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BREAKING THROUGH

Water: The Omnipresent Enigma

Water, water, everywhere,
Nor any drop to drink.

Samuel Taylor Coleridge,
The Rime of the Ancient Mariner, 1798

Water is all around
us and in us, yet
we may be very
far from understanding—or

even recognizing—all its mysteries. It is an omegant enig-
ma. We are water beings living on a water worldi we do not
understand this substance, once considered by rancieek

thinkers and those who followed to be one of foasib "ele-

ments"—air, earth, fire, and water. In chemist P&alro's paean
to water' he writes, "As a source of life and a means ofifipur
cation, water is undoubtedly the prototype for igpélized

matter; the irrepressible attraction of water fasnman thinking

was first expressed in religious or poetic form."

In the Judeo-Christian heritage, the Book of Gengdis that
before the "first day" of creation, all was watéhe world was
"without form and void; and darkness was upon theefof the
deep. And the spirit of God moved upon the facehef waters."
In many eastern religious traditions water was afts® origin of
all things. Whatever one's faith or non-faith, wastirs the soul.
Who cannot find joy in contemplation at water's edgear an
ocean, lake, pond, or babbling brook?

Our particular interest in water began with coldsiéin and
other claims of energy extraction from water—ancksth cer-
tainly are candidates for the most astonishing atews "mira-
cles." We could not help but notice other importatdims and
controversies surrounding water. We decided to egatthem
together and write about some of them in this isefidnfinite
Energy—our special "water issue." Apparently we ehajust
scratched the surface. It would be easy to dedieat@imonthly
magazine to nothing else but the many faces ofrwate

Water is omnipresent, as the "ancient mariner" ofefldge's
poem well knew, though he dared not drink the satipcoction
that surrounded his boat and which covers 70% eflittle planet.
National Geographic's special edition on North Aincgs water
(November 1993) noted that 97% of Earth's watempbujs salt
water and only 3% is fresh, two-thirds of that lpeine. The New
York Times (December 8, 1998, p. E1) put theseréigwat 97.5 and
2.5% respectively. Its focus on water noted thdy 6008 of all ter-
restrial water is the renewable fraction that sufgpdand-based
life. We protoplasmic beings are about 60% (by WBigwater.
Since most other molecules in the human body argrediter mass
than water molecules, one infers that water mo&scuhust be by
far the most abundant molecule, number-wise, inaggnism.

As many readers may know, but it must be mentioimedab-
ulating water's "miracles," water is an extremelgcyliar sub-
stance: its maximum density occurs at 4°C, abovefrigzing
point 0°C, the inverse of the normal situation ofximaum den-
sity at or below the freezing point. Thus, ice flpand the
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world's life-giving oceans and bodies of fresh wateve not
frozen solid—as most certainly would have happeed the
more dense ice been able to sink to depths. lmazang that the
"universal solvent" has this life-critical flotatioproperty, while
at the same time its tiny Mickey Mouse head-shapeilecule
can cluster around large molecules in living orgars to trans-
port and position them in the intricate dance othemistry.

Unlike comparable molecules, such asSHH,Se, and Hre,
water remains liquid up to a very high temperatuir@)°C? The
Earth is thus able to be a clement world, proteaedt is by the
most dominating "greenhouse gas" of all, namelyewaapor.

Earth is not the only planet of the solar systenat thas
water—Mars may have had much more than it has tafaypart
of its frozen polar caps or locked underground. Readose-up
images of Mars suggest that water may have produsmede
erosion features in the comparatively recent géologast.
Jupiter's moon Europa has gained notoriety for ptesumed
very deep water ocean below its cracked ice shrdimbse cer-
tainly are not the only places harboring water imd around the
solar system. Literally trillions of icy comets amaid to extend
in a gigantic halo cloud far bevond the realm oé thell-known
planets. Much further out, water has been deteatednterstel-
lar space in unusual "Buckvball" clusters, as MITofBssor
Keith Johnson reports (see his article, p. 29).

Noted space scientist Dr. Louis Frank has made rhak
claiming that "small comets" are constantly bombaydEarth
and other planets, virtually unnoticed except fobe tstill contro-
versial evidence for them from satellite imagesEafth. He over-
turns geochemical dogma in claiming that thesetheesource of
most of Earth's water; water does not come prigafilom
upwellings from the planet's primordial stofe®ecause of this
heresy, he's in as much hot water with mainstreamlogy as
cold fusion people are with mainstream physics@ramistry.

Another water heresy that has caught our attenothe pos-
sibility that deep underground water not part oé thydrologic
cycle, may be abundant worldwide. If only geologistho are
expert in the hydrologic cycle could shift theirradigm a bit,
they might see that water might be almost everyater the tak-
ing. From springs atop the driest mounts in the diidEast to
mysterious inflows discovered and rejected by tlemse below
New York City, fresh, possibly virgin, Earth-genemht or "pri-
mary" water seems to be available in lots of steaptaces. Read
the account of Morad Eghbal of the Riess Institpte1Q), and you
will understand how little we really know about wat-we can't
even agree on its sourcing! Virtually no articlestten about the
crisis in fresh water scarcity mention this stream thought*®
Just as pundits debating energy today never refecotd fusion
and other water energies, those who promote theh freater cri-
sis say nothing about Riess et al. and their firgling

When we are able to command the essentially iefieihergies
within water to generate clean power without padiot the
freshwater crisis will be handled by cheap oceanemadesalina-
tion and transport. The Sahara Desert and otheerareas will
be no more. Clean, fresh water will be anywhereeumdtywhere



we want it to be—with or without Earth-

generated water a la Riess. Furthermore,
better technologies for desalination
already exist, but are little-known—see

Don Bullock's article, p. 62. Cold fusion
and the BlackLight catalytic process are in
the vanguard of candidates to provide
energies for desalination and transport,
but we must also note the emergence of
parallel technologies that extract energies
from water that may be unfamiliar to
many cold fusion and BlackLight Power
advocates. A good example: the water-arc
process described by Drs. Graneau, p. 33.
Our colleague Ken Rauen's review of a
major hydroelectric power project in
Quebec, Canada, with which he has had
direct experience (see p. 19), illustrates the
intimate relationship of water, energy, and
the environment. There will be no need for
energy-producing, land- and culture-
destroying dams anywhere when "small is
beautiful" water-fueled power sources are
in common use.

Jules Verne predicted the advent of the
water-fuel age in his 1870 novel, The
Mysterious Island. But in today's paradigm-
paralyzed world, energy from water is still
seen by the scientific establishment as sci-
ence fiction. Even more "miraculous" are
allegations of potential medicinal proper-
ties of ordinary water, which is treated in
special ways. We first encountered this
issue in the so-called electrochemical acti-
vation of water (IE, No. 18, p. 35 and IE, No.
21, p. 7). Robert Yukes provides an update
and extension to this very, very heretical
topic of health properties of specially treat-
ed waters (p. 26). When military authorities
in the U.S. take seriously the potential of
this water technology to assist in defense
against biological warfare, and when
Russian and some Japanese hospitals are
routinely using this water as sterilants and
curatives, scientists of good will need to
take note. They need to suspend disbelief
and conduct hands-on investigation; they
must read the technical literature.

The alleged medicinal properties of elec-
trochemically treated water pale in compari-
son to the claims being made in the "memo-
ry of water" controversy, which began in
France in the mid-1980s with the work of Dr.
Jacques Benveniste. Please read my review of
Michel Schiff's remarkable book on this con-
troversy, The Memory of Water, p. 55. In
work

that has been reproduced and widely
attacked as discredited science, Benveniste
and his colleagues conclude that extreme
dilutions of chemical agents in water—to the
level that not even a single molecule of agent
remains in the water—can have a significant
effect on cells. This was nearly the first time,
and certainly the most publicized, that a

New Cold Fusion Book
Now Available

From Distributor Infinite Energy Press

Published April 2000 « Oak Grove Press ¢ 386 pp.
Hardcover: $39.95 North America
$46.95 Foreign
Paperback: $29.95 North America
$34.95 Foreign

(Prices Include Postage)

Infinite Energy Press « P.O. Box 2816 « Concord, 0#302-2816
Phone: 603-228-4516 Fax: 603-224-5975
http://www.infinite-energy.com

"Charles Beaudette has done a remarkable

job In untangling and documenting
the whole story of cold fusion.
Excess Heat is not only a superb
record of an extraordinary episode,

but is also highly entertaining."
—Sir Arthur C. Clarke
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foundation of the alternative medical practice, bopathy, was
brought literally under the laboratory microscopeBenveniste is
correct, a major revolution in the life sciencesois the horizon,
once the establishment calms down and studies #ta that it
rejected so hurriedly.

As ancient peoples, we first knew water as justaompart of
the environment. Our awareness of its practical peries
evolved while its spiritual qualities also emerged ancient and
modern minds. Some ancients began to think of itaas"ele-
ment" long before we had any idea of what an el¢nwegs in
the nuclear sense of twentieth century physics ahdmistry.
Remarkably, the several
whether the tangible world consisted of atoms orcaatinuum
did not end until the nineteenth century becamewleatieth.

And what about water? Water, it transpires, was exen dis-

covered until the late eighteenth centlis Davis and Day relate

in their excellent little 1960s work, Water: Therhdr of Science (well
worth hunting for in used book stores), it was oatil 1783 that
Henry Cavendish in England could conclude that wataes com-
posed of the gases hydrogen and oxygen in certefimitg pro-
portions. Hydrogen he knew only as "inflammable' @nd oxy-
gen as "dephlogisticated air." Despite this priveitieighteenth
century knowledge, it was a key turning point. Wateas no
longer an element. From then on, the path was tpeesveal

Reprinted with permission from Sidney Harris.

even greater mysteries within enigmatic water.

thousand vyear-old debate utab

Much of this Infinite Energy water issue owesifts o Barbara
DelloRusso, our creative Managing Editor. Barbags \mstru-
mental in pulling together all the diverse articlesterials, and
fragments that, we hope, make this issue impredsivthe
beholder. Especially appreciated is Barbara's ewrittontribu-
tion—an overview of the history of the Quoddy tigalwer proj-
ect. We can't thank her enough for her tirelesstsfbn behalf of
this very special magazine, and for this very spéssue.—EFM
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As did the ancient mariner of Coleridge's poem, \ést for
"miracles" from water—some of these, such as séuetzoratory-
established energy sources, we now know to be thaligh they
still lag in acceptance and development. Othershsas Riess's
theory of omnipresent Earth-generated water, and v@aste's
"memory of water,” may turn out to be be miragest Buvould
not bet that these claims will turn out to be epbreh Work is still
going on; data is in hand, even building. A wateniracle" may
be no miracle once you have seen it and measuredoitigh times
and have checked your vision. What we most need mmvthat
rarest of elements: open minds to study and devéhgse possi-
bilities, plus the resources to make that happen.
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L RS 10O THE EDITOR

IE "Dwells in Realm Where Few Scientists Tread"

| am writing to express thanks for your review ofy rhook,
The Monkey and the Tetrahedron (IE, No. 30). | wksased to see
the coverage and greatly appreciate your wilingnés make
note of it in your excellent, one-of-a-kind perical. You have
certainly surpassed any expectations | had whenriginally
sent the copy of the book to Dr. Mallove.

What | am most pleased with is the fact that, altio Infinite
Energy is often targeted toward a technical croyal) are will-
ing to consider a book touching on many of the t&stfaspects
of science. | am the first to admit that my bookynantain 99%
junk and only 1 % truth. Yet, as you'll no doubtesy it is with-
in that hard earned 1% where truly meaningful gdiendis-
coveries are made!

Your magazine dwells in that realm where few sd&t
tread, for fear of falling out of favor with the Igizal machine
du jour. It shows great open-mindedness and claraoehind
your organization. | heartily recommend your peigatl to
anyone who expresses interest in "alternative" rteldygies and
will continue to do so in the future.

Thanks again to everyone at Infinite Energy andeeisly to
Lighthouse Press reviewer Jeremy Jones, who wnotéomest (|
hope) but very positive (I think) review of my book

David Jinks
Lacey, Washington

Kkkdkkk

Praise for Kooistra Work
I enjoyed Jeff Kooistra's Marinov pieces in InfeniEnergy.
The Warlock effect appears to imply much simpleuipment:
magnet and ring fixed together, brushes replacedfidsd con-
nections, even battery mounted on the fixture. Tioeque
should still be there to spin the whole thing orsiagle tether
from what you reported. With an electromagnet adteof per-
manent, it would all be just an oddly wound inducto
Your coverage of Parry Moon (IE, No. 29) finallyadfies the
obscure criticisms of electrical physics Jeff Kaé@swrote about
in Analog. Quite a revelation. Makes me want my taoney
back. not to mention tuition.
George Lyons
Jersey City,

Fhkkk R R A,

Questions Abound
While the experimentalists and theorists are busidress-
ing the mysteries of cold fusion, those of us logkdver our
shoulders can't avoid forming our own
1) Why does palladium and deuterium, but not protiuand
nickel and protium (but not deuterium) form actiearts?
Surely nature is sending a message here.
2) If neutrons and di-neutrons are formed from bgén
through electron capture, then the hydrogen atonust nransit
the hydrino gauntlet to get there, releasing therg@n associat-
ed with hydrino formation in addition to the energy the sub-
sequent nuclear reactions. Thus Randell Mills' Ctassi
Quantum Mechanics, and not traditional quantum reids,
may provide the more useful theoretical insight. r(féo IE, No.
29, ‘"Electronuclear Catalysts and Initiators: The-nButron
Model for Cold Fusion," by Robert Schultz and JolenHy.)
3) Since Dr. Randell Mills' hydrogen energy readi#, No. 17)
works on hydrogen atoms and not hydrogen molecuiaght
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not other hydrogen energy reactors function beftethe hydro-
gen molecules were decomposed into atoms with afilkobent?
Dr. Les Case's deuterium gas reactor comes to iiiidNo. 19).
While the busy cold fusion researchers are not sszgdy
looking for more puzzles, still the history of suific progress
is dependent on asking the right questions.
Charles Stuart
Titusville, Florida

Aether Theory

It was interesting to read Jeff Kooistra's artide aether in
Infinite Energy (No. 31) and hear that Infinite Emge is an aether
friendly place. | am definitely aether friendly asge no way to
explain action at a distance without an aetherepixdo believe
in magic. | make no claim to expertise in this diebut it had
been my good fortune by serendipity to come int@spgsion of
a book by Joseph Brown, A Unified Theory of All Sue.

I will very briefly summarize Brown's theory: The iun
verse is made up entirely of only one type particlehe
aether is an extremely dense gas of extremely srpalti-
cles, moving on average at several times the spafedight

with enormous energy. He has calculated size, males)-
sity, and speed. The universe extends to infinity our
usual concept of three-dimensional space. It hadstesk

forever and will continue to exist forever. It is1 ia steady
state and not expanding. An extremely small pesgnt
of aether particles are organized as dynamic \estidnto

the basic particles of matter, such as electrond protons.

There is a constant flow of particles through thesices.

Dr. Brown arrived at his theory by trying to modkEtneutrino.
The neutrino is moving at the speed of light. A¢ fiont, particles
are moving in at the mean speed of the particlesc@ying in on
a curved path, the high speed particles separate fine low speed
particles and become concentrated in density atcdmer of the
vortex. They move out at the rear of the neutrindha root mean
square speed of the particles. This difference gaed from the
mean square speed to the root mean square spekd gpeed of
light at which the neutrino travels. An electron oton are neu-
trinos that have been knocked by collision intoirautar path. It is
the pulsing of the particle in the circular patlatticreates waves in

New Jersey {he gether, which produces electric charge.

Dr. Brown uses basic Newtonian physics to do hisutat
tions, but his figures agree with all known congtarsuch as the
speed of light and the Planck length.

It is consistent with any proven figures from relay or

guestion<quantum mechanics. To me it is intuitively friendind some-

thing that | can readily visualize.

This is a very crude, brief, and incomplete desinip of Dr.
Brown's theory, but | hope it is enough to whet yoeaders'
appetites for more. This book should be of interestanyone
looking for new approaches to understanding physlcghink
his theories are worthy of further study and expentation.
They should suggest new approaches to many problems

Walter Westerhold
Starkville, Mississippi

FhEFRRRAAK

Dissenters the Hope for Science Reform
"Strategies for Dissenting Scientists" by Brian NfalE, No.
31) is an impressive article that definitively espses the tragic
situation existing in science today. It should éguired reading
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by every scientist and every politician with sciioendeavors.

During the past twenty-five years | have experiendtee truth
of every point made by Martin. No matter how fattueny new
idea that poses a threat to prevailing beliefs wit be permitted
journal publication or open discussion on the mapingram of a
national science meeting or a press release ort gramey. The
most effective way of maintaining this status gsovia the peer
review system, in which any opposing idea must first by peer
reviewers schooled in prevailing beliefs—an implokestask.

For example, careful research during the past tweewen
years has proven, beyond any doubt, the origin ewvaution of
hydrocarbon fuels via processes that adhere stritl natural
laws of physics and chemistry (1973-1985). Thesssfuwvere not
and are not created in the incredulous manner ¢fzae them
the erroneous name of "fossil" fuels. Yet textboc# mistak-
enly teach students that coal was made from plants oil from
marine life! Additionally, my manuscript, The Spagi of Planets:
The Proposed Fourth Law of Planetary Motion (19808), detail-
ing the spacing of planets around our Sun, has hieempeer
review at the Royal Astronomical Society for two aad half
years. The Journal of the American Astronomicali&gcimmedi-
ately rejected the manuscript without finding oatisty a valid
reason. These actions speak volumes about the ntusttus
and objectivity in the physical sciences.

Contrary-wise, any speculative idea, no matter homsub-
stantiated or force-fitted, if offered in supportf @revailing
beliefs, finds an easy path of acceptance andtassés at every
step along the way. For example, advocates of thg Bang
accept, promote, and believe that an acceleratingvetse sug-
gests the existence of a cosmological constant-dgefifactor that
would explain why the expansion of the Universeatxelerating
rather than slowing down in the manner predicted thy Big
Bang. This cosmological constant was first suggestedEinstein
in 1917 but later discarded by him because it sdemgossible.
He added that the suggestion was his greatestd&lund

However, advocates of the Little Bangs (1979-1986300-
nize the accelerating expansion of the Universeadsasic prin-
ciple of this newer concept that both predicts angblains this
acceleration without the necessity of a cosmoldgicanstant.
Additionally, the recent admission by astronomehgtta black
hole is at the center of most galaxies stronglypsuis another
basic principle of the Little Bangs concept that Hbgtredicts
and explains the presence of a black hole at tmeceof every

galaxy. Yet the anti-
quated Big Bang con-
cept, initiated by Edgar
Allen Poe (Eureka,
1848), with its specula-
tive foundation, its
fatal flaws, and its lack
of common sense,
strongly prevails.

Truly, as stated by
Martin, "if there is any
hope of reform, dis-
senters have a crucial
role to play." While
facts, time, and com-
mon sense are great
advantages on our side,
we must become better
organized and more
aggressive in  pushing
together for open-
mindedness in science.
Otherwise, many ideas
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crucial to the progress of science will remain sganby the cur-
rent system in which vested interests protect anompte the
status quo at too great a cost to all.
Alexander A. Scarborough
LaGrange, Georgia

Destroying the Establishment
Thanks for all the materials you sent. We must oizgato
destroy the anti-innovation mandarin establishment.

The Universe is vast. Nothing is more curious thhae
self-satisfied dogmatism with which mankind at egoéri-
od of its history cherishes the delusion of thealfiy of its
existing modes of knowledge. Sceptics and believaes all
alike. At this moment scientists and sceptics dre leading
dogmatists. Advance in detail is admitted: fundat@len
novelty is barred. This dogmatic common sense & dkath
of philosophical adventure. The Universe is vast.
[Whitehead, A.N. 1948. Essays in Science and Riyilog, New
York, NY: Philosophical Library, 227.]

Dr. Rustum Roy
Bulletin of Science, Technology & Society
University Park, Pennsylvania

Kkkkkkkkkk

Triumph of Alchemy
I very much enjoyed reading "The Triumph of Alchemy
Professor John Bockris and the Transmutation CrigisTexas
A&M" (IE, No. 32). It reminded me of a rather oddoeunter
there between a physics professor and a studenny nyaars
ago. Back in 1977, | was an EE undergraduate takiegoblig-
atory "modern phvsics" class. | recall vividly tliay we got to
the subject of "relativity." A stranger casuallyodted into class



during the middle of the lecture and took a seatthie back. |
guessed that he might be a graduate student, bubdked like
he was right out of the sixties, complete with sdsd beads,
and wild, frizzy hair. As the professor continuedthwhis lec-
ture, the hippie decided to eat from a brown papag. (How
rude!) | recall the sounds of the bag being opersedsandwich
being unwrapped, and the hippie munching away. HAle
while, he peered at the professor scribbling on thalkboard,
as if at a drive-in. Toward the end of class, Mippie stood up
and began to pepper Dr. Establishment with severatstions
and challenges, all in rapid-fire succession. Umfoately, | was
unable to follow the heated technical discussiotwben them
that day, but it did seem to me as if Mr. Hippiedhihe upper
hand—before storming out.

Relativity theory is always presented (for the fitshe any-
way) in an apologetic manner. | have been led tiewe that it
has caused an increasing backlash within the physaammuni-
ty. Having read dissident books by several notethaities, |
understand why!

Bill Cantrell
Texas A&M University Class of 1979
Haslet, Texas
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Campaign 2000 and Cold Fusion
The following letter was sent from Infinite Energybscriber
David Moon to Green Party presidential nominee Raljdder:
Mr. Ralph Nader, Nader 2000 Primary Committee, P.Ox Bo
180002, Washington, DC 20036

Dear Mr. Nader:

As a resident of Minnesota, | know third party caiates can
win elections. There are many important issues @vegiment.
One issue, being sorely neglected, will fit peffedh the Green
Party platform. It is the new energy research knasicold fusion.

For years, the DOE and the Patent Office have swagainst
cold fusion, hurting even private investment in eagsh.
Developments in this field could take us off thewpo grid, and
could virtually eliminate all pollution from fossifuels. In addi-
tion, cold fusion experiments have demonstrated abdity to
remediate radioactive waste. These processes redie tscaled
up to commercial levels.

Please consider openly supporting the idea of chision
research in your campaign. Correcting the wrongshat DOE
and the Patent Office, and encouraging businesssiment in
this revolutionary science and technology, wouldlytrmake the
Green Party live up to its name.

I request that you contact Dr. Eugene Mallove, cdibf
Infinite Energy magazine. He can provide a complatiefing on
the cold fusion field for your presidential campaig

David Moon
Minneapolis, Minnesota

Kkkkkkkkkk

IE subscriber John Miranda has also been in cométt pres-
idential candidates and we reprint here his Augbstetter to
Vice President Al Gore:

Dear Vice President Gore:

Thank you, again, for your reply of July 25. Itsceuraging to
know that you are being responsive to this impdriasue of the
most recent breakthroughs in science, since thdly affiect this
Nation for all years to come as we move forward ihie future.

At this time | wish to bring to your attention a stainusual situ-
ation occurring within the United States Patent an@demark
Office (USPTO). As you will read in the enclosedice from the
current issue of Dr. Eugene Mallove's Infinite Epemagazine,
USPTO has effectively blocked five patents speaifjcrelated to

Letters continued on page 68
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Some Technical, Legal, and Political Impediments
to Developing Water Resources in the Middle East

EARTH-GENERATED WATER:

A POTENTIAL SOLUTION

"Waters divided...*or "well[s] of living waters" and "living fountagof waters"?

Morad Eghbal

and disputes arise and continue, but it is theoregn

which the potential for conflict over water is peps
most extreme. A long history of hostilities and dr disputes,
plus the presence of oil, make the need for bindimgrnation-
al agreement most pressing, though history giveditis confi-
dence that international law can avert wars th@ieough the
region is generally referred to as a whole—the NédBast—it
is full of contradictory values, ranging from thosé the desert,
shaped predominantly by nomads, to the ideas ophshrds of
the plains, and to the expectations of farmers arithn popu-
lation of the few areas rich in water resourceseskhregional
and local rules, no matter how contemporary theghtiseem,
were founded on values that grew out of religiond aocial cus-
toms—aoften more rigid than the harshest of statdentaws.

We will embark on a journey in three parts. ParteOabout
our "water planet," sets the stage for water usatemvrights,
and regional security in the Middle East. Part Thefly sur-
veys the paradigm-breaking scientific work of S@mphRiess,

The Middle East is not the only place where watdsesr

the ecosvstem and is the way water in changing fanad func-
tion is used and re-used. Water descends upon dabe &f the

Earth as precipitation of one kind or another. #ngtrates the
surface and migrates along aquifers, a word whaoatn Lorigin
connotes the leading of water collected along aiquéar stra-

tum, toward a point where it will resurface onceaiag to run

off in creeks streams, and rivers—ultimately cdlleg in the
lowest points, from where it again rises by evapoga and
condensing into clouds, to descend again as ptatigi.

This evapo-transpiration system is run by the enesfj the
Sun, which causes liquid water to turn into vapar,change

which is under way constantly over all bodies oftewaand on
wet surfaces. We could say that we live in a stateconstant

net-deficit of this vital resource. Forests act ratural water
reservoirs and are an important part of the Eartydrological
system. The leaves and branches of trees catchea gmount
of rainfall that would otherwise run off into strea. They shed

this moisture on the surface of the ground, somdé ¢d be held

in the thick Layer of duff that forms the mulch eoiwng forest

with its relevance to provid floors. Trees and plants also
e e ] If SO much of the Earthis surface is |25, oer S ter
Vidde East. One hopes 1 COVEred with water, why are so many | 0 *TC P B 0
new paradigm could guig H osmotic pressure and evapo-
present dialogug in a di_f'fe areas Of the W0r|d, eSpeCIa”y the rates to the atmosphere.
o e oo, Middlle - East, - experiencing shortages [Jereien ueer o b
ther the evolution of mo : ) only source of fresh water, as
cooperative, less adversa and Competlng fOr freSh Water' we shall see!

approaches. In Part Three If so much of the Earth's
we will address the interface between water ressurand surface is covered with water, why are so many sareh the

water rights in the Middle East, considering tweri systems

world, especially the Middle East, experiencing r&dges and

fresh water? It

of particular interest: the Euphrates and Tigrigerisystem and
the Jordan Valley.

competing for is simply that freshater
resources, at least obviouslv accessible onesharesvenly dis-
tributed either within national boundaries or glibpa

The planet's rapidly expanding human population o als
places a severe strain on the supply of this viémlource. This
is not so much because supplies are low in an afesaense,
but because an ever-increasing population placesr darger
demands on locally available reliable sourceseshrwater.

As a result of this population increase, every tourioday
is not only confronted with a growing demand for teva it
must also come to terms with accompanying legablpros. If
we add the additional concern of increased levéldndustrial-
ization, one can readily see how complicated theuatgn
becomes and why non-industrialized countries alsvehthe
highest demand for this resource. They lack tedgical
advance, being dependent mainly on agriculturehgges the
most water-intensive industry in the world.

The Water Planet

Every living thing on this unique planet has a watennec-
tion. Our bodies are approximately 60% water, whiighricates
our internal systems, keeps them free from wastd, maintains
normal body temperature. Beyond these confines,s,tradich
are considered the "lungs" of the Earth, are 70%emwand rely
for the most part on a steady and reliable supplyresh water.
Every living cell is water-dependent and thereforlly affect-
ed by the quality and quantity of fresh water aalali.

One of the circulatory systems which provides thisal
resource is known as the hydrologic cycle, whictbagh simple
to describe and complex in its application. Cirauhat means
recycling, a word that has increasingly permeatbé ton-
sciousness of the public. In nature, recycling lw#t-in part of
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Earth-Generated Water

Turning now to the second part of our journey wecdver
possible alternatives to these persistent probléms.at least
twenty-five years a global water shortage has bieeriocus of
increasingly dire predictions in the national anorle press.
First, there is over-pumping of groundwater fronnlyashallow
aquifers—for example, the Ogallalla that underlies High
Plains states in the United States from the Dakotéise Texas
Panhandle. Replenishment of this water by pretipitdhas not
kept pace with an over-greedy use of this wateoughthe tap-
ping of such aquifers continue at present ratesgtlestion aris-
es whether that portion of the High Plains ovedyithe
Ogallalla Aquifer will once again become the "Gréaterican
Desert." It was so labeled on maps in the middehefpast cen-
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tury, long before the water below it was used fadgation.

Then there is the increasing pollution of groundwat
sources in many areas due to the influx of cheigadl toxins.
Typical is the nine million gallons of chemicalsathhave
poured into Price's Pit, the municipal dump at Afila City,
New Jersey, which caused water in ten of fourtégmells to
become unpotable in the early 1980s.

The solutions to this problem advanced by policykens are
basically of two kinds.Solution one: Building very expensive
"long-distance plumbing" in the form of pipelinesnals, and
other conduits to channel water from rivers or frionpound-
ments behind dams. This approach has been in favoe the
days of the Babylonian King Hammurabi, who builteaten-
sive system of irrigation canals in his Near Eastiymain. It
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Roman Aqueduct, Segovia, Spain Photo by Barbara DelloRusso

also flourished in the vast network of aqueductd tere con-
structed throughout the Roman empire.

The second solution: Conserve existing suppliesutyin vol-
untary limitation of use, i.e. rationing, or persamore effec-
tively, through a steep rise in the price of watéeither the
"conservationists" nor the "long-distance plumbadyocates”
seem to be aware of a third solution to water sigerproblems.
With the exception of a few stalwarts who have adved its
potential for more than a century, this solutiors hamained
dormant, thanks to outworn dogma.

Dogma insists that all the water available to hukirzch
derives exclusively from the hydrologic cycle, whiae have
described above. Even as recent a publication ageifor the
Future: The West Bank and Gaza Strip, Israel, andah" by
the National Science Foundatfoaverlooked this potentially
highly promising alternative. Advocates take exmapto the
well-entrenched notion that the Earth's water caly de of
"meteoric" origin. (Editor's Note: The author meamsather-
borne water, not extraterrestrial water—as in toptroversy
over the influx of "small comets."—EFM) They havifirmed
that the Earth itself generates massive amountgatér from
deep within, which has no connection with the waitithe
hydrologic cycle. They maintain that if this wateere to be
tapped by drilling, it would constitute a copiouss+&ll intents
and purposes an inexhaustible—supply of pure, lipdlwater.

Leonardo da Vinci, in his famous Treatise on Watkgmpi-
oned the idea that water comes both from predipitatnd from
internally generated sources. In his History of idahy, Asit K.
Biswas notes that the Renaissance genius

characteristically reported an occasional doubtugbo
certain aspects of both theories, but nothing hesnb
found which would indicate that he at any time loés
carded the basic concepts of either of them. In the

chances seem good, that he believed both systems to

operate concurrently.

In 1896, Adolf Erik Nordenskjold, a
of mineralogy and
Arctic explorer, published an essay, "About

Stockholm professor

Drilling for Water in Primary Rocks;"

which was to win him a nomination for the
Prize in physics, though he died
before the prize was actually awarded.
rocky

Nobel

Nordenskjold had spent years on

AdoIfEn.kNOrdenskjoldpromontories on and islands off the
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Swedish coast, organizing the drilling of wells filotage sta-
tions that were forced to import water or captuae.r The
impetus for his effort came from his father, Nikdjo was Chief
of Mining in Finland. He had told his son, with serawe, that
while salt water never penetrated iron mines onRhmmish
coast, even when they were below sea level, freslervivas
always present on the rocky floors of the same shine

From his work, Nordenskjold concluded that a nepetpf
water, independent of the hydrologic cycle, andegated by
the Earth itself, was available. He called thisewdprimary,”
due to its association with so-called "primary mtkwhich
geologists term magmatic, or those, such as gsafigsalts, and
rhyolites, which derive from the molten magma deéthin
the Earth and later cool to crystallize into igneoocks. He also
affirmed that one could sink wells capable of prdg such
"primary water" year-round along the northern andtlkern
coast of the Mediterranean Sea and in the whofesiaf Minor—
precisely the best known part of the world afficteith aridity.

Shortly after the appearance of Nordenskjold's yeshki
speculations about water newly formed in the Eawtre
echoed by a German geologist, Edward Suess, winedahe
term "juvenile" or youthful, to characterize thisier. Speaking
with special reference to the thermal springs atsBad (now
Karolvy Vary in the former Czechoslovakia), he awhed per-
suasive arguments to show that waters of this cless the
light of day for the first time." That is, they iss from deep
within the Earth, from the fundamental magma itselfbring
up veritable additions to the hydrosph&re.

Suess' contribution was noted by Frank Wigglesworth
Clarke, a geologist with the United States Geolalg&urvey,
who, in a long memoir published in 1924, wrote tha¢ of the
most important questions for geology was whethés fiossi-
ble to discriminate between waters of superficidagio and
magmatic, or deep-seated, wat@rgr which | have coined the
more descriptive term "Earth-generated” waters.

Clarke cites the work of Armand Gautier, who podhteit
several criteria for discriminating between Vadsater locat-
ed in the zone of aeration in the Earth's crust) mwagmatic
waters and who stated that one cubic kilometeraite, sub-
jected to requisite heat and pressure within thehE@ould
yield from twenty-five to thirty million metric tanof water—or
something in excess of eight
billion gallons—which at
1,100°C would form 160 bil-
lion cubic meters of steam. A
family of four uses an aver-
age of 600 gallons of water
per day for their daily sus-
tenance and personal use.
Calculated accordingly, such
copious supplies of water
would be sufficient for the
daily need of about 1.25 mil-
lion households of four.

The eminent mining
geologist, Josiah Edward
Spurr, in his two-volume

treatise published in 1923,
called attention to the fact
that the existence of water
as an essential component

Geologist of igneous magmas had
Frank Wigglesworth Clarke Ion_g been recognized. ~The
1847-1931 existence was clearly shown
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by the vast clouds of water droplets that conddre® the emit-
ted vapor during volcanic eruptions.

