiments was to evaluate bubble detectors as
real-time dosimeters monitoring the co-deposition process, compare cumu-
lative radiation doses detected near cells with two distinct electrolytic com-
positions, determine if there are neutron emissions above background
levels, show that cells of this chemistry are safe to operate, and review fac-
tors that may affect neutron generation.

Abbreviations: AD, Anderson-Darling; b, number of bubbles in the bubble detector; C, control; CR-39, Columbia Resin 39; CuCl,, copper chloride; D, deuterium, deuteride; D0, heavy water; DI,
de-ionized; E, experimental; H, equivalent dose; HNOg, nitric acid; HPGe, high-purity germanium gamma detector; LENR, low-energy nuclear reaction; LiCl, lithium chloride; OSHA, Occupational
Health and Safety Administration; p, p-value; PdCl,, palladium chloride; S, manufacturer quoted calibrated detector sensitivity in bubbles per pSv; SA, Sigma-Aldrich; T, trial.
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2. Experimental methods and materials
2.1. List of materials

Test materials were de-ionized (DI) water, Cambridge Isotope Laborato-
ries heavy water (D,0), Sigma-Aldrich (SA) palladium(Il) chloride (PdCl,),
SA copper(1l) chloride (CuCly), SA lithium chloride (LiCl), SA nitric acid
(HNO3), SA 0.25-mm-diameter gold wire, and SA 0.25-mm-diameter plati-
num wire.

2.2, Electrolysis cell assembly

A test system diagram is shown in Fig. 1, including electrical circuits and
a detailed view of the electrolysis cell interior. The electrodes were placed
on opposite sides of the cell, and each were secured on a plastic mesh lat-
tice. A spacer was cut from a polyethylene sheet (approximately 1.3 cm
wide and 2.5 cm long) to keep the electrodes upright and prevent contact
between them. The platinum and gold wires, each greater than 99.9% pu-
rity on a trace metals basis, were cut to lengths of ~ 22 em for the platinum
anode and ~ 13 cm for the gold cathode. For cleaning, the electrode wires
were immersed in a ~ 2 M nitric acid solution for several minutes then
rinsed by placing them in a beaker with DI water. All plastic components
and two glass capillary tubes were thoroughly rinsed with DI water.
These materials were left to dry completely in air.

The plastic mesh lattice pieces were used to support the electrode wires.
The clean platinum wire was passed through the plastic lattice as appears in
Fig. 2(a). The gold wires were placed on the lattice as shown in Fig. 2(b).
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Blue CR-39 solid state nuclear track detector chips were also attached to
this cathode lattice construction but were not used for reaction analysis in
this effort.

The two lattice pieces retaining the electrode wires were placed into the
acrylic cell. These two lattices were pressed apart by the polyethylene
spacer that was bent to fit in between the electrodes, resulting in a nominal
cathode-to-anode spacing of 2 cm. The acrylic cell cover was placed on top
of the cell, and the electrode wires were positioned through pre-drilled
holes. Glass capillary tubes were inserted into the remaining two small
holes in the cover for protection of and to prevent contamination from ther-
mocouple probes. The desired electrolyte solution was transferred by pipet
into the acrylic cell through a center hole, and the initial fluid level was
marked on the side of the cell before the unit was transferred to a fume
hood, placed in a clamp, and loosely surrounded with silicone insulation
to allow better grip with the clamp. This volume of electrolyte submerged
approximately 9 cm of gold wire and 18 cm of platinum wire. Once secured
by the clamp, the appropriate electrical supply and monitoring leads were
attached to the electrode wires.

In this publication, cells that include PdCl; in the electrolyte are de-
noted as experimental cells. The cells with CuCl, are control cells. The de-
sired concentration of the experimental cell electrolyte solution was
0.03 M PdCl, and 0.3 M LiCl in D50, as used in previously reported co-
deposition investigations [4-6,13,14]. For a control cell, the desired elec-
trolyte concentration was 0.03 M CuCl; and 0.3 M LiCl in D0. The LiCl
is desired to support dissolution of the primary metallic salt.

