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Electric Power
Research Institute Leadership in Science and Technology
' MEMORANDUM
January 11, 109('
TO: Kurt Yeager
John Taylor
Robin Jones
FROM: Tom Passell
SUBJECT: R Ri, in re/SRI D als Project

Enclosed is a draft of Dr. Richard Garwin's report from his full day review of SRI
Project 3170-23 conducted by Dr. Nathan Lewis and himself on October 19, 1993.
As you may know, Dr. Lee Hammarstrom of SAF/SS in the Pentagon requested a
review of the SRI work on Deuterated Metals by the JASONS, a group of
consultants chaired by Garwin. Initially, Dr's Michael McKubre and Steven
Croutch-Baker briefed a subcommittee .of, the JASONS in a 3-hour session in
LaJolla, CA on July 14, 1993. The laboratory visit and full day review was a follow-
up to the shorter session at the invitation of McKubre. Also enclosed are
McKubre's comments on the draft. /Overall, having been present all day at the
visit of October 19, I believe Garwin's draft report marks a major shift in thinking
by critics of the SRI work and\is a credit to the investigators at SRI under
McKubre's leadership.
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December 23, 1993

(Via FAX to 9 (415) B859-4286)

Dr. Michael C.H. McKubre
8RI International

333 Ravenswood Avenue
Menlo Park, CA 94025

Dear Mike,

Borry to have taken 80 long with our brief. réport designated
nominally for Lee Hammarstrom, but here it is.

Actually, I have talked with I.e¢ a ‘couple of times in the
interim, mo thia would come as no wurpriae to him. In fact, he
ia not anxicusly awaiting the rapurt, in view of our oral
communications.

Please give me a call today if posgible, or sometime soon to let
me know if . there are any errors in our presentation. I would
alsoc like to hear from you of progress or lack thereof since our
visit two months ago. .

Very best regards for the holiday season.

Sincerely yvours,

Richard L. Garwin

Encl:
12/23/%3 Draft LTR RLG to L.M. Hnmmarstram {122393.LMH)

cc: :
> N.S.\Lewis, Caltech. (Via E-mail to nsiewis at juliet,caltech.edu}

RLG:jah:S357MCMK: 122393MCMK
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Richard L. Garwin
IBM Fellow Emeritus
Thomas J. Watson Research Center
P.O. Box 218
Yorktown Heights, NY 10598-0218
(914) 945-2555
FAX: (914) 945.4419
INTERNET: RLG2 at watson.ibm.com

December 23, 1993
(Via FAX 10 9 (703) 267-4123)

Dr. Lee M. Hammarstrom
SAF/5S

4C-1052 Pentagon
Washington, DC 2033071670

Dear Lee,

This is a bricf informal teport from Nate Lewighent*Dick Garwii on the basis of our visit to
SRI International Tuesday, 10/19/93. We regret thatiyou were unable 1o attend, but we hope that
ﬂﬁswmmvﬁeymﬁmmahfmmaﬁonmrﬁg}gmowwmmmam

In addition to the two of us and Mike McKubro, McKubre's colleagues (Stuart Smedley, Fran
Tanzella, Steve Crouch-Baker) participated fully, as did Robin Jones and Tom Passell from EPRI
and David Golden of SRI. (We/met from about 0900 to 1730, with & foll and frank exchange

of views, knowledge, opinion, and analysis.

Description.

The SRI project was begun by Tom Passell (to create & hydrogen sensor and to study catalysis)
before there was any suggestion oftcold fusion or excess heat. Understandably, he has
maintained a strong interest in the program. Ofoomfu,allofuswnuldbe fascinated and would
feel great admiration if it wers possible reliably to propduce excess heat. The same wonld be true
of & new way.of producing nuclear particles unider such circumstances, even modest numbers
of neutrong, x rays, or gamma TRYS. '

Neither Nate Lewis nor I has any reluctance to entertain and recognize a purely experimental
discovery. “We don't need a theory to make us believe our eyes: But we do need a significant,
reproducible effect, and that is what McKubre and his colleagues are attempting to produce.

