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046, CORRELATIONS OF EXCESS POWER AND HELIUM PRODUCTION. M. H. Miles and
K. B. Johnson, Naval Air Warfare Center Weapons Division, China Lake, CA 935556001

Within the past three years, several experiments involving the elecirolysis of D20 + LIOD solutions
vsing palladivm cathodes have produced significant amounts of excess power al our laborstory,
Electrolysis gas samples collected from these experiments using both glass and metal fasks have contalned
larger quantitics of #He than control cxperiments where no excess power was observed. A total of 16
electrolysis gas sarmples collocied during cpisodes of excess power have shown higher levels of ‘He while
11 gas samples collected when no excess power was ohserved gave lower background levels of 4He. The
mone accurate measurements place the rate of helium production at 1017 #He/ssW. This is the comect
magnitude for typical fusion reactions that produce 4EHe a5 a product. Nevertheless, most experiments at J

our laboratory have failed to produce any significant cxcess power, hence progress in this field remains
slow and frustrating.

060. ELECTRON-CAFTURE-DELAYED FISSION OF Z¥8p*, K.E. Gregorich, 5.4. Kreek,
H.L- Hall, R.A. Henderson, ].D. Leyba, K.R. Czerwinski, B. Kadkhodayan, M.P. Neu,

C.D. Kacher, T.M. Hamilton, M E. Lane, E.R. Sylwester, A. Tirler, D.M. Lee, M.]. Nurmia,

D.C. Hoffman, Nuclear Science Division M5-86, Lawrence Berkeley Lab., Berkeley, CA, 92720,

The electron-capture-delayed fission from a Z28Np precursor has been studied. 228Np was
produced at the LBL §8-Inch Cyclotron by the 233U(p,6n) reaction utilizing a stack of 23 233U
largeis. 2373 pairs of coindident fission fragments were recorded, giving an asymmetric
fission mass distribution, and an average total kinetic energy of 16946 MeV. The half-life of
222Np was found to be 61.4+1.4 s. By measuring c-decay chains, we found the 28Np a-decay
branch to be 60% and the electron-capture decay branch to be 40%. The delayed fission
probability was found to be (2.040.9)x104, A measurement of K~capture X-rays coincident
with fission fragments resulted in less than 25% of the expected coincidences. This can be
explained by the lack of a setond minimum {fission isomer) in the 228U fission barrier,
allowing the fission o proceed before the K-vacancies from the 228Np electron capture fill.
“Work supported in part by Office of Energy Research, US Department of Energy, Contract DE-ACO3-765F00658
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061. TRITIUM PRODUCTION FROM A PLASMA DISCHARGE ON PALLADIUM . T. M.
Clayior, D. G. Tuggle and D. D. Jackson, Los Alamos Nat. Laboratory, Los Alamos, NM 87545

Over the past year we have been able 1o demonsirate that a plasma loading method produces an
exciting and unexpected amount of tritium. In contrast to élecirochemical hydrogen or denterivm loading
of paliadium, this method yields a reproducible iritinm generation rate when various electrical and physical
conditions are mel. We will show tritium generation rales for deuterium-palladinm foreground runs that
are up to 25 times larger than hydrogen-palladium control experiments using matenials from the same
baich. The reproducibility of the technique and the large signal to noise over background has allowed us
to vary parameters that have been difficult 1o investigate with previous methods. We intend to illustrate
the difference between baiches of anncaled palladium and ss received palladium from several batches to
demonstrate that the tritium generation rate can vary by a factor of 40 from batch to baich. The effect of
other metals, wire and plate thicknesses on the tritium generation rate will be shown, We plan to discuss
these new procedures, present typical resulls, and speculasie concering the implications for furither work,

062, EVAPORATION RESIDUE MEASUREMENTS AT 0 DEGREES IN THE Xe+Ti
SYSTEM .
J-Li, B. Xao, F. Haddad, N. Mdelwayeh, J. B. Matowiiz and R. Wada,

Cyclotron Institute, Texas A&M Unlversity, College station, TX 77843

First measurements of evaporation residues detected at 0" In the Xe + Ti
system using a p 258 Achromatic Recoil Spectrometer {MA RS} will be presented. Effects of
fission dynamil \expecied to manifest themselves [n the cross sections of evaporation
residues will by "

.
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083. THE DECAY OF %0p},
D.Fabris, INFN Sezione di Padova, 1-35131 Padova, Italy.

