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December 2, 1988

Professor Neil Ashcroft

IASSP, Clark Hall

Cornell University

Tthaca, NY 14853-2501

Dear Professor Ashcroft:

This will acknowledge, with thanks, the receipt of yeur comments on
Professor Pons' rebuttal on the proposal entitled, "The Behavior of
Electrochemically Compressed Hydrogen and Dettterium. '

Your kind assistance in our evaluation process is genuinely appreciated.

Sincerely,

Ryszard Gajewski, Director
Division of Advanced Energy Projects
Office of Basic Energy Sciences, ER-16



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



Cornell University R

Ithaca, NY 14853-2501
Laboratory of Atomic
and Solid Stare Physics Telex WUIG713054

November 23, 1988

Dr. Ryszard Gajewski
Division of Advanced Energy Projects
Office of Basic Energy Sciences, ER-16
Washington, DC 20545

Re: Pons/Fleischmann Proposal

Dear Dr. Gajewski,

Thank you for your letter and the (somewhat revised) proposal by Pons and
Fleischmann.

I have not changed my opinion and I will take up the rebuttals one by one.

#1. The authors have forgotten their elementary chemistry. In particular
they need to be reminded of the cusp theorem. The idea that deuterium loses its
electron to the d-band of palladium is very naive. It’s a rigorous theorem that the
gradient of the electronic charge density at the deuteron nucleus is proportional
to the electron density itself (at the same position). Since this density is not very
different in Pd-D from pure solid.déuterium, then by a Heitler-London argument,
the interactions controlling the'collisions between deuterons in Pd-D will likewise
not be very different from thessolid deuteruim case. Differences can certainly be
expected at long range, but‘this is irrelevant from the standpoint of the present
proposal. If the authors do not believe this, they might instead consider doing a
little homework: screened point ion potentials appropriate to metallic environments
are readily available in the literature (even for hydrogen). If they think the electrons
weaken the potential in the region that matters, they should think again.

#2. The muon through its mass presents a favorable length scale for deuteron-
deuteruim collisions. The authors in their last proposal were implying that electron-
screening would achieve the same purpose. They still hold to this view, as they say
in the abstract, and the argument is specious for the reasons given above.

#3. The previous proposal had very little discussion on important experi-
mental details. In spite of the figures given, I remain dubious. Was any attempt
made to verify that the sample remained in the same bulk phase? Is electromigra-
tion a problem? Is the temperature dependence of C sufficiently small that equation
(5) follows accurately from (3)?

General Remark:

It is very important to support speculative research, provided there’s some
physical basis to the speculation. In my mind, the authors have presented no such



Dr. Ryszard Gajewski -2- November 23, 1988

argument. I would be willing to consider this proposal further if the authors will
produce a microscopic estimate that would demonstrate in this alloy {and under
conditions that are quite typical of condensed matter physics) a high likelihood of
the close deuteron encounters that are necessary to fusion. I emphasize the word

alloy.
Again, I do not think the proposal should be supported.

Yours sincerely,

Neil W. W

P.S. You might seek the advice of a metal hydride physicist,for example, Prof. R.
Barnes, Ames Laboratory, Iowa State University, Des"Moines,
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Noverber 29, 1988

Professor Johann Rafelski
University of Arizona
Department of Physics
Tucson, Arizona 85721

Dear Jan:

This will acknowledge, with thanks, the receipt of your comments on
Professor Pons' rebuttal on the proposal entitled,  "The Behavior of
Electrochemically Compressed Hydrogen and Dmxterlmn 1

Your kind assistance in our evaluation process is genuinely appreciated.

Sincerely,

Ryszard Gajewski, Director
Division of Advanced Energy Projects
Office of Basic Energy Sciences, ER-16



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.
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vision of Advanced Energy Projects

Office of Basic Energy Sci% +--ER-16
Washington, DC 20545 R

RE: Proposal of Dr, Pcmg“‘“'mé Behavmr of Electrochemically compressed
Hydrogen and Deuterium" ;

Here: Feply to my freviewgr""#zj" comments:

I have considered garefully the rebuttal of Dr. FPons to my review. In my
opinion the material“submitted does nct offer clarification of specific
points I recuested in my review.

As to my point 1), the rebuttal does not offer any professional background
for the estimate of the range of detectakle fusion rates, which are restated
as given in my review. Dr. Pons does not address in a specific mamner (see
below) the question how such a nuclear rate can be nmeasured by identifiable
nuclear cbservables. let me illustrate the gravity of the problem by noting
that fusion rate of 10"16/5 inplies t even in 4 moenths, that is in 107s
(not 7%, 155 or 101 hours) only a 1077 fraction of all atoms in the Dewar
would underge a reaction and even if all reactions would produce tritium,
such a small concentration would probably be below his background level of
tritium in the deuterium used. On the other hand it is extremely difficult,
if not impossible, to directly cbserve tritium as fusion product, and one has
to lock at the accumilated concentraticn in the set up envisaged by Dr. Pons.

Thus the one method proposed and only vaguely outlined how to diagnose the
reactions will not work at the level needed to match the sensitivity of the
calorimetric measurement. But in my opinion there are many ways this problem
can be solved. Even with the fusion rate of 10740/s there would be about 104
reactions per second, plenty to cbserve with help of specific detectors the
products of direct nuclear reactions. In my opinion nuclear detection
methods are mich more sensitive than the calorimetric methods, if dealt with
appropriately.



¥EROX TELECOPIER 495 :28-11-88;12!:45PM ; 602 621 47212 3013533870:# 3
11-28/88 10{) @ 602 621 4721 UARQINA PHYSICS @ o3

- -

In response to my point 2. Dr. Pons refers in his reply in very general terms
to gama rays, thenmal neutrons and tritium as the means of understanding of
the specific origin of the excess heat, if such is observed.