The fundamental idea that there is a thermodynaayicle
within the Earth that both produces and is fuelgdwater was
still of concern at least up to 1942, when Oscarinlgkr, for-
merly head of the Groundwater Division of the UG&Geological
Survey in his book Hydrology (published in 19423peused the
view that waters of internal origin are tangiblediidns to the
Earth's water supply.

Fifteen years before the publication of his bookeifZer in
a long essay referred to huge springs in the UnB&ates that
yield 5,000 gallons or more per minute. This pheeoaom is
not confined to the United States. One incredibkpdpctive
water source flowing out of limestone is the Aingéth spring
that alone supplies water for the over one milli@sidents of
Damascus, Syria, and is also the principal souotettfe Barada
River. A report on this spring by the World Bank read

The principal emergence for the spring which hagnbe
enclosed in a structure since Roman Times resemdies
underground river several meters across which flayes
and out of the limestone formation of the mountaline
total flow has averaged about 132,000 gallons pewta.
The quality is very good, its temperature and pld egl-
atively constant (14 degrees centigrade and 7.8pere
tively), its taste and color are excellent, andtbdal con-
tamination at the source is practically non-existén

(The same report is equivocal about the origin toé tmassive
amount of water that has been flowing from thisirgprfor Stephan Riess with 1,900 gallon-a-minute well he drilled above
millennia.) bone-dry Simi Valley, California. ~ Courtesy of The Riess Institute

Engineers digging tunnels have also frequently been ) )
faced with an outrush of water from what had to &mn- D@y, while removing a layer of hard rock only twelteet below

sidered an anomalous or mysterious source, givee t‘ground,_workers were s_uddenly confronted vyith aroremmus
depth at which it was contacted. Typical was th(Out-pouring of water, which rapidly began to filhet vast exca-
Tecolote tunnel in the United States, which runs4 6_vation. Pumps hurried to the site labored day aigthtnat a rate
miles through the Santa Ynez Mountains to transpo of 2,000 gallons per minute to keep the workingaafeee of

water from the Cachuma Reservoir to Santa BarbarWater.

California. In the driling process, the work was pied- Particularly puzzling to engineers was that duritige cold
ed by subterranean water flows of 9,000 gallons p(winter months the water maintained a constant teatpee of
minute, some of which was cool and fresh, someahdt 68°F and was so pure that hospital chemists whdyzeth it

mineralized. What the certified it could be drunk without chlorination ather chem-

city of Santa Barbara ical treatment! A bilion and a quarter gallons eepumped
could have saved by now Out of the hole until twelve stories of structursteel had been
in water supply expenses erected a_nd seve_ral lower floors_ were decked witincrete
by drilling to tap such water slaps, which provided _en_ough w_elght to hold_ dowr tioun-
(at a cost orders of magni- de_mon of _the new building against hydrostatic puee from
tude less expensive than the this mysterious water. _
1957 completion price of the  Despite the fact that New York City has repeatedigrb faced
tunnel, $40 million) is a mat- with serious water shortages over the past decadessffort has
ter for conjecture. This issue been made to utilize the more than three milliolloga a day
is at the core of financial that came out of the granite of Gotham's body rthar Harlem
considerations  in  develop- Hospital, or to drill for more such sources. Tryitm explain this
ment schemes generalfy. over thirty years ago, Michael Salzman, then a gmsér at the
Another University of California's School of Commerce, whodhserved
episode, one of the strangest@S an engineer with the U.S. Navy's Hydrographitic®f point-
to occur in the annals of €dly wrote: "There can be but one reason why thasew despite
construction engineering, its purity and constant flow, is not used, and tlieg in the many
took place in Manhattan in fears associated with it, since its existence ctugoexplained by
1955. An engineering firm conventional hydrologic practice."

d begun excavating for Salzman dedicated his book to Stephan Riess witlnserip-

. _ha
Stephan Riess (ca. 1980) at one of his the addition to the Harlem tion, which said:
wells drilled at California City, . . . . . . . ;
California, in the middle of the Mojave H1OSPItal - at the intersection  To Stephan Riess, for demonstrating his firm belief

Desert. of 5" Avenue and 136 democracy, individual initiative, free enterprisand the
Photo by Peter Britton of The Riess Street. On St. Valentine's need for open minds to the end that all men [huinans
Institute
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may truly be free to think and solve the great pgots of
their times.

Riess (1898-1985) was a Bavarian-born mining engireet
geologist who emigrated to the United States in 319%hile
working in a deep mine at high elevation in the A93after a
load of dynamite had been set off in the bottomitoRiess was
amazed to see water come gushing out in such d¢eanthat
pumps installed to remove it at the rate of 25,@f0lons per
minute could not make a dent in the flow. Stariogttf into the
valley below, Riess asked himself how water thatpsspdly had
trickled into the Earth as rain could rise througdrd rock into the
shafts and tunnels of a mine nearly at the toprabantain range.

The temperature and purity of the water suggestedRiess
it must have a completely different origin than ioedy
groundwater. Since none of the
books he had studied had referred to
what seemed to confront him as an
entirely anomalous phenomenon, he
decided to look into it further.

In 1957, after Riess had been work-
ing on the problem nearly two
decades, Encyclopedia Britannica's Book
of the Year ran the following statement:

Stephan Riess of California formu-
lated a theory that "new water"
which never existed before, is con-
stantly being formed within the
earth by the combination of ele-
mental hydrogen and oxygen and
that this water finds its way to the
surface, and can be located and
tapped, to constitute a steady and
unfailing new supply.

This is not the place to document
the incredible success Riess had over
fifty years of practice drilling water
wells at sites where professional
hydrologists and  geologists flatly
predicted that not a drop of water
could be found® But the central
questions that arise are: How far
have scientists actually gone to deter-

mine the nature and amount of deEarth-generated water pours from a rock face
angnear the Dead Sea in Jerusalem.

seated, Earth-generated water,
what way is society capable of accuin-
modating the developments
would inevitably accompany the acceptance of thiscavery
and paradigm shift?

In his foreword to Salzman's book, the English gdopher
and writer Aldous Huxley comments poignantly: "Bmains to
be seen whether those who are now regarded astexpethe
field of hydrology and the politicians whom they v will
also agree that a good case has been made andatheiscale
experimentation is in order." Since Huxley pennduatt sen-
tence more than a quarter century ago, there has be such
experimentation, large or small, funded by hydralogfficials,
state or federal, in the United States, or elses/hprthe world.
Only private investors and entrepreneurs with fgteful ini-
tiative have dared to carry the research forward.

By 1958, Riess' exploits came to the attention & thraeli
government, which invited the mining engineer aneolggist
for an official visit to find water for the then-wecity of Eilat on
the Red Sea's Gulf of Agaba. After a flight to TeiVvA he met
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which located

with Prime Minister David Ben-Gurion and his advisorwho
urged him to go ahead with his search as soon asiljpe. Less
enthusiastic were a group of leading Israeli gesteg who, like
their American counterparts, vigorously opposed Rietheory
and methodology of water development. "Only after peo-
tracted session during which | explained it," Riegsuld later .
relate, "did they agree that my proposal had meiffhis was
confirmed by Israel's chief water geologist at thlime, Arie
Issarof, who in a letter, wrote: "As a geologistonls occupied
with water research in arid zones, | am fully awafethe limi-
tations of our orthodox methods, in geohydrologigadssibili-
ties which may be opening up before us while apglyihese
methods. | decided, encouraged by my superiors,cdoperate
with Mr. Riess' research for primary waters in ouid azones."
High in the mountainous country along the Israetida
border, Riess located the first of sev-
eral wells about a mile and a half
from Eilat itself. As Meir Ben-Dov
wrote in the Jerusalem Post:

The site chosen is where a five-
meter-wide  cleft, running verti-
cally through the mountain, is

crossed at right angles by a sim-

ilar cleft, hardly twenty centime-
ters across. The bowels of the
earth in erupting have filled
these clefts with an igneous
intrusion of a sort, soapy-feel-
ing, mottled brown rock called
gabbro. The drill slowly worked
its way downward, alternately
in igneous intrusion and again

in granite as the cleft in the rock
shaked its way downward.

During the work, problems linked
to cave-ins and the jamming of drill
pieces beyond the Israeli drilling
team's experience were finally solved
when Riess' associate, Jim Scott, who
had worked with him on many wells
over the vears, was sent to Israel to
supervise operations.

On May 29, 1959, the Jerusalem

Post published an estimate that the

Courtesy of The Riess Institute amount of water struck in the Riess-
wells was enough to supply a

city of more than 100,000 persons including indystir-condi-
tioning, parks, gardens, and a dozen outlying gk Analysis
of the water, stated the newspaper, revealed that Hilatis,
used to drinking water with 3,000 parts per milliaf dis-
solved mineral salts (TDS), now had a supply withlyol/6
that amount of TDS. For his work in Israel, Ben-@uoripre-
sented Riess with a medal and his wife with a stgrigilver-
bound copy of the Talmud in English.

The astounding find was not lost on Arab leaderghbors
of Israel. Invited to Cairo by Egypt's Gamal Abdehdder, Riess
became the only exception to a rigid years-londctstie pro-
hibiting Americans who had visited Israel from Bgjt foot in
Arab lands. Along the Nile, Riess located severatewavells on
rocky promontories for well-known Egyptians befofiging on
to the Sudan at the invitation of the Mahdi, whereevolution
disrupted his planned geological exploration fortexa This
prompted his return home.



In fact, Riess' exploits in drilling for fresh watevere not
quite as unusual as it might have seemed then,ubechis was
perhaps the most recent of a number of accomplistemia this
area by others, such as Leo Picard, a contempaady fellow
German who had been born into a Jewish family i001¢h the
city of Wangen near Konstanz, Germany. From 1924heo pres-
ent, Picard devoted his life to geology and groustgw explo-
ration in what was then Palestine and is now Isré&alowing
completion of his academic training in geology bé tUniversity
of Freiburg, Germany. His accomplishments are iditamh to
and related to those of Riess, ones that we will hate an
opportunity to revisit in this short space. Noriispossible now
to delve into the life and work of Fritz Josef Heitter, another
contemporary of Stephan Riess, who was born in 1912
Georgensgmuend in Mittelfranken, Germany as thed tison of
an old, established Jewish family, whose documeniadage
goes back to 1650. Fritz Josef Heidecker was andtbidder in
the Middle East who devoted much time and energyuiding
wells during the infancy of the State of Israel.

By analogy, the concept of plate tectonics develofiest by
the eminent German geologist, Karl Wegener, nearlygentury
ago, was probably as difficult for geologists tdetate then as
the concept of "Earth-generated water" is for hialyists now.
Few of them are aware that the profession as aemagis behind
the times. In 1960, one of hydrological scienceitics, William
C. Ackerman (then-vice-president of the American @wssical
Union, AGU, and chief of the lllinois Water Surveyivision)
tried to shake up his colleagues at a regional imgpett Moscow,
Idaho. He expressed his disappointment that forsyeaany rev-
olutionary papers on hydrology submitted to
Transactions had been refused publication. Ackerroancluded
that the heart of the problem was that hydrology ha&en rest-
ing for too long on the laurels of its greatestufigs, whose work
had been performed prior to World War n. He saidt thothing
of consequence had been contributed to the sutijem thert’

Water Rights and Water Use in the Middle East

In the ancient Middle East, water was perhaps itigles

most important factor that influenced the settlenpatterns,

life, and culture of its inhabitants. Since vastaar of the ancient
Middle East were comprised of deserts, settlememdscul-
tures developed for the most part in a region fofederred to
as the Fertile Crescent) where fertile soil and pprreource of
water were located. Thus, we find in the historpefiquity the
evolution of villages and towns along the Nile RiireEgypt
and the Tigris and Euphrates Rivers in ancient Metsopia. In
Palestine and Syria some communities evolved rivznsy
while others originated near springs, such aslerieperhaps
the oldest known city in that region of the world.
Notwithstanding the location of such water
throughout the Middle East, the accessibility oftavawas often
a problem. In some areas water resources were rnpresear-
round, but the transport of water for irrigation dalomestic
needs was still difficult. So a variety of watersms developed
throughout the ancient Middle East—irrigation sysse stor-
age, and methods to transport water from one lotal@nother.
You may recognize the following scene: A lone figudressed
all in black, tall and of proud bearing, materiaz out of the
mirage caused by the blistering heat, where theegtd the dry
sky meets the hostile floor of the desert. As lmvll moves for-
ward, his attitude becomes tense, and his eyese hlath dis-
dain as he reaches the well, where a stranger @dumgs head
into the water to slake his thirst. He looks up siadden terror.
With a single stroke of his sword, the man in blaldshes off
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the wet head of a man taking more than his due. Wds sul-
lying my well," explains the executioner.

The scene is from the film "Lawrence of Arabia,"séd on a
passing reference in The Seven Pillars of Wisdohough it is a
mythic event, it is a good image for the harsh itgabf the
desert—a clear warning that water in the arid emritent of
the Middle East is a matter of life and death. Takleau shows
too the uncompromising rigidity of the laws and esul sur-
rounding water that grew out of the customs of thesert. A
thirsty man may drink from another man's well, fly in the
manner prescribed. He may lower a container, amdwhter in
the container will become his property, without aogmpensa-
tion due; but he must not dive into the water omiense him-
self, which would pollute the well.

For centuries, the history of the desert lands fed Middle
East centered on the wells and water courses lbsstriollowed
the vegetation with their herds and traders tralelom well
to well as they opened up the great caravan rouieshis cen-
tury, Turks and Arabs—with the occasional involveingsome
might call it interference) of British, German, Fcén and
American forces—fought for control of the wells @ap desert
routes to determine the outcome of the First WoNdr in the
dry and hostile wastes of the Arabian peninsula.

Eighty years later these old adversaries are figiliting over
scarce and rapidly diminishing water resources. Baw they
have more destructive weapons, thanks to the willess of
external powers to provide them. Everyone wantssg¢oure the
riches provided by oil, a resource for which waiteikey, both in
the exploration for oil and in its refining. Thenematic scene at

the A&U the well demonstrates yet another truth in the NiddEast:

water cannot be owned. All that can be controlledthe means
by which it is transported or distributed. Only oase of dis-
putes does water itself become a strategic comgddibe

resosirce

Sinai Peninsula as seen from Space Shuttle Columbia mission STS-4,
June 27 - July 4, 1982.
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denied to an enemy or even contaminated in a waydesert-

dweller would normally consider. At times, a whatévilization

can be wiped out by the destruction of an irrigatieystem, as
the Moguls did to the Persians, or the Iraqi gowemt has
attempted to do with Marsh Arabs in the lower paofs the

Mesopotamian delta in more recent times. In timdspeace

(or "non-war," for that is the reality in the Miadl East

today), there are other rules. There is a slowlpheng set

of basic criteria to complement the customs that fiecades
generally succeeded in organizing the sharing oftewa
resources. The map of the Middle East has changeihes

acquired flags and national boundaries; customs anlks

that were once effective in governing water-sharihgtween
cousins and tribes related by blood no longer waitken the

cousins have become sovereign nations.

In the West Bank, Israeli military occupation forcese
selective in applying Ottoman or Jordanian law, the new
military order, which tends to add to the burden ofcu-
pation and deepens the sense of alienation of theal |
population.  Elsewhere, without water-sharing agrees)
one state might limit water flow to others, as Taykdid to
Syria and Iraq in January 1990. Turkey stopped fiogv of
the Euphrates to fill the Ataturk Dam, a part of stean
Anatolia Development Project. At the same time,
received reports that Israel was helping Ethiop@a drect
dams on the Blue Nile, threatening to lower Egymlseady
low water levels. In both cases, international land diplomacy
took over and the situation was resolved peacefuliyt the
potential for conflict was there and has not diggwpd.

Apart from minimizing the danger of conflict andettpotential
for the outbreak of war, there is another compgllireason now
for trying to codify the use of water resourcestlie Middle East.
Environmental issues, expegt

vide lasting testimony of those practices.

One of the most important sources of water, howeveas
the natural spring, such as the Gihon spring atisdem and
the spring at Jericho. The location of many of Btale's earli-
est settlements was determined by springs of thipe.t
Irrigation systems associated with springs havenbémind at
Jericho, where water was diverted to fields or gloand in
Jerusalem where water was channeled from the Gisuning
along the east side of the Ophel ridge to providetew distri-
bution for the Kidron valley.

Wells were constructed in semiarid regions used pagtoral
nomads and village herdsmen, as well as in someernc
towns. Since southern Palestine was semiarid, wellsh as
those located at Beershébaand Gerdf constituted the major
water supply for herds and flocks. Even in anciéintes, the
wells were frequently a source of contention betwdiee local
herdsmen and the more nomadic pastoral norffadsarge
storage units, including reservoirs and pools hemat of solid
bedrock formations below the surface of the grounere
designed to capture the water that came duringrdirey season.
Excavations at Ai, Raddana, Qumran, and other l|scdlave
uncovered a series of such reservoirs or collectias that pro-
vided water for the ancient community. Though thatew sup-

Qairply depended on rainwater, i.e. the hydrologic eyclt was

being channeled through a network of canals or nvateses
from the surrounding hills to the collecting podls the com-
munity. Generally, the systems were designed foe @f two
reasons: 1) to provide safe passage to the watgplysuand 2)
to bring the water to a more convenient location.

Warren's Shaft, named after Charles Warren whood&ed it
in Jerusalem in 1867, was designed and engineeyethé pre-
Israelite inhabitants of Jerusalem, the Jebusitesas a water sys-
tem located beneath the sur-

ed to become even mg
urgent as the area works

They have affirmed that the Earth

face on the east side of the old
city of Jerusalem, also known

way toward a level of peacel

itself generates massive amounts of
it has no

as the Ophel ridge, just above
Gihon spring. It was designed
to provide safe access to the
times of war-

co-existence, demonstrate L

urgent need to balance of Water from deep within

mum use of water resourd . .

with a wel-founded unde| CONNEction with the water of the

standing and concern for t
quality of the environment.
The most elaborate (ev

hydrologic cycle.

spring during
fare, and consisted of an
entrance on the side of the
hill, a tunnel of approximately
130 feet length, a shaft about

by modern day standards) irrigation systems in #mecient
world were developed in Mesopotamia and Egypt. &wig of
more limited and less-elaborate systems have beemdf in
ancient Palestine and elsewhere. The systems ofopdeamia
consisted of a series of canals, cut from riveke the Tigris and
Euphrates, into the fertile regions between theersv The feed-
er canals were then tapped by individuals who usethller
channels to bring water to private plots. The ingatr societal
role these systems played in the -cultures of
Mesopotamia is demonstrated by references to thedh iafor-
mation about their construction and maintenance aincient
records, e.g. the Mari tablets, as well as insiomst from Assyrian
kings such as Sennacherib and others.

While irrigation systems of Mesopotamia were des@yrpri-
marily to transport vast amounts of water, the Hgyp systems
were constructed to distribute "mud-water" (wateithwrich
deposits of silt) from collecting pools or basins agricultural
plots in the Nile River valley. Irrigation systemseng also
applied in ancient Palestine, where evidence oficslugates,
channels, and catchment basins designed to captumneoff
water from the Jordan River or streams in the Toadsn pro-
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forty-two feet deep at the lower end of the tunresbd a hori-
zontal channel which brought water from the Gihgmirgy back
under the ridge to the base of the shaft. Thistshaé the means
by which David captured the city and made it hisitza.®

In another instance, two major water systems haaen bdis-
covered at Gibeon, home of the Gibeonites who sertlee
Israelites as "hewers of wood and drawers of wafefThe ear-
liest of the systems, perhaps built about the tivelfentury

ancieB.C., consisted of a large cylindrical pool, approxiety 37 feet

in diameter and 35 feet deep, carved into solidrdd The
pool had a spiral staircase which led to a tunhat tescended
to a kidney-shaped water room.

Ancient Megiddo had a water system that was cootsdu
in three different stages, with each replacing mproving the
earlier. The earliest phase, from prior to the tiofe Solomon,
consisted of a short stepped passage through thieweall that
was connected to a covered stairway leading to speng
chamber near the base of the mound. The Solomoystera
was replaced by an extremely large system constiuat the
ninth century B.C., with steps and a tunnel that fezn the
base of the shaft of the spring near the baseeafnibund. At a



later time, the tunnel was deepened in order towalthe water
to flow to the base of the vertical shaft. The anticity of Hazor
had a shaft and tunnel system similar to the oneMatiddo;
however, the Hazor shaft was approximately twice l&ge as
the Megiddo shaft with steps wide enough that pacikmals
could be used to carry the water up and out. Thaft-simd-tun-
nel method was also used for the design of the magstem at
Gezer, which consisted of a rectangular shaft, antunnel that
led to a large cave filled with spring water.

It is noteworthy that historical sources from antfg, though
filled with examples of different regimes governirthe extrac-
tion and use of water, are generally silent abmtainces in
which the rules actually denied the ruled access ase of this
vital resource. Limited though it may have beenciemt rulers
from pre-Solomonic times to the Middle Ages appé¢ar have
recognized that a persistent denial of access th um®e of water
would only invite a state of permanent conflict lwithe popu-
lation—anathema to the rule of law and order. Ewough
water may have been used strategically in times wair to
achieve victory, once the conflict was over, thetais typically
would return in practice and policy to the sharirfigvater.

In present times, the apparent lack of clear im&tgpion of
an international or regional legal regime in thetewaflashpoints
of the Middle East will only help to aggravate th&eady tense
situation and perpetuate existing imbalances in é&xploitation
of water—often based on certain states being miilitaand
politically dominant powers. Strong downstream ddes use
their military might to take more than their faihase of avail-
able waters, and regularly imply that they mighketaaction that
would threaten the stability of upstream countiiieshey attempt-
ed to develop hydrological projects on the shareatemourse.
Thus we have Israel against Jordan, Lebanon, Swma West
Bank Palestinians; Egypt against Ethiopia and Sudan.

Countries not in a position to force a powerful hdigr to reach

Syria, Lebanon, Jordan, and Palestine-Israel.

In the late seventeenth and early eighteenth destuthere

was a transformation of the Levant under Ottomale, rwith
the rules of the sharia and the body of precedbaisg codified
into legislation that was also affected by the uefice of the
French colonists. This helped establish a more cehgmsive
approach to water sharing in the Levant and otheunties
under both Ottoman and French influence.
The Ottoman majalla redrafted the original lawsemfincor-
porating the French legislation, and these werd #ie rules
governing water use in places such as Mauritani@21},
Lebanon (1926), and Tunisia and Algeria (as latethes 1970s).
Countries that came under the British influence—Tyrk8audi
Arabia, and most Gulf countries, Jordan, Libya, &ydand
Yemen—had a different approach based on customaggey
sharia, and other rules. Egypt, however, was aerésting case:
it had been in the heart of the Ottoman Empire, ecamnder
strong French influence, and was occupied by thetisBriin
1882. From that time, it was the British who infleed the irri-
gation, educational systems, and army, right upl856. Yet
Egypt never implemented the sharia, any of the rGdio laws,
or the French Code, but kept the ancient traditionays relat-
ed to the Nile. This showed, once again, how tteesand the
river together make the national identity of thatieh is Egypt.
As in other parts of the world, population growth of con-
cern in the Middle East, too, where Israel's pojta has
increased dramatically, and its national average afswater per
person per day is at least five times as much aseighboring
countries. lIsrael is at present using 95% of itailaile water
resources. In 2000 or soon thereafter, it may lmetdby one-third
of its needs, as one million immigrants are awgitire-settle-
ment from abroad in that troubled country's bord&mce 1948,
Israel has multiplied sixfold the acres dependent igigation
for cultivation. Although Israeli farmers are adiméitly among

a fair settlement on the use of the most water-efficient in
water might start a war th Mark Twain's Witty comment, "Whiskey the world, the government
would put Western interests may soon have to choose
?sk, Sthus {ﬁquiringldintetrve is for drinkin', water is for fightin"" between ) wa\ter-intensived
ion. Since they could not w| . . . . . crops, such as cotton, an
a war single-handedly agai describes the situation in the Middle |critical domestic and indus-
the neighbor who threate trial needs.

their water supplies, th{ EASt, where fresh-water resources are | tne questions of a reliable
would create an unstable si . . source of water, whether
ation leading to a gene repIaCIng OII as the prObable cause for potable or not, are closely
regional conflict. Weake ; ; : connected to the far deeper,
states would hope to achig the next mternatlonal armed COﬂflICt. implicit questions of what
two aims: 1) to secure allies development is, might be,

against a powerful neighbor and 2) to precipitate&vax invoking
the international community, which would lead to tevaissues
being put on the agenda of general settlement.hBleiscenario is
acceptable, of course, both being fraught withoseridanger.

Mark Twain's witty comment, "Whiskey is for drinkin

water is for fightin'," describes the situatiorttie Middle East,

where fresh-water resources are replacing oil @aptbbable

cause for the next international armed conflict.il/Egypt,

Ethiopia, Sudan, and Uganda are staking out clairtise Nile

River basin, and lIraq, Syria, and Turkey eye onethar over
the Tigris-Euphrates river system, Lebanon, Jordangd Syria
are competing with Israel over water rights in tledan Valley.
The Ottoman Empire used the sharia as the basis itfor
water law in the civil code known as Al majalla othaniyah, in
which eighty-two articles deal with water. Those tices
became an important source for the codificationlgémic law
in the Levant, and they remain the residual legi@tefor Iraq,
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and how it can be implemented. Is it not conceiwadhd appro-
priate now to anchor a lasting peace in the tralithéddle East
in a Regional Water Authority with cross-boundaryrigdic-
tion? It could be created collaboratively, staffdthanced, and
operated cooperatively by all the nations in thagion, friend
and foe alike, who depend on this life-giving rase®

The legal, technical, and political issues surrongdwater
and its many-faceted uses transcend a human Idetifhey are
certainly not confined neatly to national boundsrieand are
perhaps among the great problems of our times. apertthe
paradigm of "Earth-generated water," given incrdasatention
and application, will lead to enduring solutions.

For now, let us bring our journey to a close witlyuwote from
Aharon David Gordon (1856-1922), a pioneer in @alil whom
Arthur Koestler quotes in his book Diebe in der Na€Thieves in
the Night; 1983). Gordon:

We shall shake off the old life, which has becoarecid
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for us and shall begin anew. We do not want anngés
or modifications and we do not want any improveraent
We simply want to begin anew.
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The Hydro Quebec Controversy:
A Firsthand Report

by Ken Rauen*

The dam and spillway at La Grande 2. The old riverbed has some standing water. Photos by Ken Rauen

n the summer of 1993 | went on an expedition to @og Was organized. A group of people from Vermont andniveal

Canada to study firsthand the hydroelectric devetapm planned visitations with Hydro Quebec (HQ), the Il
and their effects on the land and peoples of narthe owned electric utility for the Province of Quebemd with the

Quebec. | was living in Vermont at the time, ane tkew people who live in northern Quebec where the dereimts are,
England states were interested in the politics hi$ issue. New the Cree and the Inuit.
Englanders were exposed to news media stories wkdohthe In 1973, HQ showed up on the shores of the La GraRider,
gamut of provincial pride in a clean and renewatatergy devel- which flows westward into James Bay, with bulldozargd start-
opment, to cultural genocide and environmental rdeson. €d moving the earth. The Cree who live in the aseed, "What

What was the truth of this controversy? A fact-firglexpedition are you doing?" "We are building some hydroelea&ms; we
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Aerial view of the Opinaca River below the diversion dam and the access highway. Three

borrow pits are seen.

The diversion dam on the Eastmain River. The highway and the transmission line right-of-

way are seen as white lines. A borrow pit is still seen just below the dam.

The view from the top of the huge spillway. The outlets of the generators from La
Grande 2 and 2a are where the river is visible in the upper right. The height of the stone
face sidewalls is about 60 feet.
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need more electricity for the 6.7 million people
who live in the St. Lawrence River valley," said
the Quebecois, the French-speaking people of
southern Quebec. The Cree said, "This is our
land; we did not give you permission to build
these dams." The Quebecois said, "No, this is
our land. King so-and-so deeded it to us." The
Cree responded, "Who? We have been on this
land for at least three thousand years and
know of no such king."

One of our expedition members taught
Canadian history in a high school in northern
Vermont. | asked him what the slogan on the
Quebec automobile license plate, "Je me sou-
viens," means. He said, "It means, 'l remember."
"You remember what?" | puzzled. "The Plains of
Bebe, 1760, when the English defeated the French,
which was the end of New France and the begin-
ning of English domination," he responded. My,
my. That sounds like an enormous "chip on the
shoulder.” This is central to the ongoing tensions
in Canada about the larger Quebec problem, that
of potential secession of Quebec from Canada.
The Quebecois want to be self-directing and self-
defining, and this desire has been unrealized for a
long time. | can easily sense how the 6.7 million
people of southern Quebec would overlook the
desire of self-determination of the 20,000 or so
Cree and the Inuit who live to the north on five
times more land than they have. The Quebecois
are fed up with being dominated and are over-
looking the issues of domination of the northern
peoples for the sake of a so-called democratic
majority. Somehow this does not sit well with
manv people, especially with many New
Englanders. The Province of Quebec said they
wen? treating the Indians and Eskimo more than
fairly, exceptionally, in fact. The Cree and Inuit
did not agree. Yet in 1975, the James Bay and
Northern Quebec Agreement, a treaty, was
signed. The Cree claimed it was signed under
duress. Who is right?

Visiting Hydro Quebec

Our trip started at the headquarters of HQ
in Montreal. There, many people presented
the design technology of the developments,
the statistics of energy usage in Quebec and
the world in comparison, HQ's energy conser-
vation programs, and the geology and biology
of northern Quebec. They spoke of the social
and governmental issues involved, and elabo-
rated on how the Treaty provides for the peo-
ples and land of northern Quebec.

The Cree have another opinion of the Treaty
and their newfound "wealth." The Inuit are
not as vocal and not as unanimous as the Cree,
and contribute less to this debate. We flew 800
miles north of Montreal to the construction
town of Radisson, near the largest dam on the
La Grande River, known as LG2. Here, we
could visit two of the six dams on the river,
and could find out from the Cree and Inuit
what their experience has been.



The LG2 generator hall. The tops of 16 generators are visible.

A generator under construction at La Grande 1.

Our little expedition turned up a lot of informatioNational

Geographic, which has published several articletherHQ con-

troversy, would be jealous. (Editor's note: NatidBaographic

published a special water issue, in November 1488:h

included an article about HQ and the Cree, entitlaghes Bay:
Where Two Worlds

Collide.") My
expedition saw
things which
the
Geographic
reporters proba-
bly never saw, or
would be politi-
cally incorrect to
publish if they
did. | will give
Infinite Energy's
readership an
honest
straightforward
perspective. It is
not a black-and-
white
There is no clear
A four-foot high model of an LG2"good guy" and
generator "bad guy" here.

There is far more
to this story than
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can be told here. | could easily fill up this eatiissue
with what | experienced.

Some things that certainly were not shown to the
my eye

National Geographic reporters by HQ caught
from the air while flying to the north. | saw thavert-
ed Opinaca River, impounded to flow northward
the La Grande basin. The downstream
Opinaca looked like a stagnant, open cesspool. ds w
ugly, and definitely unnatural and
unhealthy. | also saw construction sites and bornoits
from construction which ended in 1978, fifteen year
earlier. There was no restoration at
sites way back in the woods. Yes, HQ is paying natte
tion to restoration, but not everywhere they haweerb
Even the construction sites, to which they proudbpk
us, were sad to see. By my experience in the watéswy
construction industry in New England, these sitesrew
well above normal
and minimal environmental disturbance. Despite pxce
tional care, their manipulation of Nature pales d¢om-
parison to the natural beauty and balance that omas
there. At LG1, the first dam upstream on the Lan@m
HQ has created gravel islands inside
impoundment for ducks and geese to nest. This isl-ha

ly an equal substitute for their natural habitathick
was destroyed along this part of the river.

Background of the Cree

The Cree are a hunter-gatherer society: central

their lives is hunting and trapping of moose, aauib

fox, and beaver in the wintertime, hunting geesel an

ducks during spring and fall migrations, and fighin

and berry picking during the summer while gathered

together in nine summer villages. The Cree tribe,
nation, is divided into nine bands which identifilemn-
selves by their summer villages. Except for summe

the Cree live in scattered, transient camps all
northern  Quebec.
Both the
Cree and the

Inuit are part of
a  coalition of

aboriginal peo-
ple in Canada,
called First
Nations. In
Canada, abo-
riginal people
do not have National
Canadian citi-
zenship. It is
interesting to
note that the
Treaty trans-
Inside the pen-
stock of one gen-
erator at LGI1.
Two people with
hard hats are vis- and
ible for perspec-
tive. The inlet
gates to the tur-
bine are at the jssye.
upper left.

INFINITE ENERGY 21

into
riverbed of the

environmentally

these numerous

construction standards for nesgne

the upstream

over



changes, but they softly request the dignity toexmine how
much of the change will occur and how fast.

They already have changed greatly since Hudson Bay
Company broke their isolation. They learned Englisbm the
fur traders, and English has become a second n&iguage to
them (much to the consternation of the Quebecditle Cree-
accepted steel pots, knives, axes, and traps. &@kegpted guns,
tea, flour, sugar, fabrics, and some western daigthiln recent
times, they accepted snowmobiles and outboard mdfmr their
large canoes, which they call "freighters." Thesddittoons to
their culture are welcome; it helps to take theshaedge off of
their traditional way of living so close to the thn

Television is here now, but many Cree regret thiso@uc-
tion to their lives; little good has come from TWt. has exposed
their culture to the rest of the world, mostly fraime fast-paced
and flashy point of view. It has introduced war apcbfanity
which were not part of their culture. Young Cree tvahe
bright lights and the action, but are simultanepusivept into
the crime, filth, and corruption that goes with igspecially
when a highway now physically joins the Cree in afetheir
villages to the rest of the world.