Dynamical effects in the fission of the °°Pb compound nucleus has been
studied using the reaction 'F + '®'Ta at six incident energies between 90 and
140 MeV. The decrease of the fission width as a function of the excitation energy
was extracted analyzing the excitation function of energetic 4y-rays in coincidence
with fission fragment and evaporation residues, Further experimental work on
light charged particles and low energy +y-raye is in progress to study the interplay
between structure and dynamics in the decay of *™Pb nuclei

064, FLSSTON TIME SCALES FROM NEUTRON EMISSION IR Ne + Re AND Ar + Ho REACTIONS.
Y Tilquin, ¥. E]1 Masri, Th. Keutgen, A. Hipane, M. Parlog, University of
Louwein, Belgium ; F. Henappe, University of Brussels, Belgium ; G. Bizard,
0. Durand, F.R., Lecolley, F. Lefebvres, T. Hakagawa, J. Peter, R. Regimbarc,
B. Temain, LPC of Caen, France ; G. Costz, G. Guillausme, B. Heusch, A. Huck,
S. Honatassin, CRN of Strasbourg, France ; K. Hage!, J. Netowitz and T. Rabah,
Texas A & M Unlversity, USa [

The propecties Eﬁsneu:rana emitted in Me + Re and AT + Ho reactions, leading
to the same fissile CH AL st the seme excitation enecgy, have been measured to
gatablish the dynemical figsion time scales (normal and fest flssions). The neutron
meltiplicities end kineric energies were determined waing the new french-belgian
neutron wult idetector DEMON cowposed from 96 large wolume NEZI3 cells.

065. DYNAMICAL EFFECTS IN LOW ENERGY
FUSION-EVAPORATION REACTIONS

G. Viesti
Dipartirctto i Fisica, Universith di Padova, 1-35131 Padova, Iinly

The popualation of superdeformed (S} mud hyperdeformed structures (HD) 35 -
clei with mass A~150 is infloeneed by the asyupuetry in the entrance chnunel of the
rencticn {SD) mx owell ns by el presenee of charged poticles iu dae eviporation chain
{HIN. Reeent protow-guuins coincidenee exposinants perforsmel with the vy spee-
trommeter GASP at Leguara { lealy ) indicate o Lk hebween the population of evaporntion
residues {SD and HD) at very high spin ad the dynmnical hindrance of fssion, The
posibility of dynamieal cfects duving the eynilibration phase of the compomnd oucleus
al Jow excitation energy will Be also disenssed,

086 ENTRANCE CHANNEL DEPENDENCE OF FUSION-FISSION DYMAMICS IN HEAVY
3 TOM REACTIOMS, R HURY, NUCLEAR PRYSICS DIVISION, B.A.R.C.,
BOMBAY - 400 085, INDIA

Heavy lon fuslon-fission reactions involve complex
dynamics during the shape evolution of the composite nucl
guantities such the angular momentum, entrance channel
the £lssility of the compound nucleus are expacted to pla
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052. CALORIMETRY OF THE PD-D,O SYSTEM: THE DRIVE TOWARDS HIGH LEVELS OF
LOW GRADE HEAT. M. Fleischmann and Stanley Pons, IMRA Europe S.A. Science Cenler, 220 Rue
Albert Caquot, Sophia Antipolis, 06560 Valbonne, France

We review some of the factors which prompled our search for anomalously fast nuclear reactions
of I’ clectrochemically compressed inmto Pd {and Pd-alloy) host latiices uséng calosimetry as a principal
means of investigation. The most surprising results are that the high levels of excess heal generated are
not accompanied by the expecied levels of tritium and neutrons {low but significant levels of these
“nuclear ashes” are detected),
of the experiments mainly because of positive feedback. A rationale Tor such positive feedback is
presented; this also Ieads to oscillation In the system properties which must be minimised $o as 1o rcm:h
high levels of excess enthalpy generation al intermediaie temperatures (~100°C i c. low 3grmi: heat)., W
illustrate the progressive development by the achievement of specific rates of ~20Wem ™, — | 00Wem™ and

4kWem™ coresponding 1o those of gas eooled, pressurised water and fast breeder reactors. The highest
levels require restrictions of the engineering of the sysiems which we will outline,

053. GAS PHASE CHROMATOGRAPHY OF THE HEAVIEST ELEMENTS AND THEIR
HOMOLOGS. EB. Sylwester, K.E. Gregorich, D.M. Lee, M. Hsu, C.D, Kacher, B,
Kadkhodayan, D.A. Keency, M.R. Lane, M.F. Mohar, N.P, Neu, N.J, Stoyer, A C. Veeck,
Y. Watanabe, J.C. Yang, D.C. Hoffman, Lawrence Berkeley Laboratory, MS 70A-3307,
Berkeley, CA 94720,

Gas phase chromatography has been used to determine the volatility and adsorption
enthalpy of the group 4 and 5 chlerides and bromides, including those for Rf and Ha.
These studies provide a valuable tool for determining whether trends in the chemical
properties of groups 4 and 5 are continued in Rf and Ha, and for predicting the
chemical properties of the other transactinides. The data collected on these elements
show the possibility of a relativistic effect which would change the electronic level
structure of the heaviest elements and which would in turn change their predicted
chemical properties.