"gamma rays"

In vhich energy range, and in particular from which nuclear fusion reactions
are these expected. Note that normally gamma rays are considerably less
abundant than other nuclear reaction products, except for a few exceptional
cases, with well known energy. Will the considerably smaller gamma rate be
at all observable? And how?

"thermal neutrons"

It appears that Dr. Pons has not considerecl the fact that in his experimental
arrangemant in case nuclear reaction cccur, he will not have to deal with
"thermal neutrons" but with energetic rsaction products which carry the
considerable nuclear energy released.

Weritium?

Where doss tritium come from, why should it be the product of muclear fusion
reaction that has yet to be discovered, and finally why to look for this
extremely rare and elusive product of muclear reactions' (see above).

Aside from faulty and/or incomplete responses'to my specific two requests, I
do not see in particular a survey which would:list those nuclear reactions
that are possible and a proposal how to approach their identification in any
specific way. There is a very incomplete Jist on page 8 of the proposal which
surprisingly includes secondary reactions induced by neutrons. Indeed, the
vague mention of tritium means presumably that Dr. Pons proposes to follow up
the possib.tlity of d<i fusion (see page% of proposal) as to my knowledge
only in this prmazy fusion reaction there is an appremahle branching ratio
to tritium. But JHe produced equally abwcantly in this react:mn, is a much
better isotope to use as tag for this reaction...Tritium is alsc produced in
the above mentioned secondary’ Li-n reactions, but neutrons have to be
produced in the first place in a nuclear reactions, hence it would be wiser
to lock for them, rather than for a seconxdary and rather elusive reaction
product.

All this means that:

A) the nuclear part of the proposal has not been seriously addressed;

B) there is extremely limited expertise in the field of nuclear reactions.
These cbservations are further supported by the paragraphs from the rebuttal
to the abservation of the reviewer #3 pertinent to the dangers of increased
background radiation.

Dr. Pons missed the opportunity to respond in an accurate and expert
fashion. I conclude with near certainty that nothing will come cut of the
proposed diagnosis of the specific origin of the excess heat, should the
latter be indeed found. However, I consider this as the most worthwhile part
of the proposed research program. In my opinion mere calorimetric
reconfirmation of the excess heat generation leads us nowhere, I therefore do
not reconmend the funding of this project.

Yours Sincerely

S

Professor of Physics
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THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721 USA

COLLEGE OF ARTS AND SCIENCES

FACULTY OF SCIENCE
DEPARTMENT OF FHYSICS
BUILDING #81

(602 621-6820

Dr. R. Gajewski

Department of Energy

Division of Advanced Energy Projects
Office of Basic Energy Sciences, ER-16
Washington, DC 20545

November 24, 1988

Dear Ryszard:

RE: Proposal of Dr. Pons "The Behavior of Eiéctrochemically conpressed
Hydrogen and Deuterium™ ]

Here: Reply to my (reviewer #2) comments:

I have considered carefully the rebuttal of Dr. Pons to my review. In my
opinion the material submitted‘does not offer clarification of specific
points I requested in my review.

As to my point 1), the, rebuttal does not offer any professional background
for the estimate of the rarnge of detectable fusion rates, which are restated
as given in my reviéw,.Dr. Pons does not address in a specific manner (see
below) the question how such a nuclear rate can be measured by identifiable
nuclear observables..Iet me illustrate the gravity of the prcblem by noting
that fusion raté“of 10716/s implies that even in 4 months, that is in 107s
(not 75, 155 or, 101 hours) only a 1072 fraction of all atoms in the Dewar
would undergo a reaction and even if all reactions would produce tritium,
such a small concentration would probably be below his background level of
tritium in the deuterium used. On the other hand it is extremely difficult,
if not impossible, to directly cbhserve tritium as fusion product, and one has
to lock at the accumlated concentration in the set up envisaged by Dr. Pons.

Thus the one method proposed and only vaguely outlined how to diagnose the
reactions will not work at the level needed to match the sensitivity of the
calorimetric measurement. But in my opinion there are many ways this problem
can be solved. Even with the fusion rate of 10720/s there would be about 10%
reactions per second, plenty to observe with help of specific detectors the
products of direct muclear reactions. In my opinion nuclear detection
methods are much more sensitive than the calorimetric methods, if dealt with
appropriately.
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In response to my point 2. Dr. Pons refers in his reply in very general terms
to gamma rays, thermal neutrons and tritium as the means of understanding of
the specific origin of the excess heat, if such is cbserved.

gamma rays"

In which energy range, and in particular from which nuclear fusion reactions
are these expected. Note that normally gamma rays are considerably less
abundant than other nuclear reaction products, except for a few exceptional
cases, with well known energy. Will the considerably smaller gamma rate be
at all cbservable? And how?

"thermal neutrons"

It appears that Dr. Pons has not considered the fact that in his experimental
arrangement in case nuclear reaction occur, he will not have to deal with
"thermal neutrons" but with energetic reaction products which carry the
considerable nuclear energy released.

"Eritium"

Where does tritium come from, why should it be the product-of muclear fusion
reaction that has yet to be discovered, and finally why“to look for this
extremely rare and elusive product of nuclear reactions (see above).

Aside from faulty and/or incomplete responses to my specific two requests, I
do not see in particular a survey which would list those nuclear reactions
that are possible and a proposal how to approach their identification in any
specific way. There is a very incomplete list on'page 8 of the proposal which
surprisingly includes secondary reactions ‘induced by neutrons. Indeed, the
vague mention of tritium means presumably“that Dr. Pons proposes to follow up
the poss:lblllty of d-d fusion (see page 2 of proposal) as to my knowledge
only in this primary fusion reaction«there is an a}::preclable branc-hlm ratio
to tritium. But 3He produced w:ally abundantly in this reactlon, is a much
better isctope to use as tag for this reaction...Tritium is alsoc produced in
theabcmezrmtionedsecmﬂary-Li—nreactimE, but neutrons have to be
produced in the first place im a nuclear reactions, hence it would be wiser
to lock for them, rather than. for a secondary and rather elusive reaction

product.