Chisasibi Village
The main entrance of the Chisasibi community center, built by the Fast food and litter seem to be an inseparable phaithe new
French Canadians, but despised and never used by the Cree. life. The Cree attitude about litter is not compligteholesome,
ferred  ancestral land as | was told by one:
to the Province of "It's the white man's
Quebec for about $1 trash." Cree litter
per acre, which is the their own village of
great wealth which Chisasibi, the summer
HQ brags that the vilage which is most
Cree and Inuit now greatly  impacted by
have. That Treaty the La Grande project.
money provides a Chisasibi residents fill
single family an themselves  with  car-
income of about bonated beverages,
$10,000 per year, potato chips, and
what any  Canadian other junk food.
citizen would receive Idleness is  preva-
under its welfare sys- lent there. Cree elders
tem,  without giving say it is culture shock,
up any land. The that the young do not
Quebecois are not the know what their iden-
only people in this tity is. The hydroelec-
controversy who may tric developments
be oppressed. have changed so

In 1973, legal coun-
sel suggested to the Cree that they settle for aytreith the
Province of Quebec. If they did not, the legal exings
could go all the way to the Canadian Supreme Counichw
could take ten years. In that time, the dams wadudd built
anyway. The Cree were like an eighteen year old irdgal
with his first legal contract, and signed it afteraking noble
efforts at negotiation with the Province, anothezwn and
foreign experience to the Cree. The Cree are a [wanjpeo-
ple, in the sense that they have not developed sthighisti-
cation of argument, contention, manipulation, casju and
domination, which most other peoples of the worldveh
acquired. | find traits of true civilization amongshe sim-
plicity of the Cree. What they lack in sophisticatiothey
have in a sense of community and humanity, whicterels
beyond their own cultural bounds. The Cree are ohehe

last aboriginal peoples of the quld to lose t_h'e'mocence of An abandoned church on Fort George Island, the former village of
the rest of the world. They know it and acceptitable Chisasibi.
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William and Margaret Cromarty treating their "southern” guests to some Cree
Indian lore around the hearth in their teepee, where the guests stayed.

much of the Cree lifestyle. Some Cree say the hungngot as
good as it was before HQ, and exposure to "souttverdture"
has also added to the Cree's problems. The younghse@mew
opportunities that traditionally did not exist irhet north, yet
they are shocked by the hazards of that new lifiestyhich
make their traditional dependence upon the landk leafe and
secure by comparison. The Treaty money has allos@ue to
stay in the summer camps all year around, wherhénpast, the
summer camps were the winter homes of only thernnfand
the very elderly. Obesity is rampant in Chisasibiespmably
due to junk food and idleness. Alcohol and drugs an even
bigger problem there.

On top of all of this, Chisasibi's village used ®lbcated on

Fort George Island in the La Grande River. The insed water

flow through the La Grande concerned HQ becauseeof

island's geological instability. It is mostly san The river's
average flow rate has increased due to diversicezéral

other rivers into the La Grande, now about 3500acaieters

per second. LG1 is just upstream a few kilometausit is a
run-of-the-river facility. It does not store asignificant

amount of water behind its impoundment. A biggaraern

for Fort George Island is the emergency peak fldvictv could

occur if the level of the LG2 reservoir gets togthand some

water needs to be spilled. LG2's impoundment isrg large

lake, about twice the size of Rhode Island! The IsBillway

can handle 16,000 cubic meters per second, twecéldtv of the

St. Lawrence River at Montreal! HQ paid for the mof the

village to the mainland and built houses for theeCeand even

a community center. The Cree prefer their cabinsteapees,

and they hate the concrete and steel communitgcémit

looks like a teepee; it has never been occupied.Qirebecois

are indignant that their efforts are not appredalestands as

a monument to misunderstanding.

Fortunately for Chisasibi, the Island has not waslaeay,
and many Cree have returned there in search of rtditibnal,
peaceful life. My group spent three days there assty of a
Cree family and we stayed in a teepee.

Great Whale

Not all of the Cree are in dire straits like thdagke of
Chisasibi. The Cree Nation is divided into severaldsaiden-
tified by their summer villages. | visited two ¢fem, Chisasibi
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Three Cree children in the village of Whapmagoostui.

being one of them. The other was Whapmagoostuinumced
"wap MAAG stwee"). It is a cosmopolitan outpost bfiman
civilization. Four cultures call this little placen Hudson Bay
their home: the English Canadians call it Great Whathe
French Canadians call it Grande Baleine, the Cree all
Whapmagoostui, and the Inuit call it Kuujjuarapik.is located
at the mouth of the Great Whale River, named sottier myste-
rious, occasional appearance of beluga whales ftom Bay
which roll around on the sandy beaches for awhild then dis-
appear into the Bay. Biologists think they come tharescrape
parasites off of their skin. There are a stringigidnds just off
shore which create a protected bay or sound wischinique to
Hudson Bay. The ecosystem of this area could beifis@mntly
altered if HQ were to implement their plans to divehe Great
Whale River. It would no longer flow to the sandyabees. It
would flow over a mountainside many kilometers te tnorth,
where the islands come close to the shore; the tGvéhale
Sound might become a brackish water environmergsgmtly as
salty as the open water of Hudson Bay. Whapmagodsisi not
been impacted by HQ vyet. Its impact has been fifgars of
Canadian government presence as a military outgast, of the
Dew Line defense system for detection of Russianasion.
Access is by water by traditional Inuit methods,lkivey over-
land by Cree tradition, and by air by "southern" ndtrds.
Even the air strip is still gravel, and pilots lamtsually, without
the aid of air traffic control of any kind. Thereeano roads out
of Great Whale. Few cars are present; where can ggiu Four-
wheeler ATVs will get you to and from the Great Marn all-
in-one store with your groceries to your house.sTisi luxury by
Cree standards, and a questionable and a not ale@yeeciat-
ed one at that. Convenient, but not better. Indomping is
truly appreciated; | sensed this as something thee Gmd Inuit
really did prefer. Their toilets are one liter fhess! Due to
severe frost penetration in the ground, they haveumper truck
which empties holding tanks inside the houses daityl takes
the soup to a treatment plant on the outskirtewht

Great Whale is healthy. The Cree and Inuit (thighis south-
ernmost Inuit village and the northernmost Creeag#) have
the benefits of the Treaty and, so far, none of lthmal distur-
bances except the land use restrictions,p whicbwalQuebec to
rule most of their ancestral territory. They camaptranywhere,
but cannot prevent others from doing whatever fllegse
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within Provincial laws. Great Whale has their crdtuintact;

intact as much as it can be considering the dandage by the
influences of Hudson Bay Company and their missi@sari
which were forced upon them. The Cree are docilepleeand,

finding Christian theology compatible with their digonal

spirituality, accepted the Anglican Church. Unfodtely, the

early missionaries insisted that the drum was awil must go.
The ceremonial drum is coming back, based upon waalition

just barely remembered by the eldest of the Eld&me Cree of
Great Whale have a vibrant community. Drugs andohait

have not invaded. The hunting grounds are still istndbed.

The air field restricts the influx of "southerner&y an insignif-

icant minimum, unlike Chisasibi, with no limitatiolo access to
anyone with a car. Great Whale is isolated and willy this
way for a while. The Great Whale River roars withging

Whitewater and is clean; | drank from the river. &¥/fa night-
and-day difference between Whapmagoostui and Ghisas

Mercury Contamination

One of the biggest political issues of the north&@nebec
hydro projects is mercury contamination. Environtaésts
and alarmists were saying the dams are pollutirgg laterways
and the fish with mercury. Naturally occurring manc in the
soil is being introduced into the water becausehef flooding by
the dams. HQ's health survey of the Cree showed
Whapmagoostui band had the highest levels of merout of
all the villages. How could this be? A biologisidome the rea-
son: flooding is flooding, regardless if it is cadsby a hydro-
electric dam or a beaver
exposed to mercury from natural sources. The sbidnges its
biota from terrestrial to aquatic organisms wherbnserged in
water, and these organisms metabolize mercury rdiffsy.
Mercury in the terrestrial soil was largely immabil Soil that
became bottom mud of a lake or pond produced hicddy
mobile mercury. A Dartmouth Medical School profassd tox-
icology told me before the trip that governmeniwathble levels
of mercury are established at concentrations ih fighich are
ten times lower than the concentrations known toseaeven the
faintest and temporary symptoms of mercury poisgniiThat
first threshold is parasthesia, or tingling in tfiegers. Ocean-
caught tuna and salmon contain mercury levels highan the
fish from the LG2 reservoir. None of the Cree hawnggrous
levels of mercury in their bodies. The scare hasated just that
among the Cree. There is no word or phrase for merpoi-
soning in the Cree language; it translates as “fibease."
Imagine living in a culture which has fish as adostaple. It is
comparable to the Swedes being afraid of the fallfnom
Chernobyl; it would unavoidably affect their foodpgly.

Other Issues

Flooding is central to the disagreement between @ree
and HQ. HQ points out that they have only floodeéd 4f the
vast land of northern Quebec. There is so much ntemd left
for the Cree to roam upon. The Cree shake their haadssay
HQ flooded the best 4% of a largely inhospitabladla The
animals on which their lives depend live (or livegiimarily in
the wooded river valleys, not on the rocky, barreili tops.
Likewise, the fish and aquatic life they knew iseedd forever
from those areas now under the dams, which are neng,
despite being only 4% of the territory. Only two mmzade
objects are visible from high orbit from the spasleuttle: the
Great Wall of China and the La Grande complex of H@t
even New York City is visible. | did not get anywhenear high
orbit in my plane ride, but | did fly over sometb& impound-
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the

ments. It is impressive to look out the window 24,000 feet
and see reservoirs of water to the horizon 150szileay.

Another flooding issue is more true to the word.the early
years of development, the highest impoundment,
Caniapiscau Reservoir near the Labrador border, veasplete.
HQ had diverted the upper stretches of the CaniapisRiver
into the La Grande basin. Above average rainfail dbmost two
years resulted in the reservoir approaching damggro high

water levels, which filled the reservoir before vias expected.

Higher water levels could breach any of a numberdafs or
dikes on the reservoir and cause damage. The demesations
on the La Grande were under construction and caooldtake an
emergency release into the river. The water wasoldt of the
spillway into the Caniapiscau River for a brief pdrim 1978 at a
rate which HQ thought was a normal flood level. T#ousand
caribou drowned in the river when they tried to ssrat. They
crossed just upstream from a waterfall and manyewswept
over the waterfall. HQ said it was a fluke of natuiThe Cree
were certain that the deaths were caused by H@@nabecause,
and only because, their tradition relates no suidlaster of this
proportion. It turns out that HQ did not have hydgical data
for the river before it was diverted; their guessta how much
water to release was just that, a guess.

The Dams and the Generating Stations
The two generating facilities that | visited wermpiressive
from an engineering point of view. As mentionede tHamage
to the land was minimal compared to what a con8tmcproj-

dam. The Whapmagoostuie weect of this size could do. At least LG1 and LG2 evereat and

tidy. LG2 was completed years before | arrived.wis a pro-
duction facility. LG1 was half built, and alreadyach water up
to its intake doors and water poured over the dapikway, so
seeing this site in a neat and clean state whilwai being built
was a welcome change of pace. The surrounding alagnvi-
ronment was apparently disturbed as little as cdodd expect-
ed with the flow of trucks and big machines arouhd site. It
also was a deliberate showpiece.

At LG2, | was the most impressed. This is one & thrgest
electricity generating stations in the world. Tdgat with its
extension, LG2A next door, thev have a peak geimgratapac-
ity of 6,700 megawatts. They could light New YorktyCiby
themselves.
Generally just referred to as LG2, it is an engimge marvel.
Its rock dam is about 500 feet high, dwarfing tr@ume of the
Pyramids of Giza. The generators are located in twaler-
ground chambers carved out of solid granite 40@ Edow the
surface. There are twenty-two generators, 40 feetdiameter
and rated at over 400,000 horsepower, each. Theinsae the
generator halls sound like Niagara Falls in thené&ls under
the falls. The transmission lines above ground st power
to the south at 735 kilovolts, one of the highestngmission
voltages in the world. Round structures are addegaatts of
connection to avoid corona discharge.

Despite the energy conservation presentation gibgn HQ
in Montreal, | noticed that in the 1980s and eat§90s every
sector of North America was able to avoid new gatieg Sta-
tion construction by implementing conservation mees,
except for Quebec. What is unique about Quebec?géb a
hint of what it may be, | asked a question at thd ef the ener-
gy conservation program presentation: "When did yimple-
ment the nighttime household thermostat program®é Tpre-
senter looked shocked and was silent. She defewethe cor-
porate public relations director in the back of thenference
room. He answered me, and | quote verbatim, "We ihad

the

LG2 and LG2A are Quebec's pride and. joy



energy conservation programs since the '60s." Sanswer,
and a deceptive one | suspect. Who did he thinkwas fool-
ing by not answering my question? They may havenbt®
embarrassed to state that such a simple and pmrbf@meamser-
vation measure was just recently implemented. Itamusing
to note that a couple of years ago the governménQuebec
announced that its other hydroelectric projectsthie north are
indefinitely postponed. | wonder why. The Quebecadse
intensely proud of their hydroelectric achievementdter feel-
ing like second class citizens for so long, theywehaomething
that is world class, and they know it. The Chinese aow
courting Hydro Quebec to help them with the Threerdges
project on the Yangtze River. The hydro dams weneadh
whether they were truly needed or not, at least #&rfew
decades. The realities have caught up with thebkommen-

Bird Rock, on the Great Whale River.

turn, and provincial debt (the worst bond rating fany gov-
ernment in North America) and the adequate supglyelec-
tricity have brought political agendas to the poititat the
remaining planned hydro developments for the Gréétale,
Nottaway, Broadback, Rupert, and several other riveave
been indefinitely postponed.

The La Grande developments have changed the ladditan
people forever. HQ has blasted away the roaringt fiapids on
the La Grande. LG1 resides where the first rapideduto be.
This has sent shock waves through the Cree, ever meeply
than the rest of the world can imagine. Hydroelecprower is
cleaner than coal or oil, but we must ask if itwerth the other
disturbances which it creates. Can we find energytisas in
our future which are not questionable, and undéynidienefit
the Earth and its inhabitants?

There is an island in the Great Whale
River named Bird Rock. It looks like the

breast of a giant turkey that drowned belly
side up in the river, in a stretch of river
with a waterfall followed by enormous

rapids with waves ten feet high. Cree
mythology relates that a long time ago, a
giant bird challenged the river, "I can

shout louder and longer than you can!"
The river replied, "Oh yeah? fust try

it." So the bird sang and sang, trying to
outshout the river's roar. After two years
without food or rest, the bird collapsed

into the river, dead. The moral of the story
is to know your place in nature and

respect the natural order.

*Laboratory Manager at New Energy Research Laboratory (NERL)

The measure of a master is his success in bringing

all men around to his opinion twenty years later.

—Ralph Waldo Emerson
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Water and Health

Robert Yukes*

The intent of this article is to offer informatioon the ical professionals diagnose and treat as diseaseording to
importance of water to well-being, to report on the Dr. Batmanghelidj, the following diseases may omg@ or be
damaging effects of chronic dehydration and the -bencaused by chronic dehydration: heartburn (dyspgpsia
efits of drinking ‘"wetter" water, and to preview we rheumatoid arthritis pain, anginal pain, low backainp
technologies that transform water into sterilizing migraine headaches, hangover headaches, hiataiaheralitis
solutions to fight disease. [Editor note: The auothds pain, constipation, Alzheimer's disease, morningckrass,
not medically trained, does not dispense medicabulimia, depression, multiple sclerosis, chronictigizZe syn-
advice, and disclaims all liability in connection itw  drome, fear, anxiety, insecurity, high blood presshigh
the use of the infor- blood cholesterol, excess
mation presented herein : : body weight, asthma,
does Infinite Energy.] Th MOSt people Slmply dO nOt drlnk allergies, insulin-inde-
article is not intended as pendent diabetes, and
omement o sou €NOUGh - water... the average person PerET
medical advice from needs SiX to e|ght eight_ounce glasses Why is chronic dehy-
physician. . dration associated with so

This article will summal Of water da||y_ many diseases? The
rize information aboy answer is simple. Chronic
water and human health dehydration causes dehydration
including: stress in the body, which

« The importance of water to improve health and cvexe
disease.

« Methods for increasing cell hydration through "wett
water.

» The use of electrolyzed water as a sterilant @i thiecurable”
diseases.

Each of the above subjects is worthy of much reteand
discussion, so this article is limited to only aebroverview of
these subjects.

Water and Human Health
ater is the universal solvent. In the human bodwatew
(the solvent) transports nutrients, hormones, ahémi-
cal messengers (the solute or dissolved solidsyamous body
organs. The amount of water in the body regulateguactions

of the body, including the activity of the solidissblved in the water.

When the body is sufficiently hydrated, then it fheealthier.

Sufficient hydration is importahbecause:

1. Cells require water to live, function, and grow;ttlsa body
metabolism is water- or hydrolysis-dependent.

2. Protein and the enzymes of the body function méfre e

ciently in solutions of lower viscosity.

3. The osmotic flow of water through the cell membiagenerates
hydroelectric energy, which is stored in the fof®A®P and GTP.

Dr. Batmanghelidj is a medical doctor has written
book entitled Your Body's Many Cries For Water toomf
people about the importance of water to good healte

writes: ". . . the greatest tragedy in medical drigtis the
fact that medical professionals have not understotiok
human body's variety of calls for water. They hatradi-

tionally resorted to using chemicals and procedutes deal
with the chronic dehydratiorf.” He further states: "

chronic water shortage in the body causes moshefdiseases of caused

the human body*"

With a chronic water shortage or dehydration, thedyb
experiences dehydration stress. Chronic dehydratioray
manifest itself in the body in the form of symptowisich med-
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often leads to further dehydration. Medical prof@sals have
documented the detrimental consequences  of
According to Dr. Batmanhelidj, they have failed tealize that
chronic dehydration over time is the cause of mafythe
same diseases that stress will cause.

Most of the people living in the United States aehydrat-
ed. Why? Most people simply do not drink enough entat
Although many people may drink adequate amountsbe¥-
erages, many beverages are dehydrating agents amk dhe
body to eliminate more water than is consumed. iBpakty,
tea, coffee, alcohol, and manufactured beveragesh(sas soda
and diet soda) contain dehydrating agents and ibakgr to
personal dehydration and are not "substitutes Her gurely nat-
ural water needs of the bodf."

According to Dr. Batmanhelidj, "The solution for pem-
tion and treatment of dehydration-produced diseasss
water intake on a regular basts.Dr. Batmanhelidj believes
that the average person needs six to eight eighteowglass-
es of water daily. He believes that it is best tinid water
one-half hour before meals and two and one-halfrhacafter
meals. With the increase in water consumption, iaynbe
important to increase salt intake at the rate af 8f salt (one-
half of a teaspoon) for everv two quarts of watensumed.
In addition, it may be necessary to add vitamingl aminer-
als to your diet as well.

After treating many patients suffering from dehyina-
@induced diseases with drinking water, Dr. Batmaidheton-
cludes that "common tap water has medicinal valb#berto
unrecognized. Water is a readily available natum&dicine for
some of the prevalent and very serious medical itond that
are known to kil many thousands of people eachr yea .
dehydration ... is the biggest killer, more thary asther con-
dition that you could imaginé."

Of course, it is understood that many diseases ot
by dehydration. However, the point of
Batmanhelidj's observation is that we as a society rbt
understand that dehydration causes stress in thiy, behich
in turn either causes disease or assists in preeatging and
premature death of the body. And, that the bestrirent for
dehydration-stress diseases is the medicine cakbéer.

Dr.

stress.



Better, Wetter Water Third, some companies are selling consumer watecess-

In chemical terms, water is a molecule containing tatoms ing units to produce “wetter" water (sometimes emill
of hydrogen and one atom of oxygen and as a mdeulelec- “microwater"Y from tap water. In Japan in the early 1990s, sev-
trically neutral, but the electrical charges arelagped in the eral companies manufactured and sold water prowessi
hydrogen(+) and in the oxygen(-). This polarity @& a water units to make "wetter" water and had combined sa&sover
molecule to attract other water molecules to formatew clus- a billion dollars annually. Initially, the electresl in the units
ters. Typically, drinking water exists in clustexsf eight to corroded with usage and eventually did not functiorell,
twelve molecules of water—electrically attracted é¢ach other but the newer units reportedly do not have thidiem.
and usually surrounding a mineral molecule in tlagew Fourth, one company has discovered a way to treaterw

When consuming water, the body does not easily rabsiee  with minerals so that it is "wetter" waterThe product releas-
large clusters and must "work" to break the lardasters into es negatively charged hydrogen ions to transform water to
smaller clusters before absorbing them in the digestract. “wetter," negative ORP water.

Likewise, in the body itself, large water clusted® not pass Many health claims have been made about the abouve f
through the cell membranes as easily as smallestarki water products. It is logical to assume that if iek sperson is
Researchers have concluded that small-cluster watetwetter® suffering from dehydration-related stress or dehtdn-
water is better for the hydration of the body armhtdbutes to related disease, that hydration will gradually reee the
greater health and longevity. problem and help the body to heal itself. The ingoce of

Researchers, who have studied populations and ldggev "wetter" water is that it accelerates the hydratioh the body
have concluded that the properties of the drinkimgter are a and its cells and, in so doing, may cause a dramaversal
major factor in determining longevity in a poputeti group. of the symptoms of dehydration stress diseases.

Specifically, five regions of the world were studlievhere peo-
ple had healthy lives past the age of 100 yearshofigh the
diets differed among the five groups, the only cammfactor
that could explain their longevity was their dringi water.
Their drinking water originated from melted glasieend had
different properties from tap water in the Unitedat8s. The
most famous region or group that was studied was Hianzas, : s
located in a remote mountain region in the formeovi& itself. Medical doctors and researchers have imgnsome

Union. Although the longevity of the Hunzas was leitp Clever ways of —accomplishing this, including —hypeib
ed to produce advertisements for yogurt for U.Slevle ©0Xy9en therapy, —hydrogen peroxide —therapy, and oxy-

sion, the real secret of their longevity is theater. gen/ozone therapy. Hydrogen peroxide and ozone are
Researchers have concluded that water that piPOisonous and should notbe taken internally.

Electrolyzed Water as a Vehicle
for Ozone Therapy and as a Sterilant
Research indicates that bacterial and viral diseagesw
more easily in a human body when it is oxygen degki So, to
treat those diseases, the logical treatment wowdtd increase
the amount of oxygen in diseased tissue to helpbtisty to heal

motes good health has three important  propertie | WO companies, Medizone International, ffic.
lower surface tension, slightly alkaline pH, and (MZEI-OTC) and Medical Discoveries, Ifc.
negative ORP (oxidation-reduction potential) (MLSC-OTC) have both independently invent-
Water  which is  “wetter" (smaller  clusters) anc® @ process to electrolyze water to produce a
has lower surface tension can more easi/Solution that is 99+%  water but contains a
pass  through the cell membranes, to  deliweSmall —amount of oxygen and ozone. In  the
nutrients to the cells and to remove toxin:Past, it ~has  been difficult to  deliver  consis-
from the cells. In addition, researchers havtently  reliable doses of ozone because of the
concluded  that  water  which is  slightly  alka-instability — of ozone, the impact of air tem-
line is also better for the body. Almost all dis-Perature and pressure, and other variable
ease is acidic, and alkaline drinking water ifactors  that  affect  the  production  of  ozone.
thought to  assist the body in fighting (neu-_The promise for these medical technologies
tralizing acidic) disease. In addition, wate’s that each has discovered a method to pro-
that has a  negative ORP has more electrcduce reliably consistent doses of ozone and
availability and acts as an ant-oxidant in  th©Xygen in  water which will be able to treat
body, negating harmful free-radicals, whicr many incurable bacterial and viral diseases,
tend to cause disease and aging. including hepatitis, HIV, AIDS, multiple

In order to provide consumers with the sclerosis, and some forms of cancer.
health benefits of "Hunza" or “wetter" Although neither technology has been
water, i.e., water with a lower surface ten- approved by  the FDA, limited test results
sion, slightly alkaline pH, and a negative are very encouraging for both companies.

ORP, new businesses are emerging to bring In the mid-1970s, Russian scientists invent-
"wetter" water to the market place. ed a technology involving the electrolysis of
First, some are bottling water at thesalt  water to produce a solution that contains
source and selling it for its health properties small amounts of anti-oxidants containing
to the public. "wetter" water, ozone, hydrogen peroxide,
Second, several companies are process“hydrochlorous acid, and hypochlorite. Together,
water  electrically to  break the clusters and tat very dilute/weak concentrations of 50 ppm to
remove unnecessary chemicals from the water 300 ppm chlorine, these chemicals disinfect more
such as chlorine. The resulting water is sometimé€ffectively — than 5%  bleach  (sodium  hypochlorite)
called "reduced" or "electrolyzed" water and isnigesold solutions containing 50,000 ppm of chlorine. Sog tldilute

in supermarkets and health food stores. (See IE18lpp. 35-38) solutions made from salt water are 1000 times raffextive than
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bleach and therefore have very low toxicity, yet affective against
all bacteria, viruses, fungi, and spores.

After the end of the Cold War, the technology wagligd to
produce disinfectant solutions from tap water foedial appli-
cations. Shocking as this may seem, all hospitalsMoscow
now use the electrolyzed water solutions to samitizospital
walls, floors and surfaces, to sterilize hospitguipment (even
used syringes), and to sterilize surgical incisiom®unds, and
burnt tissue. The sterilizing solution is so effeetthat Moscow
hospitals have been documented to be more saniteny hos-
pitals in the U.S., which use harsh chemical désitdnts! Each
year, over 80,000 people die from infections ansea$es which
they receive while in U.S. hospitals because thstigeng proce-
dures in the U.S. are not able to eliminate mangtdrea and
viruses from the hospital environment.

It is theorized that the sterilizing solution workgell because
the solution has lower surface tension, which cause osmotic
pressure differential between the water inside ted and the
sterilizing water outside the cell. This enables thvetter" water
to penetrate the cell membranes of micro-organiamd to trans-
port small amounts of oxygen, ozone, and chlorime ithe cells,
which quickly kill these micro-organisms. This teciogy has
been successfully commercialized in the Soviet bnigapan, and
South Africa. A company called RSCECAT USA, ids attempt-
ing to commercialize this same technology in theitéth States.
The company is working with the Department of Deferio pro-
duce disinfecting solutions that will clean up thesidue of germ
warfare weapons with only minimal environmental &op In
addition, it is working with the meat industry t@wklop methods
and solutions to sanitize meat for the safety ofsconers.

In summary, water is the universal solvent thandmsi nutri-
ents to cells and removes wastes from cells. Mesiple do not
have proper hydration and are subject to dehydrativess and
the resulting symptoms and diseases. Water canldmtradyzed
and transformed into "wetter" water for drinking dmnto an
amazing medicine to fight virus and bacteria diseas the body.
When saline water is electrolyzed, the resultintutfan contains
many oxidants, which are an effective sterilizingluon with
low toxicity. Water has always been important foe thealth of
people, but with the new technologies, water wibrs be impor-
tant in sterilization and in the treatment of "irable" diseases.
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This text reminds pupils through their

study that they must face all problems
with open minds. —Franklin B. Carroll, 1935

was going through my father's ancient book collection a few
weeks ago and found a textbook from his junior high science
class entitled, Understanding Our Universe, written in 1935.
Always intrigued by such things, | cracked the pages to see
what was inside..Wow! What a difference sixty-plus years
makes in the world of scientific thought. —Jeremy Jones

The following is the exact text of paragraphs two and three of the fore-
word as written by the author, Franklin B. Carroll: The graveyard of once-
credited scientific theories and axioms and the mistakes of pupils serve to
educate no less than do brilliant explorations. Pupils are led to see that the
generalizations that seem adequate at one stage of investigation are often
inadequate in the light of new-found facts. Revision or abandonment of old
for new is necessary as science advances. Science is shown as always ten-
tative. The science of one age will often not do for the next. The achieve-
ments of scientists in the past are shown in relation to those of later date. It
is hoped that pupils wi decide for themselves that science can advance only
a short distance on the road toward eternal truth.

Not accumulation of memorized facts and principles but habituation to
the scientific attitude toward common experience, as well as toward the
strange and new, is the better goal of general science. Respect for facts
and their interpretation, an attitude of open-mindedness, a willingness to
accept the tentative explanation when facts warrant and to suspend judge-
ment when explanation cannot be reached—these are habits to be estab-
lished by the study of science. Difficult to test, the establishment of such
attitude has too often been left to faith and hope. This text reminds pupils
through their study that they must face all problems with open minds.

[Editor's Note: Jeremy Jones, one of the fellows who works at
Lighthouse Press in Manchester, New Hampshire, where Infinite
Energy is printed, was kind enough to send us this sage opinion from a
1935 high school textbook. - EFM]



"Water Buckyballs"

Chemical, Catalytic, and Cosmic Implications
Keith Johnson*

Abstract

Potential chemical, catalytic, and cosmic roles peitagonal
dodecahedral, "buckyball-like" water clusters areesatibed,
based on calculated electronic structures and “dliteter”
wavelength cluster vibrational modes. The clust&MOs are
huge "s,” "p," and "d" - like orbitals that readiaccept an extra
electron. Dynamic Jahn-Teller cluster molecularitatb cou-
pling to the submillimeter vibrational modes proe®twater
buckyballs as electron reservoirs and oxygenatesuél com-
bustion and as active agents in biology. The aeatr and sub-
millimeter vibrational spectra may explain certaiiffuse inter-
stellar bands, cosmic background radiation, "mgsioosmic
baryonic matter" and cosmic "gray dust." The rolg water-
cluster oxygen-oxygen interactions in the hydrogending of
liquid and supercritical water is also discussed.

ecent scientific interest in small water clustemss hbeen

motivated by their possible roles

environmental phenomena, as well as by their releva
to the structure and properties of liquid water aie?!
Experiment and theory agree that not only can stlokters be
produced, but they also exist optimally in certaminmbers (so-
called "magic numbers") and configurations of watewle-
cules? Thus, they deserve a significant place in the rdjmay
field of cluster sciencé.

Prominent among the magic-number water clusters hlaae
been identified are ones having a "buckyball-likg&ntagonal
dodecahedral structure. These clusters have a dglogkeally
icosahedral symmetry formed by 20 hydrogen-bondedtemv
molecules, with their oxygen atoms at the verticdsl2 con-
catenated pentagons and with 10 free exterior lyamroatoms
(Figure 1(a)). Figure 1(b) shows an ,(®J,H;O" cluster, which
occurs as a dominant molecular species in a vaétgxperi-
mentst® Its clathrate structure—a neutral water
trapped in the dodecahedral cage plus a relativebpile pro-
ton—is an ideal subject for theoretical investigati
This paper is directed to aspects of the electrostizicture
and the low-frequency vibrational modes of waterucky-
balls" not reported in earlier work, as well asth@ implications
of adding electrons to the clusters on their chamicatalytic,
and astrophysical properties. Although the oxygeloma of
neighboring water molecules are second-nearest hbeig,
modest oxygen-oxygen p-pi-orbital interactions abkown to
play a key role, along with hydrogen bonding, ire tblectronic
structures of these dodecahedral water clustersey Thre
shown to be largely responsible for the lowest dertpy, sub-
millimeter-wavelength | "squashing” and HH "twisting"
vibrational modes of the dodecahedral cluster, eddé¢he low-
est of any known cluster or molecule its size.

Experimental evidence for submillimeter water abust
vibrational modes is discussed below. These synyategak-
ing cluster vibrations can be activated by the geeor dynam-

ic Jahn-Teller (JT) effeé,coupling with the water cluster elec-

tronic states to influence chemical and spectrasc@poperties.
There is a strong similarity between the JT praeertof elec-
tron-doped dodecahedral water clusters and theddeed

in atmosphericd an

intramolecular vibronic coupling believed by somelentists to
underlie the superconductivity of doped solid buister-
fullerene® The fact that the squashing and twisting vibration
frequencies (5-100 cfn of water buckyballs are much lower
than the corresponding vibrational modes (250-1586%) of
Ceo is key to recognizing the submillimeter spectrgecosigna-
tures of water buckyballs versus the infrared spedf carbon
buckyballs in interstellar space.

Figure 1(c) shows the occupied molecular orbitalsan isolat-
ed water molecule. Although the,M™ "in-plane” B molecular
orbital has the largest bond overlap between arioBia p-orbital
and H atomic s-orbitals, notice should be takerthef practically
nonbonding 0(P-H(s) "in-plane” a orbital and the nonbonding
O(p,) "out-of-plane” b orbital. The b and B orbitals are the basis
for modest O(R-O(p,)-O(py) "7-bond" overlap between neighbor-
ing water molecules in clustered water, as illusttaschematical-
ly for a water trimer in Figure 1(d) and (e). @}pO(pr) bond over-
laps of this order of magnitude have been arguedrigger JT-
induced anharmonic local electron-phonon couplirediebed by
this author to trigger highzTsuperconductivity in doped copper
oxides®” O - O nearest-neighbor interatomic distances 2287)
in such materials are remarkably close to thoseabér.

Semiempirical and ab initio density-functional nlkar-
orbital computations for the dodecahedral waterstelts of
Figures 1(a) and (b) holding an "extra" electroreldi similar
energy levels. Results for §B),;> are shown in Figure 2. The
highest occupied molecular orbital (HOMO) of theydrated"
electron is the gigantic cluster "s-orbital" mapfredéigure

molecule

Figure 1. (a) Pentagonal dodecahedral (H,O) cluster; (b) pentagonal
dodecahedral (H20)2HsO" cluster; (c) molecular orbitals of isolated H,O
molecule; (d) (H.O)s trimer; (€) interacting H,O molecular orbitals in (H,O)s.