"This work is supported in part by the Office of Energy Research, LS Department of Energry under contract
DE-ACO3-765F00098,

054. ASSIGNMENT OF A 2.1s SF ACTIVITY TO 262RE.* MR, Lane, K.E. Gregorich, DM,

Lee, M. Hsu, C.D. Kacher, B, Ki.dlh:dlxan. D.A. Keency, M.F, Mohar, N.P, Meu, E.L
Osterrieder, NI Stoyer, E.R. Sylwester, A.C. Veeck, Y. Watanabe, J.C. Yang, and D.C
Hoffman, Lawrence Berkeley Laboratory, MS 70A-3307, Berkeley, CA 94720,

We have produced the isotope 262Rf via the 24Pu{?2Ne,4n) reaction and measured its
spontaneous fission properties and partial excitation function, Our work supports assignment
of this SF activity to decay of 262Rf. We measured 200 coincldent /spontaneous fission
fragments and determined the half-life to be 2.140.2s. The kinetic energy and mass-yield
distributions were determined and the mass-yield distribution is predominately symmetric

with 2 FWHM of 19.6 mass units. This may be the same as the, 1.2*}0s spontaneous fission
activity reported by Lougheed et al. as the alpha-decay daughter of %65g,

*Work supported in part by Office of Energy Research, US Deptartment of Energy under
Contract DE-ACO3-765F00098.

055. ON-LINE LIQUID-SCINTILLATION-COUNTING IN HEAVY ELEMENT RESEARCH,

B. Wicrezinsk], Lawrence Berkeley Laboratory, Nuclesr Science Division, MS88, 1 Cyclotron

Road, Berkeley, CA 94720

Investigation of the chemical behavior of the heavy clements requires fast automated systecms for
chemical stodies and for measurement of a-particles and spontaneous fissions. We developed a liguid-
scintillation-counting sysiem which allows continuous measurement of c-energies and detection of
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sponianetus fissions in flowing liquid samples. In recent on-line-studies we obtained an a-energy
resolution of ~ 200 keV FWHM for 233U, The use of pulse-shape-diserimination provides adequare
discrimination against B- and y-radiation even in the presence of fission products. The averall efficiency for
counting of c-particles and spontancous fissions is estimated 10 be -98 %. Measurements of 232Cf-
standards have successfully been performed to check the validity of the system for the detection of &- to
spontancous fission-decay ratios. Results from the usc of this system in hesvy ion reactions will be
discussed.

056, CATION.CATION COMPLEX FORMATION AMONG ACTINIDES*
Nancy J. Stoyer and Dasleane C. Hoffman Department of Chemistry, University of California,
Berkeley CA $4720; and Robert J. Silva, Lawrence Livermore National Laboratory, Livermore CA 94550,

The +5 axidation state’of U, Np, Pu, and Am it a lincar dioxo cation with a formal charge of +1.
These cations have héen Jound™to form complaxes with other cations ineluding actinide cations, The first
calion-cation complex; Npl}ir UQ3*, was reported by Sullivan, Hindman, and Ziclen (n 1961. Actinides
have smatl molar abisorptivities and cation-cation complexes have small formation constants; therefore,
Laser-Induced PhotoAcoustic Spectroacapy (LIPAS), a relatively rew and sensitive absorption spec
troscopy technique,was nsed Lo overcome these obatacles. Results obtained using LIPAS for NpOF -UQZ*
NpOF Th, Pa0} U0, and PuOF Th** cation-cation complexes will be presented.

“Work sopported in part by the Glenn T. Seaborg Institute for Transactiniuna Seience, Lawrence
Livermore National Laboratory lor the U).5. Department of Energy under Contract W.7405-ENG-48.

EVIDENCE FOR THE ELECTROCHEMICAL PRODUCTION OF TRITIUM AMD HELIuM, J. 0'M.
Bogkpls, Chemistry Department, Texas ASM Univereiry, College Btation, TX 77843

Tritium production by electrochemical means has hesan described in more than
20 peer reviewed papers &nd reported at meetings in about LO0 independent reporcs.
Mogt of the evideance comes from the Pd-D? system in D20-Li0H solutiocns.

In spite of the widespread reporting of tritium formation in the cold in many
countries, the conditions whereby it can be turned on have not yet been determined.
The production ia enhanced by mpscific surface conditions, and a D/Pd ratio between
0.8 and 0.9 {higher values give the heat - and decresse the tritium). The rates
reported vary from 10%-10'Y atoms cm™% sac™l,

He* production has been evidanced frum only a few laboratories (difficulty
of measurement in the pregence of D). It occurs to 100 times above background in
Pd. The enhanced He* in the gas given duriug electrolysis of D30 accounts » 50X for
the obaerved excess heat,

0567,

068, SOLVENT EXTRACTION STUDIES OF RF (ELEMENT 104)*, D.D. Kacher, K.E,
Gregorich, D.M. Lee, A, Bilewicz, Y. Watanabe, B. Wierczinski, B. Kadkhodayan, ER
Sylwester, M.R. Lane, D.A. Keeney, E. Osterrieder, A. Veeck, N. Stoyer, M. Hsu, J. Yang,
and D.C. Hoffman, Nuclear Science Division, 70A-3307, Lawrence Berkeley Laboratory,
Berkeley, CA 94720

The chemical behavior of the group 4 elements Zr and Hf and the pseudo-group 4
element Th has been examined by performing solvent extractions of the appropriate tracers
from HBr or HEr/LiBr solution with 035 M tributylphosphate in benzene, The extraction of
Zr, Hf, and Rf was investigated over a range of HB4 concentrations from 7.5 M to 9.0 M.
These results indicate that Rf forms weaker complexes with bromide than either Hf or Zr.
Metal-bromide stability in the 4+ elements decreases in the order Zr>Hi>RI>Th.