Bubble Technology Industries Personal Neutron Dosimeters were used
for neutron detection and placed behind the cells, midway between the

Arbin tester

Computer

Gold wire

Cathode side

Plastic lattice

Thermocouple

Platinum wire
Spacer
\\\/’//
Electrolyte
fluid Anode side
chamber

Fig. 1. Test system diagram for a single electrolysis cell. A single bubble detector was placed outside the cell behind the electrolyte chamber as shown in this view.
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Fig. 2. (a) Platinum anode wire wrapped so there are six horizontal crossings on the
lattice. (b) Gold cathode wire arranged in a”V” shape and secured to the lattice over
a Columbia Resin 39 solid-state nuclear track detector (results not reported here).

electrodes with the cathode always to the left, as is shown in Fig. 3. These
dosimeters were calibrated for sensitivity within the range of 0.88 to 3.2
bubbles per pSv [8]. Detectors were capped and reset between periods of
usage.

Cell current was controlled using an Arbin BT-2000 battery tester pro-
grammed to supply the current profile exhibited in Table 1. This instrument
was chosen for the capability to provide desired currents up to 100 mA with

+0.1% accuracy and to monitor voltage with a sensitivity of =100 mV.
The current direction from anode to cathode promotes co-deposition of pal-
ladium and deuterium onto the gold cathode in experimental cells and co-
deposition of copper and deuterium in control cells. The current profile du-
rations and magnitudes are based on a known successful charging profile to
promote adherence [5,6,15]. In order to obtain statistically useful

Fig. 3. A cell as it appears when completely assembled with the gold cathode (left)
and platinum anode (right) wires visible. The bubble detector is securely placed
behind the cell.
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Table 1
Current-Time Profile for Cell Electrolysis.

Step Duration, hours:minutes Current, mA
1 0:05 0.0

2 24:00 0.1

3 24:00 0.2

4 284:00 0.5

5 24:00 5.0

6 24:00 10.0
7 24:00 25.0
8 24:00 50.0
9 =24:00L 100.0
10 0:05 0.0

Ll Note: The duration of Step 9 was often extended to postpone completion of a
trial.

information regarding cell performance, it was beyond the scope of this
project to fully evaluate multiple current profiles. The most important as-
pect of the profile is to, initially, keep current low so that metals in solution
(Pd and Cu) plate out and attach to the gold cathode. Considering the sub-
merged length of cathode wire, the current density ranges from
0.14 mA-cm ™ ?in Step 2 to 140 mA-cm 2 in Step 9. The anodic current den-
sity is approximately half the cathodic current density.

Cells were given names in the following form: Trial (T)-Roman numeral-
Cell type (E for Experimental or C for Control) and Arabic numeral. For ex-
ample, the third Experimental cell of Trial IV is denoted as T-IV-E3. If there
existed only one cell of a particular type in a Trial, the final number is omit-
ted. All experimental and control cells contained the same previously de-
scribed electrolyte solutions and were operated at room temperature
inside of a fume hood.

Bubble detectors were visually counted once per day for bubbles
appearing between the rounded dosimeter bottom and the start of a sticker
label located midway across the unit. For reference, Fig. 4 shows many bub-
bles dispersed throughout the bubble detector polymer media. Additional
cell maintenance consisted of daily visual inspections of electrical connec-
tions and additions of pure heavy water to maintain the initial fluid level
to ensure the electrodes remained sufficiently submerged, since the cells
were of an open, unpressurized design that allowed normal evaporation.

3. Data analysis

The equivalent dose detected near each cell was defined as
b
H== 1
o M

where b is the total number of bubbles in the detector tube and S is the
manufacturer-calibrated detector sensitivity in bubbles per micro-Sievert.

