





October 3, 1988

Dr. Theodore Beck

Electrochemical Technology
Corporation

1601 Dexter Avenue, North

Seattle, Washington 98109

Dear Dr. Beck:

This will acknowledge, with thanks, the receiﬁtuof'?our comments on the
proposal entitled, "The Behavior of Electrochemiecally 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



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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Review of the proposal, "The Behavier of Electrochemically Compressed
Hydrogen and Deuterium" by Btanley Pouns.

The concept is, to this reviewers knowledge, new, and it is most intriguing.
If the project were successful, 1t would constitute one of the most {mportant
inventions of the 20th century. The investigatora 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 payoff approaches infinity and the probability
‘of success unknown and could be small. Tre product, O<(payoff)(success prob-
ability)<os, 1s quite indeterminate at thics point in time.

On the other hand, this reviewer has sericus gquestions about the reported
experiment with D20 and the process itself.
1, Agrecd that 0,8 eV could theoretically produce IGZT'gtm05pheres equivalent

for D,, but what if the reactiou, 2(ﬁ+ +e nucleates at imperfections
like grain boundaries. Since the tensile strtngtﬁ!of P4 is only 2000 atm.,
the material could blow apart mﬂchanically. Fdzﬂ_supersaturated with D
probably has a lower tensile strength;

2. Agreed on the method of the thermal Balance but not convineed that there

are not valid alternative explanationg f&f Athe excess heating effect. The
investigpators case would be strongér if ttey repeated the experiment in H 0
and fourd no excesz heating eff&nt

3. The alledged increase 1¢,nndi§tlun court in the lab should be elaborated.
Where measured? Ts it defindtive? Is it attributed to tritium from Reaction 1
at the top of page 27° A'more quantitative treatment and correlation with
excess heating effect wdul& be in order.

4, Ts it possibls to gét a runaway thermoruclear reaction? A 2 cm diameter,
10 ¢m long Pd xod eonverted to P4,D could produce an order-of-magnitude

0.1 kiloton explosion by Reaction” 1 if detomated. The inveatigators are
proposirg to tread In an unlnown reglon. To quote them, "In our view,
‘caleulations (such as nuclear force: quantum: molecular dynamic simulations)
would be difficult and ambiguous (indeed perhaps Iimpossible at this stage).
‘In these circumstances it 1s best to resort te experiment." It would be a
shame to lose Pons and Fleischmann as well as the University of Utah campus.




Department of Energy

Washington, DC 20545
September 9, 1988

RECEIVED
SEP 25 1988

_——

Dr. Theodore Beck
Electrochemical Technology Corp.
1601 Dexter Avenue North
Seattle, WA 98109

Dear Dr—Beck:

I am enclosing for your review a copy of the proposal entitled, "The
Behavior of Electrochemically Compressed Hydrogen and Deuterium,” submitted
to the Department of Energy's Division of Advanced Emergy ‘Projects by the
University of Utah.

DOE regulations require that reviewers agreesto (1) return the proposal to
us with the reviewer's comments; {(2) use the information contained in the
proposal for evaluation purposes only; and (3) treat such information in
confidence. We shall assume that your proceeding with the review
constitutes your agreement to comply'with”thase requirements.

The programmatic objectives of the/Division are briefly summarized in the
enclosed sheet. You may find this dnformation helpful in performing your
review. Should you have any.questions regarding the review, please feel

free to call me at 301/353~5995

Your willingness to help in the evaluation of the proposal is genuinely
appreciated.

Sincerely,

Likios of

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

Enclosures:
As stated
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REVIEWER #5

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

The councept 1s, to thls reviewers knowledge, new, and it 1Is most Intriguing.
If 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 payoff approaches infinity and the probability
of success unknowm and could be small., The product, O<{payoff) (success prob-—
ability)<o, is quite indeterminate at this peint in time.

On the other hand, this reviewer has serious questions about the reported
experiment with D,0 gnd the process itself,
1. Agreed that 0.8 &V could theoretically produce 1027 atmospheres equivalent

for D,, but what if the reaction, 2(D+ + e ) - D, _nucleates at imperfectiomns
like grain boundaries. Since the temsile strengtﬁ’uf Pd is only 2000 atm.,
the material could blow apart mechanically. szD supersaturated with D
probably has a lower tensile strength.