*Work supported in part by Office of Energy Research, US Department of Enetgy under
Contract DE-AC)3-765FO(198.
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046, NIICE EAR PRODUCT S COMMENSURATE WITIH ENERGY (‘-ENERATE) DURING D40 [ ECTROLY SIS
AT I’AhlAl)iUM CATHODES; QUANTTTATIVE ANALYSIS. B. F. Bush,! %).J. 1k, ! B H. Miles
of Chem,, al.lllm TX, 78712, “INAWC-WPN, Research Depl., , CA 93555

:luw:ummmmnmummﬁtm“mmmehnﬂdmmu that would be
mhﬂfunmw indeed peutron and 1 - ray fluxes commensurmte (o cxcesy heat penerated have oot

S

b-etnuburved Weﬂmtt generation of belium quanlitsively commensurate to the amount of eicess energy generated an heat |
mh:mmcexpmmh. Preliminary reaulty are shown i the plot below: }
0.1 L 1

0.08

0.06

WATTS 008 bty 24 MeV/He
o.ng : o+ 4 Mevgﬂg ; |
0 210" 410° 610" 810° 110" '|
o HELIUM ATOM i
I:‘dfﬁ > ized 10 525 mA and 500 s gas volume foe plotting purposes, The 24 MeVi e line corresponds to |

The qmnutyd‘belmm praduced compared 10 the encrgy generated indicates thal a high enerpy nuclear procens 1
indueed duning elecirolysis, !

Ie + 24 MeV, the most energelic reaction known, while the 4 MeV. He ling is shown likewise 1o add u

046. AN OVERVIEW OF EXCESS HEAT PRODUCTION IN THE D/Pd SYSTEM
AT SRI. Steven Crouch-Baker, Alan Hauser, Nada Jevtic, Michael McKubre,
Swart Singdley, Francis Tanzellz, Encrgy Research Center. SR Intemational,
Menlo Park, CA 94025

Experiments have been undertnken to demonstrale and quantify the rate of heat

Eg;dlwuon of pa.lladlum cathodes loaded elecirochemically with devtevium, Excess heat has

n observed in these experiments a1 SRI on more than 40 occasions in accurale and stable
isothermal mass flow calorimeters, The excess appears 1o be cormelaled with ot least three
criteria: the degree of dewwesium loading {specified as the atomic mtio DfP4), the time for which
high loading is maintained, the interfacial current dmsitg; The comrelation between excess heat
preduction and these three variables will be discussed. In addition, the results of experimenis
designed to scarch for further products of the hea preducing reaction will be reported.

047.
Improved Praotacols for Observation of Ancmalous Heat from
Deuterated Palladium

Sgunig J. Cravena, Vernon Regional Junior College,
ernon, TEXAas

A serles of low precession experiments were

conducted to screen factors relevant to the observation
of oanomalous heat from deuterated electrochemical
systems, Techniques are presented which were found to
improve the opportunity for observation of the heat., The
affect was found to be wvery sensitive to experimentsl
pratocol. Warnings against eome common errers. in
protocol are offered. The improved technigues include
proper selection and hendling of materials, corgect
features within the design of experimental apparatus,
sequence and magnitudes of electrical currents, and

~pat lepee,

048.
Excess Heat During Electrolysis of 1 M LIOD in Fuel Cell T‘ypa Closed Cell
K Kimimatsu, N. Hasegawa, ¥, Yamamoto, N. Hayakawa
IMRA Japan Co., Sapporo, Japan

Electrolysis of 1M LiCD was conducted using Pd Cathodes from various sources ina
fuel cell lype closed csll using a fuel cell anode. The cathoda loading by deuterium,
D/Pd, and excess heat were monitored simultaneously as a function of currenl density

NUCL

from the pressure decrease of D2 gas in the cell and by monitoring cathode
temparalure as a funclion of elactrolylic inpul powar, respectively. Up to 35% excess
heat w:;s recordad for D/Pd > 0.80 - 0.84 with a threshold current around 100 ~ 200
mAfcm”.

049. DEMONSTRATION OF ANOMALOUS HEAT FROM THE “COLD FUSION" EI'FECT
Edmund Storms, 270 Hyde Park Esiates, Santa Fe, NM, §7501

Heat production by an unexpected process is the most challenging aspect of the
“cold fusion” phenomenon t¢ accept.  Many studies have been done in ways that in-
vite criticism and easy rejection, A few recent studies have attempted to eliminate
obvious crrors and, thereby, reduce the ease of rejection. In addition, several of
these studies have revealed imporiant variables related to improving reproducibility.
This paper will describe heat measurements done at the Los Alamos National Labo-
ratory using a-closed, pressurized, stirred calorimeter having two independent meth-
eds of calibration, Results using several batches of palladium are discussed in terms
of those: characteristics that lead to reproducibility uvsing the electrolytic loading
technique.