Wehndagnnddculot'disumionuftlwnow-typeullsLl-Mwhichthebunmmﬁngdncc
April;swe held one in our hands-and are now quite familiar with its construction. We also had
extensive discussions of data from one of these cell$, which according to a summary chart has
provided about 3% excess heat. This is not a dérived kind of excess heat, related to the
minimum electrochemical cnergy required to clectrplyze water @ produce dihydrogen(g) and

Draft for McKubre (12/23/93)
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cioxygen(g), but an honestly phrased fractional excess over the total power delivered to the
eiectrochemical cell itself.

The eloctrochemical cells sit in & thermostated water bath. Typically, two cells are rum gt ths
same time, with constant current provided by a regulated power supply. An isothermal-flow
calorimeter is used to determine the power dissipated in the cell. Crudely put, a
constant-displacement pump provides a flow of the' calorimetric fluid (water in the most recent
exp:nnmnu)atnnmofaboutlmlfa,buttheqcmalwatcrﬂowmmemredmuchmom
accurately than the constancy of the pump by having the water delivercd to a beaker that rests
on the platen of an electronic scale, o that over aliost all measuring intervals the mass of the
water is measured accurately. An automatic “siphon" occasionally emptics the beaker, so that
the measurement is inaccurste over a small fraction’ of the intervals,

From the mass flow and the known specific heat of iwater, the power transfer to.the water could
be calculated if one knew the tomperature risc, This is determined by.measuring the inlet
temperature with two platinum resistance thermometric devices (RTD) and mieasuring the outlet
temperature within the calorimster housing by two pdditional RTD, To minimize heat transfer
to the surrounding thermostated bath, the calorimeter is immersed in a single-endod metal Dewar
flask. Water from the thermostatic bath enters and: descends along, the inner wall of the flagk,
entering the calorimeter at the base and having the; temperature measured by two RTD at that
point, After passing outside the coiled compensating heater which encloses the electrochemical
cell, the water begins its exit from the cell through & small venturi aperture, in order to mix the
m:ﬂmes.andhauuwmpummcnumdbymnaddmmnmnthsmt

A censing current of 0.5 mA is fed to each RTDforacouple of seconds every four minutes,
All meagurements are taken by a Keithley digital multimeter. The multimeter was time shared

to measure all of the parameters electrically.

In the absence of excess heat, the energy communicated to the slectrochemical cell would be
determined by the product of the mown magnitude of stabilized current supplied, and the voltage
measured at the base of the electrochemical cell. Because that voltage fluctuates with time and
with current density, the experimental configuration has been designed to reduce the dependence
of the entire calorimeter upon the linearity of the individual calorimetric measurements. This
has been achigved by modifying the power to the compensating heater in each interval, so that
a desired total poweris achieved through the sum of the power input to the electrochemical cell
and that input to the compensation heater. This is done by averaging the Pd/Pt cell voltage over
a brief interval during the previous 4-minute measuring period, and then commanding the heater
curfeat to provide a value of supplementary powdr that is sufficient to obtain the nominal
12 W (or 30 W) or whatever is the target total ppwer for the next 4-minute portion of the
expesiment.

Thereforo, the output temperature should be nominally constant. Moare particularly, the
measured total power (cell plus compensating heater), as determined by the measured
celorimetric fluid mass flow and temperature rise, should be constant with tims, except for the
4-minute delay in compensating power. Mcuumments of excess power are therefore in principle
straightforward, based on the value of the power ruqum:d from the compensation heater in order
to obtain the desired total power delivered 1w the calorimetric fluid.
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The situztion is complicated by the fact that the electrochemical cell generates hydrogen and
oxygen, spproximately according to the electrocherhical process that requires 1.53 volts drop in
near-equilibrium. Thus, the gas which is catalytidally recombined within the electrochemical
cell produces a very substantial amount of recombination power (typically 46 W) at the top
of the cell, well above the compensating heater. A primary critetion of the cell design is to
cosure that essentially the only place for this hest to go is into the calorimetric fluid, and the
purpose of the venturi is to ensure that the RTDs are sensitive only to total power and not more
sensitive to power produced at one point in the cell than at another.

Only certain cells provide excess heat, and those are stated to be ones in which the cathode
surface is treated appropriately, either by minor chemical constituents in the electrolyte (Si or
Al), or by ion-beam bombardment. Furthermore, ‘it is thought that onc batch of cathode Pd
works, and another docs not produce excess heat. We were told that the silica rods that support
the anode are essential to observe excess heat-- presumably because of silica dissolution in the
cicetrolyte. So many influences are thought to be at work that it would be casy enough to excuse
the lack of excess power in a particular cell.

