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ABSTRACT

Peter Mark Jansson, D.P., P.E.
HYTROCATALYSIS: ANEW ENERGY PARADIGM FOR THE 21st CENTURY
May 1667
Dr. John 1..Schmalzei, P.E. - Thesis Advisor
Ciraduate Enginecring Department

Thiz thesis will review the problems of warldwide energy gopply, descnibe the
current lechnolopies that meet the energy needs of our indusirial societies, summarize the
environmental impacts of those fiiels and technologies and their increazed use by a
prowing global and increasingly technical econery. This work will 2lse describe and
advance the techmalogy being developed by BlackLight Power, Inc. [BLP], a scientific
company located in Malvern, Pennsylvania. BLP's technology proports to offer
eommercially viable and useful heat peneration viaa previously unrecognized natural
phenomenon - the catalytic reduction of the hydrogen atom to a lower eneipy state. A
review of this experimenter's labaratory data conducted as part of this research as well as
that of others |3 provided to substantiate the fact that replication ol the experimental
conditions which ars faverable to initiating and sustaining the new energy release process
will generate controliable, reproducible, sustainable and commercially meaningful heat.
By the ¢pd of the thesis the reader will have subgtantial informaton to draw a conclusion.
fer themselves os to the potential of BLP tecknology to achieve commercialization and
become ¢ new energy paradipgm for the next century.
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MINI-ABSTRACT
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Y DROCATALYSIS: A NEW ENERGY PARATIGM FOR THE 215t CENTURY
May 1997
Dr. John L.Schmalzel, P.E. - Thesis Advizor
Graduate Enginzermg Department

This thasis reviews the technolopies used worldwide to meet the cnsrgy needs of
our industrial societics. This work also degeribes a new technology being developed by
DlackLight Power, Inc. [BLP] of Malvemn, Penmsylvania. Jahoratory data of the anthor
as well 43 that of other scicntists substantiates that the now BLP energy reloese process
generales sustainable, commereially meaningfil heat.
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HYDROCATALYSIS:
A New Energy Paradigm for the 21ist Century

Introdaetion and Thesis Overview

This thesis will review the problems of worldwide energy supply, describe the
current technologies that meet the eneroy needs of our indusrrial societies, summarize the
envirenmental impacts of those fuels and technologies and their increagsed use by a
growing global and increagingly technical econoimy. After reviewing both the renewahle
and nop-renewable options we have as a society, this work wiil describe and advance the
technology being developed by BlackLight Power, Inc. [BLP), a scientific company
located in Malvern, Permsylvania. BLP’s technology propoits to offér commercially
viable and useful heat generation via a previously unrecognized natural phenomenon - the
catalyiic reduction of hydrogen to a lower energy statz.  This reduction of hydrogen to
fractional quantum energy levels is based upon a radical modification to the theoretical
hydrogen atom energy equaton developed by B. Schrédinger and W. Helgenberg in 1926.
Dr. Rande!l Mills of BLP has praposed that a new boundary condition, derived from
Maxwell's equativns, be applied to that fundamental hydrogen equation. D, Mills®
madei then would suggest # purely phiysical mode] of particles, ztoms, molecnles and
averall cosmology. His mathematical solutions comtain fundamental constants only and
energy values predicted by bis theoretical approach agree in a most compelling way with
observations scientists have made of the universe and stars,

This source of encrpy is proporied to comprise a sighificant portion of the radiant
energy created by stars. The new form of hydrogen atomg with their electrons below the
current “ground” state have been named “hvdrinos™ by their discoverer, Dr. Mills. BLP
scientists believe it is this matier that comprises the significant part of the dark matter of
space. Tt will not be the attempt of this engineering thesis to debate the merits of Dr.
Mills® theory in this repard but rather to review and sometimes replicate the scientific
calculations and supporting data which indicate the merits of the existence of hydrinos.
This thesis will also review this experimenter’s laboratory data as well as that of others
that substantiates the fact that replication nf the experimental conditions which are
favorable to initiating and sustaining the new disproportionation process will generate
contzoliable, reproducible, sustainable and commercially meaningful heat. It will
describe the technologies currently used in the dispropertionation reaction, report on the
siate-of-the-art for the BLP technolopy and stage the author’s opinion as fo this
iechnology's potential for successfully addressing [or solving] some of the global enﬂraj,r .
igsues above. [envirommental degradation from growing energy use, Emits to energy
supply at Forecasted growth raies, efe. ]
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The conclusions presented in this overall asscssrent are based upon theoretical
and laboratory data as well as mathematical modeling. By the end of the thesis the reader
will have substantial information ta draw 2 conclusion for themselves as to the BLP
technology’s potential to achieve commercialization aid become a new energy paradigm
for the next century. It 1s the anthor’s thesis that current, non-renzwable energy sourees
[fossil fuels, nuclear, etc.] pose plobal environmental risks and because of the presenm
megatrend of econonuce globalization represent limits to growth for the global economy
by as early 43 the next few decades. Renewable energy supplies and technologies [such
as sqlar, hvdro, wind, ei¢,] while ofien less deleterious to the environment, represent
significantly preater {inapcial investments and will not meet the =conomic criteria [ie;
affordable power] for coptinued developing nation and global economic expansion.

The approach to proof taken is one of:

a] reviewing the current global energy sitation

b] assessing astrophysical data that supports the Mills theary

¢] compiling and assessing experimentsl data from BLP and Penn State
University

d] completing an¢ documenting experimental calorimetry of this researcher

e] formulating a mathematical model which attempts to corroborate the
practicality of energy extraction and the potential of the BL.P process

£] postulating the impact that BLP technology may have on the plobal encrgy
marketplace.

The hypothesis to be tested in this work is found in the Forward of Dr. Mills® text
on his theory; “The advantages are that the hyvdrogen fuel can be obtainad by diverting 2
fraction of the output energy of the process to split water into its clemental constituents,
and pollution which is inherent with fossil and nuclear fuels is shiminated” B! Three
sources of data developed by this experimenter as well as by others is reviewed 1o assess
the validity of that hypothesis. In closing a balanced assessment of the technolopy’s
potential to displace non-renewable fuel sources in the near term is presented.

PAET I - An Energy Technology Overview

Throughout humsan history, energy haa played a vital role in our species’ survival,
profiferation and advancement. In the early periods of primitive hnman soejsty our
apeestor's lives were dominated by food gathering and hunting. This made available o
humans only the energy that was in the food they ate [about 2000 keal daily per capita - 2.3
kWh]. Primltive hunting socicties living about 100,000 years ago had more food and also
used wood as a fuel for heat apd cooking [about-5000 keal daily per capiia - 5.8 KWhi. As
hitmans advanced to more primitive agricultural socleties in about 3000 B,C. we also grew
crops and nsed oxen and horses for cultivation {abot 12,000 keal daily per capita - 13,9
K'Wh]. By approximately 1400 AD. advanced agricultural socizties in Entope had begunr te

2
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use coal for heating as well as wind and water power for grinding graing [26,000 keal daily
per capita - 30.2 k'Wh]. During the Industrial age of the 19th century we: added the sizam
engiue as a source of mechanical energy and increased the use of fiel energy in homes for
lighting and heating [77,000 kea] daily per capita - 89.3 kWh). Modern technological
society uses the internal combustion engine for transportation, electricity for appliances and
comfort which find their energy source in fossil, hydro and nuclear fuels which power
steamn turbines, furnaces and geperators [230,000 keal daily per capita - 266.8 k'Wh daily
per capita].[ll This trend indicates that as we improve the quality of life for society '
commensurate increase in direct and indirect energy use ig requisite. World energy and
economic statigtics today also demonstrate that there is a direct correlarion betweer &
nation’s gross national produet [GNP] and its encrgy consumption. The countries of .
Ethiopia, Mali, Malawi and Niger all have GINPg less than $250 per capita while energy use
is lesg than 0.4 barrels of ol per capita per year [680 kWh/veat). Tn contrast, the 1.3,
Norway, Canada and Sweden are leading economic nations with over $10,000 of GNP per
capita. They use in excess of 40 barrels of oil per capita per year (68,0 k%].13 } This one
hundredfold increase in energy use s not a coincidence. 1t is characieristic of a steady
evolution of sogiety from a primitive [2.3 kWh] to technological [266,8 kWh] level of
advamcement and is illustrative of the critical role energy plays in increasing societal
maturity, quality of life and productivity.

The scetions which follow ittustrate the fuels, technologies and methods used
aroind the world to sustain this societal evolution and suramarize limits on these elements
which must be addressed in order to avoid major problems as the now developing nations
[where aver 3/4 of the world’s population regides] strive to achieve western statidards of
living through industrialization. Table 1.1 below summarizes the current levels of energy
use in the world and 17.8. as o' 1995.

TABLE 1.1 - 1995 Energy Use by Fuel Type
(in trillans of kilowatthours)

Energy Source World u.s. U.S. % of World
Fogasi Fuels Natuml Gas 227 8.6 29.2 %
Petroleum 1) 10.1 25.5 %
Coal 268 6.1 22.9 %
Nuclear Fisslon 71 2.2 303%
Sofar HydreEleclic 2.5 03 10.6 %
TOTAL 983 25.3 25.6 %
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It is important to note that only commercially traded fuels are included m the sunnnar}f data.

The overview provided in Chapter | of this thesis prescnts the energy sources in an order
prioritizad by the comtributions these sources make 1o industrialized sociery today.

Chapter 1 - Alternale: Technology Overview

Prior to the announcement of the hydrocatalysis process being put forth by
BilackLight Power there were fundamentally only five known sources of coergy. In
addition to the most commonly exploited, fossil fuels, there are nuclear {both fission and
fusion], solar [in its many forms), geothermal and tidat.f¥ Table 1.2 below briefly
summatizes the major energy sonrces available in our society.

TABLE 1.2 - Energy Sources and Technologies

Energy Source Fuel Type Technologies in Use
Fossil Fuels Natura! Gas Heaters, Fumaces, Bailers, oic '
Patroleum Haater;, Fumaces, Boilers, otc.
Coal Heaters, Fumaces, Boilers, sle.
Shale Oit Processing fasity vialds petralapm
Tar Sands Processing faclity yickls petroisum
Nuclear [Fission] Uraniumn PWF. croales steam / elecfricity
BWE. creates steam [ electiciy
Plutaniur Brectiar technalegy - LMFBR.
Nuclear [Fusion) Hydragen Mo Tachnolagy Exists 25 of Yt
Salar Solar Thermpzl Pagsive & Adtive iatsr Hig. Systems
Pasgive & Active Space Hig. Systams
Power TowenPargholic Dishes £ Troughs’
Fhatovottaic Amprohous Cels
Crystaliine Celis [single, multi, ate)
Binmagss Wood, Seaweed, difae, ete.
Agricuttural {Zraps [Rlcohol, wasts, sl
Mukicipal Solid Wasty [paper prmarily]
Hydmelectric Reservoirs, dams, water wheels,
genciatrs, pumped storage
Vifind Power Wind Mills, Saitiog. Turbines [varHA]
Ozoan Waves Filot Bysterns - CompressurfGanarator
Oezan Themnal OYEC Design [1930. 1976
Geothermil Geopressyrad Heagrs, Tutbinefgenarators
Het Dy Rock formations Heaters, Turbinesgenarators
Hol Water Res. Watar and Space Hig, Systems
Nammai Grad, Res. Heglers, Turbine/generators
Maztural Steam Haoaters, Turbine/genarators
Muolten Magma No Technelogy Exists as of Yet'
Tidal Fotentizi Enargy of Rezernvoirs, doms, generaltoss
Earth-Moon-Sun gravity’
Hydrocatalysis Binding Eneigy of Hydrsgan Disproporfianation Fumace

Atom I’ to & relatinnzhig]
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For each coergy source the types of fuels used and the technelogies in use today which
convert those fuels into wseful work md energy for bumans is hightiphted.

1.1 Fossil Fuels

In the Uniled States fossil fuels provide §9.2% of the energy we consume. In 1995 . |

this consisted of 2 combined comsumption of coal equivalent to 787 million fons per year,
natural gas of about 22 wrillion cubic feet per year and patroleurn product use of 5.9 billion
barrels per yeax.ﬁ' Tt is clear that an industrial socisty like ours could not continue without
these resources. Globally in 1995 our societies copsumed 3441 million tons per year of
coal, 75 trillion cubic feet per year of natural gas and 23.3 billicon barrels por year of
petroleumn.™ The U.S. was the leader in the global use of fossil fuels [specifically
petroleumn] from the very beginning of its industrialization with the oil strike of Edwin L.
Drake in Titusville, Pennsylvania in 185%. “By 1909, when the indusiry was just 50 years
old, the United States was producing 500,000 barrels a day, which was more than was
produced by all the other countries combined.™!  We remained dominant i the petrolenm
production and manufacturing markets throngh 1950 when we stiil produced over 50% of -
the world's supply. The key reactions for each of the fundaments! fossil fiel types are '
shown helow in Table 1.3,

TABLE 1.3 - Energy Relcase Processes for Fossil Fuals

Fossil Fuel Type  Chemical Reaction[s] By- Products

Nztural Gas CHy+ 20, —= CO,+2(HM CQ., ©O, water, hydrocarbons
85% Methana[CH,)] and heat [exothermic reaction]
15% EihanefCoHg)

EDME'{" GES 2G3H5 + E’Dz - 4CD?_ +2C0 GD; .C'-D. watar, hydrﬂcarbﬂhﬁ
Propane [Coidgl + B[H,Q) and heat [exelhermic reaciion]
Butane {C.H, -
Petroleutit GeHyg + 120, —» 700, + CD €0, GO, water, hydrocarpons
Gaspline +9(H,0) ang heat fexotmammic reaction]
PentanelCyaH,,]

Hexane [l

HeptanelCrH g

Cclane [CyH ]

Coaf C+U; ~» OO, + GO 00, GO, 3Q, ., NO,, waier,

coniaing carhon plus
impurities

S+ 0y > B0, [pius 80, ]
N +0; —> NO, [plus NG, NO;, NOL

hydrecarbons, 50, NO,
petticuates, ete. and heat
fexothermic reaction)
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Tt is important 1o note at this point that all firssil fuels release their energy to man through
the chernical reduction process known ag oxidation. In this reaction the cperpy that has
treen stored 1o carbon and hydrocarbon chains created during the early instory of the carth
[250-500 million years ago] is released. In this chemical teaction oxygen combines with the
carbon fuet in the presence of heat to release additional heat and form water, carbon-dioxide
a3 well as a host of other hydrocarbons and by-products.

The impact on the environment of the use of the siored chemical encrgy provided m
fossil fuels is significant. “One ¢xample is the added burden of carbon divxide in the
carth’s atmosphere, with its corresponding putential for modifying the worid’s climate.
Other examples . . . include the acidification of the atmosphere and surface waters, - . . carly
deaths of thousands by sulfur dioxide in the aif, . . . ozone formation, . . . problems of coal
mining, . . . acid drainage, . . . carbon menoxide and other polhntants from auto waffic, . . .
thermal pollution of rivers and Jakes” ! We must add to those impacts e environmental
degradation to the air, water and soil that is cattsed by (he release of large duantities of these
direet pollutams and the other heavy metals and radicactive elements stored by nature in
thege Tuels [lead, mereury, ete.] Tt was not witil the burning of fossil fuels during the 19th
centuey that the elenent lead began being deposited in regions as Temote 43 the arctic and
continent of Antaretica. Many scientists believe that the acidification and resulting “deaths”™
of many high altitde lakes have been caused by the release of the pollutants generated by
fossil fusl combation [by industry, homes and in automebiles]. The increased sulfier
diozides and niteogen oxides generated by industrialization are present in the atmosphere
and lead to “ihe formation of acids, primarily H,50, and HNO,, from these pollutants and
the resutting damage caused by the acidic ratn formed is a story of growing impﬂrtanc:e.“m
Presently the latest environmental alarm sounded has been that of global warming, a
proported warming crisis attributable to a significant ingrease in the presence of so-called
groenhouse gases. The earth’s surface radiates thermal gnergy in the infrared region
[approximate wavelengths of' 4 to 20 pm| which keeps the global carvironment coobng ata
steady rate. Carbon dioxide {CO,], methane [CH,] and pitrous oxide [NO] represent
molecules formed by the use and manufacure of fossil fuels which tap heat at the ahove
wavelengths, beat that would otherwise be rediated from the eartly into space. “Carbon
diovide now ageounts for about rwo-tirds of the greenhouse effier, methane about 25% .7
1" hess environmental irpacts caused by growing fossil fuel wse are forcing many nations |
{o pethink the role these fucls will play in the future.

The Lmited amount of fossil fuel resources poses a second major risk 1o continued
expapsion of the global economy. Al present raies of consumption these fuels only have a
limnijted remaining supply, on the order of decades for a few of tham to less than a cenlury in
the case of cual. [Ses Table 1.4] In order to mect the needs of our increasingly advancing
and growing societics we must find alternatives. -Additionally we must preserve SO of
thase fucls since they also serve a8 key chemical stores in many critical manufacturing and
medicine roles in incustrial society. 1f we conservatively grow the current Tates of fossil

]
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fael consumption for the energy sector to inciude the demands that will likely be placedon
the finire supply by the developing nations as the plobalization mezatrend continues we find
fhat the lifetimes are much shorter stll.

TABLE 1.4 - Fossil Fuel Reserves and Resource Lifetimes

Fossit Fuel Type Proven Reserves* Est Remaining Lifetime™
Qil
Global 994 x 10° bbl A0 years
.S 72 x 10° bbl 16 years
Natural Gas
Globa! 5185 x 10 B0 yoars
.8, 600 x 107 20 years
Coal
Global 7.64 x 10 tonne 200 years
u.s. 1.5 10" fonne 85 years, 66 years *™

- Remeining as of 1980

= At cuerent copsumplion rales

 Since 1843 the ULS. has imported mire cil than it has exported. In 1984 the LS. was imparting 50% oi its needs
wrm At curra cONSUMpHon rate insreased by 5% per yea, # coal flls all U.S. energy needs when other fusis deplete

As the limits to the el reserves in Table 1.4 are approached the price of energy will
begin to climb sizadily. It is important to note that one of the key drivers to economic
expansion is the readily available sapply of affordable energy. Already we see a migTation
of industry in this country moving from the high-energy cost areas [Mortheast and
California] to the more nexpensive ENSrgy cost areas of the Northwest and Southern states.

Many industries which were energy intensive have left the service area of Atlantic Energy
[southern New Jersey] to move south over the past decade to Nerth Carolina or another
lower enzrgy cost siate for primarily energy reasons. [NOTE: economics has played the
major role in corporate decisions to relocate from Atlantic Enerey’s region including costs
associated with energy, taxes, employment and enrviromrmental compliance] We can
estymate that on a plobal scale the trend will be the same, mamfacturing [and the associated
benefits of its economic sngine] will move to where energy, overall manufacturingand
labor costs can keep the company competitive. As industry and manufacturing leave the )
1.5, for less developed nations the commensurats srowth in endrgy demand and desire fora.
higher standard of living on the part of those nations’ workforcss will all press the global
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enerpy reserves via higher growth rates in consumption. Examples of this include the
nations of Indonesia, Malaysia, Thailand and Vietnam where the anmual growth in
eleciricity demand has become double digit during the last 10 years. Were the nations of -
the developing world {China, India, Southeast Asia, Africa] to develop an energy appetite
just a fraction as great as their technolopically advanced sister countries [U.5., Canada,
Japan, Norway, Sweden] the pressure on the limited global reserves and the strain on the
atmosphere would become severe.

This researcher estimates that the values in Table 1.4 for the expectsd remaining
ifetime of global fossil fusl reserves can be reduced by as much a3 a factor of 2 if the trend
in third world energy development follows the forecasts outtined by the World Bank. As
these pressures on conventional fuels drive price upward shale oil and tar sand reserves as
well as many enhanced oil recovery techmologies will become mare SConOMmic.

An excellent illugtration of the demands placed on energy by 4 developing,
industrializing society is illustrated by the following two fipures. Figure 1.1 demonsirates
the relationship between energy consurnption and economic activity hased upon figures
developed in a Scientfic American article in 1971.1"" Figure 1.2 develops similar data on
per capita gross national product vs. anmual energy consumption based upon ‘World Bank
dota in 19871 If one observes the nation of Japan on both. figures and considers the
position it had in the global economy in the early 1970s contrasting it with the CCONOMIG
powerhouse it was becoming by the late 1980s we can see the increase in energy demand
that was placed upon the global energy market in order to sustain that one countty’s
sconcmic advancement. Japan's population in 196] was 8292 million! and it grew to
119.5 million in 198357 In 1971 Japan’s populus consumed approximately 33 X 10° Btus
per capita {9,669 kWh] annually. In the short 16 years of their continued economic growih
hetween 1071 and 1987 their energy use per capita grew to 22 barrels of oil {37,400 KWh}
annually, This represents a4 fold increase in per capita consumption and a 3 fold increase
in overall nationat energy consumption [based upon a 1971 population of 103M and 2 1987
population of 125M]. This epergy growth correlates directly with their GNP growth from
$550 US [1971] to $12,000 US [1987] and the extensive industrialization of their economy.
Japan’s enetgy consumption now is 43,285 kowh per capita [1995] and while It continues to-
grow, their population remains steady at 125M . Were a single, large developing nation
such as India [population 936M in 1993] to undertake an econoric expansion similar to
Japan the impact on global fossil fuel markets would be substantial. India’s per capita
energy consumption in 1995 was 2,563 KWh anmually, were they to reach Japan’s per capita
energy use it would represeni a 17 fold increase in their energy use. By 2020 they would
become a nation that consumes 3.7 X 10"* k'Wh annually [assumes continued current
population growth rate and acheivement of Tapan’s level of industrialization and
comnensurate per capita energy usage]. India’s one year energy use in that year would
represent 64% of the entire World’s energy consumption in 1995 {sez Table 1.1]. Axthose
usage rates that one nation alone could consurme the entire world’s remaining supply of oil
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in less than 30 years. In aggregate, the developed nations” growing energy conswmphion
sates combined with their continued population growth will substantially reduce the
estimates of fossi) fuels’ expected remaining {ifetimes from those shown in Table 1.4
«Ihere is no escaping the reality, . . fossil fucls are formed over very long time periods, and
alihouph some new deposits will certainly be digcoverad, there wiil he no significant
increascs in the world inventory over hman history, . - the era in which we live is
extraordinarily specialized and is set off from all hvman history and fimire on this planet by
our use of fossil fuels. These energy reaoUrCes wor Jaid down: over hundreds of millions of -
years during the earth’s evolution, and they are now being consumed in what is essentially
o {nstant in our oceupation of the planct ™™ Withoot the discovary and developmet of an.
environmentally friendly, inexpensive enctgy source {o significantly offset the consumption
of these ancient energy rescrves, we will enter the new millennivr: only to quickly find that
the standard of lving developed by western civilization is not a sugtainable one.

FIGURE 1.1

Relptonship between enargy consumption
and economic actlvity.
(Rarad on am original in Seianiific Amergen, vol. 224, No. 3 (1971)
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FIGURE 1.2 Per Capita GNP vs, Per Capita Energy Consumption
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Figure 1.15 Per capita gross national product in 1985 dollars and per capita energy
consumption per year in terms of the equivalent barrels of oil. (Source: Warld Bank
[1987]. Adapied from E. 5. Cassedy and P. Z. Grossian Iatroduction to Energy, re-
sourees technology and seciety. Cambridge: Cambridge Untversity Press [1820].)
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1.2 Nuclear Enerpy - Fission and Fusion

While the fissiopability of uraninm was first discovered in 1938 it was not mtil
Enrica Fermi constructed a sustainable nuclear reactor in 1942 that the usefiiness of this
technology for energy production was truly demonstrated, In a paralle]l way in which
chemical [electronic] bonds between carbon atoms are broken down through chemical
combustion with oxveen, the breaking of nuclear bonds via a fission reaction is caused by
the borabardment of 2 tadicactive uranium atom’s nucleus with neutrons. This :
bambardment, upon successful collision, causes the micleus of the uranizm atom [2°U] to
becoms & highly excited wrannm atom [EGU], this atom rapidly separates [or fissions] into
smaller pieces forming new nuclei as a result. This is more clearly iHustrated in Figure 1.3
below. The energy released via this nuclear reaction is-equal to Finstein’s famous equation
E =mc’ . To put this in perspective, the energy available within a ton of coal that is
chemically released through combustion [ie; breaking down 2l of the carbon bonds] is 7056
KWh. Were that same ton of coal 10 be converted to energy via a nuclear rezetion the
energy available is 22.7 trillion kK'Wh, this is 3.2 billion times more energy.

FIGURE 1.3 Neutron induced Fission of =50

Kryplon

MNeutron

This process of working on the miclear bonds of the atom, rather than the chemical bonds of
molecules releases 2 significant amount of the nuctear binding energy within the atom.

What makes this a sustainable chain reaction is the creation of additional peutrons fses
fission reaction in Table 1.5] from the fission reaction which can then go and impact
additional uranjum nuclei to keep the bombardment occurring without exterpal neutron
input. Countrol rods used in commercial nuclear power plants provids 2 moderating effect

11



Master af Science in Engineeing Thasis Peler Mark Jansson, PP P.E,
Rowsr University Page 12 af 73

on the reaction by absorbing excess neutrons in order to slow or to bring the reaction to a
stop. The process outlined above is used in both pressurized water reactors [PWR] used
significantly in nuclear submarines and power plants as well as in boiling water reactors
[BWR] used widely for commercial applications.

TABLE 1.5 - Energy Release Processes for Nuclear Fusls

Muciear Process Nuclear Chain Reaction[s] Energy Release
Fission N2, == P, > MBay + K +3n 177 MeV
Breeder n+ P e Py N = Py i + 177 MeV
Fusion Hy +'Hy = *H, +B* +vranegy (1)

"Ho +2H, > *He, + anary (?)

g, +He, = ‘He, +2'Hy +energy (3)
4'Hy —~> "Ha, + 2} +2v + enemy

Detailed descriptions of the nuclear energy process is not within the scope of this
research but rather an overview of these technologies and their associated economic and -
environmental risks are described below.

The hreedar reactor 1s 2 concept not yet fully commercialized which takes advantage .
of the fuct that free neutrons are not only capable of inducing fisson viz a conversion of
2217 15 207, but are also 23 equally capable of converting a E’:"'EJU stom imto < Pu. This is
very valuable since 2*Pu i3 also a fissionable material capable of acting as a [uel L standard
nuclenr reactors. 16 the desipn of a breeder reactor could be optimized to create actditionat
239p while also creating nranium fssion it would be a reactor that created its own fuel and
would sipnificanty increase the lifetime of nuclear fuel materials.