All this means that:

A) thenuclearpartofthepruposalhasmtbeensericuslyaddressed;

B) there is extremely-limited expertise in the field of muclear reactions.
These cbservations are further supported by the paragraphs from the rebuttal
to the cbservation of the reviewer #3 pertinent to the dangers of increased

background radiation.

Dr. Pons missed the opportunity to respond in an acourate and expert
fashion. I conclude with near certainty that nothing will come out of the
proposed diagnosis of the specific origin of the excess heat, should the
latter be indeed found. However, I consider this as the most worthwhile part
of the proposed research program. In my opinion mere calorimetric
reconfirmation of the excess heat generation leads us nowhere. I therefore do
not recommend the funding of this project.

Yours Sincerely

e

Professor of Physics



REVIEWER $#2

I have carefully studied the proposal submitted by Dr. 5. Pons
from the University of Utalr entitled "The Behavior of
Electrochemically Compressed Hydrogen and Deuterjum"”. I am
responding as a referee specialized in Nuclear and Particle
Physics, and will not comment at the matters related to
elestrochemical analysis. Howevar I wish to mention that the
propcsal, even though it rxefers to pilot experiments, never
does clearly commit the author to a certain result.

The proposal addresses . the fssue pertinent to spontaneous
fusion of hydrogen isotopes placed inside a metal lattice. The
methiod of experimental approach selected here is to study
exc2ss heat generated by fusion energy. I support in principle
the study of the general issue raised in this proposal, but
hava very grave doubts about the method selected, in particular
I am concerned, if it is sufficiently sensitive tc find a new
effact not formerly observed in an incidental way by nuclear
detaction methods (fusion neutrons etc).

Since the energy gain from fusion is 107 times greater than the
chenical energy gain, this metrod would work if fusion rates
are some good fraction, say 10710 of the chemical reaction
ratas. This implies in turn that fusion rates at the level of

165 may be detectable by this method. What is indeed badly
missing in the proposal is a more accurate back of the envelope
eatimate how a hypothetical fusion rate relates to the excess
heat and which range of fusion rates would be accessible to
measurement in the proposed set up, considering the usual
uncartainties of the method. Without such a discussion of this
question it is in my judgement impossible to evaluate the
chances of success for the proposed work, since we do not know
how the expected result would show in other physical
environments.



Neither does the proposal indicate what one does if the effect
one .8 looking for, excess heat, ls actually found! One can not
simply claim "eureka, fusion" . There are many other sources of
energy in a complex system considered for this investigation,
and there is no attempt made to ldentify the source of heat.

I do not recommend that the funding for this project be based
on the present submission. I woild like to reserve my final
recommendation until I see an aidendum or a new proposal in
which two matters are put straight:

1: which range of fusion rates is measurable in the proposed
set up;

2: how will the decision be made that any energy excess is of
nuclear origin.



Reply to reviewer #2

We will reply to the reviewer’s comments paragraph by paragraph.

#1 We are at a loss to know how the reviewer can make this statement. How much
more specific can we be than to say that we had ca. 25% excess energy produced at the
highest current density? The reviewer may wish to know that we observed this excess
energy in three runs of 75, 155 and 101 hours.

#2 We believe that such effects were not observed previously because physical chemists
and physicists simply do not set up experiments of several thousand hours duration to look
for small calorimetric effects. A short duration experiment would also not give any
detectable radiation.

#3 We would like to assure the reviewer that we have 'carried out many
back-of-the-envclope calculations. Our own calculations showed that fusion rates of the
order 3 x 10" s* would be readily detectable by the methods. we have outlined. With
special precautions and cell design, rates as low as 3 x 107 s (or even 3 x 10" s) might
be detectable. The fusion rate (if indeed it was that) inour experiments at the highest
current densities was about 3 x 10™ s7. It is a straightforward matter to confirm these
figures taking into account the likely Newton’s law of cooling for Dewars, and the
temperature differences between the inside of‘the Dewar and the surrounding water bath
readily accessible to measurement. Further, it 1s our opinion that any meaningful
calculations such as those proposed by.the reviewer at a minimum would require a
detailed quantum-mechanical molecular dynamical calculation; we have talked extensively
with several of our colleagues” (éxpert in these types of studies) regarding such a
calculation. They have evidently not been made successfully in the past, and would require
a major research-computing effort,” We would hope to take on (or see others do so) such
a project after the experimental verification has been made. We agree that it is difficult
to evaluate the chance for'success of this work, but we must also question the applicability
of the proposed calculations in making such an evaluation easier.

#4 Our reply to the question #6 of the first reviewer and paragraph (3) of the third
reviewer are relevant to this comment by the present reviewer and are attached.

I: We have replied to this under #3 above.

2: As we have pointed out in the proposal, we shall seek to correlate any excess energy
released with tritium produced; we shall look for thermalized neutrons and for gamma-rays
generated by any reactions of these thermalized neutrons with components of the Dewar
etc.



Question (6) of Reviewer #1:

"We believe that the results we have obtained so far are a strong indication of a
progressive increase in the fusion of D nuclei in the Pd-lattice with increasing chemical
potential (= compression). While there are alternative explanations of the excess heating
effects, their possibility does not seem to be very likely." (p. 6) Please, what are the other
explanations and why are they unlikely?