Editor's Note: For a less technical look at the energy implications of Dr. Keith Johnson's work, see Bennett Daviss's article, "Just Add Water," p. 41—EFM
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3(a). This is a spherical shell arising from m){D(pr)-O(p7)
atomic orbital overlap around the cluster "surfacéhe lowest
unoccupied molecular orbitals (LUMOs) correspond Iwige,
nearly degenerate ,p p,, and R' orbitals, one of which is
mapped in Figure 3(b). These "Rydberg-like" LUMOSsoaarise
from O()-O(pm)-O(pr) atomic orbital overlap around the
water cluster surface. They are bound states witHGMO —>
LUMO (Cluster "s"—>"g,p,,p,") excitation energy of 1.8 eV, con-
sistent with spectroscopic studies of somewhat elargegative-
ly charged water clustefsSpin polarization of the excess elec
tron increases the HOMO --> LUMO energy to 5.9 &Xcitations
from the s-like HOMO to the higher lying unoccupieduster
"d" levels shown in Figure 2 and mapped in Figu(e) Jare for-
bidden by the selection rules. The "s"'-HOMO --> -IpJMO
excitations, as well as higher-energy (ultraviolahd X-ray)
transitions from and to the O(2p), H-O bonding ashekp-lying
cluster "s"- and "p"- bonding levels in Figure 2 ymhave astro-
physical spectroscopic significance. Because of '#wdra" elec-
tron, (H0),e* and (HO),gH3O clusters are paramagnetic.

Quantum-chemical computations of the vibrational demo
for the hydrated-electron pentagonal dodecahedtabters in
Figures 1(a) and (b) have also been carried ougurEi 3(d)
shows one of the lowest-frequency vibrational modtas cluster
1(b). This is a symmetry-breaking,Hsquashing mode" of the
otherwise ideal icosahedrally-symmetric pentagordddecahe-
dral cluster, with a large-amplitude vibration dfiet clathrated
hydronium oxygen atom coupled to breathing vibraticof the
cluster surface oxygen atoms. For both clusters Had (b),
these modes are calculated to occur in the very f@guency
(submillimeter-wavelength) range between 57'crand 50 crit.
Figure 3(e) shows anotheryHluster squashing mode around 5(
cmt. Figure 3(f) shows an Hcluster "twisting mode” near 90
cm®. These extremely low frequency vibrational modewe o
their existence to the flexing of the dodecahedkr cluster

Figure 2. Molecular-orbital energies of an (H,O)x" cluster. The high-
est occupied "s" orbital (HOMO) and lowest unoccupied "p" and "d"
orbitals (LUMOSs) are spread around and radially extended away from
the cluster "surface" oxygen atoms (see Figure 3). Spin polarization of
the excess electron increases the HOMO -> LUMO energy. Deep "s"-,
"p"-, and "d"-bonding orbitals are localized within the cluster "cage." In
uncharged (H,0),0, the cluster "s" surface orbital is the LUMO, sepa-
rated from the 0(2p) HOMO by a large energy gap. Similar results are
obtained for (H,0)20Hs0 and (H20),0Hs0" clusters.
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"surface” O - O - O bonds associated with adjacgmoordi-
nated water molecules. This is consistent with medde atom
scattering studies of the surface vibrations ofydamvater clus-
ters, which show O - O - O "bending" modes at 5 n{d® cm?)
associated with adjacent 3-coordinated water mddscwn the
cluster surfacé. The hydrogen bond flexing and stretching
vibrational modes are calculated to occur, as drgecat much
higher frequencies.

While ordinary bulk liquid water is not usually tnght of as
an "active" substance, water clusters, especiathalls symmet-
rical hydrated-electron clusters like the ones show Figures
1(a) and (b), are another matter due to the effelgtilarge reac-
tive cross sections of the cluster surface delpedli oxygen
orbitals mapped in Figure 3. Indeed, experimentatliss of the
thermal energy chemical reactions of size-selectedirated-
electron clusters (D), attribute their strong reactivity to the
spatial derealization of the excess electron at thester sur-
facel® Thus, charged water clusters can function as relect
reservoirs for chemical reactions involving elentreransfer to
or from the reacting species. In the oxidation afbon com-
pounds, such as occurs in hydrocarbon fuel condousbr bio-
logical cell metabolism, water-cluster hydratedctien delo-
calized orbitals, originating on the cluster suefacoxygen
atoms, can readily overlap with the reactive fuatbon (e.g. T)
orbitals, promoting oxidation. The proximity of théighest
occupied dodecahedral water cluster excess-electsdnorbital
to the lowest unoccupied, nearly degenerate cluspgm,,p,"
orbitals (Figure 2) suggests the strong possibiliyy coupling
between the hydrated electron and the above-descrilow-
frequency cluster [l vibrational modes via the pseudo or
dynamic JT effect. The H, cluster squashing modes associated
with the icosahedral symmetry are known to be Jiacin the
case of electron-dopede>!! JT coupling in the water clusters
1(a) and (b) leads to a prescribed symmetry brgakiihthe pen-
tagonal dodecahedron along the low-frequency brational
squashing mode coordinatess, Qowering the cluster potential
energy from A to the equivalent minima A' shown Rigure 4.
Because of the large JT-induced vibronic displacesngfarge
Q) of water-cluster surface oxygen atoms in thg rkbdes, the
energy barrier for expulsion of water oxygen or Obdicals
and their oxidative addition to reactive carbonnagois lowered
from Eparrier 10 Ebarrien » @S shown in Figure 4. A more detailed
discussion of the JT effect as an activation meieharin chem-
ical reactions and catalysis is found in ReferenceTle practi-
cal use of water clusters to break down and moren-co
pletely burn particulate matter (smoke/soot) preeur mole-
cules, as well as serving as a combustion oxygeiratéossil
fuels, has recently been demonstrdfed.

It has been pointed out by other work&?s* that polyhe-
dral water clusters, especially concatenated pentlg clus-
ters, have been experimentally identified as bekay to the
hydration of biomolecules. It has even been suggesthat
water clusters may play a fundamental role in lgmal cell
architecturd® In such scenarios, the cluster surface oxygen-
based molecular orbitals and JT-induced low-fregyewibra-
tional modes described above most likely underle tactive
roles of water in biology.

On a cosmic scale, the electronic and submillimetdara-
tional spectra of pentagonal dodecahedral water kytnadls
may help to solve the long-standing mystery of fldié inter-
stellar bands" (DIBs)®!" DIBs are optical absorption features
in stellar spectra observed through dense intéastehaterial.
Of the many encountered DIBs thus far, only a feaweh been
tentatively identified molecularly. A key featuref ¢the notori-
ous DIBs near wavelength 6800A is an intriguing tagdty in



the frequencies of the stronger spectral lines,efgm spacing from some unknown vast filamentary network of "higm-

of about 35 crf, suggesting a molecular vibrational componerPerature baryonic gas/plasma” linking galaxies gataxy
at that frequencf Speculations that & buckyballs, polycyclic clusters* Cosmic water buckyballs and their paramagnetic
aromatic hydrocarbons (PAHSs), or other polycarbaires may ions could therefore be viewed as one possibleiespet "miss-
be responsible for the DIB® are hampered by the fact that thdng baryonic matter.” . .

lowest C-C and C-H vibrational frequencies of thesecies are ~ There has been much excitement over recent obaeTaat
much higher than 35 ch studies of the "dimming" in brightness of distanpsrnovae,
As mentioned above, "excess-electron" water budkg/baleading to the bizarre conclusions that: 1) ourvidrse is cur-
have lowest-energy HOMO --> LUMO optical absorptioirently accelerating in its expansion from "The Bigng" and 2)
around 1.8 eV, i.e. in the region of the 6800A DIBsd there must be a positive "cosmological constantthef same
lowest H, squashing vibrational modes in the vicinity of 8% order of magnitude as the mass energy densityeoUthiverse
cm® DIB line spacing ascribed to molecular vibratidhs. to produce effectivelg an "antigravitational" forcausing the
Experimental evidence cited above for vibrationarrtbis fre- accelerated expansiéh.The only astronomical phenomenon
guency in (HO), clusters between n = 20-100 has recently be that would rule out these conclusions is the presehrough-
reported’. Considering the laboratory stability of water byick out the vast intervening space separating us asterdisuper-
balls at the magic numbers 20 and 21 and theicipated sta- novae of some form of "gray dust" whose electronaéign
bility in the cold of interstellar space, they dikely candidates absorption properties would account for the supeaadim-
for sources of unexplained DIB spectra. The 5.HOMO —>  ming?® Among the various suggested forms of "cosmic dlst"
LUMO energy of a "spin-polarized” excess electronaowater having such a property is one based on micro- aps@opic

buckyball (Figure 2) corresponds approximately (pechaps spherical shellé Water buckyballs indeed have this structural
coincidentally) to the notorious and thus far untifeed 2175A

interstellar absorption featuté Evidence for significant quan-
tities of water "vapor" in nebulae, stellar atmoss@s, and
planetary objects has grown in recent years. Mddahis evi-
dence is based on the signature of the infrared 'Gtidtching"
and "bending" vibrational modes common to individwater
molecules. Vibrational modes arising from H-O bagdalso
occur in water clusters, so at least some of tle=ivled water
vapor may actually be present in the form of whterkyballs.
Given that oxygen is the third most abundant cosaige
ment, following hydrogen and helium and precediadbon, it
is tempting to speculate on the more general cosigigficance
of water buckyballs. Recent infrared observatiohs: avater-
generating gas cloud in the Orion NeBRlkeonfirm theories of
how shock waves emanating from star formation heatgas
and speed up chemical reactions, causing free pgdrand
oxygen to combine into water. Considering evidetiad the
shocks are creating water at an enormous rats likély that
water buckyballs are a plentiful interstellar produSince star
formation occurs in galaxies throughout the unieethe cos-
mic abundance of water buckyballs is a compelliogsgbility.
Mass spectra of the carbonaceous residue in ingpatgrs on
the Long Duration Exposure Facility (LDEF) spacéchave
provided evidence for the occurrence @ @nd G, buckyballs
in spacé’ Collisions between chemically reactive chargedewat
and carbon buckyballs in space and under the indief cosmic
radiation could produce some of the many organiecigs
observed in nebulae.
Capture of cosmic-ray electrons by neutrap@bl, and/or
(H20),0H30" clusters may occur naturally in space due to the
large capture cross sections of the cluster LUM©Ososmic
electrons are traveling close to the speed of ligatr interac-
tion with the above-described low-frequency clusibrational
modes could result in the conversion of the assediavater-
cluster far-infrared radiation to X-ray or gammaliadion via
the inverse Compton effect (ICE)A recent report of statistical
observational evidence for a "gamma-ray halo" surding
our Milky Way galaxy® attributes the halo either to the ICE or
to "dark matter." If water buckyballs are respotesior certain
DIB spectra, then they are also candidates for it@lEced Figyre 3. (a) "s"-like HOMO wavefunction of a (H,O).™" pentagonal
ealactic gamma radiation. dodecahedral cluster; (b) "p"-like LUMO wavefunction of a (H,0)x"
Selection-rule-allowed electronic transitions betwethe ion- cluster; (c) higher-energy unoccupied "d"-like (H,O)x™" cluster wave-
ized water cluster deep-lying "s"-, "p"-, and "dyraling levels function; (d) "H, squashing” vibrational mode of a (H;0)20HsO bucky-
and HOMO/LUMO "s", "p", and "d" levels in Figure &e ball in the frequency range 5-50 cm™; (e) "Hy squashing" vibrational

consisent with increasing evidence for low-energyray mode of (H20),HsO buckyball near 50 cm™ (f) "H, twisting" vibra-
emissions tional mode of (H,0)20Hs:O buckyball near 90 cm™. Vibrational vectors

are indicated by the arrows.
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and electronic absorption property.

Recent spectroscopic data from the Hubble Spacesdage
have revealed vast amounts of ionized oxygen imrrgaiactic
space Where there is ionized oxygen (the third most alaumn
element in the Universe), there should be copiom®uats of
hydrogen, albeit ionized and therefore difficult tetect spec-
troscopically. It follows logically that the presan of large
amounts of hydrogen and oxygen in various statesowization
throughout vast intergalactic space should leadth® formation
of water molecules and clusters, most likely also various
states of ionization. Perhaps data from the Submater

that neighboring water molecule H s-orbitals are ainbonding
phase relationship with the Cmporbitals (Figure 1(e)) suggests
that dynamical O - O - Ombond overlap effectively "propa-
gates" hydrogen bonding over long distances inidiqwater.
Thus, hydrogen bonding between water molecules maty be
a purely local "electrostatic" sharing of a protoms conven-
tionally viewed, but is effectively delocalized vithe second-
neighbor O - O - O T bond overlap. This "many-body" elec-
tronic effect, JT-coupled with the calculated anéasured low-
frequency O - O - O vibrations, may explain the quei and
still poorly understood properties of liquid watesuch as its

Common User Bolometric Array (SCUBA), which has regentllarge heat capacity and anomalous freezing pregsertiThe

detected striking far-infrared emission from distastar-form-
ing galaxies in the very-low-frequency range of tladove-
described water buckyball vibrations, could beizgdl to help
confirm these conjectures.

In view of the emphasis placed here on the consemse of
oxygen-oxygen interactions in pentagonal dodecathedvater
clusters, it is natural to consider their possibédevance to the
properties of and traditional hydrogen-bonding niedéor lig-

uid water. Pauling originally pointed out that "pentagonal water that

dodecahedra may be arranged relative to one anather large
number of ways, so that highly random structures liquid
water might be based upon aggregates of water wlekec
bonded to one another in this way." Because of #teahedral
coordination of hydrogen-bonded pentamers in suchaalel, it
may be viewed as an extension of the conventioptthhedral
structural scenario for liquid water to include OO - O inter-
actions. Low-frequency Raman scattering studies afuid
water reveal a broad band between 5 and 100 with a max-

large heat of vaporization of liquid water may alse related to
delocalization of hydrogen bonding via the O - O interactions.

If interacting water-cluster O-O-O mgelectrons and low-
frequency vibrations are relevant to the propertas liquid
water at ordinary atmospheric pressure and temperatit is
likely that they also play key roles at the highegasures and
temperatures of supercritical water. In fact, its Haeen deduced
from X-ray and neutron diffraction studies of sugitical
its extraordinary physical and chemicpitop-
erties are associated with increased O - O bondihgthe
expense of significantly decreased hydrogen bondég to
water molecule clustering.

In conclusion, it is suggested from quantum chewisind
available experimental information that pentagordbdecahe-
dral water "buckyballs" may play active roles inwade range
of chemical, catalytic, biological, and astrophgsicscenarios.
Furthermore, the technological use of such waterstets to
enhance combustion and significantly reduce pailstain fos-

imum at 50 crit for a temperature of 20°%.This band has been sil fuels has recently been demonstrdfedhe author is grate-

attributed to "flexing" vibrations of O - O - O usiin water
clusters having an effective Raman scattering creastion of

ful to Dr. Bin Zhang for assistance in the wateistdu computations.
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Abstract

his paper reports progress in an experimental tigaes

tion, started in the Hathaway laboratory in 1994alihg

with the liberation of intermolecular bond energyorh
ordinary water by means of an arc discharge. Phaptuc evi-
dence of fog generation and explosion during theingr period
is included. A new fog accelerator is described andable of
results of the kinetic energies of fog jets is [ded. A renew-
able water energy cycle is outlined. The fog kimethergy has
been found to be greater than the difference betwbe capac-
itor input energy and the heat losses. Given energgserva-
tion, the only external energy input that can aatofor the fog
kinetic energy is solar heat from the atmosphere.

Introduction

Friingel (1948) discovered the working principle whter arc
launchers. The arc was established in a small ycavittween a
vertical rod electrode and a coaxial ring electrdue the dis-
charge of a capacitor. The unusual strength ofetk@osions led
to the development of a new technology known astmlby-
draulic metal forming (Wilson 1964). It was clearhgcognized
from the start that water arcs were relatively calid no steam
was created. Measurements of arc explosion forcese wtarted
at MIT (Graneau and Graneau 1985) in 1985 and moed at
Northeastern University (Azavedo et al. 1986). Qme mccasion
(Graneau and Graneau 1996), a 3.6 g water masgllimg at

approximately 1000 s punched a half-inch diameter hole

through a quarter-inch thick aluminum plate. Nottilurl993
was it realized that the water arc liberated endrgyn a source
other than the capacitor input energy. This led heagy
Consulting Services to resume experimentation wititew arcs.
The present paper describes a series of experintbats forms
part of this continuing research program.

E; circuit loss
pr—er— e

E ionization loss
e

E Joule heat loss
——

Eg internal

Figure 1. Energy flow diagram.
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The principal discovery made in the past three seams
that it is a collection of fog droplets in the wathat explodes,
and not the liquid water itself. The term "fog" reie for a mul-
titude of tiny water droplets floating in air. Pregs made in
this research up to 1 October 1995 has been ex&ysi
reviewed in a recently published book (Graneau &#rmneau
1996). Further information is contained in a papeesented at
the 1996 World Renewable Energy Congress (Granea).199

In the reviewed experiments (Graneau and Granea®6)19
the energy delivered to small quantities of watep (o 1.5 ml)
was typically less than 50 J {n Figure 1). This could not have
increased the water temperature by more than 10tGchwis in
agreement with measurements. Steam explosions wate of
the question, because no liquid breakdown mechanism
known that can channel a significant fraction oé tburrent into
a thin water filament. It has to be remembered tih&t ioniza-
tion process absorbs energy and does not genevate h

As shown in the energy flow diagram of Figure le #mergy
E, is discharged from the capacitor C into a simpleesecircuit
comprising a switch S, the inductance L, the sboouit resist-
ance R, and the water-filled cavity or accelerator W. THis-
charge current i is of the form

@)

where |} is the intercept of the exponential envelope witte
current axis. T is the damping time constant,  where fis

the ringing frequency, and t stands for time. Fréme current
oscillogram, we can determine T and the dampingiofad?
given by standard circuit theory as

@

R has two components:

©)

R, is the Ohmic resistance of the discharge circuitl dhe
water, and thus accounts for the total heat lodse Thduced
back-e.m.f. gin the water accounts for any mechanical work E
that has to be done on the water to generate colgl f
Unfortunately, we know of no way in which the compats of
(3) can be measured separately. Hence it is nosiljesto be
precise about £

E; must supply the surface-tension energy increasgiined
by fog formation and, in addition, it may accelerahe droplets
a small amount. This has to be achieved by eitHectredy-
namic Lorentz or Ampere forces. The Lorentz pinchcé can
produce thrust in the direction of current flow. ifwup (1907)
proved that the pinch thrust will be of the geneedctrody-
namic form

@

This holds for all conductor diameters.
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Ei» is the kinetic energy of the fog jet as it leathe acceler- For the impulse ratios of 50-100 of the water axpegiments
ator. The impulse that this jet exerts on an abisgribalsa-wood (Graneau and Graneau 1996), this implies that iE at least
secondary projective has been measured (GraneauGaadeau 1000 times larger than,EWe therefore claim that virtually all
1996), and is given by the kinetic energy of the fog jet leaving the wapdasma accel-

5 erator is derived from the internal water energytdbution E.

lonization of Water
A normal plasma consists of an ionized gas. Liquiisak
down under high electric stress without first fongi a gas
phase, because electron avalanches can propagatiquiids

where Fk, is the force, m is the mass of the fog, apdaiits
average velocity. This should be compared withntleehanical
impulse received by the fog droplets from the etsbinamic

impulse P. _ and readily ionize the molecules to form an arcspla. Arcs in
We may write water have been investigated quite extensively.yTf@m the
®) basis of a technology known as electro-hydraulidaméorming

(Wilson 1964).

Pure water is a good dielectric, and breakdown ificdt to
achieve. Saltwater and tapwater are more easilyizadn
) (Azavedo et al. 1986) because of an electrolytimdoation
with P, we express £ as phase that wastes much of the energy supplied &o vilater

without producing any ions. The experiments desdribn this
) paper were therefore performed with distilled water

lonization losses occur in the arc of the switchofSFigure 1
and in the water. A certain degree of ionizatiors @ be estab-
lished in both arcs before the discharge current bagin to
flow. This causes a voltage drop on the capackominals. The
determination of this loss is discussed in Granead Graneau
(1996). As a rule, it amounts to no more than agprately
10% of the input energy ,EFurther ionization losses will accu-
mulate during current flow. In electrical circuit easurements
they are indistinguishable from Joule and otherrentrdamp-
ing losses. However, it is important to remembaeat ttonization
stores electrostatic energy and does not contridoteplasma
heating. The stored energy is later regained as hdeen the
ions recombine. Figure 2 is an oscillogram of theclarge cur-
rent and the voltage across the accelerator tetsnit@ this case
the capacitor was charged to 11 kV. Before breakddwn after
the closure of the switch S, the full capacitortagé is applied

where A: is a numerical constant. The value of dledon integral
is available from the current oscillogram. To conepd,

and, using (5),

®

The dimensionless factor k' is now an experimepntaleter-
mined quantity.

When water arc explosion forces were measured dear
years ago (Azavedo et al. 1986), it was found @0 < k' < 7000.
This fact has been confirmed in all subsequent raxeats. It
left little doubt that the water arc explosions tzimed addi-
tional energy Eg over and above, Evhich was likely to be ener-
gy stored in water.

When Ampere's force law is used in (6), the predick val-
ues increased from 0.5 (see (4)) to about 200 @anand
Graneau 1996). This is still far too small to dehg existence of

internally stored water energygEand gives an impulse ratio 5osq the water insulation. When this breaks dative, voltage
P1J/P; = k'k of the order of 50-100. falls sharply because of the voltage drop acrossettternal circuit

Provided that the impulses act on the same masg), (fo portion. Part of this drop is likelv to be due he tinitial ionization.

Newtonian mechanics then requires that .
Fog Evidence

) Figure 3 is a series of photographs showing thergenee of fog

from a water arc accelerator barrel (Graneau armhéau 1996). In

this shot the energy in the capacitor was 40 J. deonparison, a

This can be proved as follows. If a mass m is &cattd to the match liberates about 200 J of heat. The cameraopasated at

velocity v, it requires an impulse of 10,000 frames/s. Hence the time interval betwegmosixres was
(10) 100 us, of which the shutter was open for the fitsus. The high-

Let the same mass acquire additional energy irtfligp reach
the velocity y; then the full impulse becomes

11

Therefore the impulse ratio is
(12
This makes the ratio of final to initial kineticengy
(13)
which proves (9). Figure 2. Current (......) and voltage (-----) oscillograms of a water arc.
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Figure 3. High-speed photographs of the development of
the fog plume (10,000 frames/s).

speed photography was performed at Oxford Universit

Water vapor and steam are invisible in air. Rel&iviarge
drops of water and films are transparent. They shpwon photo-
graphs only as thin lines of light, which represesftections from
the water surfaces. The uniform whitish-grav appeee of fog
and clouds is due to light scattering by a highsitgrof very small
droplets. Hence the photograph in Figure 3 providesclusive
proof that fog emerged from the accelerator barfd.the heat
evolved in these experiments is insignificant ahé tlectrody-
namic forces are too weak, the only way in which fihg explosion
can be explained is by the sudden mutual repulsidog droplets.

A more dramatic fog explosion is shown by the twideo
frames of Figure 4. They relate to a capacitortdisge of 324 J of
energy with a 1/4-inch thick plywood square initiatesting on
the accelerator muzzle. The fast fog is seen tcetpate the ply-
wood and still pierce the atmosphere at supersspéed, as indi-
cated by the conical tip of the jet more than oretemabove the
muzzle. The second frame of Figure 4 shows the Ipoleched
through the plywood board as the latter lifts bff ticcelerator.

The mechanism of condensation of water vapor inisithe
most prolific fog producer on Earth. It is a slowogess, and
cannot generate an equivalent quantity of fog tat th the few
microseconds of a water arc explosion. In the edolmative
stage of the arc, the fog density must approach thaliquid
water, and is therefore up to 300,000 times astgaeathe fog
density of clouds in the atmosphere, which is 3-g.m

It is difficult to think of any other way of creatjy the dense
fog than by mechanically tearing the liquid apantoitiny frag-
ments. These fragments are the fog droplets, phpbenging
in size from 1 to 100 um in diameter, as deduceunfithe fact
that they float in air. For want of any other forkeown to be
present in the explosion, the tearing force haseoof electro-
dynamic origin. The directions of the Lorentz fagcare not
such that they could split water into fog dropletdowever,
Ampere tension (Graneau and Graneau 1996) is welifgpd
to accomplish this task.

The best-known consequence of Ampere tension inallicet
conductors is the phenomenon of wire fragmentationliquids
and plasmas it leads to plasma bead formation, hwhias been
observed in plasma focus fusion and other filamémsion
processes. All these facets of the action of Amperesion are
fully described in Graneau and Graneau (1996).

In any case, the existence of the surface tensiomater actu-
ally requires the presence of tearing forces. Thdase tension

sion energy per unit area has the same dimensiorsudace
tension per unit edge, and is numerically equ#l &o that

(14)

It is known that the surface energy changes with dige of the
surface. As a result, for the first 10 ms after flogmation, the
surfaces are likely to store more energy than atdit by (14).
The fog mass generated in our experiments wasaipi6.2-0.5 g.
Let us thus calculate the additional surface enempuired to
convert 1 g (1 c) of water into fog. If the droplets are all of the
same diameter A, measured in cm, then the numbeofn
droplets generated will be

(15

Fog droplets are said to be betweer® hd 1¢° cm in diame-
ter. Hence the number of droplets lies in the rafigem 1.9 x 16

to 1.9 x 162 per gram of bulk water. The total new surface ener
gy for drops of the same size is

(16)

For the two extreme droplet diameters of?16m and 1d cm,
this comes to 4.37 mJ and 437 mJ respectively. él¢he part of
E; in the energy flow diagram of Figure 1 that mugpmy sur-
face-tension energy is only a fraction of one joulenpere ten-
sion forces can comfortably meet this energy demaccbrding
to (6) with k = 200 (see the discussion in Secfipn

Type B Accelerator Results

Some of the various water accelerator designs lhat been
used since 1983 are described in Graneau and Grafi&96).
A design that has been called the type B accelefatshown in
Figure 5. To determine the fog-jet momentum, a isdaoy pro-
jectile consisting of balsa wood stands on the laca®r barrel.
The balsa wood is given mechanical strength byl stesshers
at the top and bottom, held tightly by screws algsthe wood.
The dry mass of the projectile is denoted by M, avas usual-
ly around 64 g, while the mass of the fog absoibhete wood

Figure 4. Two video frames from a BBC TV program in which Richard
Hull of the TCBOR laboratory, (Richmond, Virginia) demonstrated
water arc explosions: (a) supersonic fog jet penetrates plywood sheet;

(b) hole punched through sheet by fog jet. (Editor's Note: We apologize for the

gamma of water at 20°C is 72.75 dyn»:bm turns out that surface poor photo quality; we were unable to get original photos to use.)

ten-
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is denoted by m. A capacitor, C = 9.565 uF, is cbargp the volt-
age b and then discharged through the accelerator bgingo
the switch S. An oscilloscope records the dischazgeaent i(t)
as in Figure 2.

The throw height h of the secondary projectile igasured
with a freeze-frame video camera. This defines itfigal veloc-
ity of the projectile as

an
where g is the acceleration due to gravity. Becaoksenomen-

tum conservation, the average velocity, of the fog mass that
penetrated deep into the balsa wood is given by

(18)

In some shots, not all of the capacitor energyisstarged, leav-

306.4 md. This resulted in an impulse exerted on the second
ary projectile of R = mu, = 0.154 Ns. The action integral of
this shot wai2dt = 157 & s. With the Ampere force factor, k

< 200, (6) gives P< 3.14 x 1 N s. The impulse and energy
ratios are therefore;P; >= 49.0 and & /E; >= 2401. Hence E

<= 12.1 mJ, which is negligible compared with E 29.2 J and
demonstrates that virtually all of the kinetic emerdeveloped,
by the explosion must be internal water energy.eNttat the
calculated value of Eis in line with the estimated surface-ener-
gy increase required for the formation of a largenber of fog
droplets, as discussed at the end of Section 3.

In spite of the gain in internal water energy, therall ratio
E;J/E, is less than unity because of the five loss corapts
indicated on Figure 1. A circuit loss; B Es5 + E; estimate was
made with the current oscillogram of shot SP24.sTimdicated
a ringing frequency of 384 kHz, which, togetherhwihe capac-
itance C = 0.565 uF, gave a self-inductance L =uH3 The decay
time constant T = 3.5 us and the action integrahecao [i2dt

ing a residual voltage Von the capacitor terminals. Hence the= 157 A s. From (2), the damping resistance was found €o b

net energy actually discharged into the circuit is
19)

The kinetic energy of the fog jet is
(20)

Neither the mass distribution of the fog dropletsr rtheir
velocity distribution are known. However, as on yioas occa-
sions, the simplifying assumption is made that threplets are
of equal size and their velocity distribution islfha cycle of a
sine wave. This results in

(21)

Table 1 lists the results of 14 shots. In all cabesinitial water
charge was 1.5 ml of distilled water at room terapge.

Discussion of Results
The kinetic energies of the fog jets;,E have been derived
from the dry and wet weights of the balsa wood sdeoy pro-
jectile, M and M + m, the throw height h and (12} Table 1
shows these energies to vary between 13.0 and R9Take shot
SP24 with the largest kinetic-energy output. Foiis thshot,
the fog mass m = 0.504 g and its average veloaityecto i, =

Figure 5. Type B accelerator with secondary projectile and discharge
circuit.
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R = 173 nQ. This resulted in a total damping loss oli2dt=
27.2 J. To this should be added at least 10% ,0EE9.8 J to
account for the initial ionization loss, to arriwt the circuit-loss
figure of around 31 J for the 12 kV shots in TalleBy adding
the approximate circuit loss to the fog kinetic gyeE,,, it is
found that the sum is greater than the input enefgys can be
expressed as

Eio + (Bs+Es + Eg) > B, (22)
proving once more the involvement of internal watmmergy.
This argument ignores further significant energgsks such as
Eio and B, of Figure 1. It is not out of the question that &5 as
large as b.

In order to utilize the internal water energy foleatricity
generation, large reductions in circuit loss andrdialosses
have to be achieved. Our objective has been toeptbe libera-
tion of internal water energy. We have made noreffo opti-
mize the process.

Renewable Water Energy Cycle
Figure 6 is a block diagram showing the circulatioh water
molecules through the fog accelerator, whence thépersed
into the atmosphere and condensed to raindropslonds. The
high-voltage capacitor energy cEis known accurately. The
low-grade heat losses,,Eand the fog kinetic energyEhave
been measured with adequate precision. From thesurea
ments, we know that

Ek > EC' Eh. (23)

Hence internal water energy must be contributing the fog
explosions. Other than the capacitor energy, thé§y axternal
energy supplied to the experiment is solar heatiigthe fog
and atmospheric water vapor. Accepting that endrgg to be
conserved, this proves that the fog explosionsiadirectly,

Table 1. Results of reported water arc experiments.



driven by solar energy. The process is renewahi€, does not
pollute the atmosphere or contribute to global vagn

Owing to thermal agitation, the molecular structuré the
water is continuously fluctuating. This structurthat is the

and over a much longer time. Therefore the exploss conjec-
tured to be a sudden release of energy from therwthat was
originally stored by atmospheric heat and is latstored to the
water after the explosion also by atmospheric hediije in the

mutual arrangement of the,® dipoles, is the subject of intense meantime the net gain in kinetic energy can be dsmed for

research elsewhere. All we can do with respecth® K,0O-H,O
bonding is to speculate what the relevant energggeses may be.

In our present state of knowledge, the most likekplana-
tion of the fog explosions is that they are caubgdthe libera-
tion of intermolecular bonding energy when the bullater is
transformed into tiny fog droplets. This bonding daused both
by hydrogen bonds and the weaker van der Waalsedprand
the energy stored by the bonds (which means theggnthat
must be supplied to break them) is roughly equalthte latent
heat of water, and is found to be 2.3 kKJaj 20°C.

The creation of a large number of droplets is tidutp be
caused by the mechanical effects of the elecrradimdorces in
the arc discharge. A lack of significant temperatehange rules
out a thermal mechanism for droplet creation. Ataser amount
of mechanical energy is thus used to create thelelsy and is
consequently stored as surface tension energy. awethe
molecules in the small droplets now have signifitanfewer
neighbors than in the bulk water, and can orientheemselves
more easily into lower-energy states. These loweerges
imply that the bonds become stronger, thus requirimore
energy to break them. This bond-redistribution b@rais nor-
mally observed in thin films of water, and is cdllgicinal water
(Adamson 1990). Recent results of inelastic incafttengeutron
scattering (IINS) experiments in water and ice @mnd Ross
1993; Li 1996) have revealed that in ice there tare molecular
optic peaks in the IINS spectrum at 28 and 37 m2¥ @nd 32
meV for liquid water). The two peaks can be exmdinby a
model involving two types of hydrogen bond (Li arlloss
1993), and they are referred to as the weak anohgtbonds
respectively. If in the newly formed droplets somk the weak
bonds drop to the strong bond energy in a quanthifi, shere
will be a consequent release of kinetic energy ioguthe explo-
sion of the vicinal water droplets. The same isetiti either a
weak or strong bond is formed between two moleculleat
were previously only held together by van der Wafalces. If
enough of these bonds change energy level then rkioretic
energy could be released than the mechanical enasgg to
create the droplets in the first place, thus libega a net
amount of energy from the original bulk water. Inder to
restore the droplets to their normal water statemes energy
input is required; in our case this must come fratmospheric
heat, and this process can occur away from theosix region

useful means.