2. Agreéed 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 4if ‘they repeated the experiment in H20
and found no excess heating effect,

3. The alledged increase in radiation count in the lab should be elaborated.
Where measured? Is it defimitdve? 1Is 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 1t possible to get a runaway thermonuclear reaction? A 2 ¢m diameter,
10 cm long Pd rod converted to Pd,D could produce an order-of-magnitude

0.1 kiloton explosion=by Reaction 1 if detonated. The investigators are
proposing to tread™in an unknown region. To quote them, "In our view,
calculations {(such as nuclear force: quantum: molecular dynamic simulations)
would be difficult and ambiguous (indeed perhaps impossible at this stage).
In these circumstances it 1s best to resort to experiment.," 1t would be a
shame to lose Pons and Flelschmann as well as the University of Utah campus.

Horrdoru R, Re
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October 4, 1988

Professor Steven E. Jones

Department of Physics and
Astronomy

Brigham Young University

Provo, Utah 84602

Dear Steve:

This will acknowledpe, with thanks, the receipt of your comments on the
proposal entitled, "The Behavior of Electrochemieally Compressed Hydrogen
and Deuterium."

Your kind assistance in our evaluation/ process is genuinely appreciated.

Sineerely,

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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REVIEWER #1

REVIEW OF PROPOSAL: “"The Behavior of Electrochemically
Compreassed Hydrogen and Deuterium", by S. Pona and M. Fleiachmann

COMMENTS ON THE PROPOSAL

1) Statementa auch as "the resulting calculated preaszure i=s on

the order u£27 the measured rise 1in chemical potential,
approximately 10 atmoapherea"™ (page 2) demand support: where
are the calculationa? In general, theoretical calculationa are

atrikingly abaent in the proposal.

2> The authors tantalizingly claim /an -"increase in the
background radiation count in the labh" ' (page &) during an
experiment, auggeating the occcurrence af nuclear fuaion. What'
kind of radiation was cbserved? How waea the radiation detected?
Waa the radiation conaistent in type &nd energy with p-d or d-d
fuasion? These pointa should appropriately be addreased to permit
evaluation of the merita of the pxoposal.

3) The proposed work includes. “radiation measurements" (page
10). Unfortunately, the method of making these meaaurementsa is
not diacumaed although it {4 central to the inveatigation, aince
detecting neutrona andforigamma radiation of the proper energy
would be a clean aignatura'fnr fusion reactiona.

4) If eignificant radiation 1a anticipated in the reaearch,
safety measaures muet certainly be alaborsted.

5) If a pqqui&y of theoretical justification and information on
radiation ia, +wa weakneaa in the propoaal, certainly the
electrochemica&l /calorimetric approach ia anply defined and
explained. The researchera appear to be well-qualified in thia
araa.

&) "We believe that the resaulte we have obtained ac far are a
atrong indication of a progreasaive increase in the fuasion ef D
nucleli in the Pd-lattice with increaasing chemical petentisl (=
compreaaion). While there are alternative explanationa of the
excesa heating effecta, their poseibility doea not aeem to be
very likely."™ (p. &) Flease, what are tha other axplanationa and
why are they unlikely?

73 “Tha experimenta will take longer than our previous
experimenta in view of the greater thicknesa of the roda compared
to tha aheet electrodea. It will take approximately 12 montha to
charge a Zcm diameter rod to aaturation with deunterium.™ {p. 73
Could not the time required be drastically reduced by heating the
rod in a preasurized deuterium environment?

8) Since no referencea are cited, one wonderas 1if a thorough



literature has been done. In particular, publications by C. Van
Siclen and S. E. Jonea (J. Phya. G, 12 (1986) 213-221) and by B.
A. Mamyrin and I. N. Tolstikhin (Developments_ in_ Gecochemistry 3!
Halium Isotopea_ in Nature, HNew York: Elmevier, 1984) could be

. s S s S i M B, e i e e i R e

ralavant.