Fuagion is a nuclear reaction that ocews commonly on the stars and in the case of our .-
sun is likely the source of approximately 60% of the energy it provides. This cytimate is '
based u?on ohserved satar neutrino fux as measured by the Gallex selar neutnng detector
in Itziy."™ As shown in Table 1.5 above according to the: Standard Selar Model fusion
beging with the combining of two hydrogen nucled (protons) to form a deurerium nucleus.
The process then continues to build a heavier helium nuclens all the while releasing large
amotints of the nuclear binding forces within the atom, For a more complete explanation of
thig process the reader is referred to pages 108-1 11 of “Energy and Problewss of a
Technieal Society™ ", which is an excellent summary of energy technology information
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referred to often in this paper. Due to the very high temperatures invelved, the litnits of
current materials and the $act that proof of the scientific feasibility of the egsential reactions
has not yet been established it is unlikely that sigmificant additional funding will go into the
development of fusion. The Tokamak Fusion Test Reactor [TFTR] located at the Princeton
Univessity Plasma Physics Lab was designed to answer same of these fundamental
questions. It appears that after significant resources have been invested in this test those
questions will still not be sufficiently addressed. The TFTR was shut down on April 3,

1967 “many say prematurely ... for lack of money”.l"

In the U.S. during the last decade no new nuclear pawer facilities have been opened,
ordered or planned. This is due in large part to 4 primary developments during the past 15
years, These facilities have become very expensive to build and meet all Nuclear
Regulatory Commission [NRC] standards, the issue of nuclear waste storage has yette be
resolved by the utilities and the Federal government, there was ard continues tobs
significant public opposition to this technology and there have been key mclear accidents -
which have increased the financial risks and labilities to investors and owner { operators of
such facilities. When nuclear advocates were espousing the virtugs of this technology in the
1960°s and 19707s it was believed that the energy would be so cheap that utilities would not- .
need 1o meter cugtamers any longer. As the technology was deployed, many safety features
wete required “along the way” by the emerging NRC which wanisd to assure the safety of -
the technology. This often led to major cost averrmns and units that wers imended to come
on line for §1,000 - 1,500 per kilowatt escalated to often over 34,000 per ldlowatt. Many
urtits in the Northeastern and Westem regions of the U.S. were never finished due to these
magsive costs. This is clearly one of the key reasons utilities are not interested in the
technology today. Another reason is the longevity of hazardous nuclear radioactive wastes.
Tabla 1.6 below indicates the lifetimes of radioactive materials generated as by-products
from the muclear industry.

TABLE 1.6 - Nuclear Fission By-Praducts Radioactive Halflives!'™

Radionuclide Tz [Halflife] Pecay Particle -
232 uranium-232] 1.58 x 10° years o
29py fplutonium-238] 2 41 % 10" years &
3H5 {hydrogen-3, tritium] 12.35 years g
LS fstrontium-80] 26 years 3
3 hadine-131] B.04 days il
s [cesium-137] © 3017 yeérs B
®Kr [kryplon-85] 10.72 years B

13



Master of Science in Engineering Thasis Paler Mark Jansson, P.P.PE.
Rowan Universily Page 14 cf 73

It is clear that westes from the nuelear industry will need to kept awnay from the human
population and environment for execssive lengths of time [oficn gxeeeding many
generations]. Although this was known in the early vears of this technolopy, as of today,
after over 20 years as an active industry, the government and utilitics have yetto find an
acceptable long-term high Jevel waste wepository. Tt is unlixely that the nuclear industry in
the U1.S. will soc any significant expansion during the next few decades. In Sweden
recently the government ratified its 17 year old promise to remove all muclear reactors from
service in its country by 2010. The first two reactors will be officially remaved from
service in 199% and 2001 “belore theis technical life expires™. "™ This leaves only France,
Japan and a few developing nations that will be expanding their comynitments to nuclear
fission as a viable energy source for the fihire.

1.3 Solar Enerey

Without a Joubt the most widespread form of energy in the universe is the energy |
radiated from the gtars. Specifically in our solar system, the Sun i the source of nearly all "
farms of useful energy. From the fossil fuels first formed by carbon fixing organisms
[plants and animals] in the presence of golar energy 250-300 mitlion years ago {o the
hydroelectric plants operating on major ivers, the Sun is responaihle for creating the
potemtial energy each represents. This section will briefly summmarize all of the primary
forms of solar cocrpy and prioritize their diseussion from the mosr economical and
technalogically ready to the forms that axe the Jeast economical and require the most
additional developinent. Ttis important 1 note that although significant attention is given
1o these sources of energy because of thelr potential for the future, at the present time solar

eperey in all of its forms represents less than 3% of the World's commercially traded forms

of nsefill enerpy. Ofthat small fraction over 90% represents the use of solar energy m the
form of hydropowet.

The most developed form of solar energy is hydwelectricity. The hydrolopic eycle
driven by the sun evaporates over 5.5 quadrillion cubic feet of water itom the earth svery
vear. This same energy falls back to the earth in the form of Tain and the potential energy of
water at higher elevations. Of the more than 100 guadrillion kilowasthours of energy in the
hydrologic cyele only a very small portion is haruessable. Most precipitation falls back nto
the oceans with only a fractional amount falling upon dry land at higher elevations where it5
potantial cnergy becomes available for explodtation via rivers, dams, waterwheels and
hydroelectiic penerating facllities. World coergy nsage statistics bnligate that in 1995 we -
were providing approximately 2.3 trillion kilowatthours™ ) of our global society’s energy -
needs thiough hydrocleetric sources. This represents approximgtely 2.5% of all energy
consuimed. Man's use of falling water 1o displace human and arimal energy daics back
over 2000 vears. Hydropawer also played a major tole in the inAustrializaton of western
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Furope the 16th century when waterwheels served as the primary nowerhouses. While
many believe the potential for exploiting more hydropower is great there are environmental
considerations and social concerns that make extensive expansion unlikely. Due to the need
to create large dams and reservoirs to harness hydropower thers is often substantial
displacement of people as well as testriction of the normal ecology of the river. While it
represents a significant capital investient, where it can be practically developed
hydropower remains an econamic source of electricity.

The most widely known and experienced form of selar energy is biomass. A
significant majority of the World’s now 3.8 billion people™! coms in contact with this fisel.
on a daily basis. The biomass category represents fuelwood, charcoal, agricaltural products
and waste [alcohol, dung, mill residues, nice hulls, steaw, ete.] 2s well as the less recognized
biomass of industrial society - municipal solid waste [mostly paper and packaging
materials]. Least recognized in the category of biomass is the harvesting of ocean biologit
life [seaweed, algae, etc.] for fuel production. “Noncommercial biomass fuels ... already
supply more than 10 percent of total global energy needs and a much higher percentage of
the cner%‘ needs in developing nations, albeit with low levels of ¢fficiency and service
quality.” A This source does not appear in Table 1.1 since very liftle biomass is
commercially traded on the global level. The sun plays the critical role in the creation all
the biomass fuels either directly through photosynthesis or indirectly via man’s or animal’s
use of a product the sun’s energy created [ie: foodstuffs, paper, etz.]. Besides using bicmass
for meeting heating and other human energy needs probably the most common use is in the
food we eat. Vepetables, fruits and other animals all received their energy from the solar
source as well through the process of photosynthesis shown below:

LIGHT
6C03+6H20 """""" - CErHlZDﬁ- -+ ED‘_-:

The enerpy release processes for biomass are very simitar to fossil fuels where the
biomass is directly bumed in the presence of oxygen to release the energy of carbon chains -
and form CO,, H,0, etc. Continned use of biomass is inevitable, expanded use of wood
and woodwaste as a fuel in the U.S. is likely as well. Without specialized biomass growing

and harvesting techniques and efficient fuel conversion systems it will be quite 2 few years . -

into the fuiure before these fuels will betome economic on a large scals and find a major
place in the growing global energy market. The energy densities of hiomass fuels are
relatively low, on the order of lignite to peat coal resources, and his also presenis barriers to
commercial development.

Another widely experienced form of solar energy is the direct heating of the sun
known as solar thermal energy. From the highly technological systerns we have created
[passive and active solar space and water heating systems] to the primitive habit of laying - -
ot in the sun for a siesta or tar, the human race daily takes advantage of the direct warming ‘
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available from the sun. Many societies still use the sun for drying grains {such as rice] as a
critical step in their agriculrural process. In the U.S. the most prevalent form of solar
thermal energy use is in passive and active heating systems for homes as well a3 heating
systems for hot water. During the late 1970s and early 1980s the Federal government
provided significant tax incentives for repewable energy systems. This led to many
domestic solar hot water heating systems being installed throughcut the country. These
systems typically consist of 2 solar collector device that traps incoming shot wavelength
incident solar radiation and upon collision with a datk, metallic ‘absorber” plate the light
enerpy is converted directly to heat [or mechanical molecular vibrational energy] in the
absorber plate. This collector is typically called a flat-plate solar collector. The absorber
plate typically has an antifreeze solution which runs through it [i.e. it acts as a heat ‘
exchanger to move the incoming solar energy it absorbs into the fiuid] and this fluid isused
to capture, move and store the solar energy for use either in a hot water system or for
heating a home or building, Another example of solar thermal ensrgy systems is the
focusing collector which comes in various shapes, sizes and configurations. From the
Solar One powet tower demonstration in Barsiow, (alifornia which had & commercial
production of 10 megawatts, to modular, parabolic dish and trough systerns that collect

watts to kilowatts of power, directly focusing the sun’s energy on a light-absorbing surface B

can create commercially meaningful heat. The drawbacks with all of these systems was that |

they were never economically attractive. Most solar thermal heating systems have between - . -

2 15 and 30 year simple economic payback. Without significant social policy change or
government subsidy these types of heating and energy production systemns will not be
commercially significant.

Another solar resouree is wind power. In 1995 it was estimated that geothermal,
wind and solar of all types accounted for nearly 5% of the world's primary electricity
peneration [ie; 0.5% of the world’s total energy resources]. This resource was used from
the most ancient of times by mariners in their quest for increasing the speed of their then
hurnan powered vessels to the applications of water pumping and grain grinding by animals
in Furope and America in the 19th and 20th centuries. Wind power is still used in many o
locations throughout the world for thess purposes. As.an slectricity generating source wind
power first began to find its way into the marketplace in the: 1970s and 1980s in both -
Europe and the 11.5. While we know that the mechanical motion of air is a direct _
consequence of solar heating of the plapet it has always been a challenge to economically. .
extract the energy in this air movement. Modern wind turbines are designed 1o remarve the
kinetic energy in the wind and use that energy to tum a generator to provide clectricity.
They do this by placing their acrodynamically efficient biades irro the wind to enable the
mechanical force of the wind to cause those blades to rotate and sweep over a large area.
Present technotopies include vertical axis wind turbines as well as horizontal axis wind
turbines; manufacturing is domninated by the latier at the present. The eneroy that can be
removed by 2 wind turbine is proportional to the area its hlades sweep out as well as the
cube of the wind velacity. For this reason most turbines are mounted on towers 1o place
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them more sloft where higher wind regimes ate present. In areas of moderate to high
annual wind speed, wind turbine generators are able to create electricity at approximately
$.05 per kWh asguming a 20 year equipment life. Tt is difficult 1o find arcas where local
citizens are willing to aliow wind facilitics to bz located at the present time s it 12 also
increasingly difficult to find investors willing to tie up their capital for & project that
produces clectticity at a higher cost than where the electricity marker is at present fi.e. $.02-
03 per xKWh).

A widely acclaimed technology that showed promise in the 1980z of becoming a
mzjor player in the solution to the energy crisis i3 photovoltaics. These are semiconductor
deviess made of materials that are designed and oriented in such a way as 1o convert light
enerey [photons] directly into electrons at efficiencies of 3-30%. PV deviess heing

developed commercially employ similar physics in their operation.  The photovaltaic effect

is created when incoming photons interact with ¢lectrons in a semivonductor material so as
[0 create o charge carder paly; an electron and & “hnle”. Fach I'V device is canstructed with
pogitively and negatively doped layers so as to maximize the cell’s ability to separate the
chatge carriers and keep them separated so as 1o induce a voltage across the cell as long as
the incoming light is present to induce this voltage. The photovoliaic ¢itect was first
discovered by 17 year old French physicist Edanind Becquerel in the 18503 when he was
experimenting with batterics, He noticed that his batteries werc able to provide
significantly more energy in the presence of light than when shaded in the darkmess. He
noted this in his journal but it wasn't until Albert Einstein’s work In 1245 that the principles
behind the photoeleciric effect were described scientifically. This techuoopy’s potential
lay dormant for another 50 years until the space race began. Adter Rugsian scientists
launched Sputnik in 1957 and the T.5. had fallen behind in the race they wanted to assure
that their first satellire would “last longer'. Asaresult in 1958 the Vanpuard satelite was
launched by the U.S. powered with not only 2 battery, but a battery recharged on-board by
the world"s first commercial application of photovoltzic cells, [Sputnik lost its batlery
energy and floated useless in space after only a few months] Those eells, costing over
$1000 per watt kept the Vanguard satelite’s batteries chargesd for years of successful
OpETATLN.

Since that dme the cost of photaveltaic [catled PV celis continued to plunmmer -
driven by advances in technology, increased manutietiring volume and increasiug dernend
for satellite applications, remate power applications as well as commerzial clortricity uses.,
Fipure 1.4 shows the progressive decline in PV ¢ell prices as advances in technology .
continued through the 1980s. By the late 1980z as Federal research monies for renewables
decreased during the Republican Administration, the commensurate investient in and
advancement of PV technology subsided, Current pricing for PV cells has not substantially
changed from those present in 198%

17



Master of Sgiencs in Engineenng Thesr

Pater Mark Janssen, °.P..P.E
Fowan University

Fage 1R cf 73

FIGURE 1.4 Photovoltaic Module Prices

& par Vi

Tn addition to the photovoltaic modules that are made up of cells configured to

provide adequaze eurent and voltage, a PV system requires balance of systen componenis.

These componewts are module moevating and wiring peripherals, 2 DC to AC inverter for
typical interface with home wiring sud the installation [roof or ground meunt, 2te.] of the
sptire system. In 1996 these wers eatimated to cost 32 per watt, $1 per wait for the inverter
and §1 per wait for halance of sysiem hardware and instatiarion. This would bring a tatal
PV system’s cost 10 56-7 per wait insalled. To pui this in perspective, a typienl home could
vte 2 kW system which cost 324,000 to install. This system would provide appraximatcly
6,000 kilawatthours of useful energy each year al present electricty rates this $730 per year
savings represents a simple payback of 32 years. Near term growth in geonomic expansion
of the PV market for uility connected customers appears wnlikely. Market research
conducted by the author and Ins colleague indicate that until instelled PV prices reach $0.6-
1.3 per watt, no major changes in the demand for PV by the grid-ionnected markct iz
Tikely. "There are many different types of PV cells that have beun artempted from single:
crystalling to multi orystalline to emorphous eel)s. Tn the last five vears only minor ,
additional improvements 1o the technologics have been made Jeading to a flattening of the
price curve at 4 per wart aince 1850 [sce Figure 1.4]. '

Prohably the forms of solar ¢uergy with the least potential for future development
and expansion are acenn thermal and wave power. The ocean is a source and sink for
energy of many types. Tt is probably the vast dihydrogen oxide resource of the ocean that
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keeps the temperature, environment and atmosphere of the planet moderated and suitable
for human life. In that same environment thermal gradients and aimospheric disturbances
cause currents, waves and temperatre differences around the world. Ocean Thermal
Energy Conversion [OTEC], is a technology that was conceived of in 1380 by d’ Arsonval.
OTEC takes advartage of the thermal gradient which exists in the sea and is especially
pronounced around the tropical regions whers surface water temperatures can get very high. - '
This approach o enetgy generation uses ammonia as a working fluid. This {luid runs an
evaporator-condensor cycle where cold water from deep in the ocean condenses the
ammonia vapar while warm water on the ocean sutface is used as a heat source o boil the
ammonia to give it the vapor pressure needed to drive a gas turbine. The gas turbine In turmn
drives an electric generator. Tn 1930 the first demonstration plant was constructed m Cuba;
since that time no additional plants or demonstrations have been constructed. The islands in
the tropic zones may have potential for this technology &t some pointin the future but
presently the technology is very expensive which has limited its cevelopment. Wave
energy systems are not cotnmercially available at the present, but it is believed that the
difference in wave heights mey be commercially exploited at some point in the future,
Ocean currents may provide a significant potential source of energy as well but no ‘
commercial technologies currently exist to hammess it effectively. Simiarly to OTEC, ocean .
curent systems will be further hindered by the fact that where the energy seurce is Iocated
is often far from where the demand for energy exists. '

1.4 Geothermal Energy

If you have ever sat or swam i a natural hot spring you are familiar with ene of the -
benefits of Nature™s outpourings of geothermal heat. While less dramatic than the volcanos
or geysers, low temperature peothermal sources make up a significant portion of the global
geothermal resource. The most widely used type of geothermal resource for energy
peneration is the natural steam reservoirs. By 1990 the U.S. was generating “over 2800
MW. at 4 o 6 cents per kWh"*! from these reservoirs in the western states.  While the
U.S. noterttial for geothermal is estimated at 22,675 QBtu [this compares with an annual
1.8, energy use of 82 QBtu] there has been lirtle additional exploitation of these reserves
since the removal of Federal tax subsidies in the 1980s. The most economical and ‘
expanding market for geothermal energy applications exist in the residential and
commercial sectors. Geothermal heating and cooling systems uss the earth as a heat souree
and sink, with an electric heat pump to move heat into or out of the conditioned space.
Geothenmal heatpumps move 3-4 kWh of energy for every one k'Wh of energy they
comsume. This technology was perfected in Sweden and is seeing extensive application in
the U.S. and other industrialized countries. In many applications it represenis the least
costly heating and cooling system on an annual energy as well as.operation and
maintenance cost basis, The useof geothermal energy in these applications i3 likely to
expand.
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1.5 Tidal Energy

There are presently oo comgneycial tidal facilities in the Urited States and only theed
tidal power systems in the world. These facilities operate on princIples that arc very similar
to those of hydroelectric stations. They require a reservior, a dam and a serles of turbine
generators. In the case of tidal systems they are capruring the kinetic energy that exists in
the movement of tidal waters into and out of an estuary or iman-made ressrvior four imes ‘
each day. The energy is being created by the gravitational interacrion of the Sun, the Moen .
and the Ezrth which causes this motion in the seas daily. In the lower 48 continental U.S.
the tidal varintions range from 2 to 16 fect belween mean high and mean low waters. In the
1.8, the potential for tidal power represents less than 13,000 MW, The global potential for
the most favorable tidal power sites is about 63,000 MW, or about 1/30t the world’s
potential for hydroelectric power.® The three tidal facilities in operation worldwide are 8
1-MW plant on the White Sea in Russia [1969], a 240-MW plant o the Rance Iiver in
France [1966), and most recently a 20-MW plant on the Bay of Tundy in Canada.
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Chapter 2 - An Overview of Mill’s Technology

‘This chapter will focus specifically on the hydrocatalysis technology developed by
Dr. Randell Mills of BlackLight Power, Inc.. After providing an overview of the theory
behind the design of the various technologies I will move to a review of the astrophysical
data which supports Dr. Mills’ clain that fractional state hydroger is common and abundant
ttroughout the universe. [ will highlight some key enigmas that Dr. Mills® theory solves
and review the current technological devices that capture energy from this new found fuel
source. Table 2.1 below summarizes the significant government, corporate and university
research centers that have partnered to corroborate many of BLP's experimental findings.

TABLE 2.1 - BiackLight Power Research Partners

AB RY WCRK PERFORMED
Government
Idaho National Engineering 1 aboratory Flectrolytic Celt [8S0% V]
#-ray Photoeisctron Spectroscopy
5DIO-Wright Patterson AFB Diffugian Cell
Chatk River National Lab [Canada] Eleciraiytic Cell [130% Vi DG
MASA - 1 ewis Elecirolytic Cell [170% Vi BE)
Brookhaven National Lab Elecirolytic Cel
Univarsity
Lehigh University - Zettlemoyer Center for X-ray Photoglectron Spectroscopy
Surface Studies
M.1.T. Lincoin Laboratory Electratytic Cell [400% Vi DC)
Pennsylvania State University Gas Call [»2000% o Enargy]
Ursinus Coliege Electrolytic Calt
Moscow Power Engineering Institute Electrolytic Call [250% Vi DC]
Laboratory for Flectrochemistry of Renewed Electrolytic Gell
Electrode-Solution Interfaces [LEPGER]
Corporate

Thermocore, Inc.

Air Products & Chemicals

Westinghouse Electric Corporation

Charles Evans & Associates Laboratories
Schrader Analytical & Consulting Laboratory
BlackLight Power Laboratories

Elecirelytic Call [2100% Vi AC]
Mass Spectroscopy

Flecholytic Cail [150% Vi DC]
TOR-5IMS '
Mazs Spectrascopy

Elecirolytic Calis [2100% Vi AC]
Gas Cells [2 - 50 walt Enargy]
Mass Spectroscopy

Gaz Chromatography
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In the column entitled “Work Performed” I have summarized the tvpes of devices
tested or work performed in each laboratory. In all cases these labs provided data and
results which were consistent with the results anticipated by the Mills theory {i.e. excess
heat production, hydring or dihydrino signatures, etc.]. The numbers in brackers, where
provided, show the energy output to energy input ratio confinmed by the lab. I gathered this -
data by reading and summarizing the reports produced by the labs themselves. A detailed
bibliography of the reports generated by these partnerships, plus others 1 was able to
catalogue has been provided in Appendix 1. It is important to nate that atl of the work in
Table 2.1 is very recent, having been completed during the last five years. The four
subsections of Chapter 2 are as follows: Section 2.1 will briefly describe the theory Dr.
Mills developed leading to the design of the various BLP technologies. Section 2.2 will
summarize and analyze some of the astrophysical data which supports Dr. Mills’ claims
with that this new form of hydrogen is prolific throughout the universe, Section 2.3 will |
describe a few of the endgrmas that Dr. Mills” theorv solves, and Section 2.4 will providea
brief synopsis of the state of the art of current BLP technological deviees that demonstrate
energy production from the new found fuel source.

2.1 Hydrocatalysis - A Theoretical Qverview

The catalytic reduction of atemic hydrogen below its ground state of n=1 has been
postulated by Dr. Rendell Mills of BlackLight Power, Inc. There is substantial data that has
been gathered confirming an unexplainable amount of energy being released from
hydrogen; these energy valnes are well in excess of any known chemieal reaction with
hydrogen and were observed by others when reproducing BLP experiments. In addition,
new electronic signatures corresponding to the expected [ie; caleniated] energy values for
low energy hyvdrogen via mass spectroscopy, gas chromatography, x-ray photoslectron
spectroscopy and extreme ultraviolet spectroscopy have been identified. A non-trivial
number of independent laboratories and research centers have been involved in the
confirmations described in the abave findings. [n addition, a sound theoretical basis for the
phenomenon hes been postulated by Dr. Mills which unifies field theory with a completely
classical approach to physics. Mills theery holds at its foundations inviolate the classical
laws of physics, including all of those lisied below:

1] Conservation of mass-eneryry

2] Conservation of Linear and Angular Momentum
3] Maxwell’s Equations

4] Newton's Laws of Mechanics

5] Einstein’s Special Relativity

a] Einsiein's General Relativity

The postulated reduction of hydrogen to fractional quantum energy levels
represents a radical departure from currently held guantum theory, But when it comes to
22
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the classical laws of physics the Mills® theory rather than contracicting current medels
actually builds upon them. Dr. Mills® approach is fundamentally based vpon the
theotetical hydrogen atom enerpy e:%uat'mn developed by E. Schridinger and W.
Heisenberg in 1926 shown below, ™

E, = -¢° /it Bnggay =-13.598¢V /#° (1a)
n=1,2,3% .. (1b)

Tor. Mills has proposed that a new boundary condition, derived from Maxwell's
equations, be applicd to Schridinger’s ori pinal equation. When it is applied to the
fundamental hydrogen equation the Mills® madel suggests 2 purcly physical model which
applies for all of known pature. This same model applies on the microgcale [1.e, particles,
atoms, molecules] and toough the macroscale [i.e. planets, stars, galades and the averall
universe]. A more detailed overview of Mills' theory for the interested reader wag |
Jeveloped by this researcher and is provided in Appendix 2. The modificaton Dr, Mills® -
{heory would make predicts that equation (1b} above be replaced with equation (1¢)
below which allows for lower than =1 non-radiative valence states for the hydrogen,
atom.

=125 ..., aed, n=1/2,1/3, 144, ... (1c)

His mathematical solution wses fundamental constants only and the energy values
predicied by his theoretical approach agree in o most compelling way with observations
ccientists have made of the universe and stars. The new form of fractional valence states '
of the hydropen atoms [named “bydrinos” hy their discoverer, Dir. Mills] are ble to
radiate meaningful amounts of ¢perpy as they undergo electrop relaxation to lower energy
states [gee Table 2.2].

TABLE 2.2 - Energy Released From Lower Energy Hydrogen

n R Iradius] Energy Released (eV)
r=« tor=R ABmaa - AEppa
1 ay 13.6 -
112 ay'2 4.4 40.8 [1-uz]
113 ay/3 1224 G620 ri2-213]
1/4 aud 217.7 953 13147
1/5 =L 340.1 122.4 {12 »1i5]
110 ap/10 1350 258.4 [18-=10)
1100 a./100 13BkeV 2706.4 [ves = 11400]
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created by stars. Figure 2,1 below is an illustration of the change in radii of the hydrogen

o taken from his text on his theory “The Grand Uniffed Theory of Classical

Quantum Mechanics™. Y The well accepted model [1.¢, when a hydrogen atom absorbs
& photon and increases the radii berween its electron and proton, r=2, n=3, n=4, etc.| iz

shown in the top half of the page.

FIGURE 2.1 Quantized Sizes of Hydrogen Aloms
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The radical new model Dr. Mills has proposed [i.e. that there exist stable forms of
hydrogen in fractional enerpy states below the accepted ground sate, n=11 with its
commensurate fractional radil berween the electron and proton [.e. 0=1/2, n=1/3, n=1/4,
ete.] are shown on the next page, The model being proposed will hereinafter be referred
{0 ag “Millas Theory™.

It is mnportant to emphasize at this point that the transistions described are not
nuclear. This i3 2 chemical reaction that only effects the binding energy of the hydrogen
atom’s eleciron. The findamental energy release mechanisms in this process arc
hydrocatalysis and disproportionation. Hydrocatalysis oceurs when 2 hydrogen atom
with its electron at its normal ground state or a lower ground state [ie; n < 1] reacts with 2
catalyst having a net enthalpy of 27 V. Energy is released per equation (1d).
Disproportionation oceuss when a lower encrgy state hydrogen atom [ie; n = 1] collides
with onother lower encrpy state hydrogen atom fie; n < 1] which results in the jonization
of one atom {ionization energy is 2 multiplc of 27 &V] and the transition of the clectron of
the ather atom to a stable, lower energy level. Energy is released per equation (1¢} when
the atom which ionlzes has its electron at its n = 1/2 state.

E=(1/n’-1m ) x13.6cV (1d)

E=(1/nf- 1M x136eV - 544eV (1¢)
The inrerested reader is referred to Appendix 2 for more detail on Milig theary.

2.2 Astrophysical Correboration

The theoretical model propased by Mills might remain an interesting approach to
unifying physics but be written off as a theory of no import were it not for the fact that the
laboratory of the universe provides a prodigious ameownt of data which appears Lo support
his predictiong. For example, his theory predicts that the electronic transilion of aiomic
hydrogen below its ground state of n=1 is a widespuead phenomena which provides a
significant amonnt of the energy radiated by all stars. The theory alse predicts this
transition reaction pecurs in the atmosphere of some of the larger planets [Tupiter and
Saturn] ag well as in the dark regions of space. Hydrogen is the most abundant element in
the universe, and if it also is able to exist in a stable form in lower encrgy states It st be- -
measurahle and detectable. There 13 substantial observational data confinming that
passibility. One source is the extreme nltraviolet spectrometer data colleeted and analyzed.
by Stmon Labov and Stuart Bowyer of the Center for Extreme Uliraviolet [ELV]
Astrophysics at UC-Rerkeley.™ They designed and had launched a diffuse, grazing
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incidenee B1TV spectrometer into space fram White Sands Missile Range in the spring of
1986, They analyzed their data and published it in the Astrophysical Journal in the spring
of 1991. Their data is remarkable in many ways; 1] i was nat believad that such data could
be callected, 2] they observed and validated significant ernission features and signatures
from the dark regions of space, 3] they acheived a very high statistical confidence that the
data was real [in many cases >99% confidence | and 4] their explanations for what these
crnissiop stgnatures must be postulate that an unexplainahly high temperature fmillion
degree pases] must exist in what was otherwise believed to he a vastly cold region.