The following argument should clarify how atmospber
heat is stored in the bulk water. When moleculesdease into
a droplet, the system is heated by the kinetic ggngoroduced
by the decrease in potential energy from (a) thdeoute and
droplet infinitely far apart and (b) in the bondedsition, and
represents the quantity of energy normally refertedas latent
heat. This process represents the creation of atmos heat as
a result of collisions of the incoming moleculetr@tted by the
droplet) with other vapor molecules. If the molecudrrives at
the droplet with a non-zero kinetic energy, thisll wieat the
droplet additionally. Similarly, when two moleculagsside the
droplet form a hydrogen bond or change from a we¢aka
strong bond, the drop in potential energy must aiseate an
increase in kinetic energy. These shifts repregtnt liberation
of energy stored in the water that must have baenetto allow
weak bonds and unbonded molecules to exist. Ithis tconjec-
tured that the original source of this stored eyeig) heat sup-
plied from the atmosphere, and this makes it ptessib effec-
tively tap the solar energy that is stored in ndrougk water.
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Figure 6. Renewable water energy cycle.
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ZINC: PRECIOUS METAL?

Bennett Daviss

ome tout zinc as the energy
reserve of the future. It is one
of the planet's most abundant
elements; an estimated 224
quadrillion tons lie buried, much of it
ready for cheap extraction. It yields
energy without producing noxious
wastes. Better yet, after it surrenders
its considerable energy it can be
recharged to deliver the same
amounts of power all over again, vir-
tually without end.
Suddenly, zinc seems like something more thangjlistse metal.
Two U.S. companies have thought so for years. B}82&Vonyx,
in the New York town of Elmsford, and Metallic Pawkc., in
Carlsbad, California, will introduce self-containetean-firing fuel
cells that harness electrons loosed from zincexgrét current.

It is possible for two reasons. First, zinc is amtre metals that will
surrender its electrons with relative ease in aneags solution.
Second, its reaction to water is poised betweenusidsm and

restraint. Some met-
als, such as sodium,
shed electrons SO
readily that they

INFINITE ENERGY

seem to erupt in a glass of tap water. Others,tiikenold their elec-

trons much tighter even under considerably morenited or phys-

ical force. In contrast, metals such as zinc anchalum need just the
right amount of coaxing: the water must be mixedhwan elec-

trolyte—a substance that supplies ions to fostemgbal reactions
and spark an electric current—to prod zinc to regtcontrolling the

concentration of the electrolyte in the watersipossible to control the
reaction and, therefore, the amount and rate afygrEroduced.

The resulting chemical reaction is a simple one.Metallic
Power's device, a bed of zinc granules, each a rfélimeters
across, is washed with an electrolyte of half pgitam hydroxide
and half water. As the zinc combines with oxygeschezinc atom
gives up two electrons which are drawn off as elecurrent.

The electrolyte is pumped continuously throughohe tcell
and washes the spent zinc from the reaction chamberthe
slurry moves out of the chamber, pure zinc oxidecipitates
out. The leftovers—consisting of water, hydroxylnsp and
potassium—are reabsorbed into the electrolytedfarse.

Reconstituting zinc from zinc oxide is even simpler.a sep-
arate chamber, the Metallic Power system runs actred cur-
rent through the zinc oxide. By putting electronaclo into the
mix, the process reverses the reaction: the zindeoxives up
its oxygen, leaving pure zinc behind.

The company was formed in 1995 by Jeffrey Colburiow
holds a doctorate in electrical engineering fromTMBand New
Zealander Stuart Smedley a world-regarded expertha elec-
trochemistry of metals. The privately-owned firmiseal $8.5
million in venture capital and expects to debut fitst commer-
cial fuel cell in 2002. The box, about the sizeahicrowave oven
Figures courtesy of: www.reveo.com and weighing around

100 Ibs., will deliver as
much as 4kW of electric-
ity. The amount of ener-
gy can be increased by
adding individual cells
to a stack, like adding
individual cells to make
a more powerful lead-
acid battery.

"We're targeting
users of 1 kW or more at
first," says Margaret
Deardorf,
Power's marketing

director. "Our unit will
be useful for campsites,
to run tools at construc-
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tion job sites, and as emergency back-up powehdones and
offices.” The company also senses keen intereteirirucking
business. Drivers now have to leave trucks' enginesing to

supply lights and heat or air conditioning for hmeach day &s

they relax or sleep in their cab quarters. "Giviea price of
diesel fuel, we expect to find some ready acceptdahere,’
Deardorf says.

That will be only the company's debut on the opeadr
"The vehicle market is potentially the strongestue but alsd
the toughest,” Deardorf explains. "The combustingire hag
been around for more than 100 years. Its costdstads low ag
it can get and an entire economic and physicah$tifucture hap
been built to support it."

EVonyx is deploying a broader portfolio of techrgiks as
well as a bolder vision. "The twentieth centurysrmomy was
based on fossil fuels," says company founder Sadits. "Our,
mission is a twenty-first century economy basectoergy from
solid metals." To pursue the mission, Faris—a foralectrical
engineer with IBM—founded EVonyx as a subsidianRefveo,
Inc., his contract research firm, to commercializinventions.

Faris and his technical team also liberate elestfmym zinc
using potassium hydroxide as an electrolyte. Bathar tharn
using loose zinc patrticles as raw fuel, they apipéymetal as
powder to credit-card-like wafers and to rolls &tgtic sheeting
that look like the spools in audio cassettes orezarfilm. Each
of these zinc delivery mechanisms then is encloseal tiny
chamber and immersed in electrolyte.

Faris' most startling achievement has been to devisolid-
state electrolyte. The breakthrough eliminatesididtom the
metal-powered cells, sharply reducing complexityy humber
of parts and processes involved, and cost.

In devices using the solid-state catalyst, the -zimated
"PowerCard" is slipped into a slot the way a flopgigk is
inserted into a computer. A spring-loaded mechaniken
presses the solid electrolyte into contact withde.

Faris compares the mechanism to a sandwich. Tiivegfik
the zinc-covered card. The surfaces of the breattaehe fill-
ing are coated with the solid-state electrolytee Thread" is g
porous material that lets air through to contaet ¢kectrolyte]
and initiate the flow of electrons. In the spoolestsion, the
zinc-covered tape rolls past a fixed surface cavevigh the

solid electrolyte just as an audiocassette roltt paead head.

Both the card and tape can be recharged in abauhtwrs in
simple devices similar to battery rechargers.

Although he won't disclose its chemical componeRtsjs
notes that the solid-state electrolyte "containprexious metj
als and so will be very low in cost."

Regardless of the type of electrolyte, he notes;-pbwered
fuel cells can be scaled "from milliwatts to meg#eaThis
technology can power flashlights, lawnmowers, c#i@ins,
planes, power plants, paper mills. We will see atvmobile
running on [the energy from] solid metal well befdhe yea
2010." To hasten that day, EVonyx is in discussiwite part-
ners in the U.S. and Asia, including electric tigb and con-
sumer electronics companies. In March a subsidifiyiagara
Mohawk Holdings, parent company of Niagara Mohawkver
Corporation in New York state, paid $42.75 millimnbuy 16%
of EVonyx.

Says Faris: "This technology has the capacity tolmir age)
what the steam engine was in its day."
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Energy Focus Should Fall on Russia

Money spent improving energy efficiency in the U.S.
Europe, and Japan might save more energy if it wetieected
toward Russia and the Third World instead, bec#usg waste
so much energy. This would cut pollution and lotrer price of
energy for everyone.

An AP report in the Boston Globe on April 26 saysé&hpeace
estimates the oil and gas that Russia loses eachinykaks and
spills could provide enough energy to allow thertouto close
its nuclear power plants. Between 70 million an@ @alllion bar-
rels of oil are spilled annually in Russia, outlw approximate-
ly 2.1 billion barrels the nation produces, theugraays. Russian
Nuclear Power Ministry spokesman Vladislav Petr@sskep-
tical about the Greenpeace proposal. "It's a kst diaying, 'Let's
take the whole humankind and transport it to a neenderful
planet," he said. "The idea is nice, but can itdedized?" He
does not understand capitalism. It can be reakiegly, at no
cost to anyone, by hiring U.S. corporations whipbdalize in
pipeline refurbishing and oil well maintenance. &ass broke
and cannot pay in cash, but it can pay with a sbitlee oil and
gas the companies conserve by repairing equipfbate com-
panies would be well-positioned to arrange shipnoénhe oil
to nearby European and Asian markets if they coatdsell it in
Russia at a profit. Everyone would come out ahead.

American observers in Russia saw this sort of tlingng
World War Il and throughout the Communist era. Tohsoal
used to spill out of holes in the coal train cacsttered along thou-
sands of miles of track in the uninhabited Sibevidderness. No
one would take responsibility for fixing the hol&otatoes and
other crops would lie in the fields to rot, everpiaces where there
was plenty of manpower to gather them. —Jed Rothwell

View from the Green Isle

Several interesting sites are revealed by a simple
search for "renewable energy" on the www.

The Greening Earth Society, who believe that @Denefi-
cial to humankind and all of nature attempt to stemwtheir site
[www.greeningearthsociety.org] that there is a hogespiracy
to convince us that the greenhouse effect is atyashen, in
fact, it is "the federal establishment distortihg science of cli-
mate change in an effort to validate the visiorapbcalyptic
global warming set forth in Vice President Al Geretleased

Earth in the Balance."
*k%k

Renewableenergy.com is a very comprehensive sitehérk-

ing out the latest developments in wind, wave, soldr energy.
**%

The Daily Telegraph reports that fifty nuclear powtations
will be needed by 2050 to provide the UK with thene energy
it uses today without adding to global warmingaldo declares
that the UK is the world's worst at recycling aniizing sus-
tainable energy resources.

**k%

The German government has agreed to phase outanucle

power in twenty years.

Johnson-Matthey has formed an alliance with Texditids to
build a new fuel cell energy system to power hoameksoffices.

For up to the minute information on who's mergirithwhom
in the energy business, and the technologies iepdola UK site
[ukbusinesspark.co.uk] just about covers the lot.—Soo Seddon
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Volkswagen in Midst of Record-Setting
Drive Around the World

WASHINGTON, VW Press Release, June 30—A Volkswage

Lupo 3 Liter TDI passenger car—the best mileagedpction
car in the world—and its professional endurancevedrihave
reached Washington, D.C. on their way to establghin new
record for the most fuel-efficient trip around therld.

Representing one of the most unique endurance ¢esls the
Volkswagen Lupo's "Around the World in 80 Days" tobegan
on May 16, 2000 in Berlin, Germany. From there, thgo has
been driven through parts of South Africa, Asial Australia.

Its trek is scheduled to end after eighty days omgust 3

back in Germany at Volkswagen's headquarters irfahotg.
As of this morning, the car is averaging a phenah&7.1 mpg.
It has traveled 12,153 miles, more than half-waguad the globe.
The North America stage of the Lupo's journey begsrlier
this month in San Francisco and continued via Logeles and
Mexico City, Laredo, Dallas, Tulsa, Memphis,
Gainesville, Miami, and Jacksonville. After a stop Washington,
the Lupo visits New York and will then be air-liteback to
Europe to restart its road trip in London, settiitg sights on
North Africa, Spain, France, North Europe, and lfin&sermany.
All told, the Lupo's planned expedition will trager the globe
over 20,712 road miles in eighty days—an idea basedhe cel-
ebrated book by Jules Verne (1828-1905), AroundWheld in 80
Days. Remarkably, the planned fuel consumption ffiis &xtreme
test is just 264 gallons, or an average of 78.@siler gallon.

If successful, it will set a record for the leaself used for a car
traveling around the globe.

Relatively unknown to the U.S., the Lupo 3L TDI makis-
tory last year in Europe when it was introducedcdoeing the
first production car to meet the longstanding emwinental
challenge of being able to travel 100 kilometet3 ifiles) on just

3 liters
(0.79 gal-
lons) of
fuel.

A  prac-
tical four-
seater, the
Lupo 3L
TDI uses a
revolu-
tionary
high-tech

Turbo Direct Injection diesel engine that is therldls most effi-
cient combustion engine in production today. As thame
implies, this technically advanced 3-cylinder emginses direct
fuel injection, whereby a precise mist of fuel igected into the
engine's cylinders via electronically controlled mpiinjector
units. From its displacement of just 1.2 litersisthiltra efficient
powerplant is able to produce 61 horsepower antl gssimpor-
tantly 103.25 Ib./ft. of torque at just 1,800 rawidns per minute.
The Lupo 3 Liter TDI's engine also uses a turbogbarwith
variable blade geometry, a charge-air intercool@nd various
friction-reducing designs that have increased tlificiency of
this engine to more than 40%—an unsurpassed valoddw
wide for a passenger car.

Adding to this remarkable fuel performance is thepd's
automated direct-shift gearbox with a stop-andtstmction.
This transmission offers the convenience of aut@mahifting
or clutch-free manual gear changes. In the Econonagle, the
engine automatically switches off when the car cotoea
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standstill with the brakes applied and then in$ganestarts
when the accelerator is depressed. Additionallye tiutch is
disengaged when the accelerator pedal is liftedthat the Lupo
coasts at engine idle speeds, thus saving evenfogre

Yet another factor that enables such amazing peeoce is
the weight savings of the vehicle. The doors, flapsd wheel-
arch panels of this Lupo are made of aluminum andhpn-
nents of the suspension and axle assemblies aoe calsposed
of lightweight materials.

Advanced aerodynamics that result in a drag coeffic of
just 0.29 and low-friction tires with silica in theibber mix cut
rolling friction and make an additional fuel-saviogntribution.

Renewables in the News

BP Amoco Buys Into Clean Energy
In May, BP Amoco purchased 18.5% of the shares in

GreenMountain.com, the leading supplier of cleamrgy in the
United States. GreenMountain formed in 1997 and/eserover
100,000 households in three states; rapid exparisionthe ener-
gy market is expected as full energy deregulationtinues. (See
IE, No. 32, p. 42 for full story about GreenMount®iBP Amoco
also plans to market and promote GreenMountainfar senergy
offerings under the auspices of its division, BPagax.

DOE to Fund Wind Power Initiative

At the American Wind Energy Association's annuainfeo
ence, held from April 30 to May 4 in Palm Spring3alifornia,
the Department of Energy (DOE) announced that It piovide
$2.7 million in grants to help expand the use ohdvipower in
the United States. The DOE just last year began Wind
Powering America" program; their goal is to haveDBOMW of
wind power capacity in place by the year 2005. Tikighe first
grant issued under this program, and it is intendeainly for
helping to provide technical information to lawmeke

Solar Energy Powers South African Schools
Photovoltaic systems provided by Isofoton, of Spaiand
funded by the European Union, have been installed1000
rural schools throughout South Africa.
These schools have never been served by
grid electricity, so this new power source
will enable the schools to hold evening
classes which will allow for an expanded
educational system and for use of mod-
ern educational media tools, including
much audio-visual equipment also installed as pdrtthe pro-
gram. Each school's power potential will be 880 Wp.

Wood Residue Electricity
Boralex, an independent power producer in the Abitib
region of Quebec, Canada, will invest over $50 oiillito build
a 75,000 rh facility which will generate 32 MW of renewable
energy power from wood residue. The station willrrburee
bark and branches supplied by local saw mills, wath antici-
pated annual consumption of 400,000 tons of woosidue.
Currently, wood residue is incinerated under sticmbustion
standards or buried at a high cost. The electrigiénerated by
Boralex will be sold to Hydro-Quebec. Construction @spect-
ed to be completed by November 2000 and the pladrae
tional by June 2001.
—Christy Frazier



Burning diesel produces lots
of nasty pollutants. But as
Bennett Daviss reveals,

. - - polar groups at one end and
Reprinted with permission of N there's a surprisingly simple non-polar groups at the other. These

T o o beh lik lecul k
Scientist ~ (www.newscientist.com), frq way to turn it into a clean, stilb?l\ilfing Itr?e rilnigtﬁfg arby ;I)gsli:iigee?heés,

the March 13,1999 edition. 7
f you believe that oil and wat green fuel. ?;}gé micl:r:aslllgs small ~ surfactant  bags
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?gﬁr':sonr?x,Rgcf'en::mere:ic;edmzest ;(e' The micelles in these fuels are
fessor  of 'materialsy physics  at MF ust a_ Water micrometres across, so large that they
Johnson has succeeded where mar:’ . _scatter light and the tW.O fuels - appear
white. The size of the micelles also

have failed—by combining diesel fuel with tap water form a
mixture that cuts pollution, maintains engine eéfficy and
works in existing engines.

His fuel is as simple to make as instant coffed, ityés stable
for years. If he can make it cheaply enough, itldéamprove the
lives of millions of people who live in cities pamk with old,
diesel-powered buses and cars. Their clapped-oginesn belch

soot and nitrogen oxides (N that damage the environment

and cause lung disease. Clean up vehicle exhausts, tteese
cities should become cleaner and healthier plactge.

The reason that his fuel is so stable and greers, 3ahnson, is
that he has found a family of detergent-like sudats that chem-
ically bond molecules of water to molecules of thesel, nudging
the water molecules into stable 20-molecule clgstersembling
"buckyballs.” Johnson calculates that these clasfaulsate with
vibrations, an effect that endows them with rembl&achemical
properties. He has licensed his discovery to Qumantinergy
Technologies (QET), based in Cambridge, Massacts,sethich
plans to make and market his watery fuel worldwide.

Johnson's find is the culmination of research tistarted
early this century when car drivers noticed thatliag a splash
of water to their fuel often boosted engine powBuring the
Second World War, researchers worked without swscces
improve fuel performance and stretch supplies bypirdp petrol
with  water. And in 1994, American physicist
Gunnerman made headlines by claiming that his ceaored
blend of water, naphtha, and petrol cut pollutiond aboosted
fuel efficiency by more than 40 percent. But Gumnman's fuel
has yet to reach the market.

That honor has gone to the French oil company Htitaine,
which has begun to market "Aquazole,” a milky-lowkiblend
of diesel fuel, surfactants and about 13 percerntenvafter two
years of tests, EIf claims that Aquazole halves #mount of

exhaust particulates and cuts N@missions by about 15 per-

cent.

Both Gunnerman's fuel and Aquazole are emulsionsvhich
the water is dispersed in the fuel as small drgpl&Yater mole-
cules are polar, possessing a tiny electrical @hadttat leaves
them ready to bond with other charged molecules unwilling
to link to electrically neutral ones like those petrol or diesel
fuel. To overcome this repulsion, chemists useastahts with
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makes them unstable. With time, the non-polar anthrpcom-
ponents separate into distinct layers and the méxtobecomes
useless. This, says Johnson, is a huge problem afgone
attempting to manufacture fuels in this way: "Erris of
water and fuel have a history of separating oveetfl

According to Frederic Barnaud, who leads the Aquazwmioj-
ect team, Elf's fuel is stable for at least threenths, "but it
should last for over six months,” he says. Howewtesel fuel
is sometimes stored for long periods before use andhort
shelf-life could be a big problem. The more statile fuel, the
better chance it has of becoming a commercial ssccAnd this
is where Johnson's mixture scores.

He has succeeded in creating a "microemulsion” hichv the
water is dispersed in droplets just nanometressacrdhese are
too small to scatter light so the mixture is clednlike the larg-
er droplets in Aquazole, the surface tension inndoh's tiny

water clusters makes them stable for long periodé
microemulsion is a thermodynamically stable systeragrees
Philip Schulz, a chemist involved in the developmeaf

Aquazole at EIf. The water molecules in Johnsoristers are
also attached directly to molecules in the diesel fvia covalent
bonds formed with the surfactant. These bonds duartstabilize
the mix. Johnson's tests seem to confirm this: &snpf his fuel
have remained stable for up to three years, he says

Tom Kearns, professor of diesel technology at Msmsa
Community College in Massachusetts, backs Johnsolasn.c
Kearns began testing Johnson's fuel more than a wem.
"When | first heard about it, | thought it was ddious. |
laughed," Kearns admits. "But we have some of thel fhat's
been sitting on a shelf for a year and it haspassted."”

Best of all, producing this microemulsion doesn'juiee any
fancy processing—just mix the ingredients and stBays
Johnson. He refuses to reveal exactly which swafast he uses,
but claims that part of the secret to making narnoes&zed
drops lies in the way the water molecules arrahgmselves.

Tiny clusters
Researchers such as Richard Saykally at the Uniyeddit
California, Berkeley, and David Clary at University (@ge
London have shown that water gathers spontanednsty var-
ious structures, such as a ring of five molecukdd tbgether
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with hydrogen bonds ("Wacky water," New Scientist, June
1997, p. 40). These rings join in a variety of gswpnd Johnson
says that one of the most common is a 12-sidedtsteiusing
just 20 water molecules—a pentagonal dodecahedron.

In nature, these clusters exist only for a splitosel before
they grow larger or are destroyed by the jostlinglanules
around them. But Johnson has hit upon a familyuofastants
that gather round the 12-sided clusters and stebiliem. "In
essence," he says, "we're nanostructuring water."

In Johnson's estimation, these 12-sided watereristave
some remarkable properties. First, electrons irotygen atom
of each water molecule interact with the electremsiearby oxy-
gen atoms. Together, they form what chemists dalbtalised pi
orbitals," which stick out from the surface of tiaster like bris-
tles from a brush. This arrangement increasesetinivity of the
cluster since the electrons can bond with nearbgeuntes. Here
again, Johnson's secret surfactants have an impoota to play.
They are rich in oxygen and donate electrons toréwer clus-
ters, making them more reactive. 'The electroris/ary strong-
ly bound into the system, so if s easier to shameform a bond,"
says Ken Jordan, a chemist at the University a$iRirgh.

The cluster's architecture also means the oxygensaare just
2-7 angstroms apart—so close that the electroreneroxygen
atom can feel the charge of the electrons on ighbers. The
charges repel, but as the oxygens are grippedrbggbonds,
they can't move apart. Johnson suggests that tigs lmontinual-
ly deform to minimize repulsion, twisting and stfging in an
effort to stabilize the cluster. This is known & tdynamic
Jahn-Teller effect ("The heat is on," New Sciens¥lay 1997, p.
26). These vibrations make the water clusters meaetive, says
Johnson, by lowering the energy barrier for chehreaction.

This, Johnson argues, is part of the reason whiuklsis so
clean. He has calculated that electrons on thdeckioxygen
atoms react with molecules such as anthraceneidiéisel fuel
that would normally turn into soot particles asythern. Instead,
the electrons break these soot precursors apatharftagments
turn into water, carbon monoxide, and carbon diexid
Simultaneously, the water in the fuel cools the lzastion process

Jefferson Tester, director of MIT's Energy Labasatagrees that
Johnson is onto something. "Keith's claims arecldi he says.
"His ideas are also compatible with what we sesuinlab when
we test mixtures of water and fuel. And the incedazactivity is
an indication that the Jahn-Teller effect coulgbeork here."

Jordan may not be convinced, but he is intriguid:ettain-
ly doesn't sound impossible," he says, citing dégestructures
of water molecules called hydrates that exist iturga "One
couldn't have predicted those shapes in advance."
Whatever the truth, the ultimate test for Johnstrés lies out
on the street. And so far, things look promisimgJune last year,
a team from West Virginia University tested thelfirea bus
under simulated urban driving conditions. The nssulere
encouraging, with reductions in pollution levelspegaching
those seen in the lab. And Johnson's water fuelchasinly
pleased Douglas Wheaton, responsible for alteradtiels at
the Massachusetts Port Authority. For about a yedfassport
bus has used QET's diesel blend as it shuttlegpges around
Boston's airport. "We're a large airport crammed ancorner of
East Boston," Wheaton says. "Using Johnson's tuebduce
pollution is one way to mitigate our impact on t@nmunity."
Although Massport hasn't measured the amount ofupol
tion produced by Johnson's fuel, Wheaton is cordnllt is
obviously significantly cleaner than regular diesghaust," he
says. Others are interested too. Three privatebogpanies in
Costa Rica are conducting long-term tests of Jatinsweater
fuel and QET is in talks with several companiesldwide.

When the fuel is ready for sale—within six monthshnson
says—Massport will be a customer as long as thei€esmpa-
rable to regular diesel fuel. And that means noentioan a 5 per-
cent price difference. Right now, Johnson's fueltameet that
target, but QET expects its price to fall as prdidads scaled up.

Reducing the cost of the fuel while maintainingétsviron-
mentally friendly performance is a trade-off. Thefactant is
the most expensive component of the fuel but Jahresm
reduce pollution levels even more by adding as naschl per-

Just Add Water continues on page 47

and slows the formation of NOThe result: in lab tests, QET has

found that the fuel reduces sooty particles inalieghaust by as

much as 80 percent and NGy more than 30 percent. There's also

a slight improvement in engine power, says Johnson.

Despite the evidence, Johnson's theories don'timoav
everyone. "There's no way to tell if his fuel isngs20-molecule
water clusters," argues Saykally, a pioneer insthdy of water
clusters. "Chemical models aren't reliable enougladdress
this. Calculating the properties of something asds a 20-mol-
ecule cluster greatly exceeds quantum chemistuyl®iat state
of the art." Chemist Dudley Herschbach from Harvar
University agrees: "Keith's theory is plausible bpéculative.”

Johnson is confident about his ideas because opetan
models that he has developed based on his eattlidies of
metal clusters. He has simulated the electricahbieh of mol-
ecules in all sizes and shapes of water clustestisuting dif-
ferent oxygen isotopes into the model and chattiegchanges
in the vibrational frequencies of the cluster's dsr'lt's only
with clusters of around 20 molecules in size thai pegin to
see vibrations in the range matching those wherddhn-Teller
effect is active,” he contends.

Wobbly molecules
He also points to a team at the University of Lyoat used
Raman techniques to measure the vibrational priegedf
water. He claims their findings are consistent itk theory.
"Nature is never kind enough to give you just oize sf clus-
ter," he says, "but in our fuel, evidence tellghat the 20-mol-
ecule cluster is the predominant form."
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Tidal Powe
Jeane Manning*

Reprinted with permission from Shared Vision
(www.shared-vision.com), November 1998.

The massive tides that ebb and flow through BC's @aor
Strait every day may be part of the answer to orfe
humankind's greatest challenges. Global climate ngha
has forced governments to look for clean energye @f those
sources is the untapped tidal power that literatiyls in under
our nose twice a day. A local company is prepariagharness
this power around the planet, and it is gettingadb from the
Kyoto, Japan agreement. [The Kyoto Protocol wasbdished at
a climate-change conference in Kyoto, Japan in Dbee 1997,
to define greenhouse gas emissions for all coumtrie

For years, Vancouver's Blue Energy Canada Inc. (fdynidova
Energy Ltd.) has advocated the use of ocean tiolesléan energy.
Boaters and swimmers respect these forces, andetfteof us can
appreciate the power shouldered by roaring waveashmoss mas-
sive logs onto beaches. Martin Burger, presidelloé Energy, esti-
mates that 25-30% of the world's energy needs doeilehet by

using the tides. In his book

Energy (Time Inc.),
American  textbook  writer
Mitchell Wilson is even

more optimistic: "The tides'
surge, if put to use, could
provide half our energy."

The unique technology
of Blue Energy has caught
the eye of planners in the
UK, India, and other coun-

tries, as well
Brunswick
New Brunswick,

as the New
government.
for exam-

ple, burns enough coal to
create an expensive prob-

lem for itself when emis-

sions penal-
ties must be
paid. "Our
technology
is looking
very attrac-
tive to these
people
now," says
Burger.
"The Kyoto
event is
proving to
be the turn-
ing point
toward

Blue Energy Canada Inc., 21 Water Street Suite
Vancouver, BC V6B 1 Al Canada, Internet: www.bluen-
ergy.com, Phone: 604-682-2583, Fax: 604-682-8683

sustainable energy." The Philippine
National Power Corporation is first in line to sigp with Blue
Energy. The company is negotiating a 74-megawadt tte design
and help build a demonstration tidal-power projecthe southern
Philippines. This novel "tidal fence" of separatscrete structures
will house large turbines. A highway will run alotige top of the
tidal fence between two islands.

This small Canadian company is able to earn thi8 besiness
because of proprietary turbine and other technekdesigned
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by chairman Barry Davis. With a slight Australianceat and
quiet voice, this modest inventor was formerly tttéef hydrody-
namic designer for the DeHavilland Aircraft companyhere he
worked on the Bras d'Or hydrofoil ship. He also gredl aero-
dynamic loads for the famous Avro Arrow supersaiicraft.

Davis noticed that the energy in ocean currents igasred,
apart from a few early tidal power installationsicls as the one
located off the coast of France. "Tides are an lowvked viable,
reliable, economic, ecologically benign and susthie@ source
of energy," he says. He came up with a new desipgpired by
an old concept patented, but never built, by Frehgtro engi-
neer G.J.M. Darrieus more than 50 years ago. Derrgroposed
a type of vertical axis wind turbine. Davis builislown versions
and installed them in fast-moving water. With fumglifrom the
National Research Council in the 1980s, he testedinsights,
from the St. Lawrence Seaway to the Florida Guife&n, and
evolved a new type of low-head water turbine. Wittis form
of turbine, there is no need to create a significapight-of-
water difference such as with the damming which adtated
Bay of Fundy marine life in a quite different appmbato tidal
power. The result is Blue Energy's tidal fence cphce

Blue Energy's vision encompasses not only megapsojea
the ocean, but also river units that could powerillage and fit
in a small pick-up truck. Burger, a native of the rikaest
Territories, wants to see the invention bring poweraboriginal
people in the North. A private foundation in Tormnindicated
that it would fund the building of a small turbifer a demon-
stration project—a necessary step before the Dmpait of
Indian Affairs would support more ambitious progct

The Davis Turbine generates power from both surgamgl
ebbing tides. Thanks to Davis' knowledge of hydisfothe
blades have been designed to rotate faster thanwtier that
flows over them. However, even when anchored intosvéft
current, the blades turn at less than 25 revolstiper minute.
At these speeds, fish can safely swim through tirbirte, and
larger sea creatures can veer around it.

Last year, the Institute of New Energy, in Salt éaRity, Utah,
ranked the Davis Turbine as "number one for comiakmbevel-
opment" among 114 energy systems. Tidal power tuwus to
have advantages over solar and wind systems. Theughand
wind are well-proven and developed sources, thep@tmn of
sun and wind energy converted into electricity ist rhigh
enough to compete economically with heavily taxssdized
nuclear and fossil-fuel industries.

Whereas wind, for example, is diffused, water is2 8&mes
denser and, when moving at the same speed, wile Haun-
dreds of times more power to turn blades. If airrenvdlowing
past a windmill at a speed of a typical tidal flowpt much
would happen. Tides flow into the Burrard Inlet dioat five
knots per hour, but because of the density of watee blades
are hit with as much force as that of hurricane dsinThe tur-
bine blades can then turn the shaft of a generator.

For eight years, Martin Burger tried to interest BCdHyin the
estimated 50,000 megawatts of tidal power resouatmsy the west
coast, especially a site in Massett Inlet in Ha@l&aii territory on
the Queen Charlotte Islands. Rebuffed, he finallyadraway and
focused his efforts elsewhere. Burger notes thatgivernment of
the Philippines will soon be recognized as a wallbs innovator
in environmentally safe technology, and that BritiSlolumbia
could have been that leader. Barry Davis, with attarsstic under-
statement, says, "It is always difficult to charige status quo.”

The switch to clean sources of power is imminergyéwver.
Tidal power may play such a large role that theapér "sea
change" can be revised to describe this technabdi@ansfor-
mation of energy generation.

Jeane Manning is author of The Coming Energy Reaiuti
*E-mail:visionary@bc.sympatico.ca
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Waves of the Future?
Harnessing Tidal Power
Barbara A.F. DelloRusso

A Historical Review of the Passamaquoddy Bay Tidal
Project and the La Rance River Project
Think but the movement of the waves, the ebb anal, fthe
to-and-fro motion of the tides, the ocean has & vas
amount of lost power. —Victor Hugo

When the tides ebbed, the impounded water wouldrdbeased
through turbine generators and then back to therdc&stimates
of cost at that time were around U.S. $40 milliowd & would have
been financed by companies such as Boston Edisomer&e
Electric, and Middle West Industries, prominent pamies at that
time.

When the stock market crashed in 1929, so did thedQy
project. Cooper left for a hydroelectric developmenroject in
Russia. The International (Canada and U.S.) Passamdgu
project was lost when the report of the Internation
Passamaquoddy Fisheries Commission, which was apgoin

n 1919, Eastport, Maine (U.S.) was the site of Bextin 1930, was submitted to Congress. The findingsthef com-

Cooper's dream for a tidal power plant. This eastest
city of the United States was the gateway
Passamaquoddy Bay, which is part American
Canadian, and its immense tidal flow in and out lvé Bay of
Fundy. Cooper's dream also envisioned attractingmida and
metallurgical plants and establishing a vast indlistcomplex,
which would increase the size and economic stafushe pop-

ulation considerably.

Eastport's economy was heavily dependent on fishimghe
nineteenth century and was one of the busiest pmrtshe East
coast. Estimates of Eastport's population at the tf the cen-
tury were generally over 6,000. During the earlyemtieth cen-
tury, there was little employment for the area amddwindling
population due to the declining canning industridaday, the
population hovers around 2,000.