Inanycue,itlakeshlmdredlufhomdmdiﬁoniglgofﬂ:eeeﬂbefmamducﬁontonmwo
current and a subsequent ramp up of current appear to yield some-excess heat. The magnitude
of excess heat is deduced by subtracting from the measured calorimedric power the sum of the
heater pawer and the electrochemical cell power (I x V)

Theuucwmintyinexcesspowermmurenmilnl;omsomW.butthcmnpmappem
to be on the order of 500 mW or even 1 W pesk,, However, excess power is still a deduced
quantity and depends upan the calibration of the calorimeter.

A desirable feature of the experiment is that the ¢alorimeter is to & considerable extent self
calibrating, That is, if it werc possible to maintain the total power within the calorimeter the
same, the output temperaturs (or temperature risc tithes flow rate) should be constant, and RTD
and mass measurements are near enough absolute that there is littls chance for ervor there. An
additional complexity comeg from heat leakage from the calorimeter to the bath, which is
determined routinely by the differenice between the 'heater input (in case of no or insignificant
powertotheelecuochmnicaluﬂ)mdthuma?m'edﬂawcmﬁmte:powa. A small
complication enters because it is important to keep the cathods from "de-loading”, and that
requires the continued passage of some minimum current through the cell.

The tomporary detection of excess power (particularly if it returns to xero after a period, and
never goes negative) can be measured quite sensitively. However, thers are a number of
potntial confounders (dirt effects) that could mimi¢ such an excess power. One would be an
increased apparent temporature of the output RTDs, which are nominally 100-ochm platinum
resistors, '

The single digital meter used to measure all of the parameters of the experiment, steps from one
10 another within a 4-minuts measuring interval. To. a considerable extent (particularly with the
RTDs), the use of & single meter reduces substantially the prospect for error. However, because
some of the measurements are far more susceptible than others to corruption, the use of a single
meter does not totally eliminate the possibility of mpasurement error. For instance, with & one
percent effect on a 12 W power level, the total temperature span is about 3 K, and the one
percent about 30 mK. An RTD has a resistance proportional to temperature, go that the
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detection of 20 mK out of 300 K is abowt 70 ppm, or about 3 microvolts out of the total RTD
voltage of about S0 mV, with a current of about 0.5 mA. More precisely, with the stated
temperature coefficient of 0.385 obm/K, the voitage represented by 20 mK is 3.85 microvolts.

A faige signal of this magnitude would be produced hy a shunt resistance of some 1.5 megohms,
or a current leakage into the resistor itself of some 30 nanocampercs.

Discussion.

Concentrating on cells L3 and L4, we note that a chemical reaction involving the Pd at perhaps
1.5 eV per atom would comrespond to about 3.5 kI of heat; this iz to be compared with the
3 M) of “excess heat” pbserved, so such an excest could not possibly be of chemical origin.
If it were to be related to the electrolysis of water at 1.5 eV per hydrogen (3 eV per mole of
water) it would correspond to the electrolysis of some 10 moles ar 180 gof water.

The current cxperiments are being done at near-atmospheric pressure and room temperature, in
view of the greater difficulty and hazard of working at high pressurc as was done for awhile in
this program. However, work done by others has the characteriatic that the longer it is pursued
and the better the circumstances, the smaller the offect. This "quit while you are shead" trait
does not give confidence that theirs is a real effect; 'quite the contrary.

We are concerned about a number of possibilities for producing apparent excess heat where none
exists. The excess seems to be propartional toths éurrent, when conditions are "right" for it to
manifest itself, If the muoltimeter would read lowwhile measuring the ceil voltage, this would
be the sign of the effect. That it does not‘0ceur until after "conditioning" takes place may simply
mean that it doeen't occur until a while into the experiment, although time alone is not enough
for every ccll to exhibit the excess heat. )

The other possibility that immediately comes to mind is an error in reading the temperature of
the effluent water. That both output RTDs read the same is encouraging, but the possibility
might be an electrical leakage. This is made less likely by the fact that the same multimeter
reads the resistance of the input RTDs.