% CALORTMETRIC OQBSERVATION OF EXCESS HZAT DURING ELECTROCIEMICAL INSERTION OF

050.  peyreRIuM INTC PALLADIUM. Turgur M. Gir, Martha Schreiber, amd Robert A.
Buggins, Depertment of Materials Scilence and Engineerinp, Stanford University,
Stanford, CA 94305

In order to addregs the energy bresk-even issue, the tharmal behavior of tha Pd-D
system was studied during electrolysis of heavy water in a thersodynamically closed
cell. A speclally designed isoperibolic calorimeter was developed for this purpose
end was fully characterized. Eleven pretteated, fresh Pd cathodes were individually
tegted in identically desipned calorimeters and their thermal behavior were monitored
starting from time zero. In twe of the ceses, excess power was obmerved in which the
overall energy balance became positive after a ralatively short period, lsading to
the generation of pignificant smounts of excess snergy. In one case, excess power
was maintained over s period of ten days, and produced over 23 MJ of excess energy
per wole of palladium.

051, PROSPECTS FOR THE FUTURE DEVELOPMENT OF COLD FUSTON. H, [kegami, National
Enstitute for Fusion Science, Chigusa-ku, Nagova 464-01, Japan

Almost five years have passed since the first announcement of cold fusion in March of 1989. Over
this period there have been, from time to time, a nuenber of reports of the observation of excess heat and
nuclear reactions. Concerning nuclear reactions, there still remains the controversial questions of fusion,
which has given jts name to the phenomena associated with cold fusion. Inany event, so long ag the
reproducibility remains so poor, it I8 imposgsible to resolve such questions and the original controversy has not
faded away, From the very beginning of cold fusion, it has been generally conceded among scientists that the
claimed excess heal cannot be merely a result of the ocdinary DD fusion. Neutron emissions were extreme ly
week and sporadic, which made almost nothing of comelulion measurements between excess heat and fusion
reactions. Anolher peculiar feature of the nuclear reactions, associated with cold fusion, lies with the
observation that the generation of tritium, which is concurrent with neutron emission, is nonetheless more than
ten million tienes lacger than that of the neutrons, and still it is not clear how this relates to the heat. Moreover
there are claims that the excess heat production can be cerrelated to the productibn of helium-4 as nuclear
ashes. These findings have promoted exotic theoretical madels to explain cold fision mechanisms.
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and memory of a new discharge source which operates on €0y gas supplied directly from 2 CNH
combusior. The discharge within the source is encrgized by 2.45 GHz microwave power; no lungsten
filamenis are nesded. The discharge cavity is self cleaning through an arrangement where it is constanily
‘scrubbed” 2nd sputter-ciched by an oxygen discharpe. When needed, spunts of higher pressure oxygen
can be introduced to ihe discharge chamber that oxidize any carbon which may have deposited onto the
wills and convert it 1o CD gas that ¢an be quickly pumped away. There are no rubber D-rings needed in
critical places and gold coatings are used on 2ll of the intemal surfaces.

039, GENOTOXICITY COF WICOTINE AND ITS DERIVATIVE NITROSAMINE
STUDIED BY ACCELERATOR MASS SPECTROMETRY. X.5.Li, Y.F.Liu,
J.¥.5hi, X.Y.Wang,Department of Technical Physics, Peking
University, Beijing 100871

DNA adduction with nicotine and nicotine-derived nitrosamine,
4~ (methylnitresamino) =1~ (3=pyridyl)-l-butanone (NNK) in mice al
environmental doses has been observed using !'C-labels by AMS.
Formation of NNK-DNA adducts is linearly dependent on chemical form
of carcinogen NNK binding to DNA is speculated. It is primarily
proposed that nicotine appears carcinogenic via its conversion to
nitrosamines. A detection limit of DNA adducts of 1 adduct per 10
nucleotides has been achieved.

040.  RATTIONALIZATION OF 'COLD FUSION® VIA ELECTRON CAPTURE MODEL, G. Andermann,
Department of Chemistry, University of Hawaii, Honolulu, Hawall 96822-2275

In spite of recent publications in respected journals skeptici=m continues
regarding the exiastence of anomolous low energy (excess heAT) and high energy nucleac
eventa cbaerved with 'cold fusion' phenomena. This skepticism is justifisble due to the
high degree of irreproducibility of the chmervations and the apparent inability to
provide a theoretical rationalizatjon for the simultanecus existence of both low and
high energy events and for thelr irreproducibility. By usine the electron capturs model
and thereby creating thermal dineutrons as well as vacancies in the valence orbitals of.
the Pd-D ‘matrixz', where the probability of electron capture and the resultant wacaney
creation la highly sensitive to the dynamics of the experimental variables, it ia
possible to rationalize all of the observed high and low energy events and their
irreproducibility. If this model ls corvect, then the term 'cold fusion' is a
historically significant misnomer. to the proposed model the anomoloua
phenomena are beat described by the terminology of 'correlated muclear transformations
and low energy events' controlled by the dynamics of labile valence eléetron structures
in deuteriur packed Pd.