Our reply:

(6) The main alternative explanations for excess enthalpy generation are:

(i) generation of D, at voids in the lattice (see also comments by reviewer #5).
However, if this explanation applies, the excess energy generated during 331 hours of
polarization at the highest current density would have required formation of D, bubbles
at a higher rate than that corresponding to the applied current, i.ei; there would have been
a loss of dissolved D. Such a loss is inconsistent with the observation of the generation
of a constant excess enthalpy during three successive periods of 75, 155, and 101 hours.
Moreover, at least 0.5 ¢cm® of bubbles at 2000 atmospheres (the tensile strength of Pd)
would have been formed which would almost certainly have disintegrated our sample of
Pd. The structural integrity of the sample was preserved and, indeed, it is well known that
electrochemical equivalents of Pd diffusion tubes can be used indefinitely. The easiest way
to discount this possibility of bubble formation i8 to increase the experiment times.
However, we do have it in mind to search for.any D, or, more likely, He bubbles.

(ii) Participation of the reduction’'of O, and/or ionization of D, i.e. a shift off the
Joule heating term towards the upper bound. However, our experiments showed that the
Joule heating exactly balanced thé Newton'’s law cooling at low current densities (where
the effects of any O, reductien on/D, ionization should have been at a maximum) while
the excess enthalpy increaséd.with the current density. Such behavior (as well as the other
points we have set out-in the application) is not consistent with the participation of Q,
reduction/D, ionization.

The reviewer.may also like to know that in an earlier series of experiments periodic
catalytic contamination of the Pd surface led to loss of dissolved D which was associated
with cooling not heating presumably because of the cessation of the fusion process.



Paragraph (3) of Reviewer #3:

So far as the so-called experiment is concerned, the investigators seem to have
trouble doing their energy bookkeeping and suggest that some "excesses" on the order of
10% are due to fusion. There is almost no discussion of possible heat leaks. The authors
should be held to account for their statement that their experiment was "accompanied by
an increase in the background radiation count in the lab of >50%. The long term
experiments were all terminated at about this time.” It is scientifically irresponsible to
leave things this way: what radiation? Why wasn't this followed up by the University
safety people?

Our reply:

#3 Again we are at a loss to know how the reviewer could make this comment. We
actually pointed out that we have greater than 25% excess energy released at the highest
current density. This occurred in three runs of 75, 155 and. 101 hours duration. There
was absolutely no possibility of heat leaks as the averaged temperature difference between
the inside of the Dewar and the external water bath {which in turn was above room
temperature) was 1.33(4), 1.43(6), and 1.44(2)°C respectively. Our reply to the reviewer
#1 question #6 is pertinent to the interpretation of the excess energy. As this reply is
lengthy, we attach an extra copy.

The radiation was beta/gamma type, possibly due to the reaction of thermalized
neutrons with components of the Dewar.. The matter was not followed up because it
would in fact have been irresponsible of us to proceed with the experiments in their
present form. We need the resources asked for to carry out the experiments under
properly controlled conditions. However, we fully realized the outrageous nature of our
proposals which is why we spent 4 considerable sum (personal funds) in order to at least
get some preliminary evidence that the concepts are worth pursuing.



November 29, 1988

Dr. Theodore Beck

Electrochemical Technology
Corporation

1601 Dexter Avenue, North

Seattle, WA 98109

Dear Dr. Beck:
This will acknowledge, with thanks, the receipt of your comments on
Professor Pons' rebuttal on the proposal entitled, \"The Behavior of
Electrochemically Compressed Hydrogen and Deuterium.™
Your kind assistance in our evaluation process is genuinely appreciated.
Sincerely;
Ryszard Gajewski, Director

Division of Advanced Energy Projects
Office of Basic Energy Sciences, ER-16
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Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



Department of Energy
Washingten, DC 20545

November 18, 1988

Dr. Theodore Beck
Electrochemical Technology
Corporation
1601 Dexter Avenue, North
Seattle, WA 98109
Ta
Dear g;‘:g'-ﬁ'é'ck:

Your review of the Pons/Fleischmann proposal, "The Behawior of Electro-
chemically Compressed Hydrogen and Deuterium,"” has been forwarded to the
authors for a rebuttal. Their response is englosed. " In the cerrespondence,
you are being referred to as Reviewer 5.

It will help us in deciding whether or not)to support the proposal if you
could provide us with your comments on the rebuttal. Do you believe, based
on the totality of the arguments offereéd.in the proposal and in the rebut-
tal, the proposed project should be supported?

Your response, by return mail if pessible, will be greatly appreciated.

Sincerely,

Ryszard Gajewski, Director
Division of Advanced Energy Projects
Office of Basic Energy Sciences, ER-16

Enclosures

- 22-8&
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Response to Pons/Fleischmann Response

I am not satisfied with the proposer’'s qualitative responses to my
questions, but it appears that the contract research is required to answer the
questions quantitatively. I am inclined to believe that the process is so
potentially important, if it indeed works, that the project should be funded.

Some quantitative estimations of time constants for buildup of a
runawvay thermonuclear reaction and for the proposed self-limiting decrease in
chemical potential of dissclved D and estimations of steady-state conditions
would appear to be in order before serious experiments are begun. "Hand-
waving" arguments were used in the proposer's response.



o " - ) REVIEWER #5

Review of the proposal, "The Behavior of Electrochemically Compressed
Hydrogen and Deuterium" by Stanley Pons.

The concept is, to this reviewers knowledge, new, and it is mest intriguing.
1f the project were successful, it would constitute one of the most important
inventions of the 20th century. The investigators should be encouraged to
pursue it.

The project appears to be an extreme limiting case of the high-payoff, high-
risk type that AEP funds. The paycff approaches infinity and the probability
of success unknown and could be small. The product, O0<(payoff)(success prob-
ability)e, is quite indeterminate at this point in time.

On the other hand, this reviewer has serious questions about the reported
experiment with nzo and the process itself.