Upon review of this data the scientists of BLP, being chemists by background
belicved that “hot interstellar gas™ view of dak space was not very plausible. Thay
undertook to view this data in light of the fundamentals of the Mills® theory which predicts
that lower eieray hydrogen can collide with other lower energy hydrogen atoms and
undergo an energy transition to a lower non-radiative suergy state. These mansitions radialc
at specific encrgy lovels and wavelengths as predicted by equations (1d) and (1€} as
described above, While the I.abov and Bowyer's interpretation of these signatures
originating from hot interstellar gases [Feyy, FEy . Oy, ofe.] is more widely accepted by
astrophysicists, other scientists see the explanation £3 less plausible.

The BIP assignment of these and many other planstary, stellar and interstellar
radiation sipnatures to a calculaled amount of energy heing released from hydrogen atoms
undergoing collisional effested transidons (o lower energy states appears to be much more’
plausible. When the data is analyzed and one views the assignments of the probable
hydrogen transitions and sees the reasonablencss of such a thearetical maich it appesars 10 be
much more than a remarkable coincidence. The apalysia provided by BLI in Table 1 {on
page xiii of the Forward] as well as page 424 of the text on the theory 7 ghows = match
between the backpround data and theoretical transitions for nearly all of the trapsitions that
are probable to the n = 1/§ state of hydrogen. 1 have reproduced these calculations in
Appendix 3 and pravide a summary of one of those spreadshests on the pags that tallows as
Figure 2.2,

Perhaps an even more compelling way to view this daia iz in the manner developed
by Jim Kendall, P.E., a Ph.D. Nuclear Fngineer from Technology Insights {a technology
agsegsment firm from southemn California]. Fe graphically stackad the Labov and Bowyer
data sicke by side with Mills theory predictions as shown in Figure 2.5 to reveal a correlation
which i most persuasive.
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FIGURE 2.2 - Astrophysical Observations and Mills Theary
Raw Extreme LV Background $pectral Data =
OBSERVED DATA Fractional State MILLS FREDICTED
Wavelnth Energy Cale 1inf 1/ni  Wavelnth Energy
A ey eV A eV
2848 146.2 146.2 8 7 8z.2 149.6
101.5 1222 1222 7 8 101.3 122.4
1168 108.2 106.2 4 2 114.0 108.8
1296 858 057 G 5 130.2 252
139.5 80.8 g8.8 4 2 141.8 §7.6 He scattered
163.2 75.8 78.0 8 T 165.9 74.5 2nd order Peak 1
181.7 §8.3 68.2 5 4 182.3 68.0
2006 61.8 B1.8 7 6 2026 §1.2 2ng qrdar Peak 2
233.8 53.0 £3.0 3 1 227.9 54.4
261.2 47.5 47.5 5 4 265.0 458 He scattered
025 41.0 41.0 4 3 3038 4c.8 ‘
459.1 270 270 3 1 455.9 27.2 2nd order Peak 9 .
£84.0 12 212 584.9 21.2 Hefium Resanance
B07.5 20.4 204 4 3 GO7. 8 20.4 2nd order Feak 11
&633.0 18.7 19.5 4 3 6833.0 18,6 He scattered
3 2 o117 136

Fetar Mark Jansson, P.P. P.E.

FIGURE 2.3 - Astrophysical Data vs. Mills Theory Hiustrated
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The analysis completed by this researcher in Appendix 3 corroborates the findings
of BLP in regard 1o e extreme uhraviolet data ic the backeround of space [above] as well
as from our star, the Sun, a5 well as from a stellar flare on AT Mic and star BO Pegasi. Dr.
Mills® text also provides many other sources of astrophysical date which produce
information that regularly display the lower energy hydrogen transition energies that would
e most likely from a probabilistic standpoint. Table 2.4 on the page that follows lists the
mogt cammonly occuring wavelengths and energies in all of the dara deseribed above [ie;
data that appeared in at least 3 of the 4 sources cited] and the match | have calculated for
that data by equation (1) abave.

TABLE 2.3 - Commenly Observed Wavelengths & Mills Theory Predictions

Wavelangth wills Theory Wavelength & Hydrogen Transitiah # of scurces
A A Initial Stage - Final Stage of 4
g11.8 2.3 1/2 —=1/3 i
a02.8-304 202.9 173 == 1i4 2
2681.2-265 265.0 14 —= 15 He scatterad 3
182183 1828 1/4 = 1/6 4
128.1-130 130.2 15 =16 4
122.2-123 1226 1/6 == 1/7 He scattored 3
101-101.3 10138 M= 4
&9-40 89.0 1/7 == 1/3 H scattered d
21-81.1 g1.1 143 == 1/5 H scattered 3

T NOTE: Gnly one saurce, the solar specirel data, included obeervations above the 600 A wavelength

2.3 Entgmas Solved

Perhaps the two most compelling enigmas that the Mills theory resolves are solar
problems. They are; an inadequate solar neutrino flux and a solar coronal tTemperature that 13
{nexplicably too hot. For two decades we have known that the standard solar model '
predicts that the primary energy source of our gtar is the nuclear susion of hydrogen atoms.
The problem is thar acientists have been upable ta account for an appreciable amount of the
solar neurrino flux that would be predicted by assuming all of the Sun’s radiant energy is
from fusion. The Gallex solar neutring detector in Ttaly sees onty 00% of the nevtrinos tiat
the standard solar model would predict. 1] The Homestake detector reports neutripo e |
of 2.1 = 0.03 SNU or anly 27% of the standard solar model’s 7.9 +2.6 SNUS™ - Where
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then, if not fusion, could the rest of the Sun’s energy be coming from? A similar problem |
exists with the description of all of the Sun’s energy coming from nuclear fusion when we
consider the temperature gradient from the surface of the Sun into space. The photosphere
[visible surface layers) of the Sun is 6000 K, “whereas the temperature of the corona [solar
atmosphere] based upon the assignment of the emitted X-rays to highly fonized heavy
metals is in excess of 1,000,000 K."P* The Mills theory is able to explain both of these
seeming mystesies by postulating the disproportionation of hydrogen atoms in the
atmosphere of the Sun, This transition of hydrogen to lower energy states as previously
discussed gives rise to significant non-nuclear radiant energy [ie; ransitions of hydrogen to
the 1 = 1/100 level yield encrgy densities (139 keV) on the order of nuclear reactions]. The
disproportionation reaction takes place in the coronial region of the Sun giving rise to the
much higher temperatures there. Together the Mills theory makes sense af what otherwise
could only be explained by difficult-to-believe concepts. The standard solar modei hasno .
answers for this enigma but two theories attribute the higher coronal temperature to “the
conversion to heat energy by the dissipation of the energy in electric currents or
magnetohydrodynamic [MHL] waves,”™ If the corona consists of an “almost fully
ionized plasma contained in closed magnetic field loops or of plasma expanding outwards
along open magnetic figld lines™*! it is quite a stretch and additional complication to
propose the electric currents or MHD.

Another key enigma sobved is that of the total mass or matier in the wmiverse. For
years physicists have been wrestling with the fact that efther “black holes” or an
unidentified “dark marter™ must exist out there in space in order to explain why our
calcuiated mass of the universe can not be obtained by adding up all of the radiative and
observable matter. We need more mass to explain the observatior: that gataxies rotate at a
higher angular velocity than possible with only the observed [visible] matter providing the
stabilizing gravitational attraction.”® Is it too much a stretch for the logical mind to
postulate that if over 95% of the known matter of the universe corsists of hydrogen that the
large amount of “missing matier” may also be some non-radiative form of hydrogen? Mills
theory predicts that stars consume hydrogen and convert it into lower energy state hydrogen -
as the “ash” residue of the reaction. This ash is non-radiative, microscopically smatler than
ground state hydrogen and is believed by Mills to be ubiquitous thronghout the umiverse. It
would appear to be an excellent candidate for the undiscovered, yat ubiguitous dark matter |
af the universe.

2.4 Technological Embodiments

This final section of Chapter 2 is devoted to devices and apparatus that have been
desipned and operated by BLP scientists in order to prove that the catalytic reduction of
atomic hydrogen below its ground state of n=1 is not only acheivable but is repeatable,

29



Master of Science in Engineating Thesis Peter Mark Jansson, PP P.E,
Rowsn Urnnersiy Pane 30 of 73

predictable and consistent. Table 2.4 below indicates the types of devices that have been
desipned and developed by BLP scientists to demonstrate the phenomenon.

TABLE 2.4 - BLP Technologies

Device Type Other

Dewar Flask Elactrolytic Cell

Electrolytic Cell Electrolytic Cell DC elzciricity
Elactralyiic Cell Electrolytic Cell AC electricity
Non-Electrolytic Gell (Gas Phase

Glass Lamp Gas Phase

Isothermal Calorimeter Gas Phase

Calvet Calorimeter Gas Phase Oven Moderated
Nickle Hydride Wire Cell (3as Phase Water Coaled
Quartz Firebrick Cell Gas Phase

Test Cell 1 Gas Phase Steady State Flow

Furthermore, all of the devices in the above table exhibit the ability to generate
anomolous heat that 1s inexplicable by any known chemical or nuclear reactions. These
devices generate heat with no flux er radioactive materials, reduction or consumption of
known chemical or molecular reactions or bonds and follow dirsctly from the Mills theory.
The specific devices are in essence the embodiment of his concepts for bringing hydrogen
atoms into contact with a catalyst in order to begin the hydrocatalysis and subsequent
disproportionation reactions. The devices developed by BLP are both test and
dernonstration units.

The two and one-half pages following below provide illusirations of some of the '
key BLP techmological embodiments. Figure 2.4 illustrates the dewar experunental '
vessel, Figure 2.5 shows the typical arrangement for one of BLP"s advanced electrolytic :
cells. Figure 2.6 illustrates the device developed by the BLP joint venture with :
Thermacore -- & non-electrolytic first generation gas phase cell. Figure 2.7 illustrates the -
isothermal calorimeter and Figure 2.8 is a typical Calvet calorireter arrangement. 1 am
focusing on these few devices to keep the reader directed to the specific technological
embodiments of the Mills theory that demonstrate that the prodizction of excess and
anomalous heat from each apparatus is conditional upon bringing all of the elements of
Mills’ theoretical requirements to the experiment. If any one ofthe key elements is
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the experiment fimctions as a typical control with no excass heat being

produced.

missing,

FIGURE 2.4 - Dewar Experimental Cell

JAPLI[AT
urnurumie fgi) pue *1a0ns 2naudew {g) 'Guign)
noyal () "Wy eieg g pa) Jaddos wenjoaAlg ()
' 21201515 () e BUpnS dpudews () 'Spones
[e (¢ "zpoue wnunme (f] 1015w {7} f1emap

praysef-wnmosa 11 sdniss answpeies meswuadsg ¢ (3L
Tl )
Tl BT ] [Tm
b g
P m J = @ -a J m
T R BT
| z_ 14
m ij|ln
B Z L A
r [ ™ 3
T 1T
| ]
HUE|GQ

Uosinbay
e1e(]
PEIELWDINY

WD

FIGURE 2.5 - Advanced Electroiytic C2ll

dex poEmisur = g1 *adooso][Id50 = | i)
o1l Jomod “10yeIauad vorzoung ‘Ajddns Jamod = ;1
“Buigny dwnd i Jp0alasar= g "‘Tupqh] THPLE 125UaR
~UD3 = §1 “HUignt 1t JasUsplos = | '1ioa10sar
Infem = [ IS 1IN0 = 7] “roasnuiag) 197
-1 = || ‘dwnd ayrispad = ) 1esuapuod = ¢ ‘des
UDIT) = § ‘291831 1098 = 1 ‘230ds UDYA), = 0
PROIEY [WIOIU = § RPOUE 193D = § “Josues fian
-OMPUDD = [ “1oMUIAY) 24[011090 = T Iemap pals

398l utnnoea = 1 a0 SISATO)10eEARlE0 20D AT (T (g

FIYTLTITLAT

HkL LR
0

AT

A 1

K3 |



Master of Scienca in Engineering Thesis . Peler Mark Janssan, PP PE.
Fowen Univaraty Page 32 of 73

FIGURE 2.6 - Non-Electrolytic Gas Phase Cell
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FIGURE 2.8 - Calvet Calorimeter Gas Phase Gell

Figura 1, Schematic of the Gas Call far the Calval Salorimeler and Crass Sechonal View of
the Galvet Calorimeter. 1 -{11E8)" OD sminiess steel twba {to hydrogan suppiyy, 2 -

stainless sheel tea union, & - [(1/4)* O stainiess steal tube (o vacuum man:fold), 4 - cell

lid, 5 - fitament leads, & - Conax-Ruifalo gland, T - precisian resister, 0.1 mm 0D

hungsten flament, of nickel hydrids Rarmant treated with catalyst, 3 - copper ring gaskal,

9 - gell body, 10 - Calvet Calorimeter, 11 - tharmapila signal output, 12 - thanmal shunt,

13 - tsamnpiie, 14 - InguWlated calorimeter basa.
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In the case of the electrolytic cells it is very important that the hydrogen atoms be
formed on the cathode contzet with the right concentration of the catalytic ions in order
for the heat generation phenomenaon to be replicated. In the case of the gas cetls a smalt,
partial atmosphere of hydrogen gas, a small partial pressure of the caralytic ions as well
as a mechanism to cause hydrogen dissociation all need to be present for the reaction to
commence and continue. The experiments and subsequent demanstration units were
designed specifically to agsure that the mean free path for the hydrogen atoms {once
formed] to interact with and collide with the catalytic lons was zppropriate to favor the
collision and catalytic reaction prior to hydrogen atom recombination into H,.

Each of the celis illusirated above were able to regularly, consistently and repeatedly.
penerate heat in amounts that were far in excess of the any knowr:chemical reaction. for
hydrogen and any other known elements. [n the case of the vacuwm gas cells this reaction
was developed and maintzined using only very smail amounts of hydrogen gas, a filament
to dissociate I, into its atomic form and a catalyst with the apprepriate resonant enthalpy of
27 eV. Part I of this thesis will highlight the performance of BLP’s isothermal ¢2ll, Penn
State University’s Calvet cell experiments as well as the experiments of this researcher in
the Calvet cell at BLP laboratories.

To more fully document the BLP theory that lower enﬁ:rg“ia' h}'drogen [hydrina
formation] was the source of the heat in the reaction, the residue “ash” as it were fiom the
reaction gases from both the electrolysis and vacuum cells was collected. According to
Mills theory this “ash” should contain the lower energy form of hydrogen postulated by
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B1.P. The difficulties of capture make this effort quite a challenge since the atoms heing
searched for will have significantly smaller diameters than the smallest of all atoms. BLP
and four other scientific laboratories began this search a few years agn. They used the
methods of mass spectroscapy, gas chromatography and X-ray photoelestron spectroscopy
[XPS]. Table 2.5 helow highlights the results of those investigations thus far.

TAELE 2.5 - The Search for Hydrnos

Device Results/Ohservations investigating Laboratary
Mass Spectroscopy Large signal with ionzation energy ELP Laboratory
in calculated ranga of dinydring Alr Products & Chemicals Lab

Schrader Analyl. & Cans. Lab

5as Chromatography  Significant signal peaks which can BLF |.aboratory
be associated with n=1/2, 1/3 and 1/4
dihydring moleculas

A-Ray Phatoclectron Signal Peaks associated with the Lehigh University - Zetlemayer
Speclroscapy [XPS] binding energy of n=1/2, 1/2 and 14 Centar for Suiface Studies
hydrino melecules ldahe Matinnal Enginesnng Lah

Clark Evans & Associates

Fige 2.% which follows on the final page of Part I illustr=tes the location of 2n
angmaions peak near 53 eV hinding energy which was detected by Zettlemover Center for
Surface Studies at T.ehigh University, Charles Evans & Assocciates and Idaho MNational
Engineering T.ahoratories [INEL] in separate analyses of BLT and INEL samples. BLP
asserts that the w=1/2 state of hydrogen, which has a calculated binding energy of 54.4 eV,
iz the soures for the peals in each independent study. At present all other potential known
sources of a peak at that energy level [i.e. Feg ] have been ruled out as a source.
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FIGURE 2.9 - XPS Anomaleus 55 eV¥ Peals
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PART IT - Analvsis of Previous Experimental Resnfis

As noted in Chapter 2 [Table 2.1] there have been a substemhial number of tests of
BLP electrolytic cells. This researcher was not able to find any documented results from
tests that had been performed o BLP cells which indicated that the cells did not operate in
a manner to generate the anomalous heat pradicted by BLP scientists. However, due to the
controversial nature of glectralytic cell and the close association of the work with the
continuing debate regarding cold fusion claims I have directed my research toward
reviewing the test results which have been achieved in the gas phase cells, It is worthy of
note at this pont that there continue to be significant publications in Fusion Technology
where well respected scientisis are continwing to claim excess hest in so called “cold
fusion” cell experiments. Of particular note is a recent techmical paper in the March 1997
Fusion Technology jowrnal. The authors [from Shell Research / CNAM Laboratoire des
Sciences Nucléaires in Paris, France] describe how they have detected and verified that they
are creating excess energy from hydrogen “7300 times higher than the tnost exothermic
known reaction” at a high confidence level [99%]. They also detect mugsing hydrogen in
their exhanst samples. Further, they present their postulate that the source of the additional
energy is from “the formation of a tightly bound state of hydrogen...In such bound states, |
the electron is much closer to the proton than I normal hydrogen. This could explain hoth a
high em:r%f of formation and 2 greater than normal capacity to diffise through any
material” *" All of these findings are consistent with the Mills theory. Part IT of this thesis
wil} focus on summarizing the resuits of two of the gas phasa cell experimental results
developed to date noting with special interest the experiments conducted by this researcher
in section 3.3. In each case the gas phase cells produce a statistically sipnificant [ie; beyond
the error range and accuracy of the measuring device] amount of unexplainable heat. Tnthe
experiments the heat generated is well beyvond the most energetic of chemical reactions
known for hydrogen. I will attempt to explain, when possible potential reasonable
alternative explanations for the repeatedly observed phenomenon. Often, however, there is
no Teasonable explanation cther than the potential for a new energy source resulting from
the imteraction of hydrogen and the catalyst matetials in the cells. - After surnmarizing ali of -
the gas phase cell experiments, the resutts of a singular isothermal cell test will be reviewed
in detail [the experimental results from this cell formed the basis for the computer modeling:
work detailed in Chapter 4], Results from the Penn State University cell will bereviewed
and then the closing section will summarize the results of my work with Mr. William Good,
the Chief Scientist and Director of Research & Development at BELD.

Chapter 3 - Summary Review of Gas Phase Cell Experimental Results

Table 2.4 illustrated seven gas phase cell experimental davices. I will provide a
detailed explanation the operation of two of these devices in sections 3.1 through 3.3. [
will place special focus [sections 3.2 and 3.3] on the Calvet device [see Figure 2.8] which
i3 the most accurate in measuring the heat generated in a BLP reaction.  Prior to the
announcement of the hydrocatalvsis process developed by BlackLight Power the
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paradigm for hydrogen as a fiel revelved around its energetic reaction with oxygen. In
natere, water [Ho0] is 2 very abundant, stable and versatile molecnle. Hydrogen is very
energetically bound to oxygen, and requires significant encrgy to break these these stahle
bonds to viekd H,. After they are broken, hydrogen in its molecnlar farm [Hy] is also
stable, but reacts well and energetically with many other ¢lements to form a plethora of
molecules and compounds. The basic principle being tested with the pas phase cells of
DLP is the ability of the hydrogen atom, once dissociated from itz molecular form, to
undergo electronic rangition to lower energy levels [as described in Chapter 2] when it
collides with a catalyst. All of the experiments therefore that will be deseribed in the next
three sectiona are configured o provide a reaction chamber [capzblc of operating at
vACUUID Or Near vacuum pressures], 4 means for hydrogen to be Introduced to the
chamber, a eatalytic material to be introdueed in the reaction chamber, # means for
digsociating the hydrogen molecule into its atomic form, and a method for measuring heat.
generated by the reaction. Fundamentally the two cells reviewed m Chaprer 3 are
identical in nearly all respects except for the method for measuring or detertnining
meaningful heat generation. The Calvet cell utilizes very accurais thermopiles to
measure the heat flowing out of the vessel into the constant temperature oven. The
isothermal cell uses the laboratory cuvironment as the ‘stable’ external temperanire and
assumes the internal cell temperature represents a steady state heat logs previonsty
meagured by control runs to vield an ‘estimate” of the additional power [anomalous heat]
being provided by the reaction in a more indirect way. The Calvet cell experiments yield
heat on the order of 6% to 12% more than enerzy being provided by the reaction than that
nsed in the reaction zone [(L6 o 1.2 watts over a 10 watt filament power]. The isothermal
cell experiments indicate heat gains of 52% to 171% over the enctpy being provided to
the reaction zone [43 o 55 watts over a 32-86 wall Inpul powey]. It is the isothermal cell
experiments that are of the preatest interest to this researcher sinc they portend the
greatest potential for creating commercially significant heat. Section 3.1 focuses
specifically on that BLP technological embodiment. '

3.1 BlavkLioht Power Isothermal Cell

In the laboratory of BLD in Malver, Pa. this researcher ebserved an experimental
test on May 1, 1996 which was quite ntriguing. A stainless steel vessel of 2 liters in
valume was evacuated to a pressure of 1150 millitorr. [760 torr =1 atm.). This vessel wag
being maintained at a sieady stalc (emperanie of 275° C by way of a cariridge heater
consurming 97.1 watts located in the base of the vessel [see Figurs 2.3). The only materials
inside this vessel were 2 200 ¢m mogaten filament [0.01 cm. diameter] supporied by 4 '
ceramic rods connected by 1/8th inch stainless stee] tees and 3 grams of KNG, catalyst,
Hydrogen was introduced into the system at a pressure of 1 atmosphere, the valve to the
vacuum was opened and the pressure reduced to 2 torr minutes lawer, When the vacoum
vessel comprised a closed system it had a steady state pressure of 1150 mrorr. When the
power to the tungsten filament was twmed on and raised to 15 watts the cartridge heater .
turned off and did not come back on for about one half hour. The temperature rose fom
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275° C to abowr 285° C during this period. When the cariridge heater did begin cycling
again to maintain the vessel temperature at approximately 275° C it did so at a steady state
energy consumption rate of 48.5 watts. [The details of this experiment are found in
Appendix 4] The filament wattage was successively increased to 25 watts, 35 watts and 40
watts in three additional steps during which the cariridge heater encrzy decreased to 17.2
watts, 5.7 watts and O watts respectively. The vessel continued to maintain a temperature of
288-289° C withour any energy being provided by the cartridge heater. The filament steady
state power consumption was 40 watts indicating that something {~resumably the
Hydrocatalytic effect] occurring within the vessel appeared to be providing the additional
57 watts of heating that was necessary to keep the vessel at temperature. If one assumes
that all the data being gatheted on thig elosed system [i.e; energy in, temperature, pressure
and chemicals involved] are aceurate, then this appears to be a cormpelling illustration of
this technalogy's capability. Table 3.1 illustrates a significant nurnber of BLP
experimental and control muns on their isothermal calorimeters.

1 bave summarized the results for each of the runs but the reader s encouraged to review
the detaited data in Appendix 5. The Appendix includes all of the detailed experimental
data as well a= the analysis completed by this researcher. Tt is clzar from the few confrol
studies that the isothermal cell exhibits different behavior when it is operating on filament
power versus cartridge heater power. As shown in experiments 15.5 and 15.8 the -
isothermal cell uses significantly less power with the filament then that required on the
cariridge heater. This researcher believes that this apparent 23-34% savings may be due
to four factors in the following order of significance; 1) The relative distances between
the heating sources and the thermocouple [The filament was closer in proximity to the
thermocouple and therefore had preater radiant coupling], 2] Radiant coupling of the
filament with the thermocouple may have resulted in the thermoccouple being at a higher
temperature than actual temperature. [This condition would allow the cell to cool down
and thus reduce o some degree its heat loss and associated energy requiretnents]. 3]
Increased stratification may have occurred under filament power [i.e.; convective mixing
of gases may not have occurred sufficiently allowing stratification. With the upper
regions of the cell warmer than the lower regions of the cell heat loss would have
decreased across the entire cell surface]. 4] In the case when the cartridge heater was the
only source of power, heat loss through the botiom of the cell mey have been higher, thus -
the thermocouple in the cell will need to see greater power from the cartridge heater in
order 1o ¢ycle off the power. It is important to note that another way of considering this
last point is that the filament provided all of its heat interior to the cell most efficiently,
while the cartridge heater entered through and was connected to the bottom surface of the
calorimeter allowing a larger percentage of its beat energy to leave the cell without
affecting thermocouple temperature, '

Nonetheless, it is important to note that experiments 15.4, 15.6, 15.9 and 15.10 all
create anomatous heat far beyond the cartridge/filament differential caloulated by the
copirol experiments. From the heat loss model developed on these cells in Part I1I of this
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thesis it appears that the isothermal cells are able to create at least tens of watts of nseful -
power even in their very primitive development state.

TABLE 3.1 - Isothermal Cell Results Summary

Experiment Temp Pressure Watts Watts Excess Heat Power
# {C) (Torr) [Heater] [Filament] [Watts] Gain [%]
15.4 250 20 D52 457 49.5 108.3%
15.5 control 273 low atm 943 613 33.0 53.8%
273 230 943 757 18.6 24.5%
156 2711 14 92.0 436 48.4 111.0%
16.8 conirol 251  low atm 87.3 B235 24.8 39.7%
15.8 280 1.7 103.5 417 51.8 48.2%
1510 264 1.8 92.7 322 60.5 187.5%
1512 284 D.02 106.¢ 978 8.2 8.3%
15.13 319 1.9 131.2 836 476 56.9%

It is recommended that the isothermal cells be outfitted with external tempermture
measurement thermistors and that a full set of controls and experiments be carried out on
these cells. From this work we can develop heat loss calibration curves under various
temperature and pressure regimes. In addition, each cell should be blanketed with a
standard jacket to reduce heat Joss variability from experiment to expermment. From a very
high temperature the cell should be tumed off and a heat loss decay model be fit to its heat -
loss rare over time. This empirical model could then be used as g.second source of
validation for the caleulated excess energy created in the hydrocatalytic reaction within the
vessel.