In concluaion, I £find the proposed rasearch to be very
intriguing and conaiastent with the direction of the Advanced
Energy Projecta Diviaion. The personnel are avidently well-
qualified and competent in electrochemical techniguaas. Howaver,
the propoaal haa a number of weak areaa aa delineated above that
sehould perhaps be addresaed.
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Statement regarding my review of the propos=al: "“The Behavior of
Electrochemically Compreased Hydrogen and Deuterium,”™ by S. Pons

and M. Fleischmann

I have made every effort to be objsctive and thorough in
raviewing the proposal deacribed above. I muat make it clear,
however, that I have been doing reaearch in the aubject area,
which I cell piezonuclear fuaion, since 1985. Our reaearch group
at Brigham Young Univeraity 1ia using neutron and gamma radiation
detection techniguea, along with measurementa of helium-3 /
helium-4 ratioa (which will be performed on our’ samplea by Alfred
Nier of the Univaraity of Minneaotal. Ve load hydrogen and
deuteriumn into metel atripa uaing elactraqphticnl mReana as well
aa by heating the metal in a presaurizsd hydrogen-deauterium
environment. We began experimental., reaearch in this area in
Spring 1986 aa an offahoot of our cold ' nuclear fusion reasarch
program aupported by the Advanced Ena:g?lprajects Diviaion of the
Department of Energy. The work waa discussed with Dr. Gajewski
in thia time period and waa formally reported in our 1985-1986
Annual Report to the DOE (asee attachmenta).

The roota of our work in ([ thia area may be traced to my
efforts in 1985 to enhance fusion in iasotopic hydrogen molaculea
without the use of short-1lived muona. Early work on thia was
publiahed in the papex: "Piezonucleay fuaion Iin isotopic
hydrogen molecules,'" by ‘Clinton Van Siclen (who performed the
detailed calculationa) ‘and myaelf in Journal of Physics GI
Nuclear Phyaics, 12: 213 (1986, paper received 12 June 1985). In
addition to initiating the atudy, I coined the term *"piezonuclear
fusion” 1in analdgy to the term "“thermonuclear fuaion®”, to
indicate that our-spproach ia to induce fuaion by “aqueezing” the
hydrogen nuelai together rather than by heating them to very high
terperatures. {The idea iz to reduce the width of the Coulomb
potential barrier and thereby to enhance barrier penetration
leading to nuclear fusicn.) It later occurred to Prof. Palmer
and myself in diacuasiona at BYU in March 1986 that thias end
might be achievable by loading hydrogen ilaotopes into minerala
(in particular into metala), leading to the current atudy. We
were totally unaware of any work on this concept by Dr. Pona, Dr.
Fleischmann or indeed of anyone slass at thia time. (Prof. Johann
Rafelski had =suggested the possibility of slow fusion in gaseous
HD moleculesa in December 1985, but the Van Siclen/Jonea paper
indicated that thies would bea exceedingly =slow. Prof. Rafelaki
baecame vary intrigued by our idea of piezonuclear fuaion of
hydrogen isotopes in metal lattices when we told him about it:
he ia trying to eatablish a theoretical baais for calculating
ratea for thia eaeffect.) In deing a literature search, we
aubsequently found that B. A. Mamyrin, L.V. Khabarin and V. S.
Yudenich had mantionaed the posaibility of hydrogen fusion
occuring in metal foils in their paper "“"Anomaloualy High Isotope
Ratio PHes ¥Ha in Technical-Grade Metals and Semiconductors,”
Dokl. Akad. Nauk. SSSR, 237:1054 (1978), but they had no proof
that fusion waa occurring. We have found no further publicationa
by these acientista on thia subject, except for a reference to
this sahort paper in Mamyrin’s book "Helium Isotopes in Nature,"



New York: Elasevier, 19584.

1 feel that Pona”’ propoased work nicely complementa the ongoing
cold fuasion reaearch previouasly initiated by ua with the aupport
of the Advanced Energy Projects Division of the Department of Energy.
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October 5, 1988
H 2

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

Dear Jan:

This will acknowledge, with thanks, the receipt of your comments on the
proposal entitled, "The Behavior of Electrochémically Compressed Hydrogen
and Deuterium, "

Your kind assistance in our evaluation pfecess is genuinely appreciated.

Sincecely,

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.
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THE UNIVERSITY OF ARIZONA
TUCSON, ARIZONA 85721 USA

COLLEGE OF ARTS AND SCIENCES

FACLLTY OF SCIENCE
DEPARTMENT OF PHYSICS
BULLDING w8l

(602) 6216820

Dr. R. Gajewski

Department of Energy

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

October 4, 1988
Dear Dr. Gajewski:

1 have carefully studied the proposal submitted by Dr. S. Pons
from the University of Utak entitled "The Behavior of
Electrochemically Compressed ~Hydrogen and Deuterium”. I am
responding as a referee specialized in Nuclear and Particle
Physics, and will not commeni:' at the matters related to
electrochemical analysis.| However I wish tc mention that the
proposal, even though d%t refers to pilet experiments, never
does clearly commit the author to a certain result.