T

13144447 §

Fig. 4. Bubble Detector Personal Neutron Dosimeters. Neutron-induced bubbles are
visible in these three uncapped and used bubble detectors. Polymer detection media
is the translucent section to the left of the white label, which displays the serial
number and calibration data for each detector.
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Daily averages and sample standard deviations were calculated for experi-
mental cells as a set, and then for control cells as a separate set.
Anderson-Darling (AD) tests were conducted to evaluate the data distribu-
tion normality and the appropriateness of further statistical treatments
[16]. Calculated AD values were less than the AD critical value, indicating
that there was insufficient evidence to reject the null hypothesis that the
sample data were normally distributed. Therefore, subsequent analyses
considered the data to be normally distributed.

Confidence intervals were calculated for the 95% confidence level
using a Student's t-test. For days during a test without a bubble detector
reading, total bubble counts were linearly interpolated between data re-
cordings for the purposes of calculating averages and confidence inter-
vals. Differences in the mean values between experimental and control
cells were evaluated using a two-tailed Welch's unequal variance
t-test, with the null hypothesis being that the means were equal. This
test was selected because of the unequal sample sizes in the experiment
and control populations.

4. Results
4.1. Cell operation and observations

Cell voltage, as a function of applied current, was used as a cell health
and electrical continuity metric. Fig. 5 shows the typical voltage response
to the current-time profile for several experimental and control cells. Fol-
lowing the plating phase during the first three steps, the measured voltage
profiles were consistent between cells and between trials. Earlier in the pro-
file, the control cells exhibited more variability. The occasional sudden
voltage drops are indicators of when the electrolyte fluid was replenished
by adding pure heavy water. Although electrolyte temperature was moni-
tored for each cell, no temperature differences were observed between ex-
perimental and control cells when using type K thermocouples that
typically provide accuracy to 2.2 °C.

In Fig. 6, it is shown that the electrolyte solution was colorless and
nearly clear following the electrolytic protocol. Both experimental and con-
trol cells, which were amber and blue, respectively, prior to applying cur-
rent, appeared similarly clear following testing. This is evidence that most
of the initial salt cations were removed from solution by the current-time
protocol.

6  ===-- Current
- Voltage, experimental
r=—T-Ill-E1
r —T-llI-E2
5 ——T-IV-E1
M ——T-V-E3
: Voltage, control
—=-T-I-C
4 [ ——-T-1-C
T-IV-C

Cell voltage, V
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Fig. 6. Exterior of T-II[-E1 prior to post-test disassembly, showing a colorless and
nearly clear electrolyte solution.

4.2. Radiation measurements

In total, 13 experimental cells and 9 control cells completed the entire
current-time profile in the standard test configuration previously described.
No cells constructed and operated in this standard configuration were omit-
ted from the presented results. Average radiation levels detected for both
cell groups are reported in Fig. 7. Radiation levels detected near the exper-
imental cells are, on average, greater than that measured near the control
cells for the entirety of the test profile from test start to the end of the
current-time profile. The upper and lower 95% confidence intervals are
presented for the average cumulative radiation dose per cell, calculated
for the experimental cells and the control cells as separate groups without
pooling the variances. This visually presents the statistically significant sep-
aration in neutron emissions between the experimental and control cells.
The lower 95% confidence interval limit of the experimental cell is greater
than the upper 95% confidence interval limit of the control cell from test
days 9 through 20. Additionally, for the same test day range, the Welch's
t-test shows that there is significantly more average cumulative radiation
detected near experimental cells compared with that from control cells at
a 99% confidence level (p < 0.01).

-
o

e b b — o e e e )
N
Applied current, mA

o
-

(I ERN|

10

Test day

Fig. 5. Cell-applied current (dashed) and resulting cell voltage (solid) over time for several experimental (E) and control (C) cells.
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Fig. 7. Average radiation dose detected with 95% confidence intervals for
experimental (blue) and control cells (red) over the test duration.