1. Agreed that 0.8 eV could theoretically produce 1027 atmospheres equivalent

for D,, but what if the reaction, 2(D+ + e ) - D, nucleates at imperfections
like grain boundaries. Since the tensile strength’of Pd 4s only 2000 atm.,
the material could blow apart mechanically. PdZD supersaturated with D
probably has a lower tensile strength. '

2. Agreed on the method of the thermal balance but not convinced that there

are not valid alternative explanations for the excess heating effect. The
investigators case would be stronger if they repeated the experiment in Hzo
and found no excess heating effect.

3. The alledged increase in radiation ¢ount in the lab should be elaborated.
Where measured? Is it definitive™, Ts it attributed to tritium from Reaction 1
at the top of page 27 A more quantitative treatment and correlation with
excess heating effect would be in order.

4, Is it possible to get a, runaway thermonuclear reaction? A 2 cm diameter,
10 ¢m long Pd rod converteéd to Pd,D could produce an order-of-magnitude

0.1 kiloton explosiom by Reaction®]l if detonated., The investigators are
proposing to tread.in’ an unknown region. To quote them, "In our view,
calculations (s@ch.as nuclear force: quantum: molecular dynamic simulations)
would be difficult and ambiguous (indeed perhaps impossible at this stage).
In these circumstances it is best to resort to experiment." It would be a
shame to lose Pons and Fleischmann as well as the University of Utah campus.
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Reply to reviewer #35

We will reply to the reviewer according to his numbering system.

() and (2) {in part). These points are covered by our reply to question #6 of Reviewer #L As
this reply is lengthy, we attach a copy to these comments.

(2) (in part) We fully intend to make the comparison with saturation using H*. However, the
experiment is not unambiguous. One of the more intriguing possibilities is that one might be able
to induce an hydrogen cycle: we have pointed out in the application that the cross-sections under
the conditions we have in mind may be quite different to those in H-bombs.

The reviewer may be interested to know that we have repeatedly discussed amongst ourselves
questions such as: is a part of the heat generation in the planets (especially the earth and Jupiter)
due to H cycles in the Ni core? Are supernovas caused by related effects?

(3) The increase in the radiation was measured adjacent to the Dewar. It-may have been due to
tritium but could also have been due to the reaction of thermalized neutrons with components of
the Dewar other than the D,O. The reason we cannot be more specific at this stage is that we
considered that we had to terminate the experiments. If the project is funded, then one of our
first objectives is to quantify such effects (if any!) so that dppropriate safety measures can be taken.
We intend to correlate any heat release with tritium production and to look for thermalized
neutrons and gamma-ray emission. Qur replies to questions (3) and (4) of reviewer #1 are
relevant to this point and are attached fo this reply.

(4) Our own calculations showed that in the experiment we were conducting we might achieve a
0.042 kiloton explosion. Rescaling to the largest Pd rod we have in mind gives the figure quoted
by the reviewer. This is why we approached-the project with great care. There is, however, an
intriguing aspect to the possible fusion of D in the Pd-lattice namely that it would be self-limiting.
As the dissolution is endothermic, an ingrease in temperature would lower the chemical potential
of the dissolved D and thereby limit the reaction. The effect would probably outweigh any
acceleration of the reaction with increase of temperature. We might have the unusual situation
that the heat release in any practicable device would increase with heat demand.

Our reply to #7 of reviewer #1 is also pertinent to this question and is attached.

Crisv g ln

7 weale



Question (3) of Reviewer #1:

The proposed work includes "radiation measurements” (page 10). Unfortunately, the
method of making these measurements is not discussed although it is central to the investigation,
since detecting neutrons and/or gamma radiation of the proper energy would be a clean signature
for fusion reactions.

Our reply:

(3) The main methods to be used will be as follows: (a) detection of any tritium generated by
the reactions and correlation of the rate of generation of tritium with the excess energy production.
Samples will be withdrawn and analyzed using scintillation counting equipment. (b) Detection of
thermal neutrons and use of energy discriminative gamma-ray analysis. The reviewer should note
that under the conditions of our experiment ncutrons will be rapidly thermalized in the palladium
rod (indeed the experiment was designed with this in view for safety reasons) so that it is not
possible to correlate the energy of any neutrons produced with any partieular nuclear reaction.
Our strategy therefore will be to detect thermalized neutrons and in patticular the gamma radiation
generated by the reaction of these neutrons with species present-in‘the Dewar (the electrodes,
electrolyte and components of the borosilicate glass).

To be more specific, we will initially use the simplest possible means to search for
thermalized neutrons. For example, we may compare results for:potassium deuteroxide electrolyte
with those for potassium borate using photographic plates as a detection medium. Gamma rays
will be detected using sodium iodide crystals for low resolution measurements; if necessary we will
use intrinsic germanium detectors.



Question (4) of Reviewer #1:

If significant radiation is anticipated in the research, safety measures must certainly be
elaborated.

Our reply:

(4) The reviewer should note that this is why we terminated our experiments. If this project is
funded, then one of our first objectives will be the quantification of any radiation produced and
all appropriate steps to contain and shicld the experiment will be taken. The Department is well
equipped with radiation-safe laboratories and various forms of radiation counting equipment.
Samples will be monitored daily with scintillation counters, and the apparatus with Geiger-Miiller
counters. In the case of obvious generation of radiation, we plan to reassemble the experiment
in laboratories containing equipment suitable for discriminating the energies of gamma rays and
equipment for detection of thermalized neutrons (see also reply to (3) above). We are thoroughly
familiar with the rules and regulations of our University Radiation Safety committee, and have
discussed with them their requirements for radiation experiments in our laboratories. The reviewer
will wish to know that we have informed the Vice President for-Research at this University (a
well-known physicist) of our plans.