041. RELATIVE SPACE DYNAMICS THEORY FOR NUCLEAR CHEMISTRY, T. Garcia,
L. Slaughter, E. Stedman, and W. Slaughter, RESEARCH DATA ANALYSIS,
Box 324, Redlands, CA 92373-0324 (909). 798-0890 [mes=zage machine]

A practice for centuries has been to concelve of some sort of mathe-
matics and then apply to observed sclentific data. TInstead, we wish to go
over the derivation carefully in which any observation must carcy with it
from scientific space to mathematical space three unknowna whether one may
be known or not (e.g. perhaps the creation time of an unstable nuclide):

a linear gbserved space translation {+ or -}, an upper 1imit, and a lower
limit. Many obzervations of this century have polnted to exponents as a
more likely behavioral index: x = 1n (0 + 8 )+ so0 that some value of x

iiee in the range between x and x jrans

Then segments hgand 8 belowl®¥er uppar 3 L T
and above x (see diagram) are used to define an lower upper
S-transformation of the orlglinal © variable. 1nte{-st)-x

Euch an S-fuction gets rid of all dimensions. 5(8)= 111é = in{

For "no discrimination of variables® and for time. t, ° xU-ln(amt)]
a gimilar s -transformation of time is formed the same way. Then a
sum and di @ of the two S-functions is done by computer analysis.
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042, FIELD MEASUREMENT OF TRACE LEVEL Ar-41 CONCENTRATION IH EWVIRONMENT
USING PORTABLE SPECTROMETER C. Chung, Inastitute of Nuclear Science,
Natiopnal Tsing Hua Unilversity, Hsinchu 30043, TAIWAN R.0.C.

Rapld, guantitative determination of individual rare gaseous radio=-
nuclide is the most difficult task in the field ©f environmeéntal monitoring
of radiation. A method to measure in situ concentration contributed from
argon gaseous radionuclide was developed using a portable gamma ray spectro-
meter. The portable HPGe detector has calibrated with sensitivity of 0.36
nSv¥/h per cpm of the 1294 gamma, amitted from the radicactive Ar-{l. Fleld
measurement are conducted both inside and outside of the containment cf a
nuclear facility during the reactor full power operation; isodose-rate
contour curves are mapped. The in situ measurement can be readlly perform-
ed at various logations near a nuclasar reactor with the 14 kg portahle
spectrometric uniksd With a longer measurement period, tha level of Ar-41
can be determimed down to 0.1% of the natural background.

This work is financially supported by the NTHU, Ministry of Education.

043. Mass Specirometrlc Helium Anglysls of Solld and Gas Samples 1
Fram Celd-Fusion Type Experlments

B.M. Oliver Rockwell International Corporation, Rocketdyne Division
6633 Canopa Avenue, Canoga Park, CA 51309

A CUSIOM Mass SECIrOMElST Systenl, opetating i stmic mode, has been used w measure befium In bol sofid awd |
gas samples from cold-fusion (e experimenes. The mass spectroaierer is @ 2-in, Radius, 60°, permanent angle {
mwagner instrumiem with & sioghe electron-muliplicr colleeror, Depending on the absolues levels of helium expeciad,

he anafysic are condycted by isotope dilution or by measoring absulute collecoor values. Solid samples are vaporized
I ensure complete helivu release. Prior to analysis, the fraction of sawple gas 0 be analyzed is exposed o a series |
of physical and chemical peners, includisg room wemperaiure Zr-A) alloy {SAES type 101) and liquid-witragen cooled |
aviivated charcoal. This is done w remuve active pases and hydrogen isoopes which could imkerfere with the belium
detenninations. Geeerally, ihe analysis prowcol s 10 analyze an equal or greater number of “controls™ along with the
samiples w accurately characlerize sysiem bavkground and reproducibility. Absolwe sensitivity for the system: is
approximaely | x 10" awms. Absolute zcowracy is 1% or bener for helium levels > 10" aoms.

With Few cxcepiions, hetiom amalysis of solid ssples From cold fusion type esperiments ave yicided no excess \
helivin above usual syscom backgromnd. A few sanples fiave stavam belivm levels inothe low 107 amomw range, and

soww gas samples have shown ‘He levels up o severel bundred ppn. )

B e s e e e =

044. CAVITATION INDUCED SOLID STATE PRODUCTION OF HEAT, *HE, AND “HE
Roger Swringham & Russ George, E-Quiest Scicnees Inc., PO Box 60642, Palo Alto, CA. 94306

The authors report produchion of heat, e and *The via ca vitaticp-induced solid siate nuchear processcs at near
room temperature. Demonsiration experinents conducted bl authors s Los Alamos National Laboratarics
involved bombardnient of palladium and fanium with intense ul mnd whil d in circulating D;0. Gas
samples reprosenting a large fraction of the tolal produced were taken afler a few hours of operation and analyzed
using mass spectroscopy at Rockwell Intersatiohal's laboratory with the suppart of the Electric Power Rescarch
Institute. In the case of Ihe argon pressurizing gas used in the experiments a 'Be level of 0475 appm £0.008
appm {4.73 x 10" nloms) was determined. A sample of reaction gas taken afier a 3.5 hour experiment reveated
levels of "He a1 2.550 appm £0.01 ppm (31.46 x 10" atoms). A reaction gas sample 1aken following a 24 hour
experiment showed the Tevel of *He to be 552 appin 1.0 appm (>7460 x o™ Alomz). e was measured 2nd 2
skewing of the *He:"He ratio is far outside {1000x) of the ratural abundance ratio. *He levels in these enperiments
werg it good agrocaent with easuranents from similar experiments as detenmined by twe™ " e indepandent
laboratorics. Mooitoring For ncutions, gamma, and tritivm revealed no signals above ba




INTRODUCTION:

1) Nuclear products are

2)

3)

produced in the quantities
expected for a high energy
nuclear process which

deposits its energy as heat.