Dexter Cooper was a hydroelectric engineer, a gtaedwé the
Royal Technical University at Karlsruhe, Germany the early
1900s and previously an engineer on projects sacNiagara Falls
and the Panama Canal; he was the builder of the lleBam on
the Mississippi River. He worked and invested hisnomoney
for five years, surveying 400 miles of shore anddimyg and test-
ing a scale model of harnessing the tides in thesdaaquoddy
Bay with water rushing in from the Bay of Fundy with up to 53
foot tides. Tides that rise and fall 18 to 26 feeéery twelve hours
would, he believed, furnish a never ending sourtepamwer?3
Cooper's original international plan was to creae great
tidal basins by the con-
struction of dams from
Lubec to Eastport to
Perry enclosing the
waters of Cobscook Bay.
The Atlantic Ocean swells
Passamaquoddy
Cobscook Bay with over
70 billion cubic feet of
water—more  than flows
down the Mississippi
River in two  weeks.
About fifty square miles
of water would have

been enclosed by dams inPresident

which gates would open

Dexter Cooper and close to conform to
Courtesy of Eastport 200 Committee the rise and fall of tides.
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and

mission were that the construction of the propodadhs would

fopractically extinguish herring fishing inside theands, but that
and pifishing most likely would not be affected in the diay area or

along the Maine coast. These findings eventuallstricted the
Quoddy project to the national Cobscook Bay two-pqddn,
because Canada feared risking its fisheries (seg¢ map

Franklin D. Roosevelt, who had a summer home on byear
Compobello Island, was a friend of Cooper and hadpacted
his plan since its beginning. When he became Rpsiche res-
urrected Cooper's plan and started a commission tudy sit.
The headline "Passamaquoddy Became Mixed in Pdlitesns
up the key issue during the election year in Maimhjch was
then typically a Republican state. "Two days beftite election,
the Republicans levied a charge against Roosevelt tha
Administration was trying to bribe voters of Maineto support
of the New Deal by holding out hope of a $47,000,0®ublic
Works Administration (P.W.A.) project."These charges did lit-
tle to offset the Democratic sweep in Maine in 193the
President's Commission final report summed up byingayhat
it would be economically feasibfe.

This author spoke with Irene Shepherd, who grewirughat
part of Maine during the 1930s. She told me ababat tidal proj-
ect when | alerted her to this special issue'sda@uwater. Irene

Franklin  Roosevelt looking over model of the
Passamaquoddy Tidal Power Project at Quoddy Village in Eastport. Left

to right: Roscoe Emery (Mayor of Eastport), Oscar Brown, FDR,

Governor Ralph Brewster, Dexter Cooper, and Lt. Col. Fleming.



An example of the enormous tides on Passamaquoddy Bay.

Pier with lobster shack at "half tide" shows ten feet of pilings.
Photo by John Megas. The Ellsworth American

remembers Quoddy bringing much hope and eventually
much prosperity to the area for a few vears. Thadlies in
a 1935 newspaper article states: "Men Who Dreaméd o
Harnessing Quoddy Tides Now See End of Depression.
Uncle Sam to Spend More Than a Million a Month fowo
and a Half Years, Giving Employment to Over 1,500rkérs;
Creating a Tremendous Business Impulse in Maine and
Especially to a Section in Urgent Need of Afd."

Other headlines spoke about the impending prosperit
"Bright Sunlight of Prosperity Shines DownEast. Ti@ity
Will Be Rebuilt—New Buildings, Water System and Roads

Needed for Army of Worker£""125 Men From Relief Rolls
to Start Work on Houses Monday."

At that time $35 million was projected to be spéwyt the
government. President Roosevelt began funding tlogedgdr in
1935. The project was to be undertaken by the W4
Department, not because it had anything to do wligfense,
but because the Army Corps of Engineers were toadditly
assigned to such federal projects. Dexter Cooper netmned

This is a 1963 map showing how the Passamaquoddy power project would
work. It illustrates the continuing story of the ambitious project to produce ener-
gy through the tides. Simply, the tides would be harnessed like this: the advanc-
ing tides would come from the Atlantic Ocean (dark screened area) through
northern passages into Passamaquoddy Bay. At high tide, the locks there
would be closed and the receding tide would be vented through the lower locks
and the power stations near Eastport, from the high Pool to the Low Pool.
Courtesy: The Ellsworth American

as a consulting engineer on the project at $15,80Qear.
Roosevelt gave $10 million from his discretionanseme in
the Public Works Administration.

Pleasant Point Dam, part of the plan for the Passamaquoddy Tidal Power Project,

under construction in 1936.
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Courtesy Eastport 200 Committee

Seven miles of locks and dams were estimated ® tialee
years and $36 million to construct. These woulddpce 260
mil-

lion kilowatt hours per annumThe first phase of the project

involved constructing housing quarters, later known
as Quoddy Village, built at a cost of over $1 ol

According to reports from 1935 to 1938, prob-
lems began when the bill to oversee the project

and its debts was opposed by three power com-
panies controlling 95% of Maine's electricity.

Bangor Hydro Electric, Cumberland County
Light, and Central Maine Power feared that the
Quoddy Authority would drive these companies
away by charging lower rates. The companies
persuaded the two-thirds Republican legislature
to block the bill*

Roosevelt could not continue expenditures and
withdrew $5 million from the project. All additioha

money would have to come from the U.S. Congress.

Many other problems ensued. Quoddy Village
hurt Eastport because workers weren't housed i
their town. Cooper's original plan was altered by

the engineers and the cost went up considerably. In




the disastrous flood of 1936, Quoddy personnel wa@ns-
ferred to flood control projects and never retuthied

All in all, an expenditure of $7 million was usedtiwonly $2
million for the actual construction; one million ldos was for
Quoddy Village and the rest for test borings and kuilding of
certain smaller dams.

Dexter Cooper died in 1938 and never recovered tloaesmn
he had invested ($85,000), and he was not paidfuthes60,000
which the Army owed him for his services.

Over the years, Cooper's dream of a tidal plant e t
Passamaquoddy Bay resurfaced. In 1948, Presidenmafru
directed the State Department to request an Irtienzd
Boundary Commission to conduct a survey to determine
feasibility of renewing the abandoned Quoddy Tid@bwer
project. Interest had developed because of powertasies in
Maine and Canadh.

In 1950, the International Joint Commission (1JC) tednto
further investigate the economic feasibility of theoject. In
1956, the U.S. government put up $3 million and dara gov-
ernment $300,000 for the IJC to do more studies. D& con-
cluded in 1961 that it wasn't economically feasibleder exist-
ing conditions, but that could change in the futdre

An article in the Maine Sunday Telegram in 1963orégd that
the Secretary of the Interior had recommended tesiBent
John F. Kennedy a full review of the project. "Tipgimary
result will be 1 million kilowatts of dependable canneeded
peaking capacity for the region and, combined whitydroelec-
tric development of the Upper St. John River, 250,&@lowatts
of dependable load factor firm energy for use prilypain
Maine, both at a cost substantially below the oofstalternative
source of power. .unique engineering undertakamgd will
certainly become a tourist magnet, contributingthfer to the
economy of the area.”

The article lists many other positive aspects t® pinoject. On
October 20, 1963 Kennedy took a flight from Oromdaine to
Boston and detoured over the Passamaquoddy région.

There was still much criticism in the media abobe tpro-
posed Quoddy-Dickey power project. An article apjpeg in
Electrical World blasted the sixteen-page Interfeeport. It said
that there were many mistakes in the Interior Dispant work
and attacked basic assumptions on which some of répert
was made. To no one's surprise, the Main Co. prdpiseneg-
ative report for the Electric Council of New Enganvhich is a

Tidal Power in the News

The September 2000 issue of Geographical magazine
mentions that the University of Plymouth has invented
a new device called a Wave Energy Device which
"comprises a column or cylinder, five meters in diame-
ter, which extends some 14 meters below the surface
of the sea." According to researchers there, "the
device is based on the principle of multiple water
columns which oscillate owing to the movement of the
waves. Air in the columns, under pressure from the
water below, drives a turbine to generate power." The
device can move with the tide as it's like a free-floating
buoy. It can, according to the inventors withstand
storm conditions. The device is patented by a British
company. Embley Energy Ltd. According to the article,
researchers hope to have initial tests completed by
early 2001 —SDR
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private power company-backed organizatidn.The
died when Kennedy was assassinated a monthtfater.

In 1977, President Gerald Ford set aside $50,006tudy tidal
power and at that time Quoddy supporters formedaewocate
group to inform the public about the advantagesQuofoddy. In
the year 2000, nothing suggests that the Quoddye&rowill
ever be revived.

project

The La Rance River Project
By way of contrast with Quoddy, some tidal wave jgcts have
been successful. The La Rance River Project in thé &uSt.
Malo, Brittany, France, took six years to compldtem 1961 to
1966. The 240 megawatt tidal generating statioratishe mouth
of the Rance River estuary on the northern coast rahde (a
large coal or nuclear power plant generates abgd@01MW of
electricity) 12
With a French national energy crisis in full bloothe La Rance
River Tidal Project had successfully operated forrenthan six
years. But French experts admitted at that time thay would
not initiate another tidal project because it conltt compete with
recently developed nuclear power plants. In fdog tidal project
was considered unsuccessful in the beginning, tatt was due to
the drop in oil prices immediately following itsropletion.
Comparing Quoddy to Rance was one more way for tt& U.
Interior Department to maintain that the Quoddy j&p stand-
ing on its own, couldn't meet the feasibility te$the construc-
tion cost has escalated over 30 percent, accorting.S. engi-
neers. There is consider-
able doubt that the
Passamaquoddy Tidal
Project can meet the feasi-
bility test as being eco-
nomically sound..®
The article details some
of the technical and eco-
nomic achievements of
this tidal project.

The estuary where La
Rance River Project was
built has tides that are
stronger than at any
other point on the coast
of Continental Europe.

The tide reaches as

much as 44 feet. This

fact plus the use of so

called ‘bulb groups' which use new
turbine alternator generators have made the Rarmjecpran
engineering success.

The dam is built across the estuary at a point evties dis-
tance from shore to shore is 2,460 feet. Turbimesgenera-
tors are located within the dam which is 150 feetiea. It
took the engineers six years to overcome a proldérhne
tides running strictly on their own schedule. Thagvised
bulb shaped power units, 45 feet long and 18 feeidmeter,
each housing a turbine and a generator and sutfieilam
below the lowest tide.

Rushing waters spin the four 18-foot long propetildes
of the turbines which, in turn, activate the getmraThe
bulbs can be run by water flowing in either direnti-and
they can also be used as pumps.

The pumping is what really counts. This makes &gine
to use surplus electricity to fill the reservoirired the dam
to a greater depth than the top level of the tflial. Later,
this extra water can be released to turn the tesgiat the
moment when the power is needed, not just wherotiean
has seen fit to recede.

If the bulb breaks down, or needs cleaning, itloan



sealed off by massive doors at either end. Overlsbadts
allow access by technicians to a limited extentnewdhen
the bulb is in operation.

French engineers say the Rance project cost 25 gudr ¢
less in terms of concrete than conventional Frehgtiro
plants of matching capacity. The final cost of gieject was
in the area of $85 million.

There have been some economic and recreational side
benefits from the French project. The motor roadnimg
across the dam had cut 25 miles off the tortuoustream
loop that had to be made to drive from St. MaldDioard.
And, for boating enthusiasts who used to shun thec®a
because of its ruthless tidal currents, a whole mday-
ground has been opened. The reservoir, stretchingilles
upstream from the new dam to a centuries old daar ne
Dinan, offers a large and placid surface, coveritige
square miles...the dam top offers spectacular viéws

In 1997, a $78 million renovation project was umdey at
the La Rance Tidal Plant. The half mile long damifsiies 90%
of Brittany's electricity. This project appears te k continuing
success stor¥

In the previously mentioned 1973 artidleconcerning the pros
and cons of Quoddy, The Rance River Project was knasn
being very successful from a technical standpoifite article
stated: "No other tidal power operation of that pmedhad been
started anywhere in the world. The Russians weréevss to
have a small facility for experimentation in the BafyKislaja on
the White Sea where there are tidal advantage®rrdike those
at Rance. South Korea did a feasibility study fgoraject and the
British talked of applying the Rance concept at tBevern
Estuary where the tidal range is 45 feet."

According to recent information on the web, the i8bwnion
did complete construction in 1969 of about 1,000watts of
tidal power on the White Sea. There is a 20 MW erpental
facility at Annapolis Royal in Nova Scotia, in theyBaf Fundy,
and a 0.4 MW tidal power plant near Murmansk in Rus#
was estimated that a barrage across the Severn Riverestern
England could supply as much as 10% of the cosntléctric-
ity needs (12 GW). Cook Inlet in Alaska also has plo¢ential to
generate large amounts of electricfty.

Michael Brower's book Cool Enerfystates: "The potential of
tidal power is limited... about 3 million megawatése dissipat-
ed in tides worldwide, of which it is estimated tthre0 more than
2% (60,000MW) could realistically be captured imali power
plants. . . the "lack of experience with tidal powsso means
that its environmental impact are not wholly untzod.”
Brower's comments reflect his opinion about dammitidal
flow, not at turbines such as those mentioned endeManning's
article Tidal Power (p. 43). The low-impact effisteDavis tur-
bine system uses a type of slow-moving blade thesnelarge
fish can swim through and it doesn't require ash hégdifference
in water depth. Jeane Manning feels that "unleskvaimpact
efficient turbine is used, conventional tidal powehanges the
location and nature of ‘intertidal zones' in a balich in turn
interferes with fish migration" (personal commutics).

Cleaner energy sources such as tidal power are be
looked at increasingly by governmefisTidal power has the
potential to generate electricity and be an impurteenewable
energy source. Construction costs and environmeirgbact
seem to be the biggest barriers to developing teisource.
Perhaps past studies of the Quoddy project shoeldreexam-
ined given new technical expertise and advancinghrtelo-
gies® (inset, p. 45) of this field that might make suahhuge
project more cost-effective and environmentally sieke in
the future. Inexhaustible and non-polluting tidabwer may
be one of the waves of the future.
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Just Add Water continued from page 42

cent water. But add more water and Johnson mustimigxtra
surfactant to keep the fuel stable—and the cosgs ri

So he is looking for ways to eliminate surfactaattogether.
One answer is to subject water to "supercriticathperatures and
pressures—about 374 °C and 220 atmospheres. Sticafcwater
is somewhere between a liquid and a vapor, andsdohbelieves
that its primary form is 20-molecule clusters. Undleese condi-
tions, the molecules of diesel fuel and the watelecules in the
clusters bond directly, without the need for sudats.

In lab tests, the supercritical fuel reduces palits even
more effectively than the surfactant-aided blendmeaeng
about 90 percent of particulates and halving ,N@mission,
says Johnson. This makes it cleaner than natural QT is
negotiating with a U.S. electricity company to tése fuel in a
power station. QET is also designing engine modlifins to
enable a vehicle to create the blend on board.

But this combustible cocktail is just the beginnidghnson has
set out on a scientific voyage of discovery to erpland exploit
the other strange properties of these water ckistde is already
awash with other applications and is looking intee trole his
clusters might play in biomedical products. He tamveal any-
thing about these yet—commercial interests aretates—but he
has even bigger ideas on his mind. He points t@ dgmthered
recently by NASA's new submillimetre-wave astronomsgtellite
(SWAS) that suggest clouds of freezing matter irepdespace
throb with vibrations resembling those of 20-molecwater clus-
ters. Johnson speculates the clusters might paek \hids
between distant stars and galaxies: "These shoeldtdble in the
low temperatures and vacuum of space," he suggests.

His modest office is also stacked with papers iimgthat water
clusters may even play a key role in protein fajdend in deter-
mining the structure of living cells. Perhaps hetevy fuel is just the
tip of an iceberg? "The more we can learn about rtfecular
behavior of water," he says, "the more we'll legbout life itself."

Bennett Daviss is a science journalist based in Nampshire.
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BRIEFS

COMPILED BY EUGENE MALLOVE

at our Bow, New Hampshire offices, we mechanism? Over the years, various
ran into an excerpt from a Clinton newshypotheses have been put forward, such
Sheikh Yamani Predicts End conference on October 14. (Don't ask whaas atmospheric phenomt_ana, continental
. . year—our filing system isn't that good andwater storage (changes in snow cover,
of Age of Oil and an Oil it doesn't matter what year; he said it!) river runoff, lake levels, or reservoir
Price Crash "_.the world is still largely in the grip capacities), interaction at the boundary
The authoritative UK newspaper, Theof a big idea that isn't true anymore. Andof Earth's core and its surrounding man-
Sunday Telegraph (June 25,2000), featurethat big idea is that in order for any coun-tle, and earthquakes.
an interview with Sheikh Yamani, the for- try that's not rich to get rich, they have tc¢ Writing in the August 1 issue of
mer oil minister of Saudi Arabia (1962- burn more fossil fuels and put more Geophysical Research Letters, Richarq S.
1986), who is now an energy consultant9reenhouse gases in the atmosphere. . ." Gross, of NASAs Jet Prop_uls_|on
Yamani told interviewer Gyles Brandreth, 1he whole economics of energy anclLaboratory, reports that the principal
as reported in a summary by Mary Fagathe economy have changed. And we coul cause of the Chandler wobble is fluctuat-
that "he expects a cataclysmic crash in thhave a revolution in the environment withing pressure on the bottom of the ocean,
price of oil in the next five years” and thatMore trade and investment in presentlcaused by temperature and s_ahnlty
"within a few decades, vast reserves of ojavailable environmental technologies, irc_hange_s and wind-driven changes in the
will lie unwanted and the ‘oil age' will alternative energy sources. . . But it won'C|r_cuIat|0n of_the oceans. He determined
come to an end.” necessarily happen automatically." this by app_lylng numerical models of the
Further remarkable statements by oceans, which have only recently become

. . . S available through the work of other
Yamani directly from the interview:
— ) researchers, to data on the Chandler wob-
Thirty years from now there will be a

ble obtained during the years 1985-1995.

huge amount of oil—and no buyers. Oil Water: To Blame fOI’ Gross calculated that two-thirds of the
will be left in the ground. The Stone Age . . e
came to an end, not because we had a Earth's Wobble Chandler wobble is caused by ocean-bot

tom pressure changes and the remaining
one-third by fluctuations in atmospheric
pressure. He says that the effect of atmos-
pheric winds and ocean currents on the
wobble was minor.

lack of stones, and the oil age will come tc  The role of water in the universe never
an end not because we have a lack of oil." ceases to amaze. According to this NAS/

Recent oil discoveries, new technolo-Press release, water is responsible for tr
gieS, and increased investment in exp|os|ightwobb|e Ofthe Eal’th'S aXiS Of rOtation:

ration and production collectively will = AMYSTERY OF EARTH'S WOBBLE Gross credits the wide distribution of
create the collapse in the price of crude oil, ~ SOLVED: IT'S THE OCEAN the data that underlay his calculations to
he said. Yamani told the interviewer: "I = The century-old mystery of Earth'sthe creation in 1988 of the International

have no illusion. | am positive there will "Chandler wobble" has been solved by iEarth Rotation Service (IERS), which is
be some time in the future a crash in thscientist at NASA's Jet Propulsionbased in Paris, France. Through its vari-
price of oil. | can tell you with a degree of Laboratory in Pasadena, California. Theous bureaus, he writes, IERS enables the
confidence that after five years there willChandler wobble, named for its 1891 diskind of interdisciplinary research that led
be a sharp drop in the price of oil." Hecoverer, Seth Carlo Chandler, Jr., aito his solution of the Chandler wobble

predicts a cut in gasoline consumption oAmerican businessman turnedmystery. Gross's research was supported
100% "before the end of the decade"! astronomer, is one of several wobblinchy NASA's Office of Earth Science.

Sheikh Yamani, a man clearly ahead omotions exhibited by Earth as it rotates ol Media Relations Office, Jet Propulsion Laboratory
his time, appears to know more about thits axis, much as a top wobbles as it spins. _ California Institute of Technology
rush of new technology than does th¢ Scientists have been particularly National Aero“a“t'cshigf’,S,m_jApﬁnme'g:gigon
U.S. Department of Energy. intrigued by the Chandler wobble, since Contact: Rosemary Sullivant (818) 354-0474

its cause has remained a mystery even
though it has been under observation for
over a century. Its period is only around
433 days, or just 1.2 years, meaning that it
takes that amount of time to complete Dr. Randell Mills

linton on New Ener one wobble. The amplitude of the wobble
clzresidgu %Iintone may ?otg¥1ave amounts to about 20 feet at the NorthRR€Sponds to Attacks,

"phoned Bow" yet to comment on thecp:ﬁfﬁdlgr hivsobg;en W(;?Jllc;ulatgg tg:tmptggou“mes BlaCknght_ PI’OQI’GSS
memorandum on cold fusion we submit- o T yced to zero, in just 68 years On the public electronic forum, The
ted to him in March (see note, & No. 31, P esq "some force were: constantly actin- ydrno Study Group, Dr. Randell Mls of
37), but we do have some of his thoughtto reinvigorate it BlackLight Power Corporation provided
on revolutionary energy, even if not of the ™ o\ A5 L citation forum recipients with this stark message,
cold fusion kind. In cleaning up some files ' reproduced in full here. It is a good
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overview of where things stand with Mossbauer-Isotope Compound,” Rande 3.It admits solutions of negative rest
BlackLight Power and how far the com- L. Mills, Carl W. Walter, Lata mass and negative kinetic energy.

pany has come. Of course, the real acitVenkataraman, Kevin Pang, John Farrel 4. The interaction of the electron with
test for the company will be the adventNature,” 336, 787, (1988); "On thethe predicted zero-point field fluctua-
of an irrefutable electricity generating Potentialites ~ of  Nuclear =~ Gammations leads to infinite kinetic energy and
device based on water fuel, as they proj Resonance (Mossbauer Effect) infinite electron mass.

ect they will have. Spectroscopy as a New, Low Dost 5 Dirac used the unacceptable states
Hydrino Study Group (HSG): A serious look at the Approach to Cancer Radiation Therapy,of negative mass for the description of
novel ~ theory ~ of  Dr. Randel  Mils. WM. Reiff, R.L. Mills, J.J. Farrell, The the vacuum; yet, infinities still arise.
ng;ngimbﬁ;ﬁfﬂ%’:&%’;ﬂm Subscribe Pl?;ctjrino-Proceedir_]gs _Of the International Conference «  Quantum states of QM refer to energy
subscribe@eGroups.com Unsubscribe hydrino-the  Applications of the Mossbauer Effectievels of probability waves. From these,
unsubscribe@eGroups.com  List  Owner  hydrino- _CAME 1989, Budapest, Hungary-Septemission and absorption of radiation is
Owne_}r@eGmUpS'com ) (Hyperfine Interactions, 1990)]. inferred. But QM doesn't explain why it
[Editor's Note: ltems in double brackets = |t was my intent upon entering medicais emitted or absorbed or why certain
were added by Infinite Energy to annotate g .hool to start a high technology compan)states are stable.

Dr. Mills' text] I had filed patents on several break For example, the SE cannot be directly
Comments on Park's through medical technologies while ¢tested, and is nonphysical. Even QM afi-
Misrepresentation of Myself and medical student at Harvard and an electicionados do not believe that QM describes
BlackLight Power, Inc. cal engineering student at Massachuse physical reality. | quote Fuchs and Peres,

After ten years of dogging me without Institute of Technology (MIT). Upon grad- "Contrary to those desires, quantum theory
studying the sound theoretical basis ofuating, | formed Mills Technologies todoes NOT describe physical reality.” [C.A.

my work or the extensive experimental develop these and other technologies. Fuchs and A. Peres, "Quantum Theory
work and confirmations, Park can't even Regarding Park's comments on mNeeds No Interpretation,” Physics Today,
spell my name correctly. [[Park used theory: March (2000), p. 70.]

Randall; his name is Randell.]] Criticism Quantum mechanics (QM) theory Furthermore, it does not explain the
of my work appears in about two pagesdoes not say why an atom radiates. Ttstability of the hydrogen atom. To say
[of] his book [[Voodoo Science]] (pp. 133- Schrodinger equation (SE) was POSTUlthat the atom obeys the SE is nonsensical.
135). His account of events is factually LATED in 1926. Schrodinger realized tha Consider the hydrogen atom without
inaccurate, and it is a clear work ofhis equation was limited. It is notregard to the mathematical formula

"spin" and slander. Lorentzian invariant; thus, it violates specalled the SE. Mathematics does not

| held a press conference in the citycial relativity. It also does not comply determine physics. It only models
where | was working, Lancaster, with Maxwell's equations and other firsiphysics. The SE is not based on directly
Pennsylvania in the Spring of 1991. I principle laws. testable physical laws such as Maxwell's

announced my experimental results tha Schrodinger sought a resolution of thiequations. It only gives correlations, and

were to be published in a peer reviewecincompatibility with special relativity for s in fact inconsistent with physical laws.

journal. Other journalists did not fail to the rest of his life. He was deeply trou- o .
. . . . : As a Historical Note:

miss th|§ point, as evidenced by frontbled py the physmal consequences of his [My father] said, " understand that

page articles by various Lancaster news equation and its solutions. His hc_Jpe Was they say that light is emitted from an

papers. For example, in a front page artithat the resolution would make his equa- atom when it goes from one state to

cle of a leading Lancaster papertion fully compatible with classical another, from an excited state to a state

[Lancaster New Era, Thursday, April 25, physics and the quantization would arise of lower energy."

1991] appears: "Mills said his findings from first principles. | said, "That's right."

will be published in the August issue of Quantum mechanics failed to predict the  "And light is kind of a particle, a

Fusion Technology, a scholarly journal. Heresults of the Stern-Gerlach experiment Photon, I think they call it.”

said he also will present them at thewhich indicated the need for an additional €S-

annual meeting of the American quantum number. Quantum electrodynam- atorﬁowlkf]etrr:eitpghoo;(smfrg%m?hseoeu;cg(fe(;ht%

Chemlcal S"omety Meeting in New York ics was propo_sed_ by Dirac in 1926 to PrO- 1o lower state, the photon must have

this Augl_Jst. _ _ vide a genera!lzat_lon of qua_ntum mechanics paan in the atom in the excited state."
Park implies that this was recent news for high energies in conformity with the the- | said. "well, no."

He further falsely represents that | had.ory of special relativity and to provide a con-  He said, "Well, how do you look at it

and currently have, no data to supporsistent treatment of the interaction of matter so you can think of a particle photon

my claims. with radiation. From Weisskopf [Weisskopf, coming out without it having been
The technology has advanced tremenV.F, Reviews of Modern Physics, Vol. 21, No. there in the excited state?"

dously since 1991. Park failed to mention2, (1949), pp. 305-315], "Dirac's quantum | thought a few minutes, and | said,

the results summarized in thirty-nine electrodynamics gave a more consistent der- '™ sorry; I don't know. | can't explain

abstracts of our reports and publicationsivation of the results of the correspondence 't 0 YOU-

o . -Richard P. Feynman, The Physics
found on our  web page  at principle, but it also brought about a num- Teacher (September 1969).

http://www.blacklightpower.com. ber of new and serious difficulties."

Furthermore, | did not become bored Quantum electrodynamics: | started working on the theory on
of practicing medicine. | had a contract 1. DOES NOT EXPLAIN NONRADI- which BlackLight's energy technology is
with Toray Japan to develop a revolu- ATION OF BOUND ELECTRONS. based in 1986, three years before cold

tionary approach to cancer treatmeni 2. Contains an internal inconsistencyfusion. In 1986, | was at MIT studying
when | graduated from Harvard Medical with special relativity regarding the classifree electron lasers. My electricity and
School. The work was published in Naturecal electron radius—the electron mass comagnetism professor, Dr. Haus, gave me
["A Novel Cancer Therapy Using a responding to its electric energy is infinite. a copy of his article describing the solu-
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tion of the physics of electromagneticbelow the traditional "ground" state,
radiation from the free electrons in thehydrinos, can be assigned to soft X-ray
laser based on Maxwell's equations. emissions from the interstellar medium
| reasoned that his solution could alsc(space between stars), the Sun, and stellar
be used as a constraint for a nonradiaflares, and to certain far-infrared spectral
ing electron. lines obtained by a spectrometer which
| had studied quantum mechanics a:measured the cosmic background radia-
an undergraduate and was never contion. A new molecular species, the
fortable with the inconsistencies with thediatomic hydrino molecule, can be
physical world and the postulate that dif-assigned to certain infrared line emis-
ferent physics applied on the atomic scalisions from the Sun. New hydride species,
than on the macroscale. So, | reasonehydrino hydride ions, may be assigned to
that if Maxwell's equations predicted thecertain soft X-ray, ultraviolet (UV), and
radiation of a free electron, why should-visible emissions from the Sun.
n't it predict the physics of nonradiation My theory gives closed form solutions
when the electron is bound in an atom? for the atom including the stability of the
| applied Haus's condition to one ofn=l state and the instability of the excit-
the most significant enigmas of the earlyed states, the equation of the photon and
nineteenth century: why doesn't theelectron in excited states, the equation of
electron in the hydrogen atom radiatethe free electron, and photon which are
and spiral into the nucleus with thederived from first principles and give the
release of thousands of times the enercwave particle duality behavior of parti-
that is observed. The textbook answer icles and light. Nonradiation based on
that it doesn't obey physical laws. InMaxwell's equations is a necessary
other words, the hydrogen atom is stabllboundary constraint since nonradiation
and stops radiating at a much higheis observed experimentally. Spin, mag-
energy level than thought at the time tcnetic moment of a Bohr magneton, Stern
be reasonable. Gerlach experiment, g factor, Lamb shift,
When | solved the atom using resonant line width and shape, selection
Maxwell's equations, the answer wasrules, correspondence principle, wave
clear. According to this law of nature, theparticle duality, excited states, rotational
electron can not emit or lose energy aenergies, and momenta, orbital and spin
light directly. Historically, this state was splitting, spin-orbital coupling, Knight
misnamed the "ground state,” but theshift, and spin-nuclear coupling are
hydrogen atom is extremely reactive, ancderived in closed form equations based
only exists in isolation. Otherwise, it is 'axwell's equations.
always found in a lower energy state In contradiction to Park's statement
than the "ground state" in a moleculethat hydrino lines have not been
such as molecular hydrogen. observed, Prof. Dr. Johannes P. F.
On further examination of the equa-Conrads, then the Director and Chairman
tion, | realized that it is possible to releascof the Board of |Institut  Fur
further energy nonradiatively and form Niedertemperatur-Plasmaphysik e.V. and
other stable states (hydrinos) wherein ththe Ernst-Moritz Arndt-Univeristat
principal energy levels are given as theGreifswald (INP), a top plasma physics
reciprocal of an integer in place of anlaboratory in Greifswald, Germany, and
integer in the Rydberg formula, thefour of Prof. Conrads' top scientists
famous equation discovered from specrecorded line emission from our cell
troscopy data in the late 1800's that givewhich matches hydrogen transitions to
the hydrogen energy levels. lower energy states. A paper has been pre-
In fact, nonradiative energy transfer ispared which will be submitted to a lead-
the mechanism involved in the formationing journal by the recently retired Director
of molecular hydrogen. Nonradiative and Chairman of the Board of INP.
mechanisms are familiar to chemists Furthermore, hydrogen transitions to
Phosphors in fluorescent lights transfeielectronic energy levels below the
energy by a nonradiative mechanism. Sc'ground" state corresponding to hydri-
| predicted certain atoms and ions whicknos match the spectral lines of the
would work the same way to releaseextreme ultraviolet background of inter-
energy from atomic hydrogen. stellar space and from the Sun. | have
The results of BlackLight's experi- recently received acceptance of a paper
ments and those of others demonstratthat points out major problems with the
that the process works as predicted. Thcurrent theory of the hydrogen atom and
process also explains an enormouanalyzes spectroscopy of the interstellar
amount of astrophysical spectra and phemedium that clearly shows hydrinos

nomena. For example, atomic hydrogen BRIEFS continued on page 70
in fractional quantum energy levels
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New Energy Research Laboratory *** Device and PsscBesting Update

Ed Wall

Dash Cell Progress

electrolytic cell do more than provide power. Thegnvey heat

rogress has been made on the Dash Cell work at NEFout from the SEC in a way that avoids detection by therm-

PCaIibration of the Seebeck Envelope Calorimeter (SE@$
accomplished by two means: a simple electric heater by

using an electrolytic cell with ordinary water amgo platinum
electrodes. The latter is to provide a referenca thost closely
mimics the kind of heat generation that is foundhwihe plat-
inum anode and titanium cathode heavy water celt thas been
reported by Professor John Dash and his colleagud® a fairly
reliable generator of small percentages of exceat h

As can be seen in the SEC Calibration chart, whichtains
both the heater and electrolytic calibration, th#er is somewhat
below the former. The calibration lines differ. Téference can
be accounted for by fact that there is some lossvatier in the
electrolytic cells, on the order of 1 g/day. Thedads due to gas
leakage. The leaking gas would have produced ligathad been
recombined into water in the cell. The cell design good,
because it is simple, but it is not yet completgyg tight. One can

see how the square data points, which are forrelgtit calibra-
tion, fall below the heater calibration at highewgr.

couples that make up the SEC. This was known to mewi-p
ously, so | used small diameter wires to make sheht flow

negligible. Small wires have high resistance, seytitan gener-
ate non-negligible heat. This would not have beeprablem if

the voltage sensing wires to measure cell voltage the data
acquisition system were not directly on the leadlsthe top of
the cell. The part of the power wires between e of the cell
and the SEC perimeter was dissipating heat into SE€, and
the electrical power that made that heat was notctly meas-
ured. | thought that this would not be a problenecduse the
SEC was to be calibrated with an electrolytic ceflhich |

thought would perform in a manner very similar tee ttest cell.
However, when we detected the small apparent exbess, it
was a small enough excess that even such trifliogrces of
possible error as this had to be taken serioushe Talibration
and the test cells had different resistance actioss leads. This
was an issue, because at the same power levelhdht dissi-
pated in the power wires was different because hef different
currents. This was a small calibration error.

We also became more concerned about how senshi&/eSEC
might be to where inside of the SEC the heat sowas located.
Ideally, such sensitivity would be nil. However,ettheat con-
ductivity of the SEC walls is not perfectly unifornmor is the
cooling of the temperature reference plate for thference ther-
mocouples. So, a test was designed with four 1®-weistors,
one at each corner of the SEC, configured so thatrésistors
could be activated separately or in combinationheit open-
ing the SEC. The resistors were placed on a piécgheet metal,
which was raised off the floor of the SEC by a shplastic
stand. This offered a fairly extreme test of theCSBy the stan-
dard of normal use, when a much less concentratenice of
heat is located in the center of the unit on thertsplastic stand.
The resulting SEC output voltage for a given resisioput
power was not expected to exceed the voltage sew®en vihat
power was applied to a large, centrally locatedbcation resis-
tor. In fact, none of the corner resistor lines emded the cali-
bration line, and the maximum deviation was an SE@ding

Dr. Edmund Storms was kind enough to provide ushwiig 3% below the calibration line. From this test, ean fairly con-

some valuable suggestions on improving the seatihghe cell.
He also urged us to implement a secondary recombiwhich
he uses. The recombiner is a catalyst that producser and
heat from the oxygen and hydrogen produced in tleetrelysis
process. This secondary recombiner is a small bitatalyst to
recombine the hydrogen and oxygen that might esdegra the
cell if the primary recombiner begins to fail. et recombiner
failed, and we did not know it by any indicatioremyd the cell
seal was very tight, the pressure build up in tled could be
dangerous; we would have no indication of recombifelure.
The secondary recombiner temperature is monitoliedhe cell's
recombiner fails, an indication is generated.