3.2 Penn State University Calvet

In late 1996 Dr. Jonathan Phillips, Professor of Chemical Engineering at the

Pennsylvania State University, and Julian Smith, his graduate research assistant undertook |

significant control experiments and tests on the heat generation of gas phase Hydrocatalvsis,
A complete copy of their report and findings is provided in Appendix 6. The Calvet cell
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that they used is shown in Figure 2.9. The Calvet calorimeter cell is configured much litke
the isothermal ccll described above but it includes much more accurate direct measurement
of heat flux out of the reaction vessel. This measurement device is accurate to within 0.5%

in recording energy flow. Unfortunately, in order to gain this extremely high accuracy one =

must place this vessel into a very conirelled environment and into a thermopile base. This
makes a large device very costly. The size of the Calvet cells used by Penn State are 20
cubic centimeters. The tests were conducted during the peried of October - December 1996
in Penn State Chemical Engineering Department laboratories. The following excerpt from
the report summarizes their key work and findings: “In three separate trials between 10 and
20 K Joules were generated at a rate of 0.5 Watts, upon the admission of approximately 107
moles of hydrogen to the 20 cm® Calvet cell containing a heated platimum filament and
KNO; powder. This is equivalent to the generation of 1x10" J/mole of hydrogen as
compared to 2.5x10° J/mole of hydrogen anticipated from standard hydrogen combustion.
Thus, the total heats generated appear to be two orders of magnitude too large to be
explained by conventional chemistry, but the results are completely consistent with the
Mills” model.” ™

It is noteworthy that in all cases the Penn State fests [summarized in Table 3.2] were-
terminated by removing the hydrogen from the reaction vessel by cpening the valve to the
vacuum and pumping the gas from the vessel. It is not clear how long these reactions
weuld have contimued if the vessel was not emptied of the hydrogen gas. The method used
by PS1J included bonging their Calvet reactor cell to steady state in & controlled
environment oven with only a platinum filament and small vessel of KNO, present within
the reactor vessel. They would zere out the Calvet output at this peint and then admit
hydrogen to observe the reaction that this precipitated. There experiments showeda
sipnificant exothermic reaction upon the admission of hydrogen which could not be
replicated upon the admission of helium [which they used as a control gas for thew
experiments]. In all cases this exothermic reaction was curtailed by the researchers once the
total energy that had been produced was significantly greater than that available in known
chemical reactions of hydrogen.

TABLE 3.2 - Penn State Calvet Cell Results Summatry

Exzperiment Temperature Pressire Total Time Total Enzrgy Excess Heat
# {°C) (Torr) {minutes} (Joules] (milliViatts)
BL1218CD 250 170 612 21,560 586.8
BL1220BC 250 180 g4 13,003 5859
BL1221AB 250 120 284 10,283 604.7
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3.3 Jansson Calvet

In early 1997, this researcher approached Mr. William F. Good, Research Director
of BLP to discuss the possibility of replicating the isothermal cell wark at BLP to determine
maore conclusively the primary parameters of the gas phase reacticn. It was this researchers
mtent o determing the effect of filament surface area on excess heat formation as well as
begin parameterizations of other key variables such as reaction zone volumes, gas partial |
pressures, temperature, and other variables. BLF was most gracious in offering their Calvet
cells for any experiments [ would choose to run. The 1sothermal eells eould be ugsed ag a
follow-up in the event that the data from the Calvet work indicated a significant isothermeal
eell demonstration was feasible. In as much as it is believed that the formation of excess
energy is caused by hydrogen atoms colliding with catatyst ions or hydrinos, T undertook 1o
prove that increasing fllament surface ares would increase atom generation rate and thus
increase power output from the Calver cell. The protocol for my experiments is ncluded as
Appendix 7. A copy of my control and experimental results are included as Appendix 8.
My original intent was to reproduce the Penn State experimental results and then go onto
vary only the filament length in two subsequent expariments. Tf this could be done
successfully, T believe it would demonstrate that specific parameters of the reaction could be
controlled and engineered. We followed the PSU protocol in all espects excent reaction
vessel pressure; this was because it appeared we were unable to demonstrate the excess heat
effect at the [50-1000 torr range whers the PSU reaction had operated successfully. We
were successfully able to replicate munerons times the anomalous heat gain results in the
50-200 mitorr pressure regime, When we completed many of our post-experimental
calibrations without the KN(), catalyst we belisve we weare able ti identify excess heat that
was being gensrated from the small amount of hydrogen that was off gasing from the
platinum fitament. This is my present interpretation of the resulis [ oblained. Presently i
can nat offer an alternative expalantion for the consistent excess heat acuvity when only the
filaments and KNQO, catalyst are present in the experiments.  Table 4.3 below summarizes
iy testing aobjectives.

TABLE 3.3 - Jansson Calvet Testing Obhjactives

Replication of PSU Results

Vary Filament Length [ 12em , 20 em, 20cm ]
Analyze Results for Consistency ani Patterns
Determine if Effect Appears Enginearable
Develop New Technical Skills and Knowledgsa

- ok E K E
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Table 3.4 below summarizes the 9 experiments and controls that I performed

during the period of February 27 through May 5 1997, Each was conducted according 1o -
the primary protocol summarized in Appendix 7.

TABLE 3.4 - Jansson Calvet Tests Completed

* 20 ¢m Experiments
1 control
2 experiments
-February 27 - March 21, 1997

* 10 cm Experiments

1 experiment / post control-calibration run
March 25 - Apri] 13, 1997

* 30 cm Experiments
1 conrtrol
% experiments
March 22 - 25, 1997
April 13 - May 5, 1897

The fallowing tables [3.5 & 3.6] summarize the testing protocol which was fullowéd for
each of the controls and experiments conducted in the BLP lzboratories:

TAELE 3.5 - Jansson Calvet Testing Protocol Summary - Cottrol

m Prepare Calvet Reactor Vessel
+Instafl Filament and Vacuum Test

m Place Calvet in Thermopile Gup
+Vacuum test, connect leads, insulate
m Bring Oven & Calvet fo Steady State

+25809 C, vacuum cel} to remove all HzQ, etc,
= Start DAS, Turn On Power, Close Vac.
+0,1,5,6,10,11,15,16, etc. watts to steady state

w Wait Until Steady State is Achelved
a Observe Changes in Vg
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TABLE 3.6 - Jansson Calvet Testing Protocol Summary - Experiments

u Prepare Galvet Reactor Vessel
+Install Filament, KNOg3, Vacuum Test

u Place Calvet in Thermopiie Cup

«Vacuum test, connect leads, insulate

» Bring Oven & Calvet {0 Sieady Siate

+280° C, vatuurm cell to remove all Hz20, etc,
» 3tarf DAS, Turh On Power, Closa Vac,
+0,1,5,6,10,11,15,16, etc. watts to steady state
= Wait Until Steady State is Acheived

+5table Vi, Win , V¢, KNOj vapor pressure

= Cbserve Changes in V.

= Inlet Hp to Dotble Gurrent Pressure™

m Wait 5 min. and Vacaum Downto <017
a Observe Changes in V¢

NOTE: V, is the Calvet calorimeter voltage indicative of heat output, Wi, is the total energy being consumed
by the filament within the Calvet, V,is the Valtage associated with the energy heing dissipated by the
filament [aliows us to know I°R losses], and vapor pressure is measured in m¥orr.

* in all cases it was not necessary to add additional H, in order to observe an clevated V,

Table 3.7 below illugtrates the calibration curves and linear regression analysis fits which,
I obtained for each of the contrel runs used in calculating the excess heat from each
experiment.

TABLE 3.7 - Jansson Calvet Testing - Calibration Curves

mldcm
+Ve =0.2016(Wipn ) - 0.0806 , R =0.9966
w20 cm
+ Vo =0.2333 (Win ) - 0.0605 RZ = 0.9994
e 30 cm
oV =02297 (Wi )+ 0.5188 R*=1.0000
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Fapes 45-51 graphically and tabularly depict the results of the many days {over 555
hours] of analyzed Calvet cell experiments and controls. The results begin with a
summary slide and then summarize the data by 10 em., 20 cm. and 30 em. experigental
and contro] runs. These are labeled Figures 5.1, 3.2, 3.3, 3.4, 3.5, 5.6 and 3.7, Table 3.8
below is a numerical summary of the resules abtained for all KINO, experiments as well
a5 KO, plus hydrogen experiments. All excess heat calculations for the experiments iz
hased upon the difference between the Calvet ourput power anticipated via the control
Tuns contrasted with the actual input power used to generare that Calvet voltage output
during the experimentals. All controls and experimentals were completed in a closed
system in an oven with temperature of 250 °C. In all cases the vacuum integrity of the
reaction vessel was maintained throughaut the entire nm of the experiments.

Table 3.8 Jansson Galvet Cell Resuits Summary

Filament Excess Power Generated [Watts] Hours of Total Energy % Over*
Length fom] Mezn Max Min Operation Produced Chemical
[W-hrs]
10 0.5581 0.635 0523 297.497 1730115 234,567
20 0.818 1.231 C£.337 125.22 102.464 128,080
30 1.672 2092 0.635 131.95 207467 278,191

* - % Over Chemicai - is the amcunt of energy generated by the reaction divided by the anergy that woukl
nave been created had =l of the hydrogen available al anytime in the experiniantal apparatus been
consumed in the most enargetic chemical reachon calculated [ie; hydragen combimng with oxygen to form
water - H:0] expressed in pereent.

The energy produced by these experiments significanily exceeds that which could be
released hy any known or potentiat chemical reaction by several omders of magnitude.
The value shown in the table above is extremely conservative in that it was determined
assuming the following; 1] all potential hydrogen in the system was converted with
perfect efficiency into water, 2] all of the impurities in the platinim wire [99,99% pure]
were hydrogen, 3] all hydrogen admitted at any time into the rersetion chamber eacted
within the vessel, even though it was rapidly brought wnder vacvum pressere and drawn,
out early in each experiment. Even when these conservative assnmptions are appiied,
there remains a significant and large amount of enerpy that is unacecunted for. This
ranges from about 1,400 to 2,800 rimes the amount of energy that was available at any
time to the system assmning it was able to bhe perfectly released in a chemical reaction.
These results would appear 1o be entirely consistent with Mills theory.
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Figura 3.1 - Excess Power vs. Filamant Length
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Figure 3.2 - Summary cf 10cm

Figure 3,2 - Summary of 10 cm Experimental Reasults

| Datefst of Run! Hous [s5] | Excess Po atts Pressure| Additi H2? Watt-hrs
27-Mar 8.053 0.523 0141047 Yes 4.212
] 2B-Mar|  45.175 0.539 0,147 Yes|  24.349
a0-Mar 47.708 0.587 0.14T Yes 10,572
3t-Mar 23438 0.635 01437 Yes: 14.883
1-Apr 23,514 0.555 0427 Yes 13.356
2-Apr 25.018 0.581 0.147 Yes| 14.786
3-Apr 21.428 0.536 0.44T Yes 11.485
&-Apr 45618 0.538 0.14T Yas 24 .542
G-Apr 23.553 0.608 REL Yas| 14.247
T-Apr; 22684 0.628 0127 Yes 14.248
8-Apr 23.904 0.625 0127 Yes| 14840
9-Apr 17.872 0.632 0127 Yes 11.295
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Figure 3.3 - Calibration Curve - 10 cm Control
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Figure 3.4 - Summary of 20 cm.

1
Flgure 3.4 - Summary of 20

ol E@eﬂmenfar Resiis

Date[s] of Run| Hours [ss] | Excess Power [wafts Pressure |Additionat H2? |Waft-brg
12-Mar 5820 0.577 2537| - No 3.355
13-Mar 5.575 0.337 50T-10ps Yes 1.B79
15-Mar 4272 0.804 253 Mo 3.435
16-Mar 2599 0,588| ©.45T-{.Falm Yes 1.847
i6-Mar 13.625 0.607 2532657 Yes 5276
17-Mar 7.464 0.592 0.1-5767 Yes 4419
17-Mar 14.430 1.164 00757 Yes| 16.807
18-Mar 31.194 1.231 O.066-0.075T Yes as.4c0
18-Mar]. 14,781 0.878 0.068T Yes| 12982
18-Mar 3.576 0.537 n.0seT Yes 1.82C
20-Mar 8.870 0.404]  0.0675-0.065T Yes 2775
20-Mar 14.608 0.448 0.0575T Yes B.555

A ‘0.E18 A Parreat [42%5] )
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Figure 2.8 - Summary of 306m.
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PART IIX - Mathematical Simulation Maodel

In order to assess the commercial potential of the BlackLight Power techmology [
performed some mathematical simulation maodeling on one of their most prorising devices.
The isothermal cell described in Section 3.1 produced meaningful excess power on the
order of 50-60 watts and at meaningful temperatures 250-320 °C. The simulation model I
developed attempts to recreate the heat loss profile of the isothermal cell in order to assess
how much energy theoretically would be required to mainiain the cell at any temperature
level. Tdeveloped this method as a theoretical modeling method 1o cross-check the
calibrations and excess energy results acheived by the experiments on the isothermal cell.
Chapters 4 and 5 below provide the results of the simulation model as well 25 my insishis
and lessons leamed frorn the exercise. In addition, 1 develaped a comprehensive testing
protacol which, if impletented, could conelusively prove the energy pain of the isothermal
cell and provide additional documentation for its performance.

Chapter 4 - Analysiz of Model Performance vs. Experimental Results

In order to model thermally the heatloss for the BLP Isothermal Calorimeter I
used the data provided from the BLP Experiment 15.6 witnessed by AEI emplovees on
May 3,1996. The method of operation of the Isothermal Cell s provided in Section 3.1,
The experiment which we observed operated according to BLP's predictions, previcous
experiments and protocol. We were able to observe the results detailed in Appendix 9.
A summary of that test has been provided on Table 4.1 below.

TABLE 4.1 - Isothermal Cell Results: Way 5-4, 1396

TIME CRITICAL TEMPERATURES - oC PRESS, FILAMENT HEATER  EXCESS-
CELL ROOM AT MILLTORR WATTS WATTS WATrS‘ ]
1046 AM  279.50 25.42 251.08 1150 G 96.€9 2.01
0 9707 - =007 -
0 97.32 -0.32
11:10 AM
11:15 AM
1145 AM 28508 2804 257.05 1400 15 48.54 33.46
15 48.94 33.06
5 49.26 32.74
11:50 AM
12.05 PM ,
1215 PM  288.86 27.88 260.88 1400 25 16.23 BE7T
25 17.75 §4.25
25 17.78 5427 .
12:20 PM
2:10 PM o
215 PM 28924 2745 261.79 1700 35 573 55.27. .
2:25 PM 42 .00

55.00
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At approximately 2 A.M. on the morning of May 4, 1996 the filament inside the
Isothermal Cell which we were testing bumnt out. This caused a significant and dramatic

fall in cell temperature. The Isothermal Cel] at that point in the experiment was receiving

all of its input power and cell heating from the tungsten filament and the associated heat
of reaction from the believed Hydrocaralytle reduction of the hydrogen gas at the near
vacuur pressure [1,2-1,7 torr] within the cell. Figure 4.1 on the fellowing page
illustrates the dramatic drop in cell temperaure which was observed when the filament
¢eased to operate. The intent of my simulation model was to develop mathematical
formulae that could match the heat loss profile of the cell while it underwent this steady
state cooling toward room temperature and alse match in to the calibration tests
conducted at the 260-320 °C temperature levels. I pursued this approach assuming
simplistically that all significant heat loss was acheived via conduction [(J*A*AT] and
that radiative and convective heat losses from the Isothermal Cell were minimal. With -
this approach I was able to get an excellent carrelation at the lower temperature regime of
operation [<160 °C - see Figure 4.2] with a good fit at the higher temperature profile [
260-320 °C - see Figure 4.3].

From those two pieces of the model [ was able to develop an estimate of the heat
loss of the Isothermal Cel at its entire range of operation in the tasts conducted by BLP.
This data is summarized below on Table 4.2.

TABLE 4.2 - Isagthermal Cell Heat Loss vs. Temperatura®

Cell Temperature Calculated Heat Loss
['C] [wat!s]
, 27 0.0
50 g.2
75 19.32.
100 294
125 39.5
150 49 €
175 58.6-
200 69.5.
225 79.5.
250 38.t:
275 100.C
300 110.7

325 120.2

* - assumes ambient temperature is 27 °C
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FIGURE 4.1 - Isothermal Cell Performance - May 4, 1996
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FIGURE 4.2 - Isothermal Cell Model vs. Actual Haat Loss
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FIGURE 4.3 - Izsothermal Cell Heat Loss vs. Temperature
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Chapier 5 - Key Learnings and Insights From Simulation and Model

What does all this modeling tell us? The specific experiment that we reviewed in
order to develop the model can now be looked at with a greater degree of detail and
understanding. We know that the Isothermal Cell was able to maintain a temperature
measured by the thermocouple at between 280-290 °C. While under cartridge heater
power it took 97-103 watts to maintain this temperature [our model says it should have
taken approximately 102-106 watts]. When the hydrogen gas was exposed to the
filament the thermocouple reading said that the temperature was maintamed at
approximately the same level. However, in this case the filament was using only 42 watfy
at steady state, If we were to estimate from the simulation model what the Isothermal
Cell temperature would have 10 be in order for its steady state hest loss to be satisfied
with only 42 watts of input power we would see that the equivalent temperature was 132
°C. It is hard ta believe the cell was operating at this low of a temperature during the
experiment since our heat loss model was well able to accurately track the heat loss of the
cell from when the filament burnt out all the way up to 160 °C with an extremely high
depree of accuracy. While thess learnings indicate that the cell was in fact producing
anomazlous heat, it must be pointed out that due to cell variability cbserved between
experimental tuns and control runs and also between similar experiments the accuracy of
heat measurement in the Isothermal Cell is not fully guantified and known. Dhe to the
significant number of BLP experimental and control runs on their isothermal calorimeters
the summary results highlighted in Table 3.1 it is most probable that the cell in fact
produces heat consistently. Due to the variability of the few control studies that were run
by BLP demonstrating that the Isothermal cell exhibits different behavior when it 15
operating on filament power versus cartridge heater power, more control studies are
needed. As discussed in section 3.1 this researcher believes that some of the variability
between cell heating source performance may be due to the four factors described in
Secton 3.1 [ie.; the relative distances between the heating sources and the thermocouple,
etc.| Nonetheless, it is important o note that this experiment does appear to create
anoralous heat far bevond the cartnidge/filament differential calculated by the conirol
experiments. From the heat loss model described above it appears that this isothermal cells
was able to create at least 10-30 watts of useful power even in its early development state.

Inchuded on the pages that follow I have outlined a proposad testing protoco! for the .
Isothermal Cells which T beleve will conchusively demonstrate their performance or lack of
performance. In that protocol I recommend that the isothernmal cells be outfitted with
external temperature measurement thermistors and that a full set of contrals and
experiments be carried out on these cells. From this work we can develop heat loss
calibraiion curves under various termnperature and pressure regimnes. In addition, each cell
should be blanketed with a standard jacket to reduce heat loss varizbility from experiment
1o expeniment. From a very high temperature the cell should be mumed off and a heat loss
decay model be fit to its heat loss rate over time. This empirical miodel canthen be used as - - ¢
a second source of validation for the calculated excess energy created in the hydrocatalytic -
reaction within the vessel.
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{SOTHERMAL CALORIMETER

Definitive and Conclusive Testing Protocol

SETUP:
Develop and Install Standard Insulation Jacket [2-4” min. thickness ]
Install 2 Internal [Top and Bottom] Thermocouples and/or Thermistors
Install 6 External Thexmistors top, bottom, each 90 degrees alternate up down 1/3
Measure total weight, and total volume of isothermal vessel
Develop computer controlled program to initiate steps 1-3 of each protocol

Control Run #1 - He at 1 atmosphere

1. Measure all relevant temperature, pressure patameters and tie for following protacol:

10 wa.tts in for i-4 hnurs or untll stead}r state is achieved

up power to 20 watts in for another 1-4 hours or until steady state temperatures
are reached

up power to 30 watts in [until steady state temps)]

up power to 40 watts in [until steady state teriaps]

continue..... in 10 watt increments noting all temps and time

up to 200 watts in: or until cell temps are over 400 °C

Shut off all power and monitor temperature decline vs. tims

USING ONLY 200 CM, FTILAMENT
10 watts in for 1-4 hours or until steady state is achieved

up power to 20 watts in for another 1-4 hours or until steady state temperatures
are reached

up power to 30 watts in [until steady state temps]

up power to 40 watts in [until steady state termps]
continue..... in 10 watt increrments noting all temps and time
up to 200 watts in or until cell temps are over 400 °C

Shut off all power and monitor temperature decline vs. time

FLAMENT FOR NEXT 10 WATTS
10 watts in for 1-4 hours or until steady state is achieved
up power to 20 watts in for another 1-4 hours or until steady state temperatures
are reached
up power to 30 watts in [until steady state temps]
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up power to 40 watts in [until steady state temps]
continue..... in 10 watt increments noting all temps and time
up to 200 watts in or until ¢ell temps are over 400 °C

Control Run #2 - H, at 1 atmosphere

USING ONLY CARTRIDGE HEATER

10 watts in for 1-4 hours or until steady state is achieved

up power to 20 watts in for another 1-4 hours or until steady state temperatures
are reached

up power to 30 watts in [until steady state temps]

up power to 40 wafts in [unttl steady state temps]

continue..... in 10 watt increments noting all temps and time

up to 200 watts in or until cell temps are over 400 °C

Shut off all power and monitor temperature decline vs. time

USING ONLY 206 CM. FILAMENT
10 watts in for 1-4 hours or until steady state is achieved.

np power to 20 watts in for another 14 hours or uniil stezdy state temperatures
are reached

up power to 30 watts in [until steady state temps]

up power to 40 watts m [until steady state temps]

continue..... in 10 watt increments noting all temps and time

up to 200 watts in or until cell temps are over 400 °C

Shut off all power and monitor temperature decline vs. time

o] iy ! - TRI1DCG !
FILAMENT FOR NEXT 10 WATTS
10 watts in for 1-4 hours or unttl steady state i5 achieved
up power to 20 watts in for another 1-4 hours or until stezdy state temperatures
are reached ;
up power to 30 watts In [until steady state temps]
up power to 40 watts in [until steady state temps]
continmie..... in 10 wait increments noting all temps and Hme
up to 200 watts in or until cell temps are over 400 °C

Control Run #3 - Heat2 Torr

levant te
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LSING ONLY CARTRIDGE HEATER

10 watts in for 1-4 hours or until steady state is achieved

up power to 20 wairs in for another 1-4 hours or untl steady state emperatures
are reached

up power to 50 watts in [until steady state temps]

up power to 40 watts in [until steady state temps)

contiomve..... n 10 watt increments noting all temps and time

up to 200 watls in or until cell temps are over 400 °C

Shut off all power and monitor temperature decline vs. tine

10 watts in for 1-4 hours or until steady state is achieved
up power 10 20 walls in for another 1-4 hours or until steady state temperatures
arg reached

up power to 30 watls in [unil steady state temps]

up power to 40 walls in [unul steady state temps]
connue..... in 10 watt increments noting all temps and time
up to 200 watls in or until cell temps are over 400 °C

Shut oif all power and monitor temperature decline vs. time

2a 1! relevant re paramet nid 1 follonwi tacol:

USING FIRST CARTRIDGE HEATER FOR 10 WATTS THEN
FILAMENT FOR NEXT 10 WATTS

10 watls in for 1-4 hours or untl steady state is achieved

up power to 20 watls in for another 1-4 hours or uniil sieady state temperatures

are reached

up power to 30 walts in [until sicady siate temps]

up power to 40 walts in [until steady state temps]

coniinue..... in 10 wall increments noting all temps and e

up to 200 watts in or untl cell temps are over 400 °C

Conirol Run #4 - H, a1 2 Torr

10 watra in for 14 hours or until steady state is achieved.

up power to 20 watts in for another 1-4 hours or until steady state temperatures
are reached

up power to 30 watts in [until steady state femps]

up power to 40 watts in [unti] steady state temps]
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continue..... in 10 watt increments noting all temps and time
up to 200 watts in or until cell temps are over 400 °C
Shut off all power and monitor temperature decline vs. time

10 watts in for 1-4 hours or until steady state is achieved

up power to 20 watts in for another 1-4 hours or until steady state temperatures
are reached

up power to 30 watts in {until steady state temps]

up power to 40 watts in [until steady state temps)

continue..... in 10 watt increments noting all temps and time

up to 200 watts in or until cell temps are over 400 °C

Shut off all power and monitor temperature decline vs. time

10 watts in for 1-4 hours or utitil steady state is achieved

up power to 20 watts in for another 1-4 hours or until steady state temperatures
are reached

up power to 30 watts in [until steady state temps]

up power to 40 watts in [until steady state temps]

continue..... in 10 watt increments noting all temps and time

up to 200 watts in or until cell temps are over 400 °C

Contrel Run #3 - Near Vacuurn {< 25 mTorr]

10 watts in for 1-4 hours or until steady state is achieved
up power to 20 watts in for another 1-4 hours or uniil steady state temperatures
ate reached

up power to 30 watts in [until steady state temps]

up power to 40 watts in Juntil steady state temps]
continue..... in 10 watt increments noting all temps and time
up to 200 watts in or until cell temps are over 400 °C

Shut off al! power and monitor temperature decline vs. time

easure all relevant te eters and time for followin %

Y . F1
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10 watts in for 1-4 hours or until steady state is achieved

up power to 20 watts in for another 1-4 hours or until steady state temperatures
are reached

up power to 30 watts in [until steady state ternps}

up power to 40 wars in [unti] steady state temps]

continue..... in 10 watt increments noting all temps and time

up to 200 watts in or until cell temps ate gver 400 °C

Shut off all power and monitor temperahire decline vs, tims

3. Measure al] relevapt temperature parameters and time for following protocol:

B WATTS
10 watts in for 1-4 hours or until steady siate is achieved
up power to 20 watts in for another 1-4 hours or until steady state temperatures
are reached '
up power to 30 watts in {until steady state temps]
up power to 40 watts in {until steady state temps]
continve..... in 10 watt increments noting all temps and time
up to 200 watts in or until cell temps are over 400 °C

Conduct Full Experiment Series
Repeat Series of Experiments [ie; 15.6, 15.9, 15.10, etc.] w/ 200 em. filament to isolate
optimal zones of operation for maximizing excess heat generation effect. Track power .

dissipation per surface area on filament,

Replace filament with tungsten of greater surface area. First increase diameters, then
increase roughness. Assure 100% and 200-500% changes in area.

Increase total areas of tungsten filament in reactor vessel by 1000% via eurled filament
ate.

Use parameters above to design meaningful 1-5 kW water heater design
and 1-20 kKW space heater design
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PART IV - Implications for the Future

The world energy market represents aver 100 trillion kilovwatthowra of equivalent
energy consumed each year and traded for well in excess of $1 titlion. Tt i3 clear that the
BLP process is in a very early stage of development and is not likaly to impact this market
in any signitficant way hefore the tum of the century. However, the experimentsl evidence
teviewed and the data developed by this thesis indicates that theve is an extremely high
probability that the effieet predicted by Dr. Mills® work in his vnified field theory and the
laboratory devices developed by William R, Good and his BLP assoclates in the laboratory
may play a major role in the future of the encrpy industty, Gas and electrolytic phase cells
and devices currently capable of releasing heat on the order of 1-20 times energy input
show promise for significant technical expansion as more focus and scientific and
engineering resources are brought to bear on the task. Blacklight Power currently raised
over 310M in additional investment thuough its final private placement offering which will
make it possible for them to hire additional scientists and engineers for this very purpose.
Actoss the world others arc beginning to pote with interest the reproductble and predictable
prodection of anomalous heat via test cells that Ingorporate hydrozen and appropriate
catalytic materials [see Table 6.1] While the “cold fusion seandal” has created a stipma
which has made it difficult for the academic copunnnity to perform a eomplete and
unbiased analysis of the claims the many researchers have made ever the past fow years, It
appears clear that the dike holding this information back is about to barst. Table 6.1 134
brici snapshot of but & few claima that have been documented by credible scientists in
industry and acadernia i the last few years.