5. Discussion
5.1. Measurement uncertainty

Bubble detectors are designed for bubbles to be manually counted when
only low bubble counts exist. The detectors are sized to store greater than 100
distinct bubbles. No scenario in this testing required manual counting of
more than 31 bubbles in a single detector. In this range, individual bubbles
are easily discernable. Bubble counts are not fractional, and no discrimina-
tionisrequired foridentifying whatis and whatisnotabubble. Additionally,
since detectors were infrequently substituted within a trial, any counting
error would not carry forward to succeeding counts. To further minimize
the effect of counting errors on the measurement, each day the total number
of bubbles was counted rather than new bubbles only. Thus, amiscount, such
as double counting of a bubble on a given test day, would be reconciled the
next test day. In this way, daily bubble counts were independent of previous
counting, and overcounting errors (although none were identified) would
not affect ongoing measurements.

Bubble detector sensitivity has been shown to be unaffected by storage
times and dosages well beyond the requirements of this testing [10].
Manufacturer-calibrated sensitivity, however, may vary from true sensitiv-
ity by =5%. To evaluate the effect of this tolerance in combination with the
potential counting errors on the bubble-count results, an adjusted average
was calculated that represented a worst case for bubble detector radiation
detection. These adjusted averages are the result of first subtracting one
bubble from the actual count for every non-zero experimental cell bubble
detector reading and adding one bubble to the actual count for every non-
zero control cell bubble detector reading. Then, assuming that all experi-
mental cell detectors report too high and all control cell detectors report
too low, the average was multiplied by 0.95 for experimental and 1.05
for control cells. Even if such a counting error were made on every measure-
ment, the experimental cell bubble detectors still measured more average
cumulative radiation from test day 10 onwards.

5.2. Comparison to cosmic radiation

It is well established that cosmic radiation results in cosmogenic neu-
trons contributing to background levels. For the United States, the annual
average is ~2.8 pSv [17]. It is noted that the annual effective dose of
such neutrons varies by location and altitude (dosage doubles with each
mile increase in elevation) and ranges from 0.8 to 2 uSv per year at sea
level [18]. Relating these levels to the reported experiment, bubble detec-
tors are near 70% in detection efficiency when angled vertically at 90°
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from a source [12]. This angle corresponds to an overhead source where
the detector cap is nearest the source. For the 20-day test duration, that ef-
ficiency combined with the annual (365 days) average dose equates to 0.03
to 0.08 pSv. This is the expected range for cosmogenic neutron background
radiation. The average control-cell neutron dosage corresponded to the
lower end of the spectrum at 0.030 pSv for the 20-day test duration,
whereas the experimental-cell average dosage was higher at 0.048 pSv for
the 20 days. Because the case-control methodology involved the experi-
mental and control cell pairings running simultaneously, all bubble detec-
tors should record overhead cosmogenic radiation equally. It is thus
highly unlikely that the cosmogenic neutrons were the source of the in-
creased neutron activity measured at the experimental cells.

Itis plausible that some of the neutrons recorded by the control cell bub-
ble detectors may have originated from experimental cells. Four detectors
each were uncapped to record fume hood radiation either while a trial
was in process or when no testing was occurring. When cells were operating
within the fume hood, the average radiation dose detected was similar to
the experimental average, even though the detectors were not adjacent to
any particular cell. Without any operational cells present, background dos-
ages were lower, more similar to the control average. This comparison is ul-
timately inconclusive because of the small sample size, although it hints at
the possibility that a true control average may be lower than what is pre-
sented here. Many control cells were operated with active experimental
cells located to the left and the right of the control. For reference, the
cells were spaced at least 8 cm apart.

5.3. Related work

5.3.1. Neutron detection

In 2007, a research group at SRI International constructed cells substan-
tially similar to the cells described here in regards to electrode materials
and electrolyte chemistry, though the SRI cells included magnets near the
cells [7]. In an attempt to verify the electrochemical behavior was
aneutronic, a BF; ionizing neutron detector was located near experimental
cells as a current was applied: 0.1 mA for several hours at the test outset,
then 0.2 mA for the next 22 h before increasing to 0.5 mA for the remainder
of the experiment. Some of the cells produced neutron counts an order of
magnitude above background.