The proposal addresses the issue pertinent to spontaneocus
fusion of hydrogen isotopes placed inside a metal lattice. The
method of experimental approach selected here is to study
excess heat generated by fusion energy. I support in principle
the study of ‘the general issue raised in this proposal, but
have very grave doubts about the method selected, in particular
I am concerned, if it is sufficlently sensitive to find a new
effect 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
chemical energy gain, this method would work if fusion rates
are some good fraction, say 10710 of the chemical reaction
rates. This implies in turn that fusion rates at the level of

/s may be detectable by this method. What is indeed badly
mlsslng in the proposal is a more accurate back of the envelope
estimate how a hypothetical fusion rate relates to the excess
heat and which range of fusion rates would be accessible to
neasurement in the propeosed set up, considering the usual
uncertainties of the method. Without such a discussion of this
question it is in my Jjudgement 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.
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Neither does the proposal indicate what one does if the effect
one is looking for, excess heat, is actually found! One can not
simply claim "eureka, fusion" . There are many other sources of
enerygy in a complex system considered for this investigation,
and there is no attempt made to identify the source of heat.

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

1: wnich range of fusion rates is measurable in the proposed
get up;

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

I trust that this report will be of help. /Given the postal
delay incurred on reception of your mail in Arizona, I am
forwarding an advance copy of this report by FAX.

- Yours Sincere

3
Professor of Physics
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October 12, 1988

Professor L. M. Falicov
Department of Physics
University of California
Berkeley, CA 94720

Dear Professor Falicov:

This will acknowledge, with thanks, the receipt:of"ypﬁr comments on the
propesal entitled, "The Behavior of Electrochemically Compressed Hydrogen
and Deuterium.,"

Your kind assistance in our evaluation precess is genuinely appreciated.

Sincarety,

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.
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Reviewer'e Report Lo the Department of Energy
¥ " "ropesal by Prof. 3tanlgy Pons
Univer=ity ol Uta
The Behavior of Electrocnemivally Compreszed Hydrogen and Deuterlium

This ia @ truly maverlck prupural; 1t ie also an outstanding one.

It proposes to study the fea=ibility of oblalnimg nuclear fusion in Deuterlum
by eleclLrpchemical compresfion in a Pd elegtrode.

‘There i=s =ome very interesting and high-class electrochemiztry involved hore.
And, even though the probabllity of findiny the ideal conditiona of particle
density / Lemperature ¢ volume / lifetlme 1= very 2mall and the chancea of
BuUccess remoté, the possible pay-off i» =0 large that sypport in amall egale
Lo this projeet should ba given.

Beth princlpal investigavors seem to have Lhe necessary qualifications to
‘carry gét high-guality research and to be able Lo Judge ﬁﬁair reaults ¢oolly
and impa Lially. p

e,

seience and hhe remote pUFdibillty of enﬂrmaua&quuﬁff.

Recommendation: suppart the research on a ﬁﬁéﬁ;lmé ~ornly basla, {(Ne rencwal
unless poxlitive results are CLEARLY ubtaired) b

/f
fﬁé}j:;;?:rd,&ITE;;"#HﬂﬂJ‘ﬁ Ootohar 8, 1988

artment of Phyeled
university of California, Berkeley, Califernia
9420

s

REPQRT MAILED BACK BY FIRST CLA3S U,5, MAIL
ON SATURDAY DCTOBER 3, 19¢
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Reviewer's Report to the Department of Energy
Proposal by Prof. Stanley Ponsa
Univeraity of Utah
The Behavior of Electrochemically Compressed Hydrogen and Deuterium

This i2 a truly maverick proposal; it is also an outstanding one.

It proposes to study the feasibility of obtaining nuclear fd;ion in Deuterium
by electrochemical compression in a Pd electrode. -

There is some very interesting and high-class electrgcﬁamfétry involved here.
And, even though the probabllity of finding the idehl=nondit10n= of particle
density / temperature / volume / lifetime is tg?y qﬁ%ll and the chances of
success remote, the possible pay-off is so la?g& thﬁt aupport in small scale
to this project should be given.

Both principal investigators seem to have, ﬁh&,necessary qualifications to
carry out high-quality research and to, e‘ﬁblﬁ to judge their results coolly
and impartially. h

It is a long-shot, with small prshﬁhd&ity of success, But it involves good
science and the remote possxhili&y‘bf enormous pay-off.

")’..