TAELE 6.1 - Glabal Reparis/Observations on BLIF Technology

Journal Observed Data/ Reparted Reasylts* Researther(s} &
Affiliation
FUSION TECHNOLOGY 2,540 timee energy out of hydrogen. hydrogen s lest DuFaur, Fecs, Minat 2na DuFaur
MALEh 3897 In reaction, rew form of ightly bound hydragan ks e of Snedl Resaarctu:nam
moddel proposad to explain energy and koss results Laborateire des Sdences
Mucleaires, Paris, France
JOURMAL of ELECTRO- Signifipant heat progduction from electrolylie cells and the Miles, Bush, Lagowski . Ostrom
ANALYTICAL CHEMISTRY  cbrervation of a aldsumnog malactlie with a Rignar lonizaton and Mins of Ghicka Lake Naval
(1993) and {1991) energy similar to the Millz enargy predictions Alr Warfare Canler WWeapcns
Division, US
Ard Gorference on Sold Significant axcess haat production fom cell with mass =pac ‘Yamaguchi snd Nishicka of the
Fugion - Qctohar 1882 data indicating a didurtring maleewlz [Le.; kwer energy NTT Basic Rescarch Laperalorles
A Mokule vig Mill5] and IMRA Eurcpe S.A

T -=es foohotes 39 - 43
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Within the next five years there will be a significant increase in awareness of the
factnal information surrounding the experiments conducted by many on hvdrogen
technologies which are taking advantage of the natural effect first observed by Dr, Mills.
The data provided in this thesis is but a brief summeary of the weal:h of work that has
already been performed in this area of science. Most academicians T have spoken with
regarding the work of Dr. Mills and Mr. William Good are annovingly critical and
pessimistic before even asking to hear the details of their experiments or supporting data. Tt
does not surprise this researcher that it has taken at least five years for Dr, Mills woark to '
begin to pain the recognition that it needs to have for appropriate peer review and true
academic critique. Tt is hoped that this thesis work will draw attention to the need fora
balanced and open debate on the legitimacy of the BLP claims, which though they seem
extensive are also grounded in excellent technical and theoretical research.

Chapier 6 - Implications for the Future and Recommended Next Steps

A new epergy paradigm will not be quickly embraced by those currently in-
decision-making positions in the energy industry. Literally trillions of dollars have been -
invested over the past fifty years in the current energy infrastructure and its early
retiretoent could cause major economic disruption. However, the deregulation of the gas
industry over the past decade combined with the current efforis to deregulate the electric
industry have positioned at least the U.S. and much of the UK. energy industry for the
major cornpetitive forces and shifts that the introduction of a new technology like BLP
would cause. Cogeneration and independent power producer corapetition have already
ushered in the pre-competitive era for most in the electric industry while the gas, oil and
other fraded energy commodities have been fiercely competitive for some time.
Nonetheless, there 1s little to gain for the established energy providers to accelerate the
adoption of a new energy technology based upon hydrogen. Adopting a ‘wait and see’
strategy not only mininizes the risk of ernbarrassment should the technology prove to
have little commercial potential, but also could stall or delay the day when the technology
is ready and able to compete directly with the enexgy providers for their customers.
History has shown that only a few in business adopt the Peter F. Drucker strategy of
creating their future. [Drucker guote; " The only way to control the future is to create it™)
Most are content to wartch it being created around thermn and then getting involved once it
1s clear what the winning technologies are likely to be. In the ¢ase of a paradigm shift as
radical as the one proposed by Dr, Mills and BLP, waiting ¢could be a devastating
business strategy, This researcher has advised his energy company 1o become involved .
from the beginning and other companies should also follow this advice. Knowing how -
quickly the technology may develop and emerge best positions the energy company to
plan for the timely deployment, divestiture and or disposition of its assets that may be
most at risk should commercialization move on a fast or slower track. This closing
section of my thesis however, is not dedicated to what the energy industry should do as
next steps but rather to what BLP should do in the near future to solidify their position
with this technology and maximize the benefits for their shareholders for the investment
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they have made in developing this technology. The following list of recommended next

steps is brief and succinct, but should assure BLP success in their endeavors if completed
in a tfimely manner.

Recommended Nexit Steps

1.

Clarify the Vision, Mission and Purpose of BlackLight Power, Inc. and
communicate it clearly to all employees. contractors and owners. Align all
corporate and emaployee goals and compensation strategies with the attainment of
these. Identify the corporate competencies needed to execate the goals and
mission of organization.

Focus on maximizing the intellectual property developed, owned and applied by
BLP employees [individually and as a group]. Maximize new patent filings for
all supportive device technologies and innovations. [If overarching patents fail,
supporting patents will still protect the embodiments of the BLP effect in most
apparata] Maximize the technical and journal papers published and defended
during vears 1-5.

Focus on Communicating the BLP Vision, Mission and Purpose to all appropriate
audiences and keep an adeqguate supply of current, accurate and appropriate
information flowing to the media and necessary constituents.

Focus on Identifying and Quantifying the Key Parameters controlling the
Bydrocatalysis and Disproportionation effects including the isolated optimization
of each as well as their interactions with each other. [ ie; dissociation surface area,
partial pressures ~catalyst vs. hydrogen atorns, mean free paths, temperature
regimes, volumetric proportionalities, time dependence, etc.] This should be
completed for all key embodiments gas phase, electrelytic phase, ete.

Develop a self-contained, self-sustaining “Hot Black Box™ which rrefutably
demonstrates the ability that BLP has to control all key parameters and engineer
the optimization of the effect for cormmercial applicabion and manufacturing. This
must not be left to others ta develop, it should be the worlk and competence of
BLP at the end of the day in order to maintain a competitrve advantage in thus
field.

Develop the BLP management model and compensation strategy, Hire sufficient -
numbers of management and staff with the necessary competencies to

successfully execute items 1- 5 during the first 18 months after sufficient funding
18 achieved.

65



idaster of Science in Enginaering Thesis Peter Mark Janssan, PP PE.
Rowan Univarsity Fage BS af T3

PART V - Reference Materials

The data reviewed in this thesis was substantial and unfornimately only a brief o
gverview was able to be provided in the limited space. Many items referenced can be easily
obtained from the auvthor or from 4 librarian. This section is devoted to making that
exercise more simple. The reference materials have been divided into two sections. First, a
straightforward list of all Footnotes cited in the text grouped by their section or subsection
number is available on the next three pages. Second, where key information was
substantial and of primary relevance to the thesis but could not be afforded adequate
coverage n the text, Appendices were developed to provide the nesded reference support.
Placing thera af the end of this thesis allowed the continuity of idea flow without distracting
the reader from the key points being made. The full list of relevant supporting appendices
1$ shown on the page before they begin as the final page in Part V.

References Provided in this Thesis

Footnotes Pages 67-71
Description of Appendices Pages 72-73
Full Appendices Follow
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DESCRIPTION OF APPENDICES

T]us researchcr compﬂed alog c:f OWNErous e:-:penments El]ld studies that hadbcen :
performed on BLP technologies over the past 5 years. These are summarized by title,
author, report name, date of work and subject matter in this appendix.

endix 2. _An i f Mills F
The theory of Dr Mills is rather complex in that it unifies all of the aspects of a new
classical quantum mechanics, Maxwell’s Equations, Einstein’s Special and General
Relativity as well as the fundamental classical theories and models of physics. A more fult -
deseription of his theory is provided in this appendix.

Egsu!t

Specific calculations provided by Dr. Mills in his text as part of demonstrating that data
being collected from space is able to validate that the theoretical results of his model are
sound have been made by this author. The Excel spreadsheet has nroduced the tables found
in this appendix,

Aua;mc Enl:rgy w1tncssed tﬂstmg of 'Lhe Isothenna] Ce]l at the BLP Laboratories in
Malvern, Pa. On May 4-6, 1997. The actual lab notes from that experiment and associated
calculations done by Atlantic Energy staff to verify the resnlts obssrved are pmvldcd in this
appendix

Appendix 5. Aaalysis of BLP Isothermal Calorimetry Data
Analysis of the Isothermal cell experiments was conducted by this researcher to ses if the

results that were beilg observed were consistent with heat loss medeling estimates, The
actual data provided by the BLP data logger was reviewed to see if excess heat of formation
was actually occurring. This appendix summarizes these results. "

endix 6. P abvet Tegt ‘Report - December |
This appendix containg the full research report completed by Pennsylvania State University
on their tests of the Blacklight technology via a Calvet calerimeter,

endix 7. Janss vet
This appendix describes the protocol that was used in the control 2nd experimental rnuns
performed in BlackLight Power’s laboratory facility during February through May 1997 by
Peter Mark Jansson., P.F..P.E.
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DESCRIPTION OF APPENDICES [continued]

Thf: :esults Df thﬁ E}{panmamal and r.:umml Tuns are prowded in mrare detail i this
appendix. While the Lab Note Book has not been included zach day of experiments that
were analyzed in the summary data provided in the thesis are shown expligitly. Each data
sel name is listed as well.

Spec;ﬁc mathem.-anc:ﬂl mnde]jng of 'the Isnﬂjerma] cell was devg:]a.::pﬁ:d by this researcher to |
see if the regults that were being observed were congistent with those that a heat loss model
could prediet, The calibration of the modal was made via actus] deta provided by the BLP
data logper and produced resvlts which mndicated excess heat of formation was actually
aceurring. This appendix srommarlzes thess regults.







Mazter of Sciance in Endinecring Thesis Peter Mark Junsson, PPLPE.
Fowan University Appendx 1,

Appendix 1 - Catalogue of Relevant Publications and Experimental Results

This appendix provides a hrief overview of relevant publications and printed experimentat
results that this researcher was able to acquire, review and summarize. | have not made an AL
exhaustive search for electrolytic cell expenmentat data since it is extramely lengthy. The catalogue *
begins on the page which follows and forms the essence of this appendix. '

!



Appendix 1 - Catzlogie of Relevant Mutfications and Experimertal Resuits

PaperiReport - Authcs

Nascent Hpdrogenr an Erergy Source
M.J). Gamhart, R.M. Schaubach

WWRIGHT PATTERSON - AFB
Mahiem, BA, §50-681 4936

Report on Calerimeddc vestigalions of Gas-
Phase Calalyzed Hydnmo Formailon

5. Kurtz, J. Phillips and J. Smith
Pann Sale Un}l. , BA 814-BEI-A50D

A Calorimefric krvastigailon of the Reaction of
Hydrogen with Sampie FSURT

M.C. Bradford znd J Phillips
Pann State Univ, , PA B14-862-5309

Addilipnal Calorimefric Examples of Anomalous
Heat from Mixture aﬂ{-'Ca.rtm-n and PdiCarbon

J-Pnillios and Shim, H.”
Pezn Ela‘EeUm FA E-14—363—=IEI{IEI

Aa‘n‘f tional Exnmp.'es afAnuma.'ws Heal: Hydrogen
Mass Balance

J. Fhilips . .
Pem Steie Univ. . Ph 34 —Fmr-:ECJB

Repﬂ-:-a rferr mf !.l:n Apparerd Excess Heat Effect in
a Light Water - Potassivm Carbonale

~ Wicke! Electrolytic Coif

J. K. Niacre and | T. Myers

Publicatton Status

SHIR Prese | Project

Raport 11-1i24
puishad Mesch 1994

PSU -Conficential
presented lo ELP
prepared December 1996

PSU -Confidentisl]
presenlec {0 BLP
wrepeiad 1934

PSU - Confidantial
prassnisd o BLF
prapared 1553

P&U - Confidantial
presented o ELP
prepared 1008

MASA - Lews

Technicai Memorandum 107157
prepazed 1996

Purpose/ResultsiGonclusions

Experimenial Pammealion Cef Resulls

Pznn Slale Gas Phasa Calvel Calorimaley

Penn Stata Solid Cuida Calalyst Calvet Calorimstny

Penn Stale Spilover Calzlyst Calvst Calermetry

Penn State Spillovar Calalyst Calvel Salorimelry

MNA&SE Investlgztion & Experimenls - Elecineiyviic Cell
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Appendix 2 « An Overview of Mills Theory

The section which follows ie but a brief description of a theary that has clearly been years-of .
development work an the part of Dr. Randell Mills. | refer the reader to his complates taxt on “The
Grand Unified Theory of Classical Quantum Mechanies”. Dr. Randalt Mills recsived hig BAin
Ghernistry from Frankiin & Marshall Gollege in 1982 whara he gradusated summa cum laude. He -
went on to graduzate from Harvard Madical School recaiving higs MD in 18586 while simultaneously -
developing his thearetical model for unification while taking electrical engineering courses at M.LT.
He is the creator and owner of many medicat patents and the recipient of many academic awargs,
He has publishad many tachnical papers and presented his Grand Unified Thaory in 1983, The
following vear [1980] he went on to form the HydroCatalysia Power Corporation inow BlackLight
Power]. Since that time he has been demonstrating the proof of his theory by using it o design
devices that use proprietary catalysts to reduce hydrogen to the lower energy states predicted by
his model of the hydrogen atom. This he has done successfully in many types of apparata.
Concurrently he has filed patents in the U.5. and 23 fareign cuuntne¢ A patent was awarded m
Australia in 19386,

Dr. Mills is Prasidant of BlackLight iner {ELF"} presently a smai! high technology fim and -
laboratory located in Malvern, Pennsylvania It is a privately held company with numerous- :
antreprensurial investors but has at least two major utility owners [Pacificorp from the western U.S.
and Atlantic Energy from the eastern U.5.] BLP is currently being courted by additional U.S. utilities
and majar U.55. energy equipment manufacturers. While significant data and experiments
conducted by BLP and others appear to demonstrate conclusively thz reproducibiltty of their new
heat gensration effects it would seem thst the timing of their discovery was nat conducive (o ita
keing chjectively reviewsad and granted widespread academic review for authenticity. The 1890-

1891 dabunking of “cold fusion” and tha sharp criticiam that still comes o sciantists and
acacamicians who research theas claims has placed.a cold, wet blarket on the hol findings that - N
continue to ke generated by the scientific team from BLP. This researcher believes thal the *Pons
anc Flelschmannh experience” has increaged resistancs in the academic community fo objective
invastigation of the BLP findings and claime.

Table 2.1 in the thasis {ext summariﬁes the sTngiﬁcanf 'gcver'nr:ﬁent, corporate and university l
regedrch ceniers that have corroborated BLP’s findings. At the present time the company's Board .
has voted to allow only one more private offering before an independent public offenng planned

sometime in the next 1 1o 2 years. To date#t is impartant 1o note that:the work develonged by BLP . © .

h&es bazen primarily funded by its investars with limited government research funding. The 1otal effort
o bring 1he company to its cumant state of technological developiment has cost its private owners

less than a few million dollars over the past seven years. This needs to be contrasted with the oo
kiflion dollar expendituras over the past faw dacades for particle ascelerators, nuclear research 2ng
investigations into the claims of ¢old fusion. |
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TABLE A1 - Mills’ Theory Predictions

ong electron atom wf 4 quantum numbers

ihe Rydherg constant

the ionization energies of 1,2 & 3 electron atoms
equaiion of the electron in free space

electron g factor

excited states of the electron

parameters of pair production

bond energies, vibrational energies, rotational . -
gnergies and bond distances of hydrogen -

-type molecules and molecular ions
equation of the expansion of the universe
the masses of atomic particles [leptons,

quarks and nucleons]
beta decay energy of the neutron
theory of alpha decay

spin/nuclear hyperfine structure

the stability of atoms

equafion of the phofon

results of Stem-Gerlach experiment
spin angular momentum energies .

_ results of the Davisson-Germer expariment .

hyperfine structure interval of positronium
Quantum Hall effects

the Aharonov-Bohm effect

equations of gravitation

the gravitational constant _

the basis for the antigravitational force
magnetic momenis of nuclecns

the hinding energy of deuterium

the chemical bord energies of molecules:

Mills theory begins with the classical, fundamehtal laws of physics [see 1-6 above] and then -~

applies a boundary condition on the electron significantly different ther Schrdinger. His boundary .~
condition is that & bound electron can not radiate energy at 13.6 V. “The mathematical formulation
for zero radiation is that-the function that describes the mation of the slectron must not possess o
spacetime Fourier components that are synchronous with waves traveling at the speed of light. The .
parmissible soiutions for the eleciron function are derived as a boundary vafue problem with the .
application of the nonradiative boundary condition.™ By using only the classical laws of physics, .-
mathematics and this one new boundary condition [NOTE: this boundary condition is essentially -~
required ta satisfy Maxwell's equations] a totally new view of the electron emerges. The resultof -
this theory by Dr. Mills also leads fo the unification of all of the standard classical laws of physics. -
These can be solved mathematically, discretely and without the need to resort to the arbitrary

gauging constants developed by presently accepted quantum theory'in order 10 ‘get the theory to fit". '

observed data. Dr. Mills calis this new electron perspective and new classical view an electron
orbitsphere. The orbitsphere solution to the eleciron’s mathematical function produces many
interesting featires some of which are highlighted in Table 2.3 belows. For a complste summary of
the features described by Mills’ theory the reader is referred to pages.22-26 of Dr. Mills’ text.
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- FIGURE A.1

Figure 1.4 B. The curreut pattern of the orbisphers shown with 8.48
degree increments of the infinitesimal anguiar variable fefaz’) from the
perspective of Inoking along the x axis. .

VIEW ALONG THI: +¥ AXTS

Figure 1.4 C. The current pattern of the orbitsphers shown with 4.49
degree incremants nf the infinrrasimal anealar variable Ac(ae') from

perspective of looking along the ¥ axis.

VIEW ALONG THE Y AXIS.
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In elosing this overview of Mills' thaory it Is important to note that whils the scientific community has* * |
been searching for a more classical unified field theory that could stand up fo rigorous mathematical -

scrutiny for some time, there hae nol yet been a widepread review of his work by academia. The ,
few academic reviews that have ben made on the ments, potential flaws or griticisms of Mills" work -
have come out giowingly in faver of his findings. Thig researcher belisves that because Dr. Mills' is.
an outsider and nol congidered an expert in these fields that it will take much longer for his work to
b widely discussed in academic circles. Mills theary is compelling and may offer just what Albert
Einstein was looking for when he uttered his famous words denauncirg the than amerging quantum
theory “GGod does not play dice with the universe'”,

APRENDIX 2 FOOTNOTES

[AT Mills, Randell L., “The Grand Uniffed Theory of Classical Quantum ¥Mechanics™, BlackLight
Power, © September 1986, Library of Congress Cat No, 86-70686, I[ZBN 0-8535171-2-0, . 7

1AZ] Mills, Randeli L., “The Grand Urified Theory of Classical Quantum Mechanrios", BlackLight
Power, © September 1096, Library of Cangrass Cat. No. 95-70686, 1ZEN 0-3835171-2-0, p. G

(431  Milis, Randeli L., “The Orand Unified Theary of Classical Quantum Mechanfcs”™, BlackLight
Povear, @ Septamber 1098, Library of Congress Cat, No. 98-70888, ISBN 0-86835171-2-), p 22



... ... THESIS- APPENDIX THREE =~




Milis Prediction va. Data

|Raw Extrame UV Background Spectral Data * [
OBSERVED DATA Fractional MILLS PREDICTED |
Wavelnth| Energy Calc nf ni Wavelnth| Energy
Paak A Y . eV A e\
1 34 8 148.2 1482 [3 7 82.8  148.8
2. 101.5 122.2 122.2 7 8 101.3 1224
3 118.8 j06.2! 108.2 4 2 114.0! 108.8
a4 129.0 Bh.0 a5.7 B b 130.2? 952
5 138.8 8585 B85.8 4 2 141.5/ &7.6|He scallered
& 182.2 7549 76.0 B 7 165.8 74.8\2nd ordrr Foai; 4
7 131.74 88.3 68.2 5 4 182.3 .0 |
i} 200.6 G1.8 61.8 7 6 2025 51,2 12 order Peak 2
9. 2333 53.0 £3.0 3 1 227.9 4.4
10 261.2 47.5 47.5 B 4 265.0 46.8 |He scatered
11 302.5 41.0 41.0 4 3 a0a.8] 10.8
12 4581 214 210 3 | 1 4£5,3| 27,2 [and order Peak 9
13 S84 0 2127 pa | 5384.9i 21.2 {Halium Resanans
14 e07.h 20.4 20.4! a | 3 607.8! 20.4 2nd oroer Peak 41
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1% : | 3 . 2 | $411.7! 126
! | | 3 ,
‘t 1.G0E-18 | 6.63C-34 | 3.00E+08:
E Y h | o
- ' i ]
F Raw Extreme UV Solar Spectra) Data ™ | i
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A delta A nf ni A Y-
1267 2 1+ #id 13.6 i
g11.8) - ; - 2 1 811,74 -13.6
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3737 0.03% 37360/ 3 1 araS.Bl 53.21C8-He
0a.764]  -0.04%)  au3e|. 4 3 302.514 £0.8
2B0.2 0122 Z30.54| 3 1 - 280.54 AA2c8-H
ZH(.B 1).09% 200,54 . 3 1 - 280.54 L4 208.H
204 8 -0.088% 265.01 5 4 C 28501 A5 8cE-He
228 0.03%/| - - 227.83 3 1 .+ 227.93 C4.4
215,16 -0.29% 214,583 5 4 . M4.53 A7.8|lcs-u
| 132.18 =0.10% 18235 &5 4 - 18235 580 .
F 187.5) -0.05%| 167.53] 6 & 167.50 7400081
15215 4552% B2.89 4 K| © B2.8%.  1£905
i 145.8 0.01%|  145.B8| . & 5 T 14588 EROIcA_H
{ 141 -0.40%| 14756 4 2 141.56 BIBICS-He
L 12987 -0.25% 130.25 & . 8 . 13025 . 95.2
! 1255 -020%|  125.76]. 4 2 - 125,78 ABGcE-H
P 1222 -028%) 32| 7 3 . 12254 1M2[cs-He
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25887 a7.082 PBR.08 425683 10.24539
36007| 27.082| 269.07| 42.635] 10.25154
36927| 2r082| 268.99| 42655 10.2575
35048 27.081 268,88 d2.544| 10.26333
35068 27.08 288.0| 42.545| 10.26889
3B886| Z7.081| 268.92| 420614] 10.27444
J7008 27.083 26887 42 626 10.28
37028 27.08 288,8) 42551] 10.26556
37048 27.082| 265B.B6| 42.634] 10.29111
37068| 27.083| 268.81| 42.662| 10.29567
7088 271.081| 2568.85 42641 10.30222
37108] 27.082| 2B8.51| 42635 10.20773
37128, 27.082| 268.03| 42551| 10.21333
37148] 27.08| 268.78 42.543| 10.31889
37168 ~7.08 268.51 42,527 10.32444
27188| Z7.079| 268.03| 42.528 1033
37208 2ro78| 268.78] 42.565| 1D.33556
57228  27.077| 28882 42809 10.34111
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37268] 27.079| 2891 42.596| 10.35222
372881 27.078 263884 42.542( 10.35778
37308 27.076 ZBB.8 42.524| 10.36333|
37328| 27.077} 2F8.74| 42.568| 10.36BEQ
37348| 27.078|  Z6BB2| 42642 10.37472
37369 20077 . 26873 42.58| 10.38028
37389 27.078|  268.84| 42.523| 10.28583
3r40n! 27.0770 26B8.77| 42593 10.39139|
374291 27.06 268,76 42.61| 10.29684
37449] 27.078]  268.71 4251 104025
37469 2Z7.076) o68.04 42.637| 10.40806
37439 21076 25375 42.519| 10.41361
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375249 ZioYe] 26868 42.607| 1042472
375400 27.078 26366 42 54| 1043028
37568 27.078| 26859 42 62| 10.43583
37584 27017 2s8.s8|  42.532] 10.44139
3760B] 27.078] 28883 42 543| 10.44694
37628 27.078] 268.67| 42.624| 10:.4525
37649 27.0780 288.510.. 4253 10.4580G
37669, 27.079 26850 .. 42403 10.46361
37688] 27.079] 26847] 42.503) 10.46017|
37709  27.078 53 56 42.528| 1047472
37728  27.08] 268.51]. 42.577| 10.48028
775D 27.077] - 26841  42.613|-10.40611!
37770, 27.079| 268.52| 42.403| 10.491687| -
37790 27.07¢| 26848 42.483] 10.49722|
37810) 27.07B <68.5 42.539| 10.50278
37830) 27.078| 26848| - 42,532 10,50833
37abnl  27.077| 26843 42.586| 10.51383
37870 27.018| 26835 42.479] 10.51944
37800] 27.078] 26348] 42478| 10.525
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Confidentiat ] Analysis of BlackLight Power Gas Phasge Calls
BLP & Major US University
Fllament Characieristics [cm-tm2] Gas Cell Characterzsti Power Inputs & Quiputs jwaits]
Test @ [Type Lensih Diamgler |Surface Aren Presgure |Jemperaiure CHw [Fw  [TOTW EHCw
BLP-15.3| H2 Run? i 7 0
BLP-154] H2 Ren? 66.04 7 0
BLP-155| Conirol 65.04 7 )
ALP-15.6] HZRun 200 .01 62331853
Wpavz 55 207 B1.es 0] 9195
[FAEEE 1800 271.79| 8707 o| ar.of
Krits 1550 27827 0| 43.58] *43.56: —_ 1
BLP-15.7| HZ Run? 200 0.G1 62831853
BL~-15.8 Coniral 200 0.01 | 6.2831853
3 e | I 361.00 0129 0| 67.20
g 1350 25082 BT RS Q| &7.85
FHZ low atmn 25038 120a8| 504| 6240
BLP-159] H2 Run 200 001 62831853 ) ’
PR 108 Zrad9) $03.43 a] 103.48
ferle _ 1150 27e.5 497405 J] ar.Ls
s 700 250.24]  5.73] 35.84] T4TET —
BLP-15.16| _H2 Rar 260 G0 52831853 T
P 55 553,72 G271 G2 -
- Tz | — TG00 255.41, 97,16 5738
: Ty : T 1600 o757 1.82] 20.381 75218 )
[EPA511] Contral 200 0.025| 15.70766325 i
[BLP-1542]  Control z00| 0025 1570798325 T 0
B o - Nl 2B4 33| T06.08] i 0602
s 1% 385.49| €2.15] 35.00 67241
VAL [ 20 264.72[106.71 0] 19671
- ver T 0.8 205.54| £4.95| 4205 5784
BLP-15.13 _ Conlral 500 0.095] 1570796325 T A T
“He I ~ 2000 315.97| 128,29 0] 13520 ]
“He — s 2C00 d25.24| E0.71| 47.10] 107.0
BLP-15,13] HZRun 200  0.025 15, 70706325 ' B



Reviow of Iso Cal Data*

7 Page 1

Confidential _[Isothermal Calorimster Data . | | | |
\ ? | 15 9 KNCZ, 200 cm{0.01 cm dia) tunqsten _f_ll_gment
15.4-KNOZ, 66 cm(0.01 cm dia} tungsten filament statusm Tamp(*C) [Weart hir |Wiil Wtotal )
status Temp("C} W-:art htr 1Wfl1 Wtotal vac 0.109 torr 279,491 103.48 0 103 48
vac 0.075 torr 258.7) 95 2| 0 95.2 HZ 1.15 torr 279.5 97.05 0] 97.05
HZ2 1.6 torr 25545 65.4| 6.85| 7235 H2 1.7 torr 289.24 5.73 35.94] 4167
HZ 2.0 torr 256.91 55.03]  8.16| £3.19
HZ 2.0 torr 257.87 43.62| 10.36| 53.98
HZ >2.0 torr 259.05 28.76| 16.86] 45.72 J10-KND2, 200 cm(O 01 cm dia) tungsten filament
status Temp("C) Wcart htr [Wil Wtotal
- vac 0.036 torr 263.72 92.71 0 92.71
15.5-{control}, empty 66 cm{0.01 cm dia) tungsten filament HZ 1.6 torr 265.41 87.i6) O 87.16
status  [Temp{°C} |Wcart htr [Wfil Wtotal |H2 1.6 torr 275.7 1.82| 30.36| 32.18
vac 0.086 torr | 272.88 394.33 Q| 94.33 B
HZ »2.0torr | 272.55] 83.31 5.05| 88.36 . ]
HZ »2.0 torr _273.68 81.12 B.23| 89.35 _ 15.12-KNO2, 200 em(0.025 cm dia) tungsten fllament ]
HZ 2.0 torr 272.67 55.45 10.21 75.66  |status Temp{*C) |Wcart htr [WFil ) Wtotal | ]
HZ low ATM 275.64| 4435 16.93| €1.28 ~Ivac 0.021 torr 284.33| 106.02 0§ 106 02]
lvacQ.019 torr | 28849  §2.15| 35.091] 97.24
vac 0.020 torr 284.72) 106.71 0] 106.71
15.6-KND2, 200 cm(0.01 cm dia} tungsten filament vac .0208 torr | 2B88.54 34.96 42.85 97.81
status Temp(“C) Wcar‘t htr | Wil Wtotal ) :
vac 0.038 torr 270.73 91.95| Ol 91.85 :
HZ 1.8 torr a7 t.79 B?p? ) . B87.07 15.13- KNOE, 200 em(0.025 cm dqa) tung—:tﬁn filament
H2 1.35 torr 279.27 0| 43.58] 43.58 status Temp{°C) Weart htr [Wil Wtotal
: vac 0.0355 torr | 318.45] 140.45 O 140.45
% - vac 0.020 torr | 323.36] 82.59| 46.638| 129.23
15.B-{control), empty 200 cm{0.01 cm dia} tungsten filament HZ 1.9 terr 31983 131.72 0] 131.22
status Temp(°C) !Weart htr [WAl  |Wtotal H2 1.6 torr - 328.48 38.5| 4¥.77 86.27
Yac 0, 048 torr 261,07 87.29 D| B7.29 H2 1.9 terr 331.03| 8.79| 74.794 83.59
HZ 1.35 torr 260,82 87.85 0| B7.85 He 2.0 torr 318, 91” 138 29 0| 138.2%
Hz2 Iow ATM 265.38 12.06 50.4|  B2.46 He 2.0 torr 326.24 60.71] 47.184| 107.90
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INTRODUCTION _
Experiments were conducted to test the hypothesis that in the pas phase potassium ions will
catalyze the conversion of hydrogen atorms to hydrino atoms, These experiments were initially

carried out in a Calvet cell as this type of calorimeter Is highly sensitive and ascurate. Moreover, .. .-

the conditions of the calorimeter are controlled,

RM’s theory of hydrino formation requires that both K+ ions and H-atoms are present in .
the gas phase. In order to generate gaseous K+ ions, KNO3 is placed in a small (2¢¢) quartz
‘boat’ inside the calorimeter cell. The boat is heated, to increase the vapor concentration of KNO3,

with a platinum filament, which is wound around the boat. A second functicn of the platinum

filament is to generate H-atoms, It is well known that hydrogen molecules in-contact with 2 heated .- -

filament will decompose, yielding a relatively high H-atom concentration in the boundary layer
around the filament, Thus, aceording to RM’s model, in a cell containing XMO3 in the boat and
vapor phase hiydrogen, there is a small region in the boundary layer around the heated metal
filament which should contain sufficient concentrations of both H-atoms and K+ ions for hydrino
formation to occur.