5.3.2. Dendritic structure significance

During co-deposition, a near-stoichiometric PdD layer is electrolytically
deposited on the cathode. As D ions are continuously driven to the cath-
ode, the Pd that remains adhered to it stays in a highly loaded state. It
has been hypothesized that this PAD may be important for creating a nu-
clear active environment [19]. John Bockris and his associates conjectured
that a highly dendritic structure, which may form on the cathode, is impor-
tant to nuclear activity [8]. They claimed an ability to stop tritium produc-
tion by purposefully disrupting those structures. Additionally, a Bockris
group researcher noted dendritic forms emanating from Pd cathodes after
prolonged heavy water electrolysis. It was also theorized that there may
be metal-solution field strengths of up to 10° V/cm at the tips of dendrites.
At dendrite tips containing surface states, field enhancement will occur be-
yond that achieved for surface states on planar faces. As noted in [8], the
authors speculate that electrons may be emitted from the dendrite tip into
the gas layer, contributing to the ionization of the deuteron then an acceler-
ation of the D ions into other D atoms adsorbed on the dendrite, which re-
sults in the nuclear active region. The high concentration of electrons
emitted from the dendritic tips may also be contributing to electron screen-
ing, thus allowing fusion events to occur. In companion papers, Steinetz
etal. [20] and Pines et al. [21] show evidence of DD fusion when subjecting
deuterated erbium and titanium to bremsstrahlung radiation, made possi-
ble in part by electron screening.

In the experiments described in the current work, there appears to be a
correlation between dendritic deposits on cathodes and observed neutron
activity. For comparison, post-test images of several experimental cathode
cells are presented in Fig. 8 to show the final palladium deposition dendritic
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Fig. 8. Close-up images of (a) T-II[-E1 (above-average neutron emissions), (b) T-IV-E1 (average neutron emissions), and (c) T-III-E5 (below-average neutron emissions)
cathodes prior to post-test disassembly. Note dendritic structure emanating from the cathode, highlighted by several arrows included in (a).

macrostructure on the cathode prior to disassembly. Dendrites are clearly
visible on the cathode surface of the T-III-E1 cell, which produced the
greatest total neutron dose over 20 days of 0.069 pSV—the greatest of all
observed cells. This cell is also notable for the electrolyte clarity and lack
of deposits at the bottom of the cell at the end of the test run. Cell T-IV-E1
represents an average neutron-producing experimental cell at 0.043 pSV
over 20 days. Although 0.031 pSV over 20 days made T-III-E5 a below-
average neutron-producing experimental cell, it was still above the control
cell average. It may be that the higher performing cells exhibit more Pd ad-
hering to the cathode surface and a more distinct dendritic structure.

Greater quantities of palladium on the cathode should allow for more re-
action surface area. It is unlikely that material on the bottom of the cell con-
tributes to further neutron generation without a mechanism for continued
D + exposure, asitis the current that drives the deposition. Material notin so-
lution or on the electrode effectively becomes removed from the circuit
and does notretain deuterium. Regarding expected deuterium loading levels
in adhered Pd, Szpak et al. calculated that PdD, o, could form with a
5-mA-cm 2 cathodic current density [14], whichissimilartothe currentden-
sity achieved in Step 5 of the utilized current profile. Step 5 isalso the pointin
the profile when cell voltage surpassesthe thermoneutral voltage for electrol-
ysis of water. The cells start with ~1.7 mol DO and ~ 0.16 mol Pdin the cell.
Over 20 test days, the cell electrolyzes up to 0.13 mol DO, with the majority
of that occurring in Step 9. Although Cu is an adequate control analog for Pd,
the two elements do not plate out of solution at the same rate, and there is ev-
idence of D,O decomposition in Pd cells early in the current profile [22]. The
higher Cu plating rate is perhaps an explanation for the control cell voltage
variability seenin Fig. 5 during test days 2 to 14.