Storms reports that he has essentially no mass ftoss his
cells because of the excellent gas seals he empWith his sys-
tem the electrolytic calibration line would be wuatly co-linear
with the heater calibration line.

After electrolytic calibration, the platinum/titamh heavy
water cell was run, and some small apparent exdesat
appeared at low power (up to 5.2 watts input). Tisisonly a
preliminary result, for the following reasons. Tle=ll power
wiring became an issue. The wires that providegrdw the
*NFINITE ENERGY
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clude that the location of the cell will have a ligigle affect on
the result and, if the slight change in heat soysosition does
affect SEC output, it will probably only decreasee thutput. In
other words, if we see excess heat exceeding tltehealibra-
tion line by more than three standard deviationg wan be
pretty confident that the source of the excess ds an statistical
fluke or due to a calorimeter problem.

The power leads were replaced with a heavier gage from
the perimeter of the SEC to the cell, and the veltagnsing now
takes place at the SEC perimeter. This means kwatoltage we
measure is not exactly the cell voltage, but we areounting for
the very small amount of heat dissipated in theqromires.

A second titanium cathode was tested. The gas deakew
proved to be serious. It was decided to changecéleto incor-
porate gas seals, and that is being done as we geds.

Experimentation is a series of careful steps ton ghetter
results, results that mean more. Eliminating gaskdge will
improve electrolytic calibration and should givealsarer

Device continued on page 67



Heavy Wate

[Editor's Note: Ontario Hydro is no longer in operation and heavy
water is no longer produced there. Ontario Power, the successor
company to Ontario Hydro, inherited the heavy water inventory and
currently sees no need for additional production: the plant is being
dismantled. However, we thought that Infinite Energy readers would
appreciate this information regarding heavy water production and
use which was in literature published by Ontario Hydro. —EFM]
nlike most of the world's nuclear reactors,
Canadian-developed @ CANada  Deuterium

heat and to help control the nuclear reaction. @mtdlydro
operated CANDU nuclear reactors for over twenty
years, and produced its own heavy water since 1973.
As a result of this experience, Hydro developed
world-leading expertise in the production and han-
dling of heavy water.

What is heavy water?

Heavy water is a clear, colorless liquid that looks
and tastes like ordinary tap water. It occurs radlyrin
water in minute quantities, about one part heavytewa
to 7,000 parts of ordinary water.

The importance of heavy water to the Canadian reac-
tor is suggested in the name itsel—CANDU, or
CANada Deuterium Uranium. Unlike normal water,
which is composed of hydrogen and oxygen (the well-
known HO formula), heavy water is made up of deu-
terium and oxygen (ED). The name heavy water sterns
from the presence of deuterium, which is a form of
hydrogen that has an extra neutron in its atomicleau
us and weighs slightly more than ordinary hydrogen.
[Editor's note: It is twice as heavy.] As a resuiiead-
water is about 10 percent heavier than normal walter
also has different freezing and boiling points.

Helping the chain reaction
An explanation of the way nuclear power is gener-

ated will help in understanding heavy water's rate
the process.
CANDU reactors are fueled with natural uranium,

which consists mainly of uranium-238 with a very aim
percentage of uranium-235 (0.7%). It is this tingrgent-
age of uranium-235 that is important in the prouurctof
nuclear energy because the unstable propertiéeof t

SSUE 33,2000 -

uranium-235 atom make it easy to split when sthycl neutron.

Once this happens, enormous heat is producedhanbddat
can be used to generate power.

The initial splitting or "fissioning" of the uraniu atom will
produce two or three more neutrons. If these nesitane able to
split other uranium-235 atoms, which in turn gi¥eroore neu-
trons to split yet more uranium-235 atoms, thehaincreaction is
created. It is this self-sustaining chain reactibifissioning" that
enables nuclear reactors to produce the constahehergy need-
ed to generate electricity.

There is one important
consideration in this
process. The neutrons from
the split atom travel at a
speed of about 19,000 kilo-
metres per second. At this
velocity, the probability of
the neutrons colliding with
uranium-235 atoms is very
small. For this reason, a
material called a moderator
must be used to slow down,
or "moderate," the neutrons
to about three kilometres
per second so they are more
likely to collide with the
uranium-235 atoms and
have a better chance of

thecausing fission.
Uraniun
(CANDU) nuclear reactor used heavy water to transfeularly

Heavy water is a partic-
good  moderator
because the deuterium
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How heavy water is used:

A slow neutron strikes nucleus of uranium-235 atom and splits—fissions—it into smaller atoms. Neutrons given off at the
same time are slowed by the heavy water moderator so they can strike and split other nuclei and sustain a chain reaction.

atom already contains a neutron. This means
that neutrons released when the atom is split
have little chance of being absorbed by the
heavy water and, once slowed, will continue
to split other uranium atoms and sustain the
chain reaction. Heavy water is about 30
times better than ordinary water in slowing
down neutrons without absorbing them. In
fact, because heavy water is such a good
moderator, CANDU reactors can use natural
uranium—unlike most other commercial
reactors, which use ordinary water as their
moderator and therefore must use fuel thi:A CANDU nuclear generating station
has been "enriched" with extra atoms ¢
uranium-235.

The process of enriching uranium is
expensive, and reactors that use enriched
uranium can require up to double the
fuel to produce the same amount of elec-
tricity as a CANDU reactor.

A heat transport medium

CANDU also uses pressurized heavy
water to carry heat from the reactor to
the huge boilers that produce steam to
run the electric generators.

When the chain reaction starts, heavy
water is heated by being circulated
through the tubes containing the fuel.
From there, it moves on to a boiler where
it, in turn, heats ordinary water to steam.
Heavy water is a good heat transport
medium for the same reason that it is a
good moderator: the extra neutron.
Because of this extra neutron, heavy water
is less likely to absorb neutrons crucial to
the fissioning process while it collects the
heat from the reactor.

How it's produced

Ontario Hydro produced its own
heavy water at the Bruce Nuclear Power
Development. These facilities provided
heavy water for all of Ontario Hydro's
CANDU reactors. The reactors at the
Pickering  Nuclear  Generating  Station
initially require 600 tonnes of heavy
water and the larger reactors at the Bruce

Heavy Water continued on page 64
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Book Reviews

Review by Eugene Mallove uncovered a heretofore unknown mechanism of elecigmetic

The Memory of Water:
Homeopathy and the
Battle of Ideas in the

New Science

by Michel Schiff erupted in
Nature magazine
relented and published
immunologist Dr.
Benveniste's research
effects of extreme

tions of chemical
human cells in
pathic  dilutions"
producing visible,

responses in

clusion of Benveniste
France,

colleagues in
Canada, and

extreme dilutions

logical agents

This exceptional book

icles the "Benveniste Affair,"

1988

agents

water—to

communication among molecules. If real, this migkta primary

chron- facilitator of biochemical action within cells, aajor discovery.

Benveniste went beyond his initial reports to finstoaishing
as it came to be known, which evidence that this alleged electromagnetic sigeatof mole-
after cules could be transmitted over wires—or could Wased by

grudgingly intense electromagnetic fields (or by heating thiutidn to
French 70°C). Starting from coils surrounding a closed glasnpule of
Jacques material, the molecular memory trace could travidcteonical-
thely in a circuit to a vial of pure water, which woluthen take up

dilu- the potency of the original materiall Corporate \dtiés are

on underway
vitro.—"homeo- (See

to further
Benveniste's

this "internet pharmacopoeiabnaept.
website, http://www.digibio.com; n a

antibodies excerpt from the site is appended to this review.)

quantifiable Author Dr. Michel Schiff is eminently suited to gpent the tech-
cells. The con- nical and sociological aspects of the controvelsyphysicist by

and his training, with a Ph.D. in high energy physics fréine University of

Israel, Chicago, he broadened his focus and spent yearsraagthe soci-

was that ology of science. He is open to the remote possibithat
immuno- Benveniste may be wrong, but he does not conceatdrislusion

the that Benveniste's work is probably correct. He pgudited in some

level that not even a single mol- replication experiments and was given free accessltthe labora-

ecule of agent
water—had a

repeatable. (Another fantastic property:

ry microscope.

The intense scientific dispute, which surfaced onhne

months  before cold fusion was
announced (March 23, 1989), contin-
ues to this day, a contest perhaps not
quite as well known as cold fusion,
the most prominent water heresy. |
have long suspected that Nature's
reaction against cold fusion was part-
ly spurred by the scorn that Nature
readers expressed after the
Benveniste paper was published.

The battle over Benveniste's work,
carried out at a premiere medical
research institute, INSERM, at the
University of Paris, South, became
known as the "memory of water" con-
troversy. To explain his group's results,
the  formerly = mainstream medical
researcher, some of whose scientific
papers were among the most widely
cited prior to the controversy, hypoth-
esized that high dilutions could leave
an electromagnetic trace of the non-
existent molecules in water, akin to a
magnetic tape recording. Benveniste
makes the broad claim that he has

significant
on cells. Moreover, they claimed, the effect wagomusly
the meabuactivity
of the agent on successive dilution typically falfoa cyclic pat-
tern of enhanced-effect and diminution, as a faamctof the log-
arithm of the dilution, or what is the same, theleynumber of
the dilution, since dilution is to 1/10th strengthch cycle.) This
was nearly the first time that a foundation of th#ernative
medical practice, homeopathy, was brought under |&®rato-

remained in thetory notebooks. He presents the breadth and qualityhe experi-
effect mental confirmations of Benveniste, which is imphessand
includes double-blind experiments that Nature reduso publish.
He presents compelling evidence that the promiriéaitures to
confirm” were in many cases sham investigationdchviby design
or subconscious intent were destined to fail. $atwihcludes,
the memory of water is only one of the various sidginat there is
something fundamentally inadequate in our currentdesstand-
ing of water as a liquid, as a chemical solvent] am a component
of biological cells... In the next century, watelllyperhaps be con-

sidered more significant than DNA for an undersiagdof life."

Headline from New Scientist, August 4, 1988

ENERGY

SS

Schiff begins with a broad outline of the scienaad ahe con-

troversy in Part | (Chapters 1-3).
Readers who want more technical
detail will find it in the appendices,
which make up about a quarter of the
book. Part Il of the book, aptly titled
"The Strange Behavior of Ordinary
Scientists," delves deeply into the
psycho-sociology of science and sci-
entists in general. Schiff draws com-
parisons with other controversial sci-
ence, albeit with scant reference to
cold fusion. He does note a possible
connection with cold fusion in the
"coherent domains" theory of cold
fusion scientists Prof. Giuliano
Preparata and Dr. Emilio DelGuidice,
which predict collective behavior of
water molecules as well as phenome-
na in metal lattices. Martin
Fleischmann alluded to these applica-
tions in his ICCF8 talks and in his
obituary for Preparata. (See IE, No.
32,p.8andp. 25.)

Schiff's observations about scien-

tists' behavior will ring true to those
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familiar with other controversies, especially coldsion. Schiff
writes of a "selective amnesia" syndrome: "When fraoned
with unexplained facts, most scientists seem unableemember
previous historical examples in which such factsengvally
turned out to be the starting point of importantvntheories; in
their selective amnesia they remember only pastples of sci-
entific affairs where proposed heresies were laleown to be
unfounded." And, "Because of its religious connotatithe use
of the word 'sect' in a discussion about scientistght appear
inappropriate. The latter are vehemently opposedhéo idea that
their scientific world view might constitute a sgst of beliefs.
But it is precisely this illusion of not having bef§ which charac-
terizes the scientific Church. In this respect, siogentific believer
is closer to the Marxist believer than to the reliz one." And,
"Scientists who refuse to take into account anglhirat might

Extract from Benveniste's DigiBio Homepage
http://www.digibio.com

OVERVIEW OF DIGIBIO
The principal mission of DigiBio is to bring a dear and irrefutable answer to the controversy over Dr.
Jacques Benveniste's observations of what has come to be known as “the memory of water"phenomenon,that
is: that water is capable of carrying molecular information (biological messages),and that it is possible to trans-
mit and amplify this information, as can be done for sounds and music.
We consider the indicators and the stakes to be such, that it would be irresponsible not to bring forth the
earliest possible explanation.

ORIGIN AND HISTORY OF THIS RESEARCH
Dr. Jacques Benveniste is at the origin of this work. Doctor of Medicine, former Resident of the Paris
Hospital System, Research Director at the French National Institute for Medical Research, known worldwide as
a specialist in the mechanisms of allergy and inflammation, he distinguished himself in 1971 by his discovery
of Paf (Platelet Activating Factor), a mediator implicated in the mechanisms involved in these pathologies (for
example, asthma).

In 1984, while working on hypersensitive (allergic) systems, by chance he brought to light so-called high
dilution phenomena, which were picked up by the media and labeled "the memory of water."

The phenomenon referred to involves diuing a substance in water to a degree where the final solution contains only water mok-
ecules. With the hypersensiive systems he was using, however, he observed that this highly diluted solution initiated a reaction, as if
the initial molecules were stil present n the water: water kept a race of the molecules present at the beginning of the dilution.

International scientific reaction was undoubtedly a match for the implications of this discovery: increduli-
ty, even rumors of fraud, though an investigation made by experts came to the conclusion that it might be an
artifact, but it was under no circumstances fraudulent.

From a scientific standpoint, we dismiss all of this, for the history of science has already shown us that the more
a discovery runs counter to intuition and "good'common sense,the more its acceptance is long and difficult,

PRESENT SITUATION

From the first high dilution experiments in 1984 to the present, thousands of experiments have been
made, enriching and considerably consolidating our initial knowledge.

Up to now, we must observe that not a single flaw has been discovered in these experiments and that no
valid counter-experiments have ever been proposed. Furthermore, these experimental observations, far from
opposing currently-accepted biological theories, can be integrated as an extension to them.

Finally, the probability that we are in the presence of an artifact and that our work has been erroneous for
the past 15 years is diminishing day by day, and we are more and more convinced that we have brought to
light a phenomenon essential to biology and to life.

On this basis, DigiBio's objective is to become the essential actor in the scientific and industrial develop-
ments which will emerge from this research.

STRATEGY

Supported by industrial and financial investors, in the last two years we have entered a phase of acceler-
ation: setting up a company, finding capital and strengthening our team with new and complementary qual-
ifications. The "team" s still very limited in size, but multidisciplinary, and energetically making rapid progress.

Results have been achieved: since the end of 1997, major technical progress has been made that has led
to the filing of three new patents, as well as a relatively simple experimental protocol which allows validating
some of the phenomena in question.

Our present strategy can be summarized as follows:

1) INDEPENDENT REPRODUCTION OF OUR EXPERIMENTS: designing experiments which can be totally
reproduced outside of DigiBio's laboratories, defined by precise and rigorous protocols, clearly demonstrating
the existence of up-to-now unknown phenomena by the way certain molecules interact; locating laboratories
interested in voluntarily reproducing these experiments in order to demonstrate that no artifact is involved;
certifying experimental results, leading to international scientific acknowledgment; formulating hypotheses
about theories which could explain these phenomena.

2) INDUSTRIAL DEVELOPMENT: identifying potential industrial applications; filing patents to protect these
innovations; finding industrial and financial partners in order to conduct research programs and develop indus-
trial applications related to these phenomena.

CONCLUSION
We hope we have enabled you to share our interest in the study of these phenomena; we invite you to expe-
rience with us what probably will be one of the great scientific and industrial adventures of the 21st century.
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contradict their vision of law and order in natunahenomena
follow a simple rule: that which cannot be undeostds impos-
sible. They are obsessed by the fear that sometlsinguld

escape them and one of their key words is 'cohthol.politics,

when the need for law and order is too strongatiseto the death
of democracy. In science, it leads to the stiflinfy innovative
research." This is but a small sample of the wis@othis book.

The Benveniste controversy began with a publicatiorNature
magazinéd, no friend of paradigm-breaking anomalies.
accompanying editorial headed, "When to believe timbeliev-
able," stated: "... there is no evidence of anyepottind to suggest
that such behavior may be within the bounds of ipdig."
Again the old establishment litany: No explanatiengo the data
must be flawed and the hypothesis not worthy ofsameration.
Yet the editorial admitted: "Indeed, during the doperiod since
this article was first submitted to Nature, it hiagsen plain that
Benveniste has been as puzzled as many of thosehat® read
his article by the data he reports. On many oceaside has
responded to referees' suggestions at great inngnee to him-
self. When told, for example, that the experimestwould be
repeated at an independent laboratory, he arrafgethis to be
done." The results have now been repeated exténsatemany
laboratories—numbering now thousands of experimentne
of which interest Nature magazine today or the gmsibnal big-
ots of the medical scientific establishment. Thessitive results
have all been ignored or dismissed in favor of Handful that
have failed, but which were rapidly published bytida to show
that Benveniste was wrong. This is precisely theepatof attack
journalism masquerading as a scientific publicatissed against
cold fusion in 1989-90. A crime is evident and iis fa pattern.
The ever arrogant Maddox editorialized: "Certainhere can be
no justification, at this stage, for an attemptuse Benveniste's
conclusions for malign purposes. ..," i.e. to atyuase them to
better human health. Maddox ridiculed the researcthis edito-
rial: "... it strikes at the roots of two centurie§ observation and
rationalization of physical phenomena,” while byntast prais-
ing physicists' preoccupation at that time with exkmental evi-
dence for a possible "fifth force" in nature.

The quid pro quo for the publication of Benvenistezrk was
Maddox's right to bring a team of investigator's the
Benveniste lab to withess how the experiments wargiet! out.
The team included Maddox, magician James Randi, ldid
“fraudbuster" Walter Stewart. The group perpetragedfarcical
rush to judgement based on their own errors andnipetence.
This is documented in Schiff's book and in Benverdstrebuttal
to the Nature attack.lt was also revealed in an excellent half-
hour BBC television documentary in 1994, one of a psik-
"Heretics" series. After its sham on-site invediya in France,
Nature concluded that Benveniste's work was a "@@iug

Schiff's multifaceted book should be required regdfor those
interested in frontier medical research and in dggamics of sci-
entific controversy. If the Benveniste group's resuand those
who reproduced them were accepted as valid butplaieed, a
top-to-bottom reformulation of molecular biology,edicine, and
much else would be in order. It seems to this weerefar more
likely than not that Benveniste et al. have donesfchrresearch
and are on to something very, very big. The sdiengstablish-
ment appears—no surprise—once again to be holdau kcien-
tific progress on a fundamental issue of overamghimportance,
and in the process causing immense harm to hunadthhe

Memory of Water continued on page 67
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Review by Soo Seddon

Living Water:

Vikrot Schauberger This  bizarre litle  book intro

and the Secrets of duces us to the life and work ¢f

Natural Energy Austrian  naturalist and inventof,

byOIofAIexanderssoNiktor Schauberger, the "watgr
magician from Linz" whose theg-
ries, his biographer frien
Alexandersson tells us, have

staggering implications for the

future of our technologica
civilization.

Certainly Schauberger was
ahead of his time in man
respects. He knew that water
was a fascinating, grossly
undervalued compound and
the majority of his inventiong
were centered around harnegs
ing its natural powers to prg-
vide unlimited clean energy.

During his early years as R
forester, he built highly effid

cient log flumes and went oh

to experiment with suction and spiral "trout" turé$ designed
to power futuristic vortex-driven flying machines.

As one of the earliest eco-warriors, way back ia 1930s, he
founded the "green front" to campaign against dsf@mtion
and the burning of fossil fuels.

The book is vague, however, on many aspects
Schauberger's work. He appears to have led a chaaistence)
with abduction, imprisonment, and constant threfitsn vari-
ous agencies a regular occurrence. That he oftekesin rid-
dles, made lengthy encrypted notes, and guardedséisets in
a highly paranoid fashion clearly didn't help higuse or credi-
bility and many of his grand projects appear to ehdizzled
out—were declared inconclusive or, more frequently, have
been without any practical application at that time
Yet he appeared to have received no end of encemenf.
Hitler allegedly offered him a laboratory and thesaources to
refine his water energy theories into practicahteogies and ye
somehow, as Alexandersson notes, this simply "ditiappen.”
An un-named U.S. ‘'expert"
work to herald the "biotechnical path of the futlirbut apart
from an obscure reference to his expertise in thkl fof atomic
power, no specific information about this projecgiven.

Whatever Schauberger's talents, | don't believe tok is
sufficiently detailed and well ordered enough tmmote them
convincingly.

When | first read this biography several years agdecided
to try out Schauberger's technique for energizingtew in the
vain hope that | could actually—for once—get a leplant to
survive and flourish. As the least green fingereztspn on the)
planet, | have to say that the only noticeableed#iice was the
plant fed "energized" water wilted and died . .ut lonly did so
several days later than the control specimen!

Note: The Phythagoras-Kepler School founded by
Schaubergers is currently running seminars on Bneagd
Eddy Research and Implosion Technology.

The PKS website is located at http://www.pks.or.at.

once declared Schaubsrge
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Review by Jed Rothwell

Polywater

by Felix Franks "Physicists claim a much bet-
ter understanding of esoteric sub-
stances like liquid helium or lig-
uid nitrogen than they have of

liquid water." (p. 6)
"Polywater as an episode in
the history of science is by no
means unique. Many other discov-

eries have failed the test of search-
ing scrutiny, just as many have
been rejected out of hand by local
scientific ~ establishments  only to
reappear later in other places to be
hailed as major advances. There
was, however, something about
the enthusiasm with which this

"particular artifact was pursued, and denounced dismands

our attention.” (p. 1)

Polywater was the name given to a substance tha wa

thought to be polymerized water, that is, pure wat®lecules
linked together in a solid at room temperaturetuitned out to
be water contaminated by silica. It was an artjfeant experi-
mental error. If it had been real, it would haveetbea Nobel
class discovery, and the substance might have lmémemely
useful or dangerous. Some people feared that atenisample
of polywater might escape from the laboratory araymerize
~all the water on the planet in a chain reactiotinguishing life.

In 1962, polywater was "discovered" in Russia by dascure
researcher who has not been heard of since. A fanftussian
scientist, Boris Deryagin, expropriated the discgvas his own,
and formed a research group of a dozen people wiiked on
it for a decade. In 1968 his work became knownhia West, and
research took off in the U.S. and Western Europebréuhaha
erupted in the newspapers, which published semsdized
reports. Mainstream science journals discussedispadsionate-
ly. Scientists rushed to try polywater experimenight years
later, Deryagin finally retracted his claims. Befotlee subject
faded, 227 peer reviewed papers about polywatere waub-
lished in the U.S. Seventy-five were published hie USSR, and
210 papers in other countries (Figure 9, p. 120shown here).

Polywater was one of the great scientific errorsthod twenti-
eth century. It was an illusion, caused by fevenemdginations,
wishful thinking, and people trying to measure mgmam
samples with finicky, newly-invented, ultra-precisénstru-
ments. The samples were so tiny they could onlyabhalyzed
by heroic means. Results appeared to be "close géontlise” at
best—and they turned out to be within the noisewdts clear
from the start that the results might be due totamimation,
yet this was not checked for carefully, and sometha& leading
scientists dismissed the concern.

This book is a gem. Written by a leading expertwater, it
is a stark warning to cold fusion researchers atiters who
think "water memory" and other far-out unconvensbrideas
may be real. It is also a warning to skeptics whe quick to

thdismiss these ideas. The book is wonderfully welttan, and

short. Only one chapter is technical; the rest ugable for the
general reader.

Franks, a chemist, shows how difficult it is totufiguish mis-
takes from real breakthroughs. While polywateras/mcknowl-
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edged by all to be wrong, it is closely relatedriany established arepsthe United States. In the end the analysts

which are right as far as anyone knows, especilliing to the structure
(geometry) of water. The rough treatment metedmpblywater by thg
establishment hurt this legitimate, establishedaes.

Here are some of the many unexpected aspects opahe
water story:

Water is complex and not well understood. More wwWn
about exotic fluids such as liquid helium. Wateruisique, having
many strange properties, such as the fact thadémsity of solid
water is lower than the liquid form. (In other werdce floats.)

Liquid often does have loose structure, or geomefrywater
molecule is usually oriented with four other moliesu placed
"more or less" at tetrahedral corners. Franks éxpld'... in spitg
of the violent molecular motions that characterzdiquid, indi-
vidual molecules are 'happiest’ when surroundeda fgirly well-
ordered arrangement of other molecules, the adtlemtities of
which change constantly." This structure is affdctey the inter
face to solid surfaces (illustration, p. 23, nobwh here). When
water moves away from the solid surface, the sirecimay con
tinue to be affected by the surface for a fleeiimgfant. If this may
be called water memory, no expert will dispute thagxists. The
claim made by some that this kind of structure i for days
or indefinitely, is not supported by conventionabkvledge.

One researcher told Franks she had a wonderful tivoek-
ing on polywater, and she considers this work tigh hpoint of
her career, even though her results were all nagati

What are the lessons for cold fusion and othemdai

This book will make any thoughtful supporter of d¢diusion
nervous, although it does describe many reassufiffigrences. The
biggest difference is that while cold fusion is stimes difficult to
detect, in many cases it produces a huge signdods not requirg
specially designed, expensive, or state of thenattuments.

The most important lesson is that independent cafitin at a
high signal to noise ratio is essential. The expent does not
need to be "easy" to replicate. Experiments dohaee to produce
the same results. Some results may be marginakzammdmely dif-
ficult to detect. But when all results are difficutv detect, yoy
should have serious doubts about the reality otktaien.

Other lessons: Do not jump to conclusions.

Many of the prominent polywater
known in their own fields but relatively
advanced research in water.

Even experts can make a mistake, and keep makinfpri
years. Deryagin was "an eminent and highly respederface
chemist." When others could not replicate him, andesearcher
from the U.S. Naval
about the existence of polywater and wondered veneth
might be caused by contamination, Deryagin disndisge pos
sibility and insisted the NRL replication was not tp his high
standards. He also made a fatal mistake, invedtog much of]
his own life and prestige in the project: "Deuryadsaid] that
he had been investigating it over nine years andently had
twenty-five scientists working on it, and he woutet put that
much effort into an artifact."

Beware of results that are difficult to measure.e&sult may be
difficult to obtain, but it should be easy to measuPolywater
was thought to be extremely difficult to detect: ithVnever more
than a few micrograms available, ingenious analytimethods
had to be devised if definitive and quantitativeules were to bd
obtained ... The instrumentation required for mufhthis work
was of the most advanced kind, only availablefatacenters in

ignorant baut
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... fohstnated] that
polywater really contained little water, and th& composition
was quite variable." (p. 87) Unfortunately, manyldcdusion
experiments are also "close to the noise," and sofnthe latest
ones in ltaly are being conducted with small ornewaicroscop-
ic devices, which exacerbates the problem. But wersé¢ leading
experiments, cold fusion effects are easily detectéith ordinary
instruments. As Mike McKubre of SRI Internationalysawhen
the effect occurs it is "neither small nor fleetihg

Cooperate! The polywater mistake was prolonged Isecau
scientists did not cooperate or share informationough.
Samples were not sent from one lab to another. Resuére
kept secret. Deryagin did send samples to anothlerih 1968,
and the results were published in Russian, but néngerslated
into English. The other lab concluded that the dampcon-
tained as much organic contamination as water, aod evi-
dence of polymer chains was found (p. 111).

This book is occasionally still available at "oueck" sales by
MIT Press in its store in Cambridge, Massachuseéftierever
you are, it would be well worth the effort to traekcopy down
and read it for its lessons about science at triér.

Life's Matrix: Review by Soo Seddon
A Biography of Water . .
by Philio Ball That water is a mythical
y Fhillp bat substance and far more than

merely the sum of its compo-
nents inspired Ball to write a
comprehensive biography of

this remarkable life-giving
chemical compound which
covers two-thirds of our plan-
et's surface yet only one-tenth
part in a thousand is natural-

ly palatable to humans.
He sets out a detailed CV for

water and examines every known
feature of its creation and behavior,
from the basic hydrological cycle
through the formation of glaciers,
icebergs, geothermal springs, and
tsunamis right up to the techniques
employed by biological organisms
to utilize and preserve their per-
sonal water supplies.

Research Lab (NRL) expressed ®qu\yphile it is water which makes the Earth unique, dtsundance in

solid form throughout the solar system and its c&re in the
spectra of the Sun is well-documented. Ball alswiges a concise
overview of the history of water research, touchimpn alchemy,
early atomic theory, and the discovery and namirmaxggen.

Water, as he states, is the most studied and leaderstood

substance on Earth. One chapter is devoted to &synanom-
alous properties, and is illustrated with cutelditdrawings of
the molecular structure featuring hands graspindlean to
explain the nature of the hydrogen bond.
All in all, a reasonable book and a good introduttito the
subject but not, as one would possibly expect famember of
the editorial team of Nature, written entirely vadtht prejudice.
| referred the chapter outlining the discovery afdc fusion on
to to my esteemed colleague, Jed Rothwell, who taseated
Ball's severely flawed interpretation of the 198%1%and



Fleischmann announcement in an addendum to thiswev

Ball isn't quite totally intolerant of innovative dbries; hqg
does mention the work of James Lovelock and Gaith wome)
favor, but is summarily dismissive of Schaubergendija
Benveniste and tends to quote the Book of Job a lot.

He verges on realism, however, when he states htbatfusion
"requires such extreme conditions it is impractiealen to con
sider achieving it on Earth." A pity he and his estific col-
leagues weren't more dismissive of the project reefuillions of
dollars were squandered upon it.

As a peer reviewer himself he is, naturally, seaghf "the
dawn of scientific disclosure by press releasephaase he usds
in his chapter on polywater, but which he also velpsely
applies to the work of Pons and Fleischmann. Whece caskeq
why many apparently "off the wall" ideas weren'tldered up
by the science fraternity he bemoans that it simipiyt worth it
if "the last twenty times you did decide to followp a claim it
turned out to be moonshine." An intriguing insigimto how
the peer review selection process reallv workshges?

Our magazine does get a dishonorable mention (fatély,
there's no such thing as bad publicity) in his sngechapte
on the work of Jacques Benveniste. On Maddox's 'ukdhg"
of Benveniste for "striking at the root of two cemés of obserd
vation and rationalization of physical phenomenbg declares
that such dispassionate treatment was essentialeat be “for-
ever seeing unicorns telling us that there is itdirenergy availf
able for free," followed by a footnote stating: 'Nfor nothing
is there still in circulation a magazine for coldsion enthusiastp
called Infinite Energy."

Naturally, | shall be forwarding him a copy at tlssue just to
reassure him that, unlike the unicorn, we're atille and kicking.

Jed Rothwell on Technical Aspects of Life's Matrix

Soo Seddon mailed me a seven page section of PBdips
Life's Matrix: A Biography of Water, describing cofdsion. | have|
not seen the rest of the book. This section islemidvith errors,
baseless rumors, confusion, scientific impossiedit and
unsupported opinions. | count seventeen major €rsarch as:

"Pons and Fleischmann claimed that the deuteriufeased
by electrolysis of heavy water must have becomeceomated
so densely within the palladium lattice that it haddergone]
fusion . . ." This is a ridiculous oversimplificati. In a fully
loaded palladium lattice, deuterons are held farthpart than
they are in water. The theoretical models proposeyd
Fleischmann and others are far more complex thian th

"No one could duplicate the findings clearly andnsistent-
ly." ... The National Cold Fusion Institute (NCFl)wds finally
and sheepishly shut down in 1998." The Institutes wan by
F.G. Will, one of America's pre-eminent electrociem There
is nothing "sheepish" about him. The NCFI resultsreneevo-
lutionary and incontestable. Researchers at NCFI biestad
beyond any doubt that cold fusion produces tritivan,nuclear
product. Twenty different experiments were perfaimat the
Institute. Nine or ten of them produced elevatedelle of neu-
trons or tritium. With the best method, developed the later
stages of the project, four out of four heavy wateperiments|
produced significant tritium, while none of the Higwater con-
trols did. Tritum enhancements up to a factor & %ere
observed. One hundred and fifty unused samples atifaidium
were tested extensively, by dissolving in acid astter meth-
ods. None of these samples yielded measurableslef#li-
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tium. (See: F.G. Will, K. Cedzynska, C. Yang, J.R.ePsin, H.E.
Bergeson, S.C. Barrowes, W.J. West and D.C. LintonjonNait
Cold Fusion Inst.,, University of Utah, USA, "Studiesf
Electrolytic and Gas Phase Loading of
Deuterium," presented at Second Annual Conference Coid
Fusion, June 29-July 4,1991, Como, Italy.)

Despite these magnificent results, the NCFI was dhwn
because by the time the research was finished aadyrto be
published, cold fusion hysteria prevailed and jalsn sum-
marily rejected cold fusion papers.

"The experiment was simple in principle ..." Richa@tiani,
one of the top U.S. electrochemists, said thishes most difficult
experiment he has performed in his fifty-year caré&very elec-
trochemist who has knowledge of the experiment emgyr&everal
hundred electrochemists have successfully repticatee excess
heat, and they have all said that it was a diffiedperiment.