Calorimetric considerations require that a stable baseline exists before the heat generating -
process is initiated, Thus, signal change away from the baseline can be correlated to the onset of -
the process under investigation. . In the present experiments the cell was run with KNO3 in the boat -
and the filament fully ‘powered’. The calorimeter was allowed to equilibrate until a steady baseline -
existed. The ‘hydrino formation® process was initiated by then adding gaseous hydrogen. Good
calorimetric practice also requires that adequate control stuclies be garried put.. Also requiredare . .
repeated slectric calibrations. '

In the present work, data is presented which indicates that significant heat evolved upon the
introduction of hydrogen to the Calvet calorimeter cell, In ct:mtrast, no heat vwas evolved upon the

admission of heliumn. Repeated calibrations were also conducted. Thus, it appears that The RM. .. IR



The plumbing system was so arranged that the cell conld be evacuated, and then isolated
from the pump in such & way that hydrogen or helium coirld be added directly from high purity gas
tanks. (reat care was taken before the experiments were initiated to evacuate and flush the gas
lines several times. Tt was also determined that the iines held pas préssure, with no Joss in
pressure, for several days. That is, there were no leaks,

Waiter Bath Calorimeter. This instrument is described in detail in the previous report to
HPC. ‘T'wo minor medifications were made for the present experiment. First, to facilitate the-

decomposition of hydrogen, the center section of the mandrel was wrapped vdth a €0 om length

(abaut § ¢in: of mandrel) of 0.25 mm diameter platinum wire. Second, in the center of this section

the same quartz boat (again filled with about 200 myg of catalyst) used in the Calvet system,
wrapped with the same ¢oil of platinuim wire, was inserted into the girenit, (The gxperiment

described was carried out after the completion of the Calvet system experiments.)

RESULTS .
Calvet Calorimeter, The Calvet studies supgest large amounts of heat are generated upon

the admission of hydrogen to the cell. In contrast, virtually no heat is observed upon admission of
helium to the cell. .

Calibration, The first tests performed an the Calvet system were eIéctl"icaI calibration
experiments, The syﬁm was set-up for full experimentation: KNO3 was inthe boat, the system o
was evacuated, and 10 watts of st:.;clly pnwer were supplied to the platinum coil. After a sieady N
baseline was achieved (approximately 10 hours afier the oven was adjusted 15 250 C), the cell was
isolated from the pump and the préss.ure allowed to equilibrate (appmximatalj’ 1() TouT), 'This did 7
not appear to impact the bascline in any fashion. The power supply was then adjusted to deliver an

additional 1 watt (11 watt rather than 10} for & specified time period. The power was then retorped

10 the ariginal 10 watt seting. A typical response curve is shown in Figurs 1. The area under the
response curve can be used to obtain a calibration constant which relates signal area increass 1o the
number of extra Joules delivered. This was dane in four cas.és {Table D). Ascan be seen, there is

some emmor (+/- 15%) in the calcolated calibration constant.



occasions, and the signal that evolved in response to these three processes is recorded in Figures 3,
4 and 5. One othey observation recorded was that the pressure decreased sradually over time, such

that after about an hour the pressure returned to the original equilibrium pressure of the cell. Tt

must also be noted that the heat production was ended deliberately in all three cases by pumping the . ... -

system to 5% 1073 Torr. It is clear *excess heat’ evolution would have continved in all cases if the R

gysten: lad not been evacuated.

It is expecied that in the absenes of reaction that the response of the cell to the addition of
aydrogen would be similar ta that observed for helium. Indeed, plven that pressure measwements
sugpest that most hydrogen 1s adsorbéd, or in some other fashion removed from the cell after an
hourr, even heat tansfer effects should be totally transitory. Even in the event of reaction no. more
than a small heat signal is expected. Indeed, a high end estimate is that 25 em? of hydrogen &t a
temperature of 300 K and a pressure of 2 aumospheres entered the cell. This is equivalent to 2#+10r
3 moles of hydrogen. If all of that hydrogen interacted with oxygen to form water only 5107
wotld be generated. 1t is possible to imagine that the hydrogen could interacy with nitropen in
KN to form ammonia. Tven less energly would evolve from this process, - Thus, the largest
heat peak might be expected to be 0.5 watts for 1000 seconds (approx. 17 minutes). A block of
this size is marked on Figure 3.

It is clear from figures 3, 4 and 5 that hydropen admission 1o the cell apparently leads to far

maore energy evoluton than can be explained by any conventional chemical process, It is

interesting in this regard to praphically contrast the response of the system to helium admission to B

the response to that for hydrogen admission, ‘This is done on ‘Figure 6 in which Figure 3 and
Figore 2a are superimposed. :

Water Bath Calorimerer. Studics conducted with the water bath calorimeter do not indicats

the evolution of any excess heat  As shown in Figure 7 the ingrease in temperature lmost exactly
parallels the increase predicted on the basis of the amount of énergy added to the system and the |

Imown heat capacity of water,
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Report on Galortimetdc Ip-~=llgatich of Hydrine Formation

Heat Praduction, KNO3 w/ Helium Injection (BL12198)
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Heat Preduction, KNO3 w/ H2 and He Injection (BL.1218CI,BL1219B)
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above atmosphetie. The cell is maintained at an elevated isothermal temperature by a [orced:
convection oven. The operating temperatute of the convection oven [and gas cell when no
Elaments are energized] is 230°C. The cefl is nsed jn the vertical position and is inserted into a
thermopile [13]. The flange [4] is sealed with & copper pasket [8] that has had its surface
oxidized and softened by direct heating with a propane torch or oven. The flange has a two
hole Conax-Buffalo gland [6] for the leads [5] of the fillament thai is present during the
calibration of the cell and varied in length for the experiments 1-3 of the teaction vessel. The
flange [4] alse has a 1/4" vacuum port through which the hydrogen is passed. The vaccum port
connects to a Tee [3], a OF bellows valve, a pressure gauge, and then the hydrogen supply.
The elbow port of the Tee [3] is attached to vacuum gauges, a bellows valve, and then a
vacimm pump,  The flament is plationm wire {0.25 mm. diameter] of 99.99% purity. The
lengths of the filament [and resuiting surface argas] are varied Z0cm, 10cm and 30cm for
experiments | through 3 respectively.

A small ceramic vessel is sacured at the base of the Caivet cell [by a nickle wire stand] "

which contains the catalyst potassium nitrate (KINO3). A vacuum is pulled on the cell while the
oven ig brought 1o operating temperature. The approprizie power is dissipated in the filament at
an established rate cateulated to kéep the Mament surface termperature constant  [10watts for .

20cm., 5 watts for 10em | 15 watts for 30em.] The oven malntaios the swrounding ambient : -

temperature at 250°C. The catalyst's vapor pressure is observed ag-a fimction of temperature, -
#nd once Calvet cell reaches its steady state output at the suppliect input energy, the vacuum .
pumap is stopped and the catalyst pressare within the outlet tube [3] is observed to be constant in
the range of ahout one-hundred to two-hundred torr, Hydrogen gas is then added to the cell to
bring its overall total static pressure including the hydrogen pressure measvred in the outlet tube

[3] by the vacuum gauge to be 3 times the stable pressure of the catalyst (KNO3), The datais

recorded with a Macintosh based computer data acquisition system (Apple Quadra 800 and the
following National Instruments, Ing, hardware: Lab-NB Daia Acquisition Board; Back-Plane -
with amplifiers: (2) 10 mVto 5 Vand (2) S0 mV io 5 V.

NOTE: Minor Edits to Figure 1 below need to be made.



Sequence of Controls and Experiments

Centrgl £1

Install 20 cm Platinum [Alfa] flament, 0.25mm diameter in Reaction ¥ essel
Warm up oven Temperature 250°C.

Filament input wattege =0 - -

Vacuum down pressure in Reaction Vessel helow 10.mtorr to remave mmsture
Stabilize Oven and Vessel Temperature to 250°C.,

Close alt valves and vacuum pump.

Inlet H2 gas to 650 torr pressure. |
Run Calibration #1 through fill sequence allowing Calvet Cell to reach steady state cutput [Vel
for each power level shown below:

0 watts, 10 waits, 11 watts, 5 watts, 5 watts, 15 wans, 16-watts, O watts, 1 watt.
Develop BEFORE' Calibration Curve.

Exzperiment #]

Install New 20 cm Platinum [Aldrich] Filament [99.99% purity], 0.25 mm dizmeter
Weigh approx. 0.25 grams of KNO3 and place in ceramic boat :
Support beat via rackle wire support legs

Reassemble reaction vessel

Pressure check Calvet and alf gas & vacuum bnes

Insulate Calvet Calorimeter cloze aven

Warm up oven Temperature 250°C.

Filament input wattage = 0.

Vacunm down pressure in Reaction Vessel below 10 mtorr to Temove moisture.

Close all valves and vaguym purmnp.

Stabilize Oven and Vessel Temperature to 250°C.

Observe catalyst vapor pressure steady state [100-200 torr] _

Begin Experiment #1 by Increasing Filament Power Level to that shown below:

10 watts

Inlet H2 gas to bring vessel 10 3 times overall catalyst steady state pressure_ [Ie; if catalyst
pressure is 200 torr add 400 torr-of H2 gas to bring Calvet to GGO torr.

Wait 3 minutes for mixing to occur. SR
Slowly vacuum down Vessel to 30-70 mtorr level until excess heat fcmxauon commences.
Keep Vessel under vacuum to maintain ‘active’ pressure regime [ie; 38 mtorr, 70 mtorr, etc.]
Stabilize Readings and Develop Experimental Data Curves.

Save Data Acquisition System [DAS] file daily, using the same Sta'.IldEfId nammg
convention: tpdate{mmddyy] time[930a] watt[7w] id[h] :
Take 1 or 2 new data points [controls] to develop specific enrve after reaction ceases. -
OPTION 1: Close valve to Vacuunm to quench reaction i required.

OPTION 2: Repeat experiment if it is believed that catalyst pressure is madequate or hydmgen N

atom generation 13 compromised



Begin Experimeni #1 by ]'.ucreasi.ug Filament . Power Level to that shown below:

15 watts

Inlet H2 pas to. bnﬂg vessel t6 3 times -:wera]l catalyst s.teady stite pressure [Te; if catalyst -
pressure is 200 torr add 400 torr of H2 pas to bring Calvet to 600 torr.

Wait 5 minutes for mixing to oceur.

Slowly vacuum down Vessel to 30-70 mtorr level until excess heat formation comrmenges.
Keep Vessel under vacuum 10 maintain “gctive’ pressure regime [ig; 58 mtorr, 70 mtor, ete. ]
Stahilize Readings and Develop Experimental Data Curves.
Save Data Acquisition Svstem [DAS] file datly, vsing the same standard naming

comvention: tpdate[mmddyy] time[930a] watt[7w] idfh].

Take 1 or 2 new data points [controls] to develop specific-curve after reaction- csases
CPTION 1: Close valve to Vacuwm to quench reaction if required. .
OFTICN 2: Repeat experiment if it is beheved that cataiyst presmre ® madr::quate or hydrug-an-, "
atom generation i3 compromiged S e g

Control #2

Instalt New3 20 cm Platinum [Aldnch] ﬁ]ament [99 99% p!.:lnt'_sr], 0. 2 i dlameter in Vﬁ;ssﬂl
Warm up oven FTemperature 250°C.

Filament input wattage =10 ' '

Vacuum down pressure in Reaction’ VESSEI hré‘.inw 10 mtorr to remove mu:stme

Stabilize Oven and Vesgel Temperamire to 250°C:

Close all valves and vaamm pump..
j;lﬂlﬁft H2 gas to 650 torr pressure. | -
- Vatuum down to 40-100 mtorT ran_ge ai E ' ' ' o
:Run Callbration #2 through fll sequence to steady stite at ea.ch powar leve] shnvm belaw o
O watts, 10 wartg, 11 watts, 5 walts, 6 walts, 15 watls, 16 watts, 0 wa’tts, 1 ‘watt. [add amy new .-
points determined via Experiments 1-3 then repest sequence. abcwa]
Develop 'AFTER! Calibration Curve.

Campare Calibration Corves ‘Belore' and "After’

Analyze and Repart on Results Based upon ahove

Jinal revived 12 April 1997
devaloped by: William Good - BlackLight Power . .
Peter Janssnn Atlantic Energ:s,r o



ERINCIPLE

The thermal gradiert, calorimeter transfers afl the
hiat develuped in 2 reaction tn T8 Surrmunding hegt

gink at @ constant temparature, The catorimeter

walls thermoalectrically transduce sample heat ™
relesge nto an electrical signal which is directly - -

propartional to the energy release of the source.
Trangient g8 well as steady srare anergy relegses
may be maasured.

FEATURES

e Whole body hzat release mMessurements
v Mirrowsatt to kilowatt sample oucpur

= High sensitivtles and repesLability

« Linggr output 7

¢ Transiant and steady state resobnse -

CONSTRUCTICNN

The calorimeter walls are composed of & thin, high
temperature thermopile atrugture containing
thousands of junctigng. One set of junctions is in
thermal contact witn

one wall sorface, arud =T —
tha ather set ig in con- . 1.
tact with the. opposice. : b . l
surface. As neat flows oy I i
shrough the walls, at z‘/ B
(Fig. 1] & temperamure t oy =5
difference 15 estah- o= : e
lishad hetween hoth | cramparar "] | L~ { il wany | &
sets of thermoplile f‘_‘_—;. ;
junctions, thus gener- Pee | , I
mting 8 voltage which R —~

i5 direct'y propoetional” Them:améxitrig Elerrenis

B0 the hest fow, The . "CALURIMETER WALL SERTION

large numper of ther- = —

= Vide temperaturs renge mapiles déevalop gxdreme sensiivity to minute hest Figure 1
. . A ftows. Calori et i
s Simple "In-sity” recalibration 8 Ca Elr'll'ﬂEtEl‘El are constructed in 8 renge of
o ) . designs inoorparacing large sample chambers for
= No extitation required high heat filxes [cover) or small sample chambers
capable of megguring low heat releases (Figura 21
BRECIFICATIONS TP —
- - L
- Z=2mi-Condugier Thermoniles Bas Inlet, ar eglidralion
Sample chamber volume rasge: (144 Zlimancs sz Auminur: Bty
1in® g 3000 in?
ThE:rm.aI
Senciiwifies: Irulztion
t0 19 milliwztes per rmilivolt
Temperature range:
Cryogenic to BO0°F
Respease Times:
10 s26. o 10 min,
Uaautsm; : f
to 107 torr. o / %
Duzput Intpedance range: _ Sensltvity, 2.5 8.0x106 saiisen misrovnlt 522 Dullel Heat Sinke
1082 to 73000 © SEMI-CONOUGTOR THERMOELEGTAIC MIERDCALDRIMETER FOH RADIOISOTAPE STUGIES
fcooracies: . Figure 2
gure
to 0.59% - CALIBRATION
Repeatability: " Bach calorimeser is calibeated at 2 base tempera-
0.01% “ture of 70 F hy 8 known, electrizal heat source in
Powzr supply: thermal equilibrium with the systam.
nOE required The calibration eonstsnt is expressed in terms of
Materials: walkage input versus milllvols autput, A tarmpera-

Aluminum, stainless steels, copper, compusites

ture carreczion curve is also supplied for use at
elevated tasperstures,




STANDARD MODELS, SINGLE CHAMBER

Moegel {ntemal Dimenstgns Externai Dimensions Accureey | Sensitivity, | Nominal Temperaiurs ki
Numbsr "y mgter, | Depth, | Diameters, | Lengih, % Milliwatts utpyt Fe Kusponss
In. ", In. In. par Millivolt | Resistence | (Mote 1) | Time, Min.
CA-100-1 1 1 3 3 1% 5 4 250" 1
GA-100-2 2 4 4 6 1% 1B 10 2ol 1
CA-100-4 & B 5 12 1% 250 2000 B00 3
(A-100-B 8 16, 32 g 21 1% 250 4000 600 3
CA-100-C Custorn Gustorm fustom Custom 1%, 250 Yaries BOD Varies

* Models CRA00H ang CA-100-2 are also available for BO0°F operating fimyersturs st reduced sensitivities.

READOUT
INSTRUMENTATION

Suitable readouts for af CRA00 models inclutle: willivalt
patentiometers/recorders, data loggers, or conventional ..
millvalt mecars.

ORDERING INFORMATION

DRV e vesn e e B8 wesks, ARD
SRPRIRG WEGHE e g to 200 bs -
Torms e, net 30 days to established costomerg
R R Oel Mar, California

OTHER 1Tl THERMAL
INETRUMERNTS

Toermal Conductivity Agparazus, Heal Flux Meters, HEAT.
PHOBE™ Accelerator terget Calorimeters, Radioreiers,
Thermal Flux Standards,

‘iy m’ INTERNATIONAL
!' THERRTAL
1" " INSTRUMENT
COMPARY

PO, Bow 308 il 49, Cartermis, F00r8 (B19) ZRdds






TPOzZT797

Timee [sec] Ve Ve Win Ve Statistics for Analysis are |
57 1.274 0.258 0.134 6.710 1.274 for 1000 - 3892 |B.053 hrs]
57 1.274 (.255 L.134( 6,598 i.274 Average |Std. Dev. (Min wWax T
I 1.274 0.255 0.134 6.705] 1.274 Vg 1.452 0.013 1.422 1477
57 121 0.252 0.131 6.5653 1.271 Win 7054 0.057 3.758 7405
a7 1266 0247 0.126 8.317 1,256
107 1274|0255 0434|8551 1.274 - . —
17| 1274|0285 0134| 6.7I5]  1.274 ,,f,
127 1.274 0.235 0.134 §.002 1.274
137 1.274 0 255 0.134 8.718 1.274
147 1.274 0,255 0.134 8,708 1.274 B I
157 1.274 0255 0.134 5.698 1.274

Paga 1.
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TPO23007

Time fsec] Vo V' X Win Ve Statistics for Anzliysis ars | B
85 1445 0283 0.140 €997 1445 for Z-4381 [AT.708 hrs]
75 1.445 C.283 0.140 6.959 1.445 Average  |Std. Dev. Min ax
85 1.445 0288 0140 6885 1445 Vet 1453 0.002 1.445 1454 1l

~ B6| 1445  0.25¢]  0.140] _ 6.083] 1445 Win| 7016|0015 E85B] 7058
05 1445 0.288[  0740] 6o 1.445
115 1445 0.28%| 040, B.8BE[  1.445
125,  1.445]  0.280;  0.730;  6.008|  1.445 R B
135]  1.445] 0.288] 0738 s5.988| 1.445
145]  :de5| 0289 0440 58a4]  1.445
155  1.445] 0289 G441 70290 1.445
165 1445 0289 G120 7080 1.445 T
175 1445 0208  B.140] 68566 1.445

185] 1445 0289 0140  7.0:0 1445

166! 1446] 0z89] 0.140| 7007 1.445

05 1.445 0,208 0340 7.1 1.4L5

Paged
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TE04 08T

Time [sec] Statistics for Analysisare |
41 1438 0288 0139 6237 for 2 - 3986 [26.018 hrs] N
51 1438 0288 C.1%0 6531 Average [8td. Dav, [Min
82 1438 0,288 RES EEEL Vo oooa|  1.395 1.445
71 1432 {248 C.138! 6.842 Win 0.035 552 7.024
s 1438 0,288 0,138 6.58a] 1438 00 .
a9z 1428 0.288) 0.13% _ B.852 —
10% 1.423 0.288 0.13% B8.840 ]
112 1438 0.285 0.13a £.830 T
122 1.428 C.288 0.123 £,927 i
132 1.438 0.288 0.129 £.03Z T T
142 1.438 0.285 0.139 8.950 ] T ‘
152 1.438]  0.288 0.129 E.035
162 1.438 0.253 0.138 6.940

Pagot




TPIMO457

Time [se<] |Me Ve B Win Ve Statistics For Analysis are i
35| 7432|0267 0.138  6&ED]  1.43Z]  [for 2- 16334 [46.616 hrs]
45 1.432]  0.287 0.13g 6843] 1432 Averags |Std. Dew. |[Min~~ [Max | = | _
55 1.452 0.287 0135 6.637 1432 Ve 1.423 0008  1.410] 1442
85|  1.432] G.267 0.129 6.932 1432 Win 8.035 0.030 8.703 7.065
75 1.432 G.2687 0139 6635 14228 11
5 1.432 0,287 0.139 £.630 1.4332 L L
25 1433 C.287 0.139 6.941 1432 ] ]
105 1.432 0,287 0.730 £.942 1432
115 1422 0.287 ©.139] .93 1432
j 125 1.432 0.287 C.138 6.827 1.432 N A ﬁ
125 1.432 0.257 C.138 8.929 1.432
~ 145 1,432 0.257 0.139 6.035 1.432

Page t--
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Time [sec} [V Ve' Win ~ |vc __|Statistics for Analysisare |
45| 14807 0282 0.141]  7.028] 1460  Tior 2 - 8148 122,684 hrs}
55 1.450 0.282(  0.140 7.020 1.458 Average |5td. Dev. |Min Max |
65|  1.459] 0.282] 0.440] 7,025 1459 Ve|  1.453] o001 1458 1464
75 1450 0.202] 0.41 7.027] 1459 W] 7029  0.011 6.982 7.087
85 1.459] 0282 0,141 7.028 1489
g5 1.459] 0.292] 0440 7018 1450
105 1.459]  0.202 0.141 70250 1489 | ]
115 1459 o282l 054 7027 1.459
125|  1.480]  0.292] odal]  7.035 1.460
135] 1460|0262 0141] 7.042 1.480] o
i 145] 1460 0282 0441 7.033 1.460
155] 1460 0292  ©0.440] 7048 1.460
165| 1460 0202 0.140] 7.023 1.460
175]  1.480]  0293] Q41| 7.031 1.460

Paga 1




TPO40897

Time fsec] Ve |Wc' X Win Ve Statistics for Analysis are ]
43| 1456|  0.282)  0.40i  7.005] 1456 |for 2 - 5420 [17.872 hrs] I AN S
53] 1456 0202 0140 7.019]  1.458 Average [Std.Dev. [Min  |[Max
B3] 1456 0.292] 0.440]  ©.068 1.458 Ve|  1.484]  0.003]  1.456]  1.467
73 1457 o202 0J440) 7.012] 1.457 Win]  7.020] . 0.014] 8887  7.167

T 83 1457 0.292 0.140f  7.017 1.457

83 1.457 0.282 £.140 7.010] 1.457

103 1456 D262 £.140 7.019 1.458

113 1.456 0,282 0.1440 7.025 1.458

123 1456 D282 0.140] 7.013 1.456

133 1458 0,202 0.140( ~7.022 1.456

143 1.456 0.292 0.140 1.016 1.458

152 1.456 0,292 0.140 7.018 1.456

162 1.456 0.292 0.140 7.020 1.456

Fagai -



TPO20597

Prvoe A Addl] InsdaPron,

9.925|

o Paget.