Because of the multiple reactions and phases present in a co-deposition
process, it is not simple to calculate relative Pd plating and D loading effi-
ciencies. Furthermore, if dendrites and localized surface reactions are influ-
ential, deuterium concentration is unlikely to be uniform. There are many
published studies attempting to describe Pd/D electrode loading behavior
from first principles and experimental observations [23]. Current density

is an input to determining absorption levels and total surface coverage.
With all else constant, lower current density can achieve greater absorption
and surface coverage levels, even though more time is required to reach
steady state. Pd-hydrogen bond strength is higher at the surface layer
than in the bulk material and correlates with surface roughness [23,24].
Greater surface roughness means more surface area, suggesting the poten-
tial for more deuterium at the surface and greater ability to keep deuterium
in bulk Pd in cells with liquid electrolyte. Surface roughness and anodic cur-
rent density also correspond to enhanced reaction kinetics in Pd/H systems,
but there are limits to the potential for improvement [25].

Although all results described in this report derive from the same elec-
trolyte concentrations and current-time profile, other combinations were
attempted, producing no definitive neutron generation data. Such null re-
sults may merely be due to the probability of observing activity. It is theo-
rized, however, that increasing current too rapidly—early in a test run
and prior to significant cathode deposition—does not allow time for the
palladium structure to properly form on the cathode surface. Furthermore,
simply increasing electrolyte concentration does not guarantee that more
material will deposit and remain on the cathode. The dendritic structure
and other conditions potentially related to neutron generation are sensitive
and characteristically fragile and unstable [26].

5.4. Radiation safety considerations

From the most active experimental cell, T-I[I-E1, the cumulative dose
detected over 56 days was 0.18 pSv. That equates to less than 0.1 pSv per
month outside the acrylic vessel. The Occupational Health and Safety Ad-
ministration (OSHA) whole-body dose limitis 12,500 pSv for a 3-month ex-
posure [27]. Thus, the electrolysis cells present minimal radiation exposure
risk compared with OSHA regulations since this testing does not require
long-duration exposure during operation. No ongoing alpha, beta, or neu-
tron activity was identified in post-testing analysis of any cell component.
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These analysis methods included high-purity germanium (HPGe) gamma
scans and Tennelec automated counting for alpha and beta activity.

6. Summary

A case control methodology was followed where a series of experimental
and control electrochemical cellswere constructed and then monitored with
neutron dosimeters in the form of bubble detectors. Bubble detectors offer
well-accepted means of measuring neutron activity and give an immediate
visual indication of neutron activity. Experimental cells were built using a
previously published protocol, which showed prior evidence of neutron ac-
tivity. These cells consisted of palladium(II) chloride, lithium chloride, and
heavy water, with applied currents ranging from 0.1 to 100.0 mA over the
test period of 20 days. Control cells were prepared with copper(1l) chloride,
lithium chloride, and heavy water electrolyte as a means to document back-
ground cosmogenic neutron sources, using the same current profile. The
bubble detector results provide evidence that there are significantly more
neutrons generated by the experimental cells when compared with the
control cells. Within a single trial for our standard set-up, the experimental
cell exhibited greater neutron production than the adjacent control cell by
the end of the run 12 out of 13 times, demonstrating process reproducibility.
Based on the bubble detector energy calibration, the neutron energies were
greater than 200 keV. Furthermore, from test day 9 through test day 20,
the results show that the average cumulative radiation detected near exper-
imental cells exceeds that of control cells at a 99% confidence level
(p < 0.01).

The findings herein were compared to those of other researchers who
found neutron activity using similar cell and operational protocols, but
who measured neutron activity with a BF; neutron detector. The current
work corroborates other research that determined the highest nuclear ac-
tivity occurred when the PdD deposits resulted in stable dendritic forma-
tions on the cathode. In cells where the PdD layer exhibited poor
adherence to the electrode, neutron activities were less than the highest
neutron-producing cells but still remained above control-cell levels. Even
though there is clear evidence of neutron production favoring the experi-
mental cells, the radiation produced by all individual cells was low, and
the dose was the equivalent of <0.1 pSv per month adjacent to the cell
wall [15].
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