The reviewer will wish to note that if we are correct.in assigning the excess energy to a
fusion process, then the source would be classified as one of low energy. We intend to keep the
experiments in this category. Thus if we get a marked increase in the excess energy with change
of the system parameters (overpotential), bath temperature, rod dimensions, poisoning conditions)
then we will scale down the experiment appropriately“(thinner and shorter rods).

See also last paragraph of our reply to question (7).



Question (6) of Reviewer #1:

"We believe that the results we have obtained so far are a strong indication of a
progressive increase in the fusion of D nuclei in the Pd-lattice with increasing chemical
potential (= compression). While there are alternative explanations of the excess heating
effects, their possibility does not seem to be very likely." (p. 6) Please, what are the other
explanations and why are they unlikely?

Our reply:

(6) The main alternative explanations for excess enthalpy generation are:

(i) generation of D, at voids in the lattice (see also comments by reviewer #5).
However, if this explanation applies, the excess energy generated during 331 hours of
polarization at the highest current density would have required formation of D, bubbles
at a higher rate than that corresponding to the applied current, i.e., there would have been
a loss of dissolved D. Such a loss is inconsistent with the observation of the generation
of a constant excess enthalpy during three successive periods of 75, 155, and 101 hours.
Moreover, at least 0.5 cm® of bubbles at 2000 atmospheres (the tensile strength of Pd)
would have been formed which would almost certainly have disintegrated our sample of
Pd. The structural integrity of the sample was preservediand, indeed, it is well known that
electrochemical equivalents of Pd diffusion tubes can be used indefinitely. The easiest way
to discount this possibility of bubble formation™is to increase the experiment times.
However, we do have it in mind to search/for_any D, or, more likely, He bubbles.

(ii) Participation of the reduction‘of O, and/or ionization of D, i.e. a shift off the
Joule heating term towards the uppes bound. However, our experiments showed that the
Joule heating exactly balanced the Newton’s law cooling at low current densities (where
the effects of any O, reduction on D, ionization should have been at a maximum) while
the excess enthalpy increased with the current density. Such behavior (as well as the other
points we have set out_ in“the application) is not consistent with the participation of O,
reduction/D, ionization,

The reviewer may also like to know that in an earlier series of experiments periodic
catalytic contamination of the Pd surface led to loss of dissolved D which was associated
with cooling not heating presumably because of the cessation of the fusion process.



Question (7) of Reviewer #1:

"The experiments will take longer than our previous experiments in view of the greater
thickness of the rods compared to the sheet electrodes. It will take approximately 12 months to
charge a 2cm diameter rod to saturation with deuterium..” (p. 7) Could not the time required be
drastically reduced by heating the rod in a pressurized deuterium environment?

Our reply:

(7) We have considered doing this but unfortunately it would not reduce the experiment time.
The important point is that the high chemical potential of dissolved D is established by diffusion
so that one cannot "beat® the diffusional relaxation time.

We have also considered an electrochemical variant of the reviewer’s suggestion, namely,
the electrochemical saturation of Pd by polarization at a high temperature and subsequent cooling.
As the dissolution of D in Pd is endothermic, this would produce even higher chemical potentials
of the dissolved D! We do not wish to do this in our initial experimental experiments as the
expulsion of excess D from the lattice on subsequent cooling would'lead to spurious excess
enthalpy generation (but see our comment above). The reviewer may wish to note that if we can
prove that the concept works, then we intend to saturate rods at high temperature and to try to
find suitable diffusion barriers. This would in effect produce Pd-D "hot rods".

The considerations set out in the above paragraph are also important to the safety of this
project which has been referred to by some of the other reviewers.

As the dissolution of deuterium is endothermic, a marked rise in temperature of the rods
will lower the chemical potential of the deuterium and will therefore self limit any fusion process.



December 6, 1988

Professor Steven E., Jones

Department of Physics and
Astronomy

Brigham Young University

Provo, Utah 84602

Dear Steve:

This will acknowledge, with thanks, the receipt of your comments on
Professor Pons' rebuttal on the proposal entitled, ""The Behavior of
Electrochemically Compressed Hydrogen and Deuterium,”

Your kind assistance in our evaluation proeess is genuinely appreciated.

Sincerely’

+#Ryszard Gajewski, Director
~ Division of Advanced Energy Projects
‘Office of Basic Energy Sciences, ER-16
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Further Comments on the Proposal: “The Behavior of Electrochemically Compressed
¥ -drogen and Deuterivm”

Fraokly, I was disappointed by the response 6 m} original comments on this propos&l
The contention that neutrons from fusion will be “rapidly thermalized” and that an “in
creaze of {heta + gammma) radiation ... must presumably be attributed to the reactions of
thermal ncutrons with components of the Dewar” indicates, | fear, 2 lack of understanding
of the penztrating power of 2.5 MeV neutrons, and of nucleer reactions in general, For
examnple, encrgetic neuttons are much more penetrating than beta particles of comparable
encrgy, and fusion neutrons are not difficult to detact. {There are numercus papers on this
subject in papers on muon-catalyzed fusion, for instance.) And why are not gammas from
proton-deuteron fusion considergd? Furthermore, o background rate of 175 counts per
mipute in a small scintiljation counter points to a dearth of shiclding and a rather cavalier
attitude toward detecting radiation associated with nuclear fusiofi ] also fecl strongly that
jumping from current results to experiments invelving large apthexptnsive palladivm rods,
requiring “about one year to charge” with deuterium, wouyld Wepremature. First, smaller
scale experiments of an exploratory nature are clearly n ¥ded Yo establish the phepomenon
of fusion in metals. X .