Time [sec] Ve V! Win Ve | I -
B5 0.000 0.000 0.007 0.053 0.000|Statistics from 2589-4047 18.12 hrsf
_____ 108 0.000 0.000]  D.OC4)  0.058 0.000 Avarage |Bid Dev |Min Max
125 0.000 0.000 .00 0.061 0.00C Ve - 2182 0.005 2,087 2117
145 0.000 0.00C 0.001 0.083 0.000 |\Win 9,927 0.034 9.843 9.528
165 0000 0.000) - D0.003] 0981 0.000 ] '
188 0.000 0000  0.162{ 8095 0.000)
205 0.011] 0002 0199 0.047[ a0t - | -]
226) 0.054] 0013] °° 0499] 6050/  00B4] T - o
245 0128  oo26[ . 0488 ©938] w0120 |
268 0.15¢ Q038 - - 0.198 014 0.189
288 D.241 0,048 © 0,108 .03 0241
Jos| 0.257 0.057 0108 2.922| ° 0.ZB7
325" 0,329 0.0688 0.198 9.928 03209, =
246]  0.368] 0.073] 0183  9.842]  0.388]
366] D408 0.081 C.188 0.835 0.4C6
386| - 04427 D088 0199 9.052] 0442
408| © 0477 - 0.095) £.198 9.952 0.477 N
428 0.5i0f . 0.102) - 0.188 0.510

f};{r{ {rsr{ - / ﬁ;' 'wﬁtﬁ-"’ ;’m:i{'

V.  zuaen  geus

W"‘;_ g9:71 l_ﬁ!“?fg'f-



TFO30EeT

2,135

0.224

11.G73

Tims fset] Yin ] 1 ]
187 2006 0.157]  9.854[ " 3.0p3|Statistics from 300-1350 [1f watt point] | 554 helr
200 209 gl 0197  0.860]  2.085 and from 3000-375% 16 watt point]l Y-z § 4
2P 2.0% 007  9.852|  2.006[11-wat_ [Average |StdDev |Min [Max
247 2048 0.z04] 102121 2.096[ve 2355 0.012| 2326 2358
267 2086 0221  11.031]  2.006[Win 11.085]  0.013] 11.048] 11.125
287 2060 0.221] 11045  2.099[i0wat :
a7 21303 e221] 11080 2403w 21607 0.004] 2449 2158
327] . 2300 c.221]  11050] 2.102(Win |__9573] 0012l 05]  9.507
IR EE 221 11ods| 214 N -
367 2120 c221] . 11.0621 21z
387 2125 0.221 11.081] 21z
407 213D 0.221:  11.045] 2930]
427 2.£35
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TPOIGT97

e e 2 g, a@‘w e )
Time [sec] |ve Ve X Win Vo A
oe 2.163 _0.433 0.211 10,557 2.165|8tatistice from 8344983 ¢+ | |
114 2.476] 0434 0217 10.847 2170 Avarage [Btd Dev [Min Max
128 2174 0.435 o217 10.842 2.174 Ve 2483  0.00551 2439 2.464
159 2.179 0.436 0.217 10.840 2.179 Win 10.808| 0.01108 10.778 10.648
179]  "2184] 04371 0217 10838 2.184 e
198 . 2190 _ 0.438] 0.2¢7] 10.851|  2.160 — —
219 2195 043¢ 0297 10,833 2.195
2381 2.201 0.440 0,216 10.824 2201
258 - 2.208)° 044 0.217 10.834 2.208
278" 2.21] 0.442 0.217f - 10.820] . 2.210
300 2.214 0.443 0.217 10.830 2214
320 2.219]- 0444 0.216 10.818 2218
340 2222 0.444 0.216 10.807 2222 -
380]  2.226] 0445  0.217] 10828] 2008
380 2230] 0448] 0216 10.818]  2.230]
2 O (j,ﬂn &Ml"}!m o’(
}, Ir Wﬂ TF' /ﬂam é
X I
Whia  iveve o200/

Page 1 -




TPOATATR

( mhowrs
Time (sec)|Vc ' Yiln TIme {frs} Ve Alin - Ve
B5| 2459 0.p2]  0.073 3837 0017 2458 3.637 |Statistics from Hour 811
at 2.45 049  0.002; D413 0022 245 0.113 €d. Dav, [Average  [Min Max
10i| 242 0.484|  0.002]  0.084] - 0.028] 2421 p.094 Ve 0.006543) 1.084258| 1.067|  1.105
127] 233 0476 0.002] 008 Q034 2381] 9057 ¢n - | 0.049132] 4.931686 478  BA7R
147 22397 0485 0.001] 0.086[ G039] 2238 D066
164 2256 048]  0.001 0.053] 0.045] 2298 0083 |
181]. 2258f 0452  0.001 0.071 0.05: 2350 007 L
20ii 2721  o0444] 0092 0073 0058 2221 0.075 1
7221 2485 0437 - 0.002]  0.07¢| ©.082; 2785 0078
241 315 043  0.002]  0.077| .07 2145 0077
z82} 2716 0423  0.001]. 0074|0073 2.4916] 0074 ]
281 - 2084 0417 0.001 0074 ©.078]  2.0B& 0074
202] 2052 - 04 0.001] 0472| ©.084]  2.862 0073
322 2022| DA4C4|  0.001 pOvi|  coes| 2022 00w L
342]  1.983]  D.3¢8 0.501 0.06%] 6085 +893]  OCE1|
32 1985 02g3 0.901 0.057 0.1 1.865]  0057]
382 1937  90.2a7 0.001 0.054 0.108]  1.937 0051
‘2(.5' £ f',;.,.;ﬂ/,,p"
-5!##!'5'[ J,ﬂﬁm‘f o
T
V. - T H.6e95
w"" I ‘F,'?S'l sﬂ4ﬂ‘?‘?!‘

'_ Page 1




TF030387

351

1.161

. Fags1

Time [zac] [V V! X Wi Vo | e
11| 1135  o0=a7|  0.419] 5080 1.135|Stabisbics from 1479-1622 [1.13 hre]
131 1457 0227 04200 6008 1.1a7 [Average [Std Dev [Min Max
151 1.135 {0,228 0.120 .00 1.430:Ve 1289 0.001 1.267 1.301
171 1441 0g28 0420 5063 1.%41jMin “8.000]  0.005] 5957 €033
181 1.144] 0238 04200 5geh 154 .
211 1148F  0zZ28] 0420: 6002|1548 1
231 1.142 0229 0.11% 54974 1.448
[ esi[ 14c _0za0j Odfe  5o7d 1380 —
21| - 11520 - 0z 0418 - © Bey? 1.£62| -
201 - 4454 - 0331 04207 . 5982 1.£h4] -
311 - 1.156 0.231 0.12C]  6.008 1.158
3% 1.158 0.232 042G .- 59280 - 1.158|
0232 0.120- &40 18681

200w ool

éwﬂ:ﬁ _l:.-i'i'..*
Ve 1299
. !-'r-"lﬂﬁ' l;!-ﬁ'ﬂ'&

a, 9¢
O,aus



TPO20847

Tima [seq] [Ve Vo' Win Vo | .
64 1301 02600 0204] 14.686]  1.301|Statistics from 2650-3059 2.278 Hrs
84| 1322 0.284] 0.288] 14.850]  1.322 Averane [Std Dev |Min Max
~ a05| 13858 027t 0260] 14938 1.988(Vc | 3.451] 0008 3.441|  3.461] ]
124  1.367]  0.278) - 0289 14.851|  1.387|Win 14.982] 0.018] 1{4.837] 15.034
145] 1437 0287 0201 15071 1437
64| 1.475| ©0295] 0.202] 15.104] 1475
- 188 1512 03c2] 0302 15418] 1512 |
205] 1.548] 0.3i0[ - 0303 15128 1.548]
225] . 1.583[- 0317 0.303] 15.141]  1.583
245 - 1616] 0.323] 0.303] 15145 1616
265) 1.648] 0330 0303 15145 1649
285) - 1679 0.338] 0303 15.148]  1.&7e[
305]  1.708] 0342 15.131] _ 1.708

0,303

: Pagsz

20 ¢r Coates 1

15 Luaﬁ'{ ,Domf
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Win 14982 4018




TRI2GaaT

- Fage 1 _

Time [sec]vVc Ve' x Win e | | | ]
78]  3453| 06%1| 0316, 15791  5.453 Sratistics from 770-1154 [1.844 hrsi for 16 watt point;
g9 2.455 0521 0.216: 16783 3485 andd from £531-4739 [1.437 hrs] for 1 watt point
119 3.459 0.Eo2 D.316; 45508 3440 18-wall  JAveraga |Btd Dev |Min Max )
139]  3.433] 0eo3: 0317 155M[ 34@3Ve - agsd| 0005 as53| ae6m |
160 2.456] 06%3] 0317 {5835 3465Win | 15835 0013 15857  15.83 -
79 347 0855 0.317] 15832 2,471 wall -
188, - 3.473[ 0665  0.317| 1684E[  a47aNc 0.174]  Doos| 0473 C.178
219; - 3476 0686] CA17| 15565|  34780WIm | 1054 0007| 1.039|  1.078 .
238] - 3.47¢| 0F96 0.315] 15.578 3470 e T
258) " - 3A8Z| -- 0QE9T £.317| 1658T P 3482 0.174 {1.00F 0.173] C.i76
| 279|. 3485 0897  G.31F|  15.865: . 3485 . 1054 0007  1.088)  £.07B
288 3.434 0.698 g.317 16836 3.488
319 - 3.49 0,695 0.315] 15875 3.48]
350 3453 699 0.317 15872 3.493
B0 :_5.495_ G.890 0.315 15.385 . 3495
- ) ’.‘:l ; "
2L i Contiod
."ll‘l-éf’ AR # _—— Cl"'
T ) ) .. . _ﬁw:i.‘..rrr-l"'-- 'ﬁ--’:l“
Ve by o
(i 19,565 2,9/
| tun #
/e P RELCE ¢. ot |
. L) e {65 Goges



TPO31087

Time {sec] [Ve ! Win Ve | B
B7| _ 0.174| 0035 0001] ©0.048]  0.174]Statistics frony 502-3947 [16.67 hrs]
107 0.172 0.024 0.001 0.053 0.172 Avarage |Std Bev |Min Wax
127 0.160 0.034 0.001 .054 0.162{Vc 0.000 0.000 0.060 oool) |
147 0.68| 0.033] 0001|  0.053) 0.166{Win 0.050]  0.001]  0.044] 0.055
167]  0.163| 0023 . 0001[  0:054]  0.163 ' '
188 01611~ 0032 0.001] - 0.053 0.161
207| 0.958] 0.033] 0.001 D.055  0.158] ]
228 0.158] 0031 0001 0.054)F 0156
247| - 0.153] - 0.031] 0001 0.083] 0.153
268 D.451F - 0.030 0001 = 0.053 0.151
288| 0148 0020/ 0001] 0054 o048 1 [ | 11 i -
.. 308 0148}  0.029 0.001 0.054 0.146
328 D.143 {.028 Q0.001 0.054 0.143
38| . D144 0.028 Q001 0.052 0.141
368 n.13g 0.001 0.0563 0.139

0,028

. .Page -
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Summary of Exc. Powsr Produced

F_h_age"i :.

e | i e
_____ Summary of 20 cin Expesrimental Results | - 1
Date[s] of Runj Hours [ss] | Excess Power [watis] | Pressure|Additional H2?
~T{2Mar] 5820 0577 a7 No
13-Mar 5.575 e 0.337 50T-10psig Yes
15-Mar 4.272 0.B04 253 No
16-Mar 2,869 0.588|  0.15T-1.7akn _Yes|
16-Mar 13635 0.607 2532657 Yes
17-Mar 7.464 0.582 0.1-576T Yes
_A7-Mar 14.439 1.164 0.075T . Yes
18-Mar 31494 1251  0.088-0075T Yas
18-Mar 14.781 n.ave D.0GAT Yes
19-Mar 3,575 0.537 0.068T Yos
20-Mar 6.870 0.404| 0.0875-0.060T Yos
20-Mar 14.688 0.448 0.0675T Yes
21-Mar 4.638 0.172 0.04813T Yes
|Subsets of Data in 4.838 Hour Parjod Above
- 21-Mar] . 0752 - -0.503 0.8-813T Yes
21-Mag;. . 1.18BF - - 0.386| °  o004-008T Yes| -
21-Mar]  0.515[: 0412 . o407 Yes
I 0.640] - 'A\'ara.a-a_gl Fainls
. 0172 Minlrrum ~
1.231 Meaxdmum
- 0.308]° Std Devdation




TPO31297 Chart 1
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TRPO313687 Chart 1
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March & - March 10, 1887

i
: Win |Predicted Vg ;
! 0| -0.0B0S Gilven VoS 24191 .
j 11 0.172B Estimated
2 0.4061 Watts Qut| 10,828 watts of power
3. 0D.B394 Actual = 0.824 watfs Of inpadt power
4 Q8727 0.804 |excess watts of power producad
5 1.106
=] 1.3393
7 1.6726
B 1.8038
9] 2.0302! .
10| 22795 .'
11| 2.5058] ]
12] 273911 |
13 2.9724] - |
14| 3.2057) !
15|  3.435¢ ol
16 3.6723} ’

]

Page 1




TPO216GT

Time [sec] |Vc Ve Win Ve [ |
15 2438 ¢.488 0.106 8791 2,438 Statistics from 2 to 2075 [2.899 hrs] R
23|  2438] 0.488] 0185 6743 2436 Avsrage [Std Dev |Min Max
25| 2438]  G.488) 0198 6777 2438 Ve| 2350 0.042] 2209 24238
30| 2438] o<ss| 0995 9781 2438 Win] 6765 0.140] 9442] 10081
35| 2438 0.488] 0195 9.765] 2438

___ 40{  2438) 0488|  0.188] 0.795] 2438 e
45] 2436] 0488 0.196] o9.814| 2438
50/ 2438 0487 0195 9753 2438
55| 2437| 0487| 0186 ©.798] 2437
60| 2437| 0487] 0195] 9780 2437
85| 2437] 0487 0.495] 8752 2437
70]  2436] 0487 0485 6.756] 2436
75| 2435] 0487 0405 9.751| 2435
80| 2435 0487 0194 9718 2435

B5| 2435 0487 0.186| '9.798] 2435 ]

80] 2434]  0.487]  0.186] 9.815(  2.434
e5! 2434 0487] 0998 9783 z.434

Faget
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March 5 - Mareh 10, 1997

| | i
! Win |Predicted Vc ' i
| 0| -0.0805 |Given Vet~ 2793
: 1 0.1728 Estimated! !
i 2 0.4067 ) jWatts Out:  12.231 ‘watts Of power,
2| 08394 ¢ Actual = 11.624|watts of inpul power
4  0.8727 i - i 0.607 |excess watts o power produced
& 1.106| .. 'r ' : ~! '
& 1.3383 J
71 15728 !
] 1.8054
9 2.0892 i
10| 22728
11 2.5058
12 27391
13 28724
14 3.2087
15| 3439,
16 3.5723

Page 1




TPO31TST

Time [secfvc Ve Win Ve | R
27 2773 0,555 0233 11.827 2773 Statistics fram: 2 to 5163 [7.464hrs] o
327 2773 0555 0232 11818 2773l Average [Std Dev [Minh Max
38 2773 0555 6.233] 11E4] V73 Ve| 2786) 0.050] =27vas| 2.893
42) 2773 0555  0.233 1ie4i] 2973 Win{  11.852]  G.054] 11523 1.045]
48| z773[ 0555  0.232] 11e10] 2973 ]
52 2773l 0555 0232 11603 2773 ]
57] 2773|0588 0.23z] 11824 277
62| 2773  0EZ5 0232 NEl4] arFmd| T | T B

| 67| 273 0555 0222 11.607] 2773
72|  2773] 0555 0233 1164 277 B
77 27173 n0s55] 0233 116825 277 B
82| 2773 G555 0232 11.604] 2773
87| 2773|0555 0.233] 1is42] z27va
92 2713 0585 ©0233] {148 277 -
87 2773 0555 C.234] 1678 2773 —
102] Zz773| 0555 0234 1186 2773
102 2.773| 09555 0.233] 1188B] 2,773 ]
112 2773 0555 023 16 2773 T | T |
117] 27737 0588 0.233 11.84]  2.773

Fage 1
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March 5 - March 10, 1997

\WWin

:Predicted V¢

-0.0605

Slven Vo=

2.885

0.1728

Estimated

D.4061

Watts Qut

13.054 |watls of power

0.6394

Actual =

11.582 |watt=s of input power

0.8727

1.164 | excess walis

1406

13393

1.5726

1.8038

ol R AR N (X e =

2.0392!

—k
[ ]

22726

—
-

2.5058

-
B

27391

-
(3]

2.9724

—
2

3.2057

-
th

3.438

16!

3.6723
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TEGRI1EDT

Time [sec] Vo T3 Win T | I ]
60]  2.008 0.602 0238 11.808 3.00€ |84atistics from 2 to 11198 [31.194 has]
70 3.008 L.602 0.238,  1.B78 3.00% ___|Average :Std Dev |Win Niax
B 3.005 0.602 ©.237]| ii.855| 3.008 Wi 2969 070 Z. 880 2.052
4] 3.008 0.602 0.238] 11.B76 3.908 Win| 11823 0160 11.558] 1Z.024 -
100 _ 3.008 0.602 0.235¢  11.820 a.ooa B ]
~ 11D 3.007| ©0.602; 0237 11856  3.007 -
120 3.006 0.692 0237 41.852 3.008
151 3,905 0.532 0.235] 11.787 3405 . ]
140 3.005 0501 0.238]  <1.882 5.005 o
150 3.004] 0801 0238 11.807) 3004 e
180 3.004 0.591 0.235] 41.757 3.004
170 3002 0.501 £.235| 41.752 3.002
180 3,003 0.571 0.238] 11.809 3,003 1
190 3.002 0.601 0.23| 11.831 3.002
200 3.00 0.601 0.235] 11804 3.0C4
210 3,007 0501 0.235] 11.593 3.004 - T
220 3.007 0.501 0.235] 11895 5.001

Faga 1
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Wiin
Vo

e

Fae

e ol

e

g

o e

2
iy e

[
H
|

o=
ot
i

{
:
3
:

e

o

e el fe e feimen

R A e o

yEy
E

-

o
o
i

(k)

A

TEE
kel

e
.

e

i

BLoEd
TETET.

ELILICTEY

(oo k(i
i

F05EEY

SELITREELERLILS

HEHT

feiti

il d

P
¥

Sl

=

&

m

LI 8 DA

IrV

Page 1



March 5 - March 40, 1957

Win

Predicted Ve

-0.0603|

Given Vs

0.1728;

Estimated| -

. 2857

0.4081

VWatts Qut|

—12.506

0.6804

watts uf'pnwerz. b

11.627

watls of input power

0.8727

. |Actual =

1.108

0379 excess walls -

1.3383

15726

1.2059

2.0392

[y
Q0 QG| o) k| = |

2.2725

e S
—

2.9038

ke
ka2

2.731

—

2.8724

-1
f-9

3.2057

h
th

3.439

-
=]

3.6722
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March & - March 13, 1987

Win Pradirted |'U'|:.
0, -D.0e0s Given V= 3,078
1 0.1728 Estimated
2 0.4081 : Watts Qut 13.444 \watts of power.
3 0.G394 Actual = | 1%.04 lwalis of input sower
! 4| 08727 . i 0.404\cxcess walls
! 5 1.108 i
=] 1.3383 . i : H
| 7 157261 |
? ] 1.80532
. 8 2.0392
i 10 2.2725|. i
; 11| 2.5053 |
: 12 2.73581 i
13 20724 |
14 3.20h7 i
15| 3439 |
ie 36723 [
|

Page 1




TPO32007

Time fsec] Vo [vo z Win Vo - N |
32 3.082 0817 D260 13003 3.063 |Bdatistics from 2to §200 14898 hys) ) | o}
42 3.052 0817 0260 12696  3.083 Avaorage (Std Dey  |Min Max
5z 3083 0647|0260 12885  3.083 Vei 3e7el  0.018]  3021]  a.bez
B2{  ACB3 DELT 0.260 12995 3.083 Win _ 13.007 0.034] 12777 13.077

| 72| 3083 0647} 0280 12982 5083 I 1
52 3083 0647 0260] 12015  3cA3
82| A084] 0&i7Y] 0280 12017 acB84

10z| 2084 GEIT] 0258) 12973 Aced o

112 2.084] 0617 ©0.280 12883 2084 | | N

122; 3084 0617 0.250] d2.07¢] 3084 '

134  3.084] 0817 025 12.871 3.084 _ -

143] 3,083 0.817| 0.250|  13.015]  3.083 R 1

163 3.053] 0617 0.250] +{3.0087 3.085 '

183]  s0e3l 0817 0.260] 13013)  3.083

_tral 3c83) 0617 D23( 12973  3.083

183 3ce3a]  o0817|  02en0| 12084 3.082

193] ac0aa]  os17|  oZed| 13040  3.083

Pzge 1
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March & - March 10, 1997

Win Predicted V¢

O -0.0605 Given Vo 3.016
1.  D.4728 Estimated '
2 04081 Watts Qut|  13.187|walls of power
3 046334 Actuzl = 13.015|wails of input power
4. 0.B727 0.172|excess watts - |
g 1.106 3
8 1.3393 i
7 1.5726
g 1.8050
e 2.0302

10 2.27258

11 2.5058

12 2.7391

13]  2.9724

14 3.2057

15 3435

16] 3.6723

Page 1




March 5 - March 10, 1997

Win

Predicted V¢

-0.0605

Given V=

2.502

0.1728

Estimated|

0.4061

Watts Out

12.270

watts.of power = |

0.63084

Actual = :

0.8727

12.779

watls of input power |

£.509

excess walts -

1.106

1.3383

1.5726

1.8069

WG | | B A - O

2.0392

—h
O

2.2725

—
ey

2.5058

P
f~

2.7391

"y
[ 2]

2.9724

—_
$u

3.2067

-
o

3.439¢

-
o

36723
|

1
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March & - March 10, 1997

Pradictad

Ve

\
!
!
T
1
1

-0.0605

0.1728

Given Vi=

57

Estimated

0.4051

Watis Qut.

13.432

watls of power

L.6394

© |Actual =

0.8727

13.020

watts of input power

0.412

1.106

1.3383

EexXCess watls

1.5728

1.8059

2.0382

—h
(= R i e e LA E A L A e Bl L =)

2.2725

-
[

2.5068

-t
™

2.7391

13

I 29724

14

. 3.2067

15

3.439

36708

16
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TPOIZ2697

Time [sec] |Vc e X Win Vo |Statistics from 6004-8720 [7.518 hrg]
69 0000 o00CD] 0058 2923 0.000 Average [81d Dav_[Min Max
79) 0000 0000 0001  0.034]  0.000 ) vc| 1102] 0004|1089 1421
Bg] 0000 0000|024 1.100[ 0.000 __Win|  5.791 0122 5272 7004
Bo; 0.000- ©0LOD| 0.082] 40882 o000 ,
110]  o.goo]  o.ooo]  0.087] 4372  o.000 B

120} G.000|- G.000] 0.086;] 4276  o0.000[
~d30]  o0.000] - 0.000] - 0085 4244] 0000
140 0.000] 0.000] 0085 4247| - 0.000;
150| 0.000] 0.000] - 0085 4272 0.000
180] . 0.000] 0000 OGBS 4.258[  0.000
170/ -~ 0.006] 0.000{  0.085] 4232 0000
180| . @noe| - 0.oco| . 0.0B5| 4352  0.000 .
190/ o.ooce| o.ocn| 0088 4325  0.000
200] _0.000; 0000] 0.085] 4318  D.00D].
219] _ 0.000] 0.000; 0086  4290]  co00

'_ - .‘V‘; !Cl?,ra':.ﬁ v

. Puged
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TPO4208T

,F'a-ge'i P

Wi PIH]  [P{L} Win e Siatistfcs for 2961 - 3417 [2.638 hrs)
15,044 0.549 0.179 006 15044 0.835 Average |Std Dav
14263 0548 0175 0.000 14.663]  (.90B Ve|  3.051]  0.004
148887 0538 0470 0C0) 14559]  ©.O71| win| 14843 0073]

~15018] 0338 0.968 0.GO0] 15618 <02
15.003] - 0826] 0.988] .01 15003 1.084
14957 0528 G165 C.03]  14.957 1139
4977 0531 CA64| 0.0& i4@77] 1490 0 C ]
14.997 0.530] 0,155 0.05: 14807 1241 -
14.071| 0528 - 0484] - 0.08] 14071 1.2M
14.072] 0554|0468 ©  0.41] 4972 1342
15.041] 0517  0.180 0.14] 15.041] 1.333 ]
14800 0538 0468]  0.47] 44880 142l
14068~ 0535  0ae4| T 0.21] 14.059] 1476;
14960 05427  0.185]  0.24] 14880 1594
15002  0.533] 0.16d 027 15.002 1548

VbR



TPO43007

Time [sec]Vc vc' Win PIH] PEL] Vit Win  |Vc Statistics from Points

80| 39048 0790 74830] D375 0.451] 2358 14630  3.948 Average [5td Dev
80 3.950 0.780| 14.832 0.375 0156 2.352 14.932 3,950 Ve 2.861) 0004282

. 1o0] 3950 0.780| 44.856] 0.254] 0.447] 2353 14.955  3.950 Win| 14.840] 0.010438]
120 3.9500 0790 14.952 0.255 0.152 2.362; 14.052 3.950
141 3.851] 0790 14.048 0,262 0,152 2.353| 14.948 3.951
160 3.951 0.790]  14.92C 0.298 0.158 2,353  14.930 393
180]  3.951 D.79C 14.914] 0416 0965 2.353] 14.914] 3951 o
200; - 3.951 0.7¢0) - 14913 O3] - C.164)  2.353] 14.913  3.651
220 3.951 0.780] 14034 0374) 0157) . 2352 14,934 3.951
240 - 3.981 0.760| 14936 = 0358  D.180) - - 2.353| 14,036 3.851)
260 3.931 0.750) - 14.832): 0.343 0.148 2,353 14.832 3.851|
280 3,951 0.790] .  14.835] = £.351 0.148 2353 14.835 3851
300 3.851 0.790| 14.934] 0,369  0.156 2.353] 44.834] . 3.959
320 3.851 C.780 14.921 D347 . 0441 2.353]  §4.021 3.851) -
341) - 3.951 14.927 0.366 0.152 2353 14.827 3.951

_0.701

- -Paget.