Nuclear reactions are
1,000,000 times more
energetic than chemical
reactions.

ExcesS heat is real, excess
heat generation is not
traceable to a chemical
process.

1
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Isoperibolic Calorimetry
+10-20mW

Glass Collection Flasks

Fairly large excess heat
events were observed.



filter
bypass filter bypass

to mass
SpEeC.

gas sample

first stage gecond stage
cruofilter cryofilter

Liquid Nitrogen cooled two
stage activated charcoal
cryofilter removes D2 and O
rom gas sample.



HD

@® Mass Spec: baseline
separates 4He from D».

® No 3He observed.

@® 4He observed and identified
by its ionization potential
and mass.



RESULTS: s

@® 8 samples taken during

g

periods of substantial energy
generation contained
detectable 4He.

6 control samples taken
during H20 electrolysis and
no energy generation did not
contain detectable 4He.

The odds of getting this
result by random chance is
(1/2)14 or 0.0061 %

J. Electroanal. Chem., 304, 271, (1991)
J. Electroanal. Chem., 346, 99, (1993)



ESTIMATE of quantities
of 4He observed, based on later
research. --

8 B
2 A
0.4 A A
B A
0.3
- : 24 \MeV/He
L A
0.2 =t
0.1 T
- W O 4 MeV/He
- w4 N :
- ML AET] 4 |
0 | i i i E =
0 210" 410" 610" 810" 1 18%

Helium Atoms per 500 mL, normalized

@® Non-quantitative.




Early Quantitative Data -

0.1—: ® ;
F %
0.08—+ > e
» /"'
¥ 0.064 24 MeV/He
= Ok o/
< 0.04+
= ; 5
.-'/
0.02+ , =N
- . . 4. ‘MeV/He
i S { i I
0 10 110'\ 2106 21"

HELIUM ATOMS, NORMALIZED

@® 4He diffusion was measured,
diffusion was back
calculated to sample
collection time.

® Confirmed: Early results are

qualitatively correct.
3. Fusion Technqlogy, vol. 25 (no. 4) 478-486 (1994)



Szpak Codeposition: s
Electrolytic deposition of Pd and
deuterium from Li2PdCl4
solution of D20.

@® pH of solution is unstable
during electrolysis:
~PdClz2-->Pdo + DCI,
pH decreases, then Clz gas is
evolved.

@® Rarely gave excess heat.
Recombination
(D2 + O2-->D20) and
explosions were common.

® Sometimes caused high
counts on Geiger counter.



Electroplated Cathode 9
Developed:

Used H»20 based commercial
plating bath.

Baked cathodes in vacuum

oven at ~120 oC, then
polished.

Gold flashed copper used as
substrate.

Plating did not survive
electrolysis, no excess heat.

Gave indications of radiation
with Geiger counter.
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@ Count rate decreased'when Geiger-
Mueller detector was moved away from the
~cell.

- @ Radiant intensity decreases in
approximate accordance to 1/(Distance)2.
@ 1.cad covered G-M detector gave high
counts, suggesting the presence of high
energy gamma radiation.

@® Landauer G-9 dosimeters showed

30mR versus control, of hard gamma
radiation (over 100 KeV).

@® Attempted gamma ray spectroscopy
.ailed.



Calorimetry: 1
The measurement of Energy.

Excess Heat = Energy (out)-Energy(in)
"Closed'"cell Energy(in) = I(V cen)

"Open"cell Energy(in) =1(V cen-1.53)
Because 1.53 volts worth of energy
leaves the cell with the D2 + O3 gas

that is formed.

Gas formation rate is measured and

the volume corrected for ambient

pressure.
J. Phys. Chem. vol. 98, no. 7, 1948-1952 (1994)



ISOPERIBOLIC Calorimetry:

/@Assumes thermal homogeneity

\

(}rg,f—

CELL
& o
:.':‘)_l' .‘_l.;.!.; .91‘. i 2_-1"'_1'?;1;,'9:*1_-?' S ] ' N S U L AT I U N

~Linear response:
Energy(out)=k(AT)+b
Measure AT to 0.01 OC.
Narrow power range.

Cell temperature is variable.

T~ 25 minutes, which means that it

takes ~ 2 hours to reach 99% of
equilibrium (S-L-O-W response).



Seebeck,Calorimetry: Integrating heat flux calorimetry. i3

#. Like a high performance Calvet calorimeter.