However, in spite of these glaring defects, ot recomun®ad that all support for
this project be denied, [ find that the proposars have demonstrated expertise with elec-
trochemistry and calorimeiric methods. Alth i the proposcd experiments clearly fail to

tals, thore indeed exists some evidence

thst such doss occur, N
I think the proposcrs should be igfergned that exploratory rescarch on ﬁmon in mcrais

{snd other compounds) has & 1

Projects Division since 1385 405 annuul report dated Ma}f 1986.) Ourmxtml interest -
in the possibility of fusion in ¥inetals stemmed from our related work on muon-catalyzed 58
fusion in which fusion is ifduced us isotapic hydrogen nuclei are held closcly together by a
negative muon, Eu'td the cofrelation of this research with observations of anomelously large
heag?ai‘xﬁ"helium- 3/Welimm-4 ratios assccinted with earth’s geology. We realized both could—=%
be explained by the ceetrrenice of proton-deuteron and/or deuteron-deuteron fusion’in the
earth. {In parbigulil¥, water is entrained in minecrals in subducting zones, where éxcess
ielium-§ relative to helium-4 is commen. Internal Brigham Young University reports by
Profs. 8.E. Jones and E.P. Palmer dated March-April 1886 discuss our early thoughts on’
this process. We now call the alleged process “piezonuclear fusion” in contradistinction to
thermonuclear fusion, or “metal-catalyzed fusion” by analogy to muon-catalyzed fusion.)
In discussing our idea with geochemists (H. Craig and A. Nier), we learned that they
hed seen inexplicable excess helium- §/helium-4 ratics in a aumber of minerals-~they were
considerably intrigued by our possible sxplanation, which they had never before heard
of. Finally, we uncovered = paper by Mamyrin, Khabarin and Yudenich which formally
reports the occurrence of high helium- 3/helivie-4 in metals and semiconductors (Sov. !
Phyvs. Dokl. 23:581 (1978). Since then. our research has accelerated. We have looked for
p-d and d-d fusion in a number of compounds, including palladium foils, under various =
‘conditions since Spring 1986. Our methods involve both neutron and gamma detectorsy
foliowed by measuring hélium-3/helium-4 ratios. It would not be appropriate to diseuss
our resvits here: However, therc is enongh evidence to warrant further studies, in my view:




The suhject proposal spproaches the measurement with calorimetric methods, which
complements our methods outlined above. [ think there is room for the proposed work
in addition to the ongoing effort and would encourage funding, Indeed, I recommend a
joint effort, with cooperation between the presently-funded project and the complementary
work now heing proposed. Such a joint effort would be facilitated by the close proximity
 of two of the universitics involved (Brigham Youny and Utah),
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* mmte the procedure of obtaining the beat equation of slate
on the banls of a wystem of equivaleat squatioos and o ~ — . Mitroges [in Rusdaa] Ixd, Stagdartoy, Moscow (0778 . —ax
estimate the cicgree of reliabllity of caloulation of any = - 8D, Goodvin, Kaz, Bie, Stand. Tectm. Note Ne, 653 (1974
termodynamle function from axperimental p, v, T duta -k, T. Jecobsen and B, B, Srcward, J, PynChem. fef, Dasa 8, No, 4, F
bt al2o to ancertain the advizabllity of locorporating one 5T (9T},
group of data or other into the caleulations and thus to
sptimaily plan furtber axperimeats.

15 A, Sptridanor, A, D, Kaelov, spd V, ¥, Bychey, in: Tharmophysical
Properties of Subsances and Matcrials (o Rusdas), Val, 10, 1sd, Sta-
dertov, Mascow (1976, p. 25,

By, V. Spoliev, 4, A, Vamormen, of al, Thenmodyounic Mopartad of

Translated by Eugene Lepa

Anomalously high isotope ratio "He/‘He in technical-grade metals
and semiconductors

L :
:‘;;‘ “ B. A. Mamyrin, L V.Khabarin, and V. S. Yudenich
ced weng 4. F. Jofle Phyricotcchnical Instituse, Acodemy of Sclences of the USSR, Leningrad
i (Presentcd by Academician V. M. Tuchkevich, February 24, 1978)
z‘::' , (Submittcd February 16, 1978)
Dokl Aksd. Nauk S5SR, 341, 10541037 (August 1978)
PACS numbers: 8290. 4. 35.10.Bg
Lt
The hellum !sotope ratls in any object carcies infor- The gae was extracted from the samplea by beating
asly mation about processes leading to thefr formaiion. thein io a vacuum unit with & corundum crucible. The
1 values Table I lists naturzl objects contalning bellum with :::T:ﬁ “wrl:::rag::::::i::::vﬁfb?: :::mniinz
seritd- o sharply differing isotope ration and also Indicates the : wialium getior heated to T ~ 400°C, after which the bellum
'{'__,!""l- main processes leading Lo the formation of hellum with the Seokition ware Ankiyaad b s mgncr.{c e Rkwy
e ENEHIDOI LG MGIBEE CREON: mpectrometer. The minioum measureable quantities of
“!:; It Is shown in the present paper that In a aumber of ¥He wnd ‘He were ~10° und 10 atoms, respectively.
ts of - whmercizlly-puré metals and eemicondusting materlily = R
1 be wlinm is found to be precent in & *HeAHe ratlo ofclose to We smdied samples of 16 clements from all groups
the @ | fe., seversl orders of magritude higher than'the values  ©f the Meodelocv periodic system (Ni, gm Al, 'I:‘; ;:;'b
I8 eus¢ J gvon in Table L This would indicate that the origin of Mo, Ta, Ag, Th, Pb, Bi, Pd, Pt, Re, Ir, Ge, 51-'; WEw.
d from Mlium lsotopes in the materials studled was due bo some Three to five samples of each ¢lemc:tﬂ1rcm2;:1 ud,l:n-;lre‘h
{8 4 Processes, nuclear or physicochemical, other than those tharcugh I“""“lﬁz‘;’“" """;‘“ made :o :;M :I;]mpl &l
g o e R ek e L
th-e ' WE ST by Al el 0.05-0, l}x 10 % 125 mm. The impuritics in the samples
& I. It turned out that our investigations, as those In coerrusponded to the standard commeércially-pure metals.
Ref. 9, could be carried out by employlng a sensitive I
geof uu-mpgcu-omﬂﬂ: u:::hn!qu{“ l:;? l:fv-hukgmnd I, The reeults of the nvestigations, based on snalysis )
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i cages thls was the value taken for calculations.
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16, 1. Distrtbation of "He In scgment of afckel fofl: p ln the mumber
of aronw 1o » sample meanxing 0,085410.125 mm, N & the ardias]
sumber of he sampl. The vertical segmenn ehirsctarize the' arer
of motswerment, :