—_



TPO+3087

Time [sec|Vc Vo |Win PHj PIL] Wil Win Ve |Slatislice lrom Polnls 1133 to 1239 [0.530 hes]
123 3.946 0.780] 14.83¢ 0.375 C.154 2.351) 1493s] 3940 Average St Dev
143 3.M4E 070  14.931 0.374d C.157 2.350) 14231 3.948 Ve 4.221 0.001

63| 3.948] 079G, 14.940]  0.376|  G.156]  2.350] 14.648]  3.048 Win| <6.12a _ ocosl
03] 3.048] 0.796] 14.053]  0.382|  0.149]  2.350]  14.652]  3.048
203]  3848] 0780 14842] 0375  0.453| 2350 14.542|  3.04B

223 3048 07800 15487 0.376] ©6.153  2.350] 15.487 2 04B[ -
243 3.050 a.7e0]  18.151 0.385 0.152 2.551] 16.%31 32.050
2583 3055 Q791 16.147 0.381| - 0.154| - 2,555 16,147 3.055

283|  3es2 " Gve3|- 16458 0.399) 0.158] - 2362 16.158] 3852

303 1.£69 Q.794]  18.170 0.375 0452 2357 16470 14959 -
323 1575 {.795 16,162 0.357 0.154] 2,373 16,163 3.975( -
43 2.881 0.796 16.145 0,381 0.155 2,378] 1B6.145 3.981
363 1.606 0.707| 16.154 0.393 0.1563 2.582] 1&.1564 4.86G
352 1.609 Q.ra8f  48.131 1.378 0.152 2,358 18151 3.981
404 2,995 0.798( 6421 4381 0152 2300 18421 3.005
424 4.000 C.B00) 20442 0388 0.155 2584 20,445 4.000]
444 4.004 C.801 25.080C 2373 0.152 2308 25.080 4.004
4€4 4,008~ G.B02] 19708 Q377 D.152 2.40% 18.705 4.008
484 4.012 0.803] 16.114 0270 0.152. 2408 18.115 4.012

e = 4221
Lﬁ:h - ]é.f?rﬂ.

o Pagel



TPO43087

Time [sec]Ve Vo' Win PHI ___PIL]___ [l [Win Ve |Slatsiics from Pois 885 - 100 (6808 bea)
84 4z22] 0345 18429 0439 0484|2567  1e-9m] 4209 Average Std Dev

74| 4222] GBsE.  47470| 0304 0443|2588 7470 4222 Vc| 4663 0062

706 4224] CB&5| 70.035  0.418|  0.48] 2588 18035 4.024 Win| 18041 0007

114 4.293]  0Ber|  76.040) 0.435] 0451 2698  18.040] 4233 I R

13¢] 4.745] C.84d| 16.045] 0437 0453 2605, 18.045]  4.245

154, 4255 C.B51| 18038) 0383  0.143] 2815 18038  4.268

174| 4285 0.653] 18.031| 0417|0481 2693 18.031] .  4.265

105] 4374 0855 15022| _ 0415  0.140; 2630 18.022] = 4.274] L -

215] 4281 0.5 16028| - 0420 0.148). 2687 18.025]  4.281

235  4.288)  0558| 18036 D424 0151 2.843|  18.086]  4.28B

255  "4.235]  D65¢| 15038| 0400 - 0946 2.649] 18.038] . 4.205

275 4301|  osec| 16024] . D0418| - 0149 2.654] 48,023 - 4,301

205 - 4308 0582[ 180107 0416|0481 2.659] 46.019]  4.308

315] - £314] 0Beal 15095 O418| 0150 2.655 8.025  4.314

335|  4518| - 08647 18033 0405| 0148 2.670] 18,033 4,312

356| 4325|0865 18.0a9 0423|0163  2.574] 18.038]  4.325

avs 0868 18041 0.348]  2.578] 48.041] 4.3

- 0A408] -

‘ P&gj_

P
| 50 Oy Lo

Ve = L3
Udia T !E.G‘H
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Summary of Exc. Power Produced

-

Swnmary of 36 cm Experm

1enfal Reselis

Daie[s] of Run

Hours [ﬂ!;

e Addional H27

14-Apr|  5.832 1181  1szsa7er Mo
15-Apr 15.160 - 1.459 0.36-548T Yes
1E-Apr 12.030 1689 passnsstT Yes
~ At-Apr 21.273 1235 ocassoser|  Yes| |
18-Apr 5918 0.835) 03405767 fas
23-Apr 11.572 N 1.854] 042505807 Mo
24-Apr 25484 2.002:  ¢aszosarT Nn
- 25-Apr| - 15.507 2,067 =13127]- Mo .
“3May 6237 1.264|  0.335-04497) Mo
4-May| - 11.385] 1.135] 0.453D679T Yes|.
~ EMay - - 4T 5.079]  0447-0508T _¥os
1 'E__M " #usmpac!Falets
0.535 ’ Kinlmum .
2.082 Bpzimum
D.461 " B, Dedation

. Covialicn %

e 31 g%

Page



Apnl 28 - May 1, 1997

Win Pradictad Ve

14.5 3.849 Qiven Ves 4,288
12.0 3.064 Estimated
15.5 4.078 Walts Qut| * - 16.522 lwalls of power
16.0 4.194 Actual = 15.141|watts of input powar
18.5 4,308 1.161 |2xcess watls
17.0. 4.424 -
17 5! 4,539
18.0| 4.652

"18.5( 4,768

Fage 1




TP041567

Time {s¢e] Ve Ve' Win PIH] [P} |vrf Win Ve Btatistlcs for 2 - 5446 [16.16Qhrs] |
a2 4.292| 0.859] 15242]243.980| 90.976| 2.658| 15.242 4,292 Average |Std Dev  |Min Max
g2 4202 0.859F 15.244]243.080( 00.878| 2848] 15244] 4202 Ve 4.331 0.022 4.263 4.380
102 4.202| 0.850| 15.230)244,000| 09.578| 2.548] 15229 4.282 Win) 15137 0.082( 14.054] 15.26%
i12 4.201| 0.850| 15.248|244.000| 99.978| 2.645] 15.24B 4.291 ) I R B
122 4.201) 0.858) 15.251[244.040| 98.075] 2648 15251 4.291 P 12454 .30 | 54701
132 4.201, 0.859) 15.255/244.030) 99.978) 2.645| 15256 4.201
i42|  4.200| ©0.858] 15.249(244.040| 06.076] 2.645| 15249] 4200
153 4.280] 0.858 15.256)|244.070| 02.976| 2645} 15.256 4.290

162 4,200 0.859] 15.284|244.000] 98.976| 2645 15.264 4.290
172 4.290] 0.859] 15.257|244.11C| $9.976] 2845 15257 4.280
162 4.200 0.859] 15.255|244.12¢| 89.976] 2644] 15.255 4.280
192 4.200| 0.859| 15.255(2¢4.170| 50.976| 2.645| 15.255 4,200
207 £200] 0856 15.248/244.150| 69.676| 2845 15248 4.280
212 4200 0.850| 15.25%(|244.220| 90.976| 2845 15.251 4,200
223 4280l 0858 15.250|244.270) 99.676| 2645 15.250 4,280
233 4.260] 0858 152521244210/ 09.678| 2644 15252 4.250

Paga 1



TRO41897

Time [sec] [Vc V' Win pfHl _ [n[L] |V Win_ Yo  [Stakistics for 4192-8640 [12.060 hrs]
125 4.335{ £.868) 15.176| 0.446] ©.154] 2891 15176 4.339 Average [StdDev [Min Max
135]  4.335] 0.888; 15179 0445] 0.154| 2680 15173  4.338 Ve 5075 0.027] 5040[ 51435
145] 4335 0888 +15.184] 0437] 0156 2679 i5.184] 4338 win! 18148  0.008] 18.053] 18.283
155|  4.335| 0.868] 15.176| 0.453] 0155 2678 15.176] 4.338 7
165|  4.335| 0.888| 15.173] 0463 0.153] 2.6798] 15.173] 4.330 p[H]|  0.486 0.026] 03886 0,581
175]  4.334| ©0.868| 15180] 0452 0.164| 2.678] 15980  4.330 o
185| 4334] 0568 15.176] 0.434] 0.158] 2679 15.176|  4.338

... 185; 4334 0888] 15198 C.448] 0.153] 25670| {5.198| 4338
205  4.234) 0888 15.198] 0.450] 0.150] 2.578] 15.198] 4.338 B
215 4.334| 0B6B| 15195 0.486| 0.133] 2479 151908 4.332 L
225 4334 0868 15200 0.485) 033 2678 15200 4.328
285  4.334] 0.868) 15.540] 0.506] 0.133] 2679| 15540 4338
245  4.334] 0.868] 17.450| 0.542| 0.134] 2679 17450]  4.339
255| 4.336| 0B888] +8.087] 0.548| 0.132] 2680 18.067  4.240
265| 4.340| 0.868 1B.145] 0,558] 0.138] 2683 18.145] 4.344
275| 45347 0.870| 18.138 0608] 0.132| 2680 18.138]  4.351
285| 4.355| 0.872| 18.120| 0567 0.30| 2687 18.130]  4.350 i
205] 42e4] 0.674] 18.083] 0.817] 0.133] 2704] 18.083] 4.368

Faga 1




TPO41787

Téme [sec] Vo ve'  Tiin PMH]__p[L] ¥ Win Ve Stelistics for2-7640 [ =2r.27 heoy |
76 4888 1.0107 18441 0526 0947, 3302 78441]  5.050 Average [StdDev | ¥ Max
56|  4.098) 1.6i0) 15130 0517 0135 3.205] 16.139] 5.04¢ Vol 4997| 00C58] 4864  5.051
96|  £880) 1.010) 18143] G487, 0.160] 5.204| 18.143] T 50sC Win  15.135! _ 0.061j 17.785] 18526
108 4980 1.010; 18.439] 0614 0952  3.284| 16.13%|  5.048 _ e
176; 4960, 1.010] 18.147| 0.536| 0.748| 3z2e4!  18.147] 5040 pl4] 0492  ©c.035] 0,385 0603
_....728  4ge8] 1010f ‘8151| 0451| CA58| 3264] 1551|5049 .
135) 40898 1.010] 18.14¢| 0.543| 0146 2.295 185448 5040 ]
1¢48]  4.999] 1.010° 16.153] 0487| 0188 "2.204] 18153  &0éa B
156/  4.099] 1.610) 16.1%0] 05%8' 0.95¢| 3.204| 18450  5.050
168) 4995] 1.010)  15.150] 0407 0.156' 3.204| 18453  5.050
176  £988 1.010) 15153 0.532] 0149] a3.2058] 18.153] 5.050
186: 4988 1.019] 18953 510, 0152 3.285] 18.453| 5.05¢
t98) 4600; 1.010] 18.1¢8| 0.497| 0757, 5205  18.149] 5080
208,  4.908] 1.010|  18.145] 0.451| 0.455] 32851 18.148] 5030
216|  4.909] 1.01C| 18142 D543 c.i¢8| 32095 18143| 5oa0
226| 4099 1.010F 1B.145| 0488] 01556 2.295 18145 5050
236 493 18.15i] 05231 0448 3205, 13351 &050

1.040
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TPO&1857

Time [sec] Ve Ve' " [Win plH]  [p[l]  |VF Win Ve Stafistics for 2-1485  [t:. A% hes )

| 55)  4.801) 0.951; 17.938] 0504 c.432] 3083 17638 4.801] Averzge {Std Dev  [Min Man
65 4801 0851] 17038 05687 130 2.086) 17.630  4.801 Ve[ 4701 0008 4778 4518
7o) AB01| 0.051] F7.97s5| 0205 0933 3.086  i7.675  4.891 Win  17.954]  D.048] 17.568) 15.105

55 &B0M| 0.651] iv.86tl 0501 0.435] 2.088] 17.681| 4801  p[A)|  c.454| 0030 0348 asve
85| 4802 0.661] 17952 0508) 0.431] 2688 17.052] 4802

108]  4+B0Z] 0961 17831 .510] 0.451] 3.083 17.831 1.602

116 _ 4.8c20 0861 17971 0400 0.433] 3,005 17911 £60F
126] 4202] 0.81) 17.895] 0.505| 01Z8’ 3.085] 17.6a5] 4802
135 4802 0.961) 17.885| 0.499| 0122 3.086|  17.895] 4502

+45 4901 C.861]  17.500] 0.508) 0.130] a.085| 47.800] 4804

155,  4.801) C.061; 17.908] 0.508] 0.130] 3.085| 17.008] 4801
165  4.800j 0.981| 17.899] D4e2| 0431] 3.084| 17868 4200
175/  4.600] 0.951] 17.910 051 0429 3.084] 17910 4.800
186 4799 0.951] 17.007| ODde1]| c.482] 3084 17807 4700
195 <798 0.861] 47.91c] 0f0AT 0.150] 3084l 17.8i0] 4.799
205( 4798 0.060| 17.821] 0.500] 0452 3083  17.621]  4.708
218] 47ee| 0ee0| 1793M] 0.502] 0.430] 3.c82[ 17.931] 4,705

Pspge 1
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Page 1

Time [sec] Ve Ue” Win  |p[H] pIL] ] Win ' Statistica far 2457 - 45456 [11.572 hrs]
} 198]  0.00G| 00GC| OCGE[ 0uSGT] 0435 G.0B5|  0.054] 0.000 Std Dey  Min Max

120] 00007 0000 O.063) 0.508  0.437| 0.080) 0.052]  0.000 Ve - 0CdD] 49318 4478

14¢) 0006 0.0CO0)  c.OTD] ©.5i5] 0.133) 0.000] 0470 0000 Win 0.Ci6]  15.018]  15.110
. fea| 00G0 0000  c.057] 0.630) 0138 0.000| 0082 Do0C pIH] 0.021 0425 0.582

1900  0.000; G.000  0.059] 0.531] 01237  0.500 0.085 0.0CG

200 0.000f 0.000] _0.051| 0.531| 0146 000C] D084 0.000

229 0000 0.000] — 0.870] 0.522| 0276 00000 0G0 Q000

~2¢8p  0.000) 0000 0068| 0.534] 0387 90c0 0068 ogon | || T —

| 259 0.000] 0.000] e.531| 0523 cooz 00600 5831 0.000 ]

258 0.000f Q000 15024] 0577 0.351] OcC0D| 15024 (.C00 :

509) 0.000] 00c0f 15066] 0633] 0.405| "OC00; 15055  G.000

326 0015 0003 14.828) 0.70B] 0.555] €.000] 14.826] 0.015

34g| 0086 C.019] 14.910 ©0.741] 0535 0.000]  14.010]  0.088

389; 0177 C.035  14.940] ©0.v50] 0510| cC.000] 14.840] 0477

380 02350 C.050] 14.959] G755, 0520] 0.000| 14868 0.250 -

400 0317 G.083] 14.882] 0.8¢2] 0647 0.000] 14992 0.317 :

428, C.381] 0.07a] ¢5.028) 0.757| 0.634] 0.000] 15058 0.351



TPD42497

Time [sec] jVc e Win plH] piL] et Win Ve Blatislics for 2 4248 [234& [ bvr)
58| a47C] o8eq] 5087 0500| 0434] 2801 95.081;  4.470 __|Average_[$id Dev Win Max
75| 4470 0.094]  150ed] 0508[ 0423 2.801] 5.054 4470 Ve| 4457 Do 4.640 4.484
o 4470 0.80¢) 15083 0.508) 0.123] 2801 45083 £470 Win| 15033] 0035] 14.837 15.114
113 4471 0.894] 15081 0527 031 2801 15.081 44T p[HI 0.450 0.038 0.552 0.582
138 4471 0.894] 15077] 0552] 0137 280T|  15007| 4471 ]

| 150 A471| 0.894] 15002 05%[ 0138 2ecil 15082 4.4 i B
178 4.471| 0.8ed) 45075 0.513| O134] 2801 15075 4.471 ] B
185 cA4r7] 0884] 15078 0.530| 6137 z.a01 15070 4.471 ) |
218| 4471 0894 15073 0503] 0.43c|” 2801;  15.073 4.471 |

B 238 4471 089¢, 15077 0.526 0.128_ 2891 +5.077 4.471 i
258  4471] 0.884] 15071 0.508) 0.424] 2E801| 15071 £4T1
270 4471| 0.8994| 18.080] 6.518] 0.136] 2.801| 15080 4471 -
208 4.471| 0.694| 15.055| 0.482] 0.431] 2802 15065 4471

B 519 4471 08e4| 15.086| 0.521| 01436 28c2f  15.066 441
30 447! 0.864[ 15.078] 0.500| ©As[ zdo01| 15cva 4.471
358 4472] 0895 15078 0.50%] 0.433| 2.802] 15079 4.472
279 4.473] 0.895, 15088 0.507! 0.434' 2,802  15.085 4.472
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TPO42557
Time [sec] {Ve ¥c' Win HH]  plR] Vf Win: ¥c Stabistics for 2- 457 [13.50Thes] |
BS] 4447 0830 76.005( 1305 0.046] ZE05| 15.006] q.47 Average [B4d Dev [ilin Max
131 ¢446| 0.888| {15005 1275 0071 2700 15.085] 4.448 Ve|  4.442] 00027 444% 4447
__188)  £445| osas| 14903] 064p; 0207 2.757] 14.885]  4.445 Win|  i5.013) 0045 149837 15411
193] 4445 02a8] 14.964] 0051] 0253) 2750 4888 £445  p[HH 0448 0.27é 0.0C0)  1.312
237 4445 0889 160M5] 0.017 0245 2760 15.015] 4448 pressure dala 's afralic ]
285 4425 C.8BB  15.042] 0452 00 2758 15043] {443
208 4.445| 0.883| 15.041] 0402| "0.250) 2758] 15.041] 4444
332y d444| 0.883] 15.055| 011C) C.125] 2783| 15055 4444 o
355) _ 4444 0838 {6.093] 11228 0.082| 2781 15005 4.444 ]
398  Ad44| DBEE[ 15.007] 9851 0.211] 2783 15097 4.444 I
432)  4443| osa89] 15075| 0.005] 0,182 2771 15.075]  4.42%
465] 4443 0889 15089) 0.005] 0.145| 2776, 15.089|  4.843
499) 4444 G888 15067 0.008] 4.145! 2778 46.087| 4444
932  4.444] 0.86; 15.038) 0.325] 0043 2.795| {5.038] 2444
9987 4445 0.888] 15.018., 1.175| o080 2788 15.018] 4443
589) 4.445] 0.889] 15.011] 0402 0.238) 2761] 15011 4445
G32) &445| D.ESO| +15.000 o004l 6213 A7ed|l 15000] 4445

Page 1



TPOEQ397

Time [secl Vo V! Win pIH] piLi V2 Win Vo Statistics for 3085 - 4205 [6.237 lws]
64  2481) 0.4088) 15086 0.406| 0.952] 3.620| 15088 24901 Average [Std Dev [Min Max
84| 2508 0502| {5088 O0448] 0.160] 3621 15089 2508 Vej 4.262|  0.008] 4250  4.373
Ao 2524] 0505  15.084] 0.382| 0.44B] 2.630] 15084 2524 Win|  15.032|  0.009| 15011 15.057
124/ 2541| 0.508; 15.083] 0410} 0.146) 3.619] 15.083]  2.541 vzl  3e624] 0008 3819|3632
144|  2.557) 0512 15077 0387 0.148| 3.620| 15.077]  2.557 pHE| 02383] 0015 0.335]  0.443
164  2.574] 0.515] 15072| 0370] D0.145] 3.618| 15.073]" 2574 ]
185 2501 0.518) 15065] 0.393| 0.146] 3618 15085 250 _
204;  2807] D521 15.064| C.388] 0.147] 3618| 15084] 2807 .
22¢|  2822) 0.525] 15.085| D0.381] 0.145| 3620 15065 2622 ]
244, 2837 0528 15083 0420 0151 3621] 15063 2637
294) 2852 0.531| 15.081] 0421| 0153] 3621 15081| 2652
. 284) 2857 0534 15057 D414 0.450] 3621 15057 2867
304| - 2.682| 0.537| 15063} 0420] 0.150] 3.621| 15063 2.682
Jed| 2697 0540 15080 0385 0.146) 2620 15060  =2.607
4] 2712| 0.543] 15058 0.3068 0.145] 3.618] 15.058]  2.712
2G4|  2728] 0545 15.069] 0.418] 0.153] 3621 15.089] 2726
384| 2738] 0.545] 15,080 0.148] 3.419] 15.080 2738

£.385
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TPO50497

Time [sec] [Vc V' [Win plee]  epll]  [vir2 Win Ve Statistics for 1712 - 5789 [11.356 hrs}] |

42) 43100 0862] 15.080] 0370[ 0.253| 3.618] 15.090]  4.310 Average [81d Dev [Min Max

83| 4312 0862) 15096] 0353] 0.256] 3820] 15.005] 4312 Vc| 4200] o0o006] 4988 4.219

83| 4313 0863 15088 0.370| 0.256¢] 3518] 15.088] 4.313 Win|  14.891 0.033]  14.868]  14.081

731 4314) D.863] 15.000( 0.298] 0.255] 3.619] 156000 4314 pIH] 0578] 0029 0453 0,679

83| 4.315 C.863] 15004] 0.392] 0.282] 3.619| 15.094] 4315 Vfi2] 3525 0004 3518|3544
..83) 4315] 0.883] 15.088] C.388] 0258 3619 15.088] 4315 ]

103)  4.315| 0.883| 15.094] 0.367] 0287 3618| 15004] 4315 -

113 4315 0.883| 15005 0.382| 0.255] 3.618( 15.005 4315 R

123]  4.314| 0863| 15.085] 0.374] 0.256] 3.618| 15085 4.314

133) 4314 0.863| 15113] 0.399] 0.260 3.679] 15113] 4314 ]

143| 4315 0.863; 15109 0.380| C.267| 3.619] 15109 4315

153| 4315| o0s8e3| 15113 0.395| 0.288] 2.619] 15113] 4.315

163 4.315] 0.863] 15.112] 0388] 0.270| 2619 151121 4.315

173] 4315] 0.863| 15.108] 0.389] 0.270| 3.619] 15.108] 4.315

183) 4315 0.863] 15171 0.382] 0.273| 3.620] 15.191 4,315 ]

193  4.314] 0.863; 15118 0.202] 0.272{ 3818] 15118 4.314

203| 4.314; 0.883] 15114] 0.382] 0.273] 3519 15.114] 4.3i4
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Timefsecl V¢ [Vc'  |Win pH]  [plld [wi2  Win Ve Stalistics for 2 - 837 (4777 hs )
] 56| 4.180| 0.838] 14.678] 0.535| 0.136] 2.5256| 14.879]  4.180 Average [Std Dev_ [Min Max
76|  4189| 0.638| 14.878] 0574] 0441 3528 14875 4.189 Ve| 4187 0005 4475 4198
B8l 4189| 0838 14.877] 0.550| 0.138] 3.526) 14.877| 4.189]  Win| 14.891| 0.026] 14.857| 15.004
116] 4188 0.838] 14.872; 0.567] o0.141] 3.527] 14.872] 4.188 V2| 3522 0003] 3505 3537
136|  4.188| 0.838] 14.878| 0.577| 0.144] 3.527] 14876 4.188| [fuyel| 0.538] 0.024] 0.447]  0.588
156] 4.188| 0.838] 14883 0.592] 0.142| 3527 14883 4188 :
177]  4.188; 0838] 14.881 0.588] 0.144] 3.627] 14881 4188] | .
187|489 0.838] 14.886 0.514] 0.124] 3.528] 14.888| 4.18%
217; 4.189| 0.838] 14.895] 0571] 0.142}] 3529 14.895] 4138
237 __4190| 0.838] 14.807] 0.550] 0.139] 3,530 14.897]  4.180
257|  4.190| 0.838] 14.892] 0.556| 0.140] 3.530| 14.892 4.0
277 4.491] 0838 14.885] 0.552| 0.439] a.530] 14.885] 4181
297 4.192] 0.838] 14.886] 0.567| 0.943] 3.531| 14.886] 4.182
37|  4.192| 0.838] 14.001] 0.561| 0.142] 3.531| 14801] 492
337]  4.183] 0.830] 14.907| 0.563| €141 3.532| 14807 4.103 N
357| 4.194] 0.830] 14.008]| 0.558| G.141] 5.534] 14908 4.194
377] 44195 0839 14.002] 0.569] 0.139] 3.533] 14.802] 4.195







Temperafura degC

Heat Loss Model - Vers 1.1 Chart 2
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Meal Lass Model - Vers 1.1

40075 1832 274 1261 156.5] 1565  153.2| 215% 3.3]
40135  152.8 27 1257  156.4| 18640 152.8] 223%| 36
40198 1525 274] 1254 158.2 156.21  152.5] 2.42% 3.7 ~
[ 40258 1522 27d 125.1 156.0 156.0]  152.2| 2.52% asl |
40338 1519 214 124 8 i55.8] 1559] 1518| 2.62% 1.0
40376] 1519 211 124.8]  1557] 1857 1518] 2.51% 3.8
40436  151.5 271 124.4]  1555] 1556 151.5] 267%: 4.1
q0498] 1513 27.1 1242  155.4] .i554| 1513} 270% 4.1
~ 40556) 1609 27.1 1238] 34552] 155.2] 1508 2.87% 4.3
40616]  150.8 27.1 i22.7] 155.1 1585.1 1508  2.83% 4.3
40677 __ 1505 27.1 123.4]  i54.8| 1548 1505) 2.93% 4.4
40737 1502  27.1 123.1 154.8] 1548 150.2] 3.03% 45 _
40797 1500 271 1229 1548| 1546| 1500 3.06% 4.
40857| 1407 27.1 122.8]  1544| 1544 1487 3.16% 4.7
40017|  149.5 271 1224 154.3] 1543] 1485| B3.19% 4.8
| 40077] 1402 271 122.1 154.1 154.1 1492]  3.30% 4.9
41035]  148.0 271 126.0] 1540] 1540  149.0] 3.33% 5.0
41088] 1488 27 121.7{ 1538/ 153.8] 1488 3.38% 5.0
41158] 1485 27.1|  121.4| 1538]  153.68| 1483 3.46% 5.1
41218] 1482 27.1 121.1 1535  153.5|  148.2] B3.57% 5.3
41278 1480 271 120.8] 1533  153.3| 1480{ 2.80% 53]
41338 1478!  27.1 1207 1532 1582 147.8] 3.63% 541
41308| 1475 271 120.5] 1530 153.0|  147.6] 3.67% 5.4
41459 14713 27.1 120.2]  152.9 1528  147.3(  3.77% 56| |
41518] 1471 Zra| 1200 1527 1527  147.4] 3.81% 5.6
41578 1470 27.1 119.9] 15250  1825| 147.6|  3.77% 55
T 41685| 1486 274 118.5] 1524 1524] 1468] 3.95% 5.8
41699] 464 2741 119.3] - 1522 - 1522}  146.4]  3.98% 5.8
41759 146.2 274 119.2] 1521 1521  146.3] 3.85% 5.8
41618) 1458 27.1 i168]  1818] 1518 1459] 4.12% 6.0
41878] 1458 27.1 1168|1518 1518 1459] 4.02% 5.8
41840] 1455 27.1 1184] 151.8] i518] 1455 4.20% 8.1
FILL 1 hr - 27.0 151.8)Madel _ |Actual N ~
12 1415 270 1145] 1483 148.4] 1420 4.56% 6.9
13| . 1321 260)  1052] 139.3] 1396 1330, 570% 75
14] 1244 26.8 976 131.2 131.5] 1250 571% 7.1
15 117.5 26.8 0.7 123.7 124.0 118.0] 5.49% B.5 "
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Heat Loss idodet - Vers 1.1

E3 35.7 27.0 8.7 325 326 33.0] _ -3.147% A4
£d 334 27.0 6.4 32.2 32.2 33.0]  -3.51%| 3]s ]
85 326 0 L 318 318 320 -2.30% 0.8 _
I 321 270 5.1 35 313 32.0] -1.8%% -0.6 .
57 318 FHI 48 31z 31.2 32.0] -1.85% .6 .
58 31.6 Fri EE 30.9 30.8 310 -2.30% L7
50 3.2 2re 4.2 305 30.6 AR 1 .
60  31d 270 4.1 30.3 30.3 31.0]  -2.45% .8 ]
61 3.6 270 5]  304f 304 31.0| -1.85% 0.5 i
B2 0.4 i) a4 2.9 20.9 300 -1.74% S
53] 304 z1.0 3.1 20.7 767 300 -1.44% 0.4
54 29.9 27.0 58 2as 28.6 30.0|  -1.43% -0.4 P -
&5 205 Z7.0 26 232 25.3 300]  -1.03% 3|
66 204 27.0 24 281 2684 20.0]  -0.92% 0.3 .
&7 29.3 7ol 23 29.0 29.0 230 -1.11% K _
68| 203 270 23 25.8 28.8 2a0] 15| 05
62 29.2 21.0 22 287 8.7 290 1T1%[ 05
T 20.1 27.0 21 28.6 28.6 2o.0f  -1.76% -0.5




	Hydrocatalysis: a new energy paradigm for the 21st century
	Recommended Citation

	COMPANY LOGOS IMAGE