Recommendation: support the”ﬁe ‘arch on a one-time-only basis. (No renewal
unless positive results_are CLEARLY obtained)

T, Falicov
epartment of Physlcs

University of California, Berkeley, California
94720

October 8, 1988




REVIEWER #4

Reviewer's Report to the Department of Energy
Proposal by Prof. Stanley Pons
University of Utah
The Behavior of Electrochemically Compressed Hydrogen and Deuterium

This ia a truly maverick propoazal; it 12 also an outstanding one.

It proposes to study the feasibility of obtaining nuclear fusion in Deuterium
by electrochemical compression in a Pd electrode.

There is some very interesting and high-class electrochemiaﬁ?j involved here.
And, even though the probability of finding the ideal c@qﬁlﬁfons of particle
density / temperature / volume / lifetime is very small, ‘and the chances of
succesas remote, the possible pay-off is =0 large thﬂf‘aupport in small =sc¢ale
to thia project should be given. P 4\

Both principal investigators seem to have the?néégssary qualifications to
carry out high-quality research and to be aﬁie to judge their results coolly
and impartially. 4

1t is a long-shot, with small probabilit& af*success. But it involve= good
acience and the remote possibility af éhorﬁous pay-off,

Recommendation: support the resqﬁrﬁh on a cne~time~only basis. (No renewal
unless positive results are%ﬁLEﬁﬁkx obtained)
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October 12, 1988

Professor Nell Ashcroft
LASSF

Cornell University .
Clark Hall

Ithaca, NY 14833-2501

Dear Professor Ashcroft:

This will acknowledge, with thanks, the receipt of ‘your comments on the
proposal entitled, "The Behavior of Electrochemieally Compressed Hydrogen
and Deuterium."

Your kind assistance in our evaluation precess 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.
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Dear Dr. Gajewski,

I am sorry, but I find it very difficult to accept the preliminary findings of
Pons/Fleischmann. Deuteriums in palladiuni-are not significantly closer together
than they are in solid deuterivm, Thus(if they are claiming fusion in Pd at the
atomic length scales typical of this alloy, then they should also see similar results
from pure solid deuterium. It is a rather obvious test.

The idea that the environment of palladium (as a host) is playing a role
similar to the negative muon in muon catalys's of D-T is rather primitive. If the
important quantity is the overlap’of deuterium wave-functions, then it is not at all
clear that a palladium host does any better than the molecule of deuterium.

So far as the so-called experiment is ¢oncerned, the investigators seem to
have trouble in 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-atithors should be held to account for their statement that their
experiment wag“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.” Tt is scientifically irresponsible to leave things this way: what radiation?
Why wasn’t this followed up by the University safety people?

I don’t think you should proceed with this.
Yours sincerely,
Mot
/
Nell W, Asheroft
Professor of Physics

NWA:ksl
Enclosure
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Cornell University Ay
Ithaca, NY 14853-2501
Laboratory of Atomic
and Solid Stre Physics Tealex WUI6713054
October 12, 1988
Dr. Ryszard Gajewski-
Director
Division of Advanced Energy Projects
Office of Basic Energy Sciences, ER-16
Department of Energy
Washington, DC 20545 _
. Re; Pons/Fleischmann Proposal

3013533870 # 2
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Cornell University Clark Hall

Ithaca, NY 14853-2501

Laboratory of Atomic
and Solid State Physics Telex WUI6713054

October 12, 1988

Dr. Ryszard Gajewski

Director

Division of Advanced Energy Projects
Office of Basic Energy Sciences, ER-16
Department of Energy

Washington, DC 20545

Re: Pons/Fleischmann Proposal

Dear Dr. Gajewski,

I am sorry, but I find it very difficult to accept the preliminary findings of
Pons/Fleischmann. Deuteriums in palladium ‘are not significantly closer together
than they are in solid deuterium. Thus if they are claiming fusion in Pd at the
atomic length scales typical of this alloy, then they should also see similar results
from pure solid deuterium. It is a rather obvious test.

The idea that the environment of palladium (as a host) is playing a role
similar to the negative muon in muon-catalysis of D-T is rather primitive. If the
important quantity is the overlap.of deuterium wave-functions, then it is not at all
clear that a palladium host does any better than the molecule of deuterium.

So far as the so-called experiment is concerned, the investigators seem to
have trouble in 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?

I don’t think you should proceed with this.
Yours sincerely,
Neil W. Ashcroft
Professor of Physics

NWA:ksl
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