We believe that there are a few things (probably irrelevant) not very well understood by the
experimentess, ‘One it the magnitude of the heatiloss by evaporation from the warm bath,
although this would seem to have no impact at all ori the analysis. Furthcrmore, bringing all the
experimental circuits to the same plastic Jones barmier strip, itself mounted on s plastic panel,
is asking for trouble. If the sensing leads from each of the circuits were brought to a separate
two-bar Jones strip mounted on & common grounded metal panel, this would eliminate the
potential for leakage along the plastic panel or the plastic of the Jones strip.

Although the cells are operated "closed,"” they are npt in fact totally closed from the beginning
of the experiment, since the cell volume is not adequate to contain the amount of hydrogen that
must be absorbed in "loading" the cathode. Under existing safety regulations, the gas lead to
the cell consists of two concentric tubes, so that one can actually FLUSH the cell. Previously,
with only a single tube, the following would appear to happen as the cell waa electrolyzed at the
beginning of the experiment:

As current was passed through the cell in order to produce hydrogen on the cathode,
the absorption of hydrogen into the cathode would yield an sxcess of oxygen in the
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cell. The catalytic recombiner within the cell would do its best, but there would be
an oxygen-rich atmosphere within the cbll. At a 1:1 loading of hydrogen atoms in
the Pd, the 3 cm rod of 0.3 cm diameter would contain 23 milliequivalents of
hydrogen atoms, comresponding to 5.7 millimoles of oxygen molecules in the cail.
If the cell free volume were 100 cc, the pressure of oxygen gas would be 1.2 atm,
or some 18 psi absolute. If one wanted to load the cell so that it remained hydrogen
rich, in the presence of hydrogen loading of the cathode, the equivalent of 36 psi of
hydrogen would need to be added, to .combine with the oxygen (or to load the
cathode), and an additional 35 psi of hydrogen in order to bring the cell to 20 psi
gauge. '

Sowemsomcwhatconcemedthattheguleadstécnchoeﬂno:leakuaﬂ.andwouldﬁkcto
makesmthatﬂwﬂiaamaﬂmdmm:ﬁn]sbﬂmuwhanﬂncellnmnpmed,luthatno
significant amount of heavy water has escaped. -

While cells that do not "load" to the requisite 0,92 D:Pd level would indeed serve as controls,
we believe it highly desirable to run a number of ¢ells on light water equal to the number of
experimental cells. Of course, these are not direcily comparable, ‘and the purpose of having
light-water cells would not be to do anything nearly #0 silly as to compare the power dissipation
at equel current in the two cclls, as has been done by some‘experimenters. The purpose, rather,
would be to see whether such light-warer cells (which are much easier to experiment with and
considerably cheaper) would ever provids sppesrance of excess heat". If there is an
experimental artifact, it might for some reason exkhibit itself more readily in connection with
light-water cells, which would be & blessing to allowit to be tracked down and vanguished more
readily. i

'l\voomconcmslmvetodowiththsparfminmoenfihacm!ynmdwithpouible
high-frequency oscillations in the electrochemical carrent.

The paper notes that at high current densities the presence of large deuterium (or hydrogen) and
oxygen bubbles "disrupted the electrolyte continuity,” and one would liks to be very sure that
the stabilized current didinot change substantially ‘during a small fraction of the time. The
velidity of the experimeatal rosults is totally dependent on the cell current being maintained truly
constant, 50 that wheti the average of the fluctuating cell voltage is measured, the product of the
constant current by this average voltage (and the tims) is the truc ensrgy input.

Concluding remarks,

This isaserlmue&'mttonbuhlmliablacdoﬂmuigdauonheavymmahwolymdinaceﬂ
with a palladium cathode. It is larger in scale and has more electrochemical expertise than the
work of Tom Droege of Permilab, who obtains excellent data but no excess heat.

We have found no specific experimental artifact responsible for the finding of excess heat, but
we would like to see eventually (as would the experimenters|) a larger effect and one that cen
be more reliably exhibited. Alternatively, & larger number of light-water cells might mare
readily exhibit the phenomenon if it not "real", and this would sccm to be a relatively sasy way
to challenge the hypothesis that the peculiarity is specific to heavy water,

Sincerely yours,
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Richard L. Garwin

cC:
}1.C. McKubre, SRI Infernational (Via FAX to 9 (413) 859-4286)
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