samplos contuin & considerable quaotty of *He, “These
quantties vary markedly both from element o slement
(19“-10' atoms/) and from sample to sample {from 10**
atoma/g to & baclgrouod value of ~10° atoms /).

The values of *He/He vary from 10~ to 1. These
values of the isowpe ratlo, are, apparently, pnderestimated
sloce the quanbity of ‘He, as a rule, shouldR4Y &%%ed the
threabold of Instrument seasitivity Elo'.atomj and in most
el T————

The *He distribution was found to be spotty in charac-
ter. In nickel foll (Fig. 1) samples with a comparatively
bigh *He content are frequently next to samples with a com=

- paratively low conteat., It may be aald on the basiz of the
results that the wpots in which *He s contained have a slze
of less than 1 mm, Next to 8 relatively large bupching of
thege epold fa ke practically complete abacnce of these
epots dlong the length of the foll up to severil tens of
centimeters, The results of mepsurements'of e MHe con-
tent fin other mefaln also jpdleate a pronounced nonuni-
formity in the "He distribution.

The curve of *He extraction from alckel foll (Fig. 2)
displays two *He peaks much like #hiése presented by
Tishebenko et al.” who gtudied the desorpton of helium
from a_eilver film with various hellum coucentrations.
Tistchonko et al'f showed that when samples with high
belium concentritions ere heated the bellum colleets in
microbubbles and ig desorbed st ~ 1100"K. At low con-
ceatrations the degorption vecurs by diffusion of individuxl
ntoms at & puch lower temperature, 400-700"K, Com-~
parison of our riesults with those with Rel. 12 ghows that
the desorbed paika (Fig. 2) correspond bo diffusion of
{ndividual aloms and, consequently, there were o bubble
formations ia our samples,

The certainty of the effect can be confirmed by the
following faots..

—
LY

“ - §rogeand § 7
P L f.’ 4 fThe ;u.-.' nity of *He conalderably excecded the

background level {100 Umes) {0 many samples.

2. Repeated {more than 50-fold) blank teate did not
once yiold quantities of Yl{e which noticeably exceeded the
background level of the Inatrument

3. Two gat-liberating apparatuece of dlfferent con-
struction were used lo eatract the gas and the picture of
the effcct was the zame in both cases,

S82 Sov. My, Do, IX8I, Augunt 1978

It distribTtion which 1s much like the hydrogen distritu-

80137628005 30136u5L70; # 3
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FIC. 2. Exaacdon of "Me from nickel foll when e mperavae § zalsed i

waifaomly &t rasc of 3.5 deg /min, "
. . B

4. Io some cases with the effect the sample was con- t::

pletely melted but fa comparison with beating to 600°C by,
(the ordinary procadure} thir did oot aignificantly change
elther the total quantity of *He extracted or the *He/',
isotope ratln. -

§. The quantity of *He in each sample wan dotarming
aa the average of the helghts of five recorded peaks whose &
magnitude practically did sot change.

6. In our Instrument!* the *He line wan completely
seqarated from the HDand H; Lacs.

1U. Lot us consider the possible processes leading
fo the pceurrence of *He in metals,

1. Diffusion from the ambient. Any processcs of —
penetration from nabiral medls cannot give the ebserved
tellum {sotope ratio since there are no helium sources oe
Earth with such n bigh *He/'He ratlo. The possibility of
the peaetrating helium being enriched with the *He 1aotape
by several ordors of magnitude in apparently excluded
because of _theﬂﬂfare._nce In the masses of *He and ‘He. _ §

2. It may be assumed that *He in metals i formed s
the resull of the S-decay of tritium. Evidence In favor of Fﬂ &
the T-"He(b: s glven by: the "polnt® character of the FY4iva,

tion in metale'?; some experimental data Indicating the
poseibility of sharply increased concentrations of tritium l
in metal. The T/H ratio messured for several aluminum
samples't wag ~ 10~ which exceeds the ratlo in passible
ambient modiz by 6 to 8 orders of magnitude.' The upua)
procenses of separation of isotopes by diffusion from the
anbiznt medium svidently cannot yleld the effects indi-
calod {(coatamination of the samples with technogenetie T
was ruled ouf).

3. There ia a bypothesie™ that the high tritum con-
centration in aluminum results from the aeparation of
bydrogen {eotopes in electrolyais during the production of
the aluminum. However, the alumioum ghould be enriched
in the procces but this was pot detacted In the fcst
experiments. Moreover, with this explanation metals pro-
duced without electrolysis should not have high TH and
Yie/'He ratios, However, many samples of motuls
obtaincd by the blast-furnice process, rone refining, 88
wull es semiconductors obtained by the Crochralsid
racthod contain helium with a high He/'He ratio.

4. It can be anpumed that Yie in metale fo formed a5
the result of procenses which oceur right in the metal and
theae processcs lead to the formation of either e, T, of
T and Me together, Aa analog of processcs of this type
fa the puclear reaction which takes place with the inter-
sction of deuterium mesic stoms with ardlaary deuterium
stome st thermal energies u~d+ d — "o + r:*' Tl

|
|

\"--._-_

Mmyrinag al, t
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