« Differential mode thermocouples, connected in
electrical series comprise a thermal flux transducer

envelope.

- D0

—— Platinum
Anode ( +) Differential

thermocouples
R Palladium in series

Cathode (=)

@ Energy(outy=k(Vtransducer)

® Enormous dynamic range (mW to ~100W)

® T-Sminutes: ~§hour to reach 99% of equilibrium
(FAST response).

® Narrow temperature range.




Gathode Lead
Anode Lead

Lead Seal

Electrolysis Off Gas Outlet

D50 Inlet Cannula

O-Ring

Teflon Tape
Shim

Nickel Plated
Copper Body

Coil

Teflon Sleave

14-

All Metal cell, using metal seals
throughout system. Helium can
~not diffuse through seals.



~Seebeck energy vs. helium study.

14
% Gas Sample @éﬁ
w el
i &

—_——

@ All metal system: no helium
diffusion.

@® +10mW due to primitive
data acqulsmon system.

@® Metal ions from calorimeter
and gas manifold inhibit excess
energy generation.

@® 4He background below
~detection limit of 1+1 ppb.



01T .
[ NOTE: Data points without
| error bars are the earlier
0.08 + work, for comparison. A
‘ | T\ 15
v 0.06 T S e " 24 MeV/He
= . ;
g 0.04 T
i 5'_"_.:;::' SEEAT
0.02 T e ®
j 4 MeV/He
e e T . .
| I | 1

0 )
0‘\ g 16" 410" 6 10'3 810" 1 10"

METAL FLASK
sackerounn HELIUM ATOMS,ANORMALIZED

@® Helium background checked on

similar flasks to check for flask leakage on
a better Mass Spec.

@ Flasks do notleak even when
"containing" vacuum over 3 weeks.

@® Helium is commensurate to a
high energy nuclear reaction.

@ Precision is to low to identify reaction
pathway.

@ Slight deficiency of helium may
.ndicate helium occlusion in the cathode.




FUTURE EFFORT: | 16

Same experiment with
higher precision.

Measure the 3He:4He 1sotope
ratio routinely.

Measure excess power to
high accuracy ~+1mW.

Correlate high accuracy
helium versus heat data to
identify the nuclear reaction
explicitly.

Develop custom cathode
materials for reproducibility.



Seebeck Calorimeter with an 1
Electrolysis Cell

Fluid Level
___Probes.
.. Thermal Flux
Transducers.

—Joule Heater for
Calibration "on
the fiy".

K——Platinum "
Anode (3).

{
:
i
[
?.
{
¢

| DAA
{
\ /
x't"-?\'\"n.'a"u'\J .{_

Yy

|

F

|

|
L

aYavavavavs

\Palladium
Cathode (-).




Calorimeter C2:

"
C2 EXCESS HEAT killed al ahoul 1300, dala of 01/03/85-01/07/85, K8 = 4.1
E15 T
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r— 0.25

e —

4- 0.2

4- @1

Pin, electrolysis powar Input in Watts
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C2 EXCESS HEAT, CALIBRATION ON THE FLY, data of 01/03/05-01/07/85
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@® Excess heat terminated

L | (3]

when

ohm meter applied to fluid

level sensor.

@® Data points taken every 1/2t

i.e. every 2 minutes.
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~Calorimeter C3:

C3 EXCESS HEAT kifled at about 1300, data of 01/03/95-01/07/95, k8=4.37
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® C2, C3 and C4 experiments
are parallel.

® Experimental accuracy is
about +1mW.



Calorimeter C4:

C4 EXCESS HEAT, CALIBRATION ON THE FLY, data of 01/03/95-01/07/95. k9 = 4.16
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® Several days worth of data is
depicted in each plot set.
@ The instantaneous
termination of the excess
heat is consistent with a
surface effect.
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Excess heat was observed in

3 out of 3 tries.

cell cath. current cath. cath. Excess
dimensions density vol. area power
DmmXLcm  mA/cm?2 cm®  cm? mW
C2 6X2 33 0.51 3.77 22
C3 3X2 43 0.13. 188 14
C4 3X2 64 0.06 1.26 10

® Amount of excess heat scales
to the surface area of the
cathode.

® Instrumentation problems
developed and gas samples
were not taken in time due to
logistics.



LEFT: View looking down on water bath, copper sample
flasks and gas manifold valves in foreground, data
acquisition system in background behind another sample
flask.

RIGHT: Yiew on level showing: balancing burette apparatus
for measuring gas evolution rate, barometer in view is
obsolete, two DC power supplies in top of photograph.



® Work continues to 23
fully characterize the

calorimeters.

C4 with oil K9 +/- {mW 0.1M LiOH 03/01/95
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@ The plot represents the error
of the calorimeter calibration
constant necessary to induce a
+1mW error, as a guide to

accuracy.




CONCLUSIONS: | 24

The excess heat which 1s
observed is caused by a
reaction which produces

4He.

The suite of reactions
produces very little
penetrative radiation.

Improved experimental
precision may allow explicit
identification of the nuclear
reaction pathway.

Atmospheric contamination
is not significant.
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