"The phenomenon were never more than barely délecta
At the leading laboratories in this field, the so-noise ratio
ranges from 10 to over 100 Sigma for excess hedt tetium.
Recently, a post-experiment sample of gas was tdstedritium
at McMasters University, one of the world's leaditaporato-
ries specializing in measuring light isotopes. T¢wmple turned
out to have a thousand times more tritium in itntreny previ-
ous sample submitted to that mass spectrometerreThas so
much tritium it swamped the instrument, which regdi two
months of repairs before it could be used again.

"Pons and Fleischmann made much of their claimedt- me
down in one experimental run, but only later coséek that no
one had ever witnessed it." In every published rijetsen of
this event, and on every occasion | have heard tafofrom
Fleischmann in person, he has always said that ekient
occurred overnight when no one was at the lab. eflheas no
"confession," and no facts about the event hava hiklen.

"Ad hoc excuses were the norm, from vague 'recatiiton’ of
spectra to the idea that some electrochemical ce#ise inher-
ently 'dead' while others were ‘alive.” The catt®mdnot the
cells, are either "dead" or "alive," and there @hing vague or
controversial about the distinction, which predatsd fusion
by many decades. Cold fusion with palladium requitéigh
loading” (a high ratio of hydrogen or deuterium naetal). So
do many other well-established chemical and elebemical
phenomena, such as hydrogen filtration, metal dttérient
and corrosion research studies, and many catalptmcesses.
The reasons why some metal samples load well, wbilers
do not, has been the focus of intense researcle shee 1930s. A
great deal more about the subject has been estathlitn the
last ten years by the cold fusion scientists.

A few differences of opinion between Ball and mysélivhen
the first [Pons and Fleischmann] paper finally appd, it was
distressingly short on crucial details." You wouhdt expect a
short paper of this nature to have many technicthits. Ball
does not say that after 1989 thousands of pagesedtfnical
details have been published.

"Cold fusion... collapsed in a welter of calumnydhalood and
libel threats. Ultimately its fate was sealed ftwe tsame reason
that all that bad science eventually meets its demirrepro-
ducibility." In my opinion, cold fusion never coflaed. As far as |
know, there was only one brief libel threat, ndir&ats." A great
deal of science both good and bad is irreproducieerribly dif-
ficult to reproduce. Well-known examples includee ttop quark
and cloning sheep. Only a few labs are capabléoafreg sheep,
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and their success rate was initially 1 out of 2&@rmapts, which is
much lower than the success rate for the excests dudd fusion
experiments. Ball dates the end of cold fusion wtfta closure of
the NCFI, in Utah. As noted above, this project achd 100%
reproducibility, at a very high signal-to-noiseioat

"It takes relatively little theory to show that fos of deuteri-
um absorbed in palladium should be utterly out bé tques-
tion." This is common knowledge. Every cold fusisgientist

Book Reviews

The biography of water has gaps. There is no mentiothe
mystifying way in which water defies gravity. Huggantities
of it rise to the top of the highest mountains wteerthey come
crashing down over waterfalls and through hydrdékectur-
bines. This beautifully clean energy cycle owes digstence to
the sun. So much we know.

Do you realize that a birch tree can perspire gigi#llons of
water per day through its leaves? All this waten vertically

will acknowledge this point. upward in the stem, driven by
H , i i [timat : somethin Ball calls negative
b:své?jveron Ziigfii]erfs, l;]olzna}[r? Water IS prObany the mOSt pressure.g This is tensiong and
ry, and when replicated, hi remarkable, MOost StUd|ed, and |water scientists refer to it as
i i i stretched water. It occurs because
f(ljgn%its \?v)iif]erlrt?]eer(])ts; thzwdgc IkeaSt tunderStOOd SUbStance the HO molecules attract each
dence always wins. nown to0 man. other. The humidity of tropical
"The [Bockris] claims were for_est_s is the result of water trf_in-
become particularly notorious, culminating in aatiens that _ spiration from leaves. Deforestation
Bockris' experiments were being spiked with tritiby persons dries the atmosphere and

unknown." The name of the person who allegedly expikhe
cells is Nigel Packham; this was known from theetithe alle-
gations were made. An official inquiry at the Unisigy cleared
him of all charges. (See full story in IE, No. 32h experiment
performed at Los Alamos proved that it would be dasgble to
spike the cells in the manner he was accused ofy Gaubes,
who made the accusation, is notorious; Bockris ardkRam
are blameless.

"One of the most extensive attempts to verify th@hUclaims
was made at Harwell by a team led by electrocheriavid
Williams." | would call this the least "extensivef the published
attempts, or the most extensive unplanned fiasc@9®9. It was
performed in a few months, mainly by inexperiencgrduate
students working on their own. Ph.D. electrochesnistho
understood the Pons-Fleischmann claims, and whe leperi-
ence in calorimetry, generally devote six months oime year
preparing equipment and calibrating before perfognthe actu-
al experiment. The method of calorimetry selectedHarwell is
not recommended for this type of study, becauseviery noisy.

Dr. Peter Graneau on Life's Matrix

This is a fascinating book, well-written by a seneditor of
Nature. Sketches of the history of chemistry alomeke it worth
reading. It is not merely a historical account.liphBall's story
dashes from here to there and back and forth tihrahg cen-
turies. The book holds the reader's attention l&kedetective
story. As in all good mysteries, it leaves a numbérquestions
unanswered and some answers are questionable.

As a byline, the book reveals a little of the marsing
behind the doors of the premiere science journatufé. To
please the professors, a way can always be founduppress
unwanted scientific results. Cold fusion receivesc@d dous-
ing. The liberation of LD-H,O bond energy by fog explosions
is ignored. The chief editor of Nature headed aguiry, with a
magician at hand, to debunk dilution experiments.

Water is probably the most remarkable, most stydiaad
least understood substance known to man. The authbs it
the matrix of life. He implies much more than tHd¢ started
in water. Ancient Greek philosophers made water ofeonly
four elements which form our world. Two-thirds ofirobodies
are water. Why do we not slosh around like a wimgsksks
Ball. The wonderful subdivision into cells saves thés embar-
rassment. The fluid inside the cells is mostly waite which
swim proteins, DNA, sugars, salts, acids, and hoeso In dis-
cussing the happenings in the cell bags, the augmovides a
glimpse at the incredible complexity of biochemyistr
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has a detrimental effect on the fertility of thél.so

Even more surprising, but of less practical sigaifice, Ball
reveals that between -140 and -120°C water can dpedliwith
the viscosity of asphalt. Above -120°C it freezexeomore. Ice
comes in ten varieties (densities) depending on phessure
exerted on its surface. For example, ice-VI requaepressure of
at least 6,500 atmospheres and melts immediatédy #ie pres-
sure is removed. Ice-VIl can be heated to 100°C awittmelting,
provided the pressure is 22,000 atmospheres. In ahisising
way, the author explains that 20,000 atmosphereseguivalent
to the weight of 40,000 elephants piled on one mxjuaeter.
More seriously, if all the ice of Greenland and #watica were to
melt, the sea level would rise by 200 feet. Vengeaalready in
deep trouble with gondolas plying St. Mark's squafé the
other extreme, ice ages can drop the sea levebbyfeet. As Ball
observed, one could have walked from Australia ®wNGuinea
without getting one's feet wet.

The book discusses the well-known anomalies of mwate
Icebergs float in the sea, while in more normadilis the solid
form of the compound sinks to the bottom. Water halative-
ly high melting and boiling points, which just sp@me narrow
temperature range in which life is possible. Theeagr heat
capacity of liquid water, its large dielectric ctart, and appre-
ciable surface tension have many engineering comlsegs. It
is a fabulous solvent and a good electrolyte. Insnall meas-
ure do these unusual properties of liquid watereddpon the
"hydrogen bond." This term was coined by the Anwmric
chemist Gilbert Lewis in 1920. One of his graduateidents
suggested to him that while the hydrogen atoms hef HO
molecule are strongly bonded to the much largergemryatom,
there also exist weak O-H bonds between oxygen laydto-
gen of neighboring molecules. The weak bonds becknmvn
as the "hydrogen bonds." In recent decades hydrdgerding
has assumed a central role in water science.

The book lucidly explains hydrogen bonding with tta&toon
of Figure 6.5, depicting a group of ugly oxygen c&ns. The two
arms of each dancer are the firmly attached hydrog®ms of
the HO molecule. The two feet of each dancer are positim
which hydrogen atoms of adjacent molecules can lyeb&nd.
Each dancer must twist the hips through 90 degreesproduc-
ing a three-dimensional network which gives water tetrahe-
dral structure. The rules of the dance are thay bahds can grip
feet and all hips must be twisted. In this way ebisb molecule
can have up to four hydrogen bonds. For readerferpreg a sci-
entific diagram, Ball provides Figure 6.4b. The Iquars of elec-
trons are the feet. The diagram clearly depicts titeahedral
geometry with four apexes surrounding the centxgen atom.
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Figure 6.5. Water Molecules—with hands representing hydrogens and
feet representing lone pairs of electrons—perform a dance that involves
grabbing neighbors by the ankles. These clasps, due to hydrogen bond-
ing, lead to a tetrahedral arrangement of neighbors around each mole-
cule. This is the central motif of the structure of water, and the key to all
its anomalous properties.

Figure 6.4. The water molecule is bent, with the two bonds between
oxy gen and hydrogen splayed at an angle of 104.5° (a). To
understand the structure of liquid water, we must also take into account
the two "lone pairs" of electrons on the oxygen atom. The hydrogen
atoms and the lone pairs sit more or less at the corners of a tetrahedron
(b). At the molecular scale, the structure of water is imprinted with this
tetrahedral geometry.

This has become the signature of liquid water eadtructure.

In the world of atoms and molecules the liquidestetwater is
not as well-understood as the solid state of méfals mystery of]
the liquid is that all molecules appear to be intiooious thermal
motion relative to each other, breaking intermdicbonds all
the time and yet, at any given instant, they mairgehigh degreq
of tetrahedral order. Pressure does not foreshtimeimrms and
legs of dancers. Increased density is the resutiveflapping
tetrahedrons. The intermolecular bonds which kéepliuid
together are of course the hydrogen bonds. To estEpwvater,
these bonds must be broken and it takes the lagattto breald
them. Like all chemical bonds, hydrogen bonds me associat
ed with a certain amount of stored potential enexpither Ball's
book nor textbooks on physical chemistry give dsi@as to how
much energy is stored in the bonds and could leealied if the
forces of hand-foot attraction were switched ofelgctric means.

This is exactly what we do in electric arc induasdd fog
explosions. An early paper on our research infidlid was sub-
mitted to Nature and returned, without peer reveessaheing of

Graneau, Life's Matrix continued on page 67
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Ever since the price of diesel fuel passed the price of
gasoline, I've been flashing back to the good old days of
the original OPEC oil crisis of the early 1970s. (Just how
many hundred years of coal and natural gas were there
anyway, and why'd we just waste a quarter century without
really doing anything?)

I think I'll just step to the fore and solve several problems
at once. Just like it says in the title ... No, seriously.

There really was a rather mild-mannered method of gen-
erating electricity mentioned way back then, called ocean
thermal conversion.

It uses the temperature difference between the top of
the ocean and the abyss to generate a little electricity. It's
not that big a temperature difference (typically 25C, down
south, in the tropics) but the ocean is big and the heat
source is free. Generators are allegedly in the megawatt
range and prone to rusting. It's apparently a big investment
in equipment to get a mere megawatt, which is one of the
reasons it hasn't caught on.

But it has a couple of side benefits which mean it might
catch on big time, seeing as in the future we'll want a lot of,
electricity to make the hydrogen we'll need for our fuel cell
cars.

One: colder surface water leads to more dissolved oxy-
gen, which makes the ocean more inhabitable for fish.
Sushi, anyone?

Two: colder surface water won't evaporate as much, and
that has an effect on the weather.

Warm air, as we all know, rises and moist air rises; warm,
moist air, over the tropics in August through November,
rises so fast air is pulled in from far enough north and south
that hurricanes result. (Hurricanes are one of nature's
ways of evening out energy differences. The same nature,
of course, that evened out the dinosaurs with a meteorite.)

| forget the megawattage of a hurricane, but it's one
megawatt less for each ocean thermal generator out there.

The same reasoning seems to apply to tornadoes, which
seem to arise when moist air from the Gulf of Mexico inter-
sects dry air from out west.

Cool off the Gulf of Mexico and maybe this won't hap-
pen. (Of course, it might not rain in the southern U.S.)

Well, there's a lot of ocean out there, and it'll take a lot of
ocean thermal generators to have a big effect. But even a
small effect would knock a hurricane back to being a more
survivable tropical storm.

You've got to believe they're sick and tired of rebuilding
Florida every few years.

This article first appeared in the May 10,2000as3UGreen Mantle
magazine (www.greenmantle.com).
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Deep Sea Reverse Osmosis: The Final Quantum Jum

Donald C. Bullock* and William T. Andrews

Abstract

This paper presents the rationale and plan forizimg the
ocean depths to produce potable water at the loweshomic
and environmental costs. After more than fifteerargeof land-
based reverse osmosis (RO) development, commeremmlvager
RO plants can no longer be dramatically improvedhwi¢gard
to energy consumption, plant costs, and environahémpact.

The final quantum jump for the improvement of se@waRO
will involve membranes submerged in the ocean depth
achieve:

1) Energy consumption levels at less than twice theoreti-
cal energy of separation.
2) Plant cost reductions of over 50%.

3) The elimination of almost all
impacts of desalting.

current environrtan

The authors detail the advantages of Deep Sea RO
describe the current project plan to achieve themercialization
of the concept in the Caribbean Basin. Additionafly; current
seawater RO operators, the Deep RO is valuable irerstahd-
ing energy consumption as it relates to energy vemgo systems.
As ecological models, Deep RO systems identify ehd point of
environmental impact goals: no intake, no outfadl,plant.

Introduction

The purpose of this presentation is to explore fihal quan-
tum jump in commercial seawater desalination agelates to
reverse 0smosis, energy consumption, simplicity pfant
design, and reduction of environmental impact. They word
here is "commercial," which mandates a prime objecto pro-
duce desalted water at the lowest cost per quamftywater
produced. It is the authors' contention that thisalf quantum

fiber membranes capable of surviving pressureshi@ 800 to
900 psi range and producing potable water with raglsi pass.
Development engineers then began to learn the hemsbns of
pre-treatment, high-pressure materials, and membriie per-
formance. Commercially, the market was small resaoffshore
drilling platforms, and construction sites. Energpnsumption
in the range of 40 kWh per 1,000 gallons (40 kWhalkgand
ease of operation made RO plants highly competitiith the
best of the thermal processes, particularly for lsnmamote
plants. However, membraned replacement costs caadily
equal energy costs.

The 1980s: During the latter part of the 1970s amabt of the
1980s, the quantum jumps were made up of a sefiescee-
mental improvements, such as higher operating press
higher recoveries, attention to pre-treatment mepuénts, and
cimproved membranes. The demand for larger plantd tre
introduction of spiral membranes during this pericgt the
stage for the current quantum jump. Because of ighklyh com-
petitive nature of the spiral membrane industry irthewer
production costs, and their ability to handle difft feed
waters, plant operators have seen their membraptacement
costs dramatically reduced, while membrane perfao@a has
improved. For a variety of reasons spiral membranesd
themselves to large sized plants and the curreantgm jump
to energy recovery. Towards the end of the 198(mraiing
pressures had risen to the 900 to 1,200 psi ramgeyvery rates
had risen to the 35 to 55% range, and the totalepav@nsump-
tion had dropped under 30 kWh/kgal. Most importal#rge
plant membrane replacement costs had fallen bel6% »f the
energy operating costs.

Current Improvement Efforts: The current quantum gumn

jump will be realized by the commercial implemeitat of |544-pased RO systems is being driven by two majciofs.
Deep Seawater Reverse First, some in the RO indus-
Osmosis. Deep Sea RO is ) ) try have discovered that
placement of reverse osma - the almost pathological resistance |tere is more money to be
membranes at ocean depths made selling water than
obtain the driving pressu : i i manufacturing plants.
for  desalination.  Desatd (O MaJOr technological change in the |manufacturing pian owering of
product water is the . . . membrane replacement
pumped to the surface for d Water industry will surely bring out the |coqs the major target avail-
tribution. _ . L. . able to reduce operating
A three-phase project ph datractors with all their imagined fears |costs is energy consumption.
for realization of this concept Depending on the local cost
presented to assist in the exg : of power. ener can repre-
ination of the pros and co| @NC r€ASONS for not pursuing the concept. |1 powen eneray san repre
associated with its commerc total  operating costs. If

development. The examination of this project pldlowes for the
development of models for land-based plants witliareé to ener-
gy recovery, simplicity, and environmental impaétinally, the
obstacles to Deep Sea RO are reviewed.

Brief Historical Overview of Desalination Improventsn

What have been the quantum jumps of improvement
desalination over the last fifteen years?

Early Seawater Reverse Osmosis: The jump from thlernm
RO desalination occurred in the 1970s with the earpamtal
and small commercial RO plants based on the adv¥édmaliow
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you're selling water, this is your major concerrhu3, the cur-
rent quantum jump is concerned with energy reco&®R) sys-
tems. A goodly variety of these ER systems are ntlyrebeing
tried—everything from pelton wheels, to back-rurmnipumps
and work exchangers. The ER systems are expensisetrau-
blesome to operate, but their potential economiturns are
dramatic. The most efficient are the work exchasger

A work exchanger attached to a RO plant can cutethergy
consumption by half or even more if the RO's recpvexte is
low. This fact gives rise to a very strange phernuonethat will
eventually see spiral membranes replace hollow fifbem-



branes. Hollow fiber membranes, such as DuPonsugar the
path of higher and higher operating pressures aedvery

rates to obtain more product water from their re¢dy more

expensive membranes. As energy recovery systeme gdm

their own, DuPont will discover that their efforgere in the
wrong direction. With the advent of efficient ER nk@xchang-
ers, energy reduction will dictate lower operatipiggssures,
lower recovery rates, and greater membrane suai@as. Since
spiral membranes are generally less expensive,afegxpect-
ed to be the membrane type of choice.

Today's RO plants with ER systems are operatingtheal5
kWh/kgal level and can probably be improved dowmhi® 12
kWh/kgal range, if operating pressures can be rdltowards
the 800 psi level. Much below this total operatérgergy level
will involve undesirable tradeoffs for land-base@ Bystems.

The Future: The final quantum jump will be into theean
depths. Submerged Deep Sea RO plants will haveliaitergy
requirements in the order of 8 kWh/kgal. UltimatdDeep Sea
RO holds the promise of energy requirements treatess than
two times the theoretical energy of separatiorthat point, the
targets of cost reduction may change.

Phase II: In the commercial feasibility phase,rgda vessel
will contain a 10 horsepower pump connected to tamdil
membranes. The vessel-pump configuration will benected
to the surface via a water line and electrical ealtb operate
continuously. This configuration will allow enginseto opti-
mize the various parameters of temperature, deyater qual-
ity electrical poser consumption, etc. It is aqtéded that this
unit will produce 12,000 to 24,000 gallons per ddgpending
on depth and membrane configuration.

Phase lll: The commercial phase will set a serfamis in
the 100 horsepower range to produce 250,000 gatiensiay
each. The number of units will be determined byalogater
demand. Because of the low capital costs of this Lihis antic-
ipated that some of the units will only be operadeding the
night time to flatten the power demands on locettical util-
ities. The Water Institute will turn these unitseovo commer-
cial concerns for ongoing operation.

Some of the Advantages of Deep Sea RO
Initially, one of the authors thought to title tlEection "The
Pros and Cons of Deep Sea RO," but after fifteansyef cham-
pioning its cause, he believes his view of the ephds too

In this Deep Sea RO environment, recovery rate$ Wpiased. Additionally, the almost pathological ressise to major

approach zero and polarization concentrations galto min-
imums, not just for the upstream membrane elemauiitfor
all membrane surfaces. Perhaps the future DeefRGemem-
branes will give us quality product water just leldhe
osmotic pressure depth. For current day RO opevafdeep
Sea RO holds the promise of newer having to puragvater
or struggle with ER systems.

The Current Deep Sea RO Development Project

What is "Deep Sea RO Desalination" and what isphigect
to prove, develop, and commercialize the concept?

In brief, it is the system utilizing RO technologry pump
fresh water from the ocean's depths. It will aldterothe
desali-
nation of seawater at the lowest costs and witHehst envi-
ronmental impact. The concept long known to deatitin
experts, is now being developed by The Internatibmstitute
for Water Purification and others.

Desalination by RO is the process of choice fortnodghe
world's desalination applications. Current seawR®r systems
pressurize seawater to the 800 to 1,200 psi rahgs,enabling
RO membranes to produce potable water. By platiagntem-
branes at ocean depths of 1,200 to 2000 feet thes@ranes can
deliver fresh water to standard submersible puropsrénsport
to the surface.

Compared to the current state-of-the-art, DeepR&2aises half
the energy and requires an estimated half theatayists. Since
Deep Sea RO uses no real estate, no chemicalg-tvegiment, no
intake wells, and no brine rejection outfallssitas environmental-
ly friendly as rain, but more dependable. Mainteeanise, Deep
Sea RO has only one moving part the submersiblgpum

Project: This development project by The Wateritinst, a
non-profit organization, consists of three phapesof of con-
cept, commercial feasibility, and commercial.

Phase I: The "proof of concept" phase will consfstower-
ing a vessel and membrane to a depth of 2,000fdeet short
period, then retrieving the rig to the surface dathonstrating
that the vessel contains fresh water. In this dage2,000 foot
depth will provide the driving force to fill the ssel which
maintains the atmospheric pressure. This phaseqisired to
make non-RO experts appreciative of the potentilesof the
concept, to gain public support, and to help marshpport
for Phases Il and 1.
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technological change in the water industry willedybring out
the detractors with all their imagined fears arasoms for not
pursuing the concept. Some have already hintetieatrton-
sters and microbes that will eat the membraneser®tblaim
that storms and currents will sweep the system a®&ay oth-
ers claim that it shouldn't be tried because @pgplicable in
only a few places. So, from an admittedly biasede® here is
a short list of the real and imagined advantagé3eafp Sea RO
compared to land-based desalination systems.

No land-based facility is required: Land-based tslarquire
real estate and industrial-type buildings withdadltheir atten-
dant requirements of security, safety, environmeatad logis-
tical considerations. The Deep Sea RO system igptaiaty
submerged, with only a power and water line conasbore.
These two lines and the offshore marker buoy cagalséy pro-
tected from storms such that potable water supm@resnot
interrupted during violent weather.

Seawater feed and brine injection wells are eli@ihalhe elimi-
nation of these intake and rejection subsystenggtiher with
pre- and post-treatment subsystems, makes Deep eR®
expensive and environmentally gentle. Deep Sea |[B®Dedim-
inates all requirements for chemical injectiong] eemoves the
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possibility of obnoxious off-gassing, such as hygno sulfide.

High pressure seawater pumping, piping, and pes&ssels are elim-
inated: With the exception of the product connexiand the vessel
containment for the fresh-water pump, no high pressnetal con-
tainments are required. Additionally, in these feanimal areas all
metals can be isolated from direct contact wittwseer.

Deep Sea RO requires no energy recovery systemslaAdl-
based energy recovery systems attempt, unsucdgssfth
approach the efficiency of Deep Sea RO. While laaskd ER
hardware represents high capital and maintenancgs,cdeep
Sea RO represents the ultimate ER system without naglesi
piece of hardware.

Complex control and monitoring systems are elimitiaténder
steady-state operating conditions, Deep Sea RO resqudnly
the monitoring of the power consumption, produadbwfl and
product quality. The only controls available arewpo on/off;
lowering and raising of the membrane array; and lyapyp
minor back pressure to the product flow.

Capital and operating costs are cut in half: Thengua jump to
Deep Sea RO is represented by the reduction in kaedeompo-
nents and the reduction in power consumption, whithturn
results in a 50% or more reduction in the totat obslesalination.

Deep sea RO is almost operator-proof: Not only &eret no
valves within the entire system, no known operators other
persons can get to the plant. Operations managersomplex
process plants of any kind are keenly aware of pheblems
caused by the interactions of the plants and pesdorRepairs,
manipulations, and improvements in one componenta irtom-
plex system by engineers or operators often rdsulinajor fail-
ures of other components.

Maintenance intensive components are eliminatedeiReexperi-
ence with large land-based RO's incorporating EResys and
sophisticated control systems indicate that thelofohg are
high maintenance items: ER's, control systems, unwntation,
seawater pumps, metal-to-seawater contact area$, caemical
adjustment subsystems. Additionally, valve and audator
malfunctions cause many failures. Since none ofegheompo-
nents exists in Deep Sea RO systems, it is reasortabbxpect
fewer maintenance problems. The single moving partDeep
Sea RO, the standard deep-set fresh-water subneersibinp,
has a long history of trouble-free performance. dfig in deep
sea mooring systems do not foresee major problemsadsi-
tioning the membrane arrays.

The Obstacles to Deep Sea RO

As with any change or quantum jump in technologyeré
are obstacles and resistance. So it is with Deep FB@. Most of
the technological objections are just typical dbadles and
potential problems associated with any new devetoyni
Many objections are put forth by those who feardon't want
a change in the status quo for some undisclosesomealhere]
are, of course, some who will have honest resemati

The major technological unknown: Will the seawatiete of the
membranes disperse salt concentrations quickly gnouo
avoid the use of fans? Given the 0.25 knot minimturrent and
the fact that a square foot of membrane area has twwo hours
to make one gallon of water, it is reasonable tpeek this may
not be a problem. It is a primary purpose of thasieility test
to answer this question. Should this be a problémre are &
number of possible solutions.

Other potential technical problems: The feasibilisoject will
determine the extent of the following potential e areas:
anchoring of the system, dissolved gases, and nzralarrays.

Non-technical obstacles: The absence of publicitipal, gov-
ernmental, and financial support will representanapstacles
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to the realization of Deep Sea RO. A number of peiveompa-
nies may have highly vested interests in maintginthe cur-
rent status quo in desalination. Also, the curreifficulty in
obtaining enforceable patent rights for the procesd make
private R&D financing difficult to obtain.

Conclusion

Why deep RO now?: There are several reasons thagirésent
is the appropriate time to seriously pursue the mermializa-
tion of Deep Sea RO. Some of these reasons areidathsome
economic, and some environmental.

Until recently, most desalination experts consider¢he
membranes to be too delicate to be subjected tooman sea
environment. Like the general public, experts asted the
word "membranes" with something like "mucus membsin
of biological life forms. The experience with earlyembrane
failures reinforced this perception that RO membsaaee deli-
cate species that must be protected like fragfie forms. The
authors' recent experience with Filmtec seawatermionanes
convinced them that these RO membranes are rejativele-
structible and can tolerate abusive conditions.fdet, compared
to the abuse these membranes receive in many pimaduc
plants, the deep sea environment will be far merglg.

Because of the ruggedness of today's commercial
branes and the emphasis on reducing environmeftasss the
development of this Deep Sea RO concept should iiatéd at
appropriate test sites. If the concept can be fadynmercial-
ized, the savings per year for an island economyf méarly
equal the total capital cost of the system. Fewestments offer
this percentage and magnitude of return.

The Water Institute, 34 Logging Hill Road, Bow, NH30&

Heavy Water continued from page 54

Nuclear Generating Station began with 800 tonnggaleto a year's
production at the Bruce Heavy Water Plant. Aftert,tllae reactors
were "topped up" each year with about five tonnessslthan one
percent of their total requirements. At the Brucan®| heavy water
was extracted from water pumped from Lake Huron. gRbu
340,000 tonnes of lake water are needed to prodneetonne of
heavy water. After passing through the system, miateeturned to
the lake, depleted of 19 percent of its heavy watefecules. This
discharge has no effect on the quality of the wiatehe lake. Heavy
water is produced using two processes. First, es@f chemical
enrichment processes using hydrogen sulphide ggS) (idcreases
the concentration of heavy water in the water toual85 percent.
The second step is a distillation process whicindxithe water to
99.75 percent or more heavy water. Once the heaigrvis in use,
small amounts may leak from the reactors. Moshefheavy water
that escapes from the reactors is collected in susnpapor dryers.
Because each generating station has a small heaey uggrading
facility it is possible to repurify this heavy wat@nd introduce it back
into the system.

Safety is top priority

Because the production of heavy water involves the af a
toxic gas, hydrogen sulphide, safety is a top fyioat any
heavy water plant.

Although small leaks of hydrogen sulphide may ocfom
time to time, most of the escaped gas is colledigdrecovery
systems, while the remainder is safely expelleddbgcting it to
a special flare tower where it is burned off. Thesk rof danger-
ous concentrations of hydrogen sulphide gas regchire com-
munity is very remote. However, should such an ketyi event
occur, emergency plans are in place to ensure dfetysof the
public and employees.

mem-



Review of the Lafree Electric Bicycle
by Jed Rothwell

These are exciting times  for
electric vehicles. New models
of electric and hybrid cars are

announced every month, and

thou-

thanks to the head wind, which makes bicycling ttmolest
form of exercise. (This is why professional bicydlacers are
able to exert more effort per day than other aislefThe Tour
de France is the equivalent of more than two maratifoot

sands are being sold. Yet | have neveraces every day for twenty-two das.

encountered one on the road.
Although Honda and Toyota pro-
mote their hybrid vehicles with
expensive television
Lafree Electric Bicycle  their efforts seem more like a public
relations stunt than serious market-

ing! They are selling fewer than 10,000 vehicles in theited
States, and the waiting lists are so long that sdesders will not
accept new names. | was surprised to learn thathandind of
electric vehicle is already available: the electhicycle. Some
models are inexpensive, well-engineered, and witléd to a
short commute.

After investigating several electric bicycles ore tinternet, |
recently purchased a Lafree model 602 XU, manufadtuby
the Giant Bicycle company of TaiwdnMany of the other
brands appear to be kludges, with electric motatded to reg-
ular bicycles as an afterthought. The motors arenofcoupled
to the tire with a friction roller. This is ineffent, and it proba-
bly wears out the tires. The Lafree is engineeredmf the
ground up to hold the battery and motor, with a vigeduty
frame and brakes. The motor is coupled to the pedatkshaft.
The local dealer said he tried a variety of eleatribicycles from
different makers, and he recommended the LafreeGétman
not-for-profit organization called Extra Energy ai rated it
best out of thirty brands.

| have been commuting a short distance (2.7 miles way; 4
km). The trip takes 9 minutes by car and 15 minwh the elec-
tric bicycle. | performed 20-mile test runs on a&detrack and in
suburban neighborhoods. | conclude that the Lafmas be more
practical than an ordinarv bicycle for many peopéspecially
middle-aged or older people. It is slower than ataraycle or a
moped, but much faster than walking. It may be rs#fan a reg-
ular bicycle because it encourages you to stop tep signs
(because starting up again is effortless), andcitelerates rap-
idly and keeps up with automobile traffic up torhph.

The Lafree looks and performs like a mountain Hiydt has
a 7-speed rear derailleur with a wide range of ge#is main
drawbacks are limited range and the fact that iighs 80 Ibs.
(36 kg). The battery alone is 25 Ibs. (11 kg), whis more than
the entire weight of a good road-racing bicycle.e Thafree is
designed for comfort, not speed. The position afdés pedals,
and handlebars make it hard to lean over and putr Yall
weight on the pedals. On a level track with the ondtirned off,
pedaling as hard as | could, | barelv reached 2%&.rijme motor
is most noticeable—and most welcome—at low speedenwh
you start up, and going uphill. It does not mak#sheffortless,
but it does not leave you out of breath or temptedjet off and
walk. The motor can handle a 15% grade. A persomeason-
able shape can pedal a bicycle three miles in lfutes, but in
Atlanta, Georgia in the summer he will arrive ate thoffice
soaked in sweat, whereas the electric bicycle takes more
effort than a 15-minute walk. It is not as hot adking either,
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The company says the battery range is 22 to 24snatefull
output, and it recharges in 4 hours. | found thegeais only 20
miles (32 km), and it takes 4 to 6 hours to fulgchmarge. On a

advertisements level track at maximum speed, | went 21.4 miles7# minutes,

averaging 17.8 mph (28.6 kph). On residential Soéurroads,
early Sunday morning with no traffic, over gentléishwith few
stop signs | went 20.4 miles, at 12.6 mph (20.3)kph other
tests | reached 18.4 and 21.5 miles. The compayy B8y bat-
tery may improve after several deep discharges.

When the battery is 90% drained, motor power faii§
noticeably. When it runs out, an alarm sounds Nrigind the
motor turns off automatically. The bicycle can bedaled with-
out power, but it is a lot of work. The battery che removed
from the bicycle in a few seconds, and it inclugesransformer
and a grounded plug. If you ran out of power a feiles from
home, you might pull into a coffee shop, plug iecharge, and
relax for a half-hour or so. A row of five LEDs icdte the bat-
tery charge. Each light indicates 20% of capacity; you travel,
every 4 miles a light goes out. The LEDs are remialsk accu-
rate, but | recommend an inexpensive electronicedpmeter
with a trip odometer, which you reset after chaggime battery.

The limited range makes the Lafree unsuitable @aribhg. A
company spokesman says they are looking into NiMéatteb-
ies, which should reduce bulk and weight, and ia®ee range
20 to 30%. Unfortunately, they cost about five timemore than
the lead-acid battefy. Another company has developed a fuel-
cell electric bicycle prototype with a range ofrélles (70 to 100 km).

Despite its weight, the Lafree performs and feédte b bicy-
cle rather than a moped or motorcycle. The eleatnmtor can-
not push the machine on its own; the rider mustapednd
exert some force. When the speed exceeds 20 mphmtitor-
assist smoothly disengages, leaving you free toalpéaster, if
you can! These performance restrictions were desighy Fiat,
according to agreements worked out by manufacturansl
Congress. Congress mandated that a "bicycle" is aicleeh
which must be pedaled, and which goes no fastem 2 mph
with motor assist, and that electric bicycles mhbst allowed on
bicycle paths and lanes built with federal moneye Tperform-
ance limitations seem sensible to me. The Lafreevedl suited
for bicycle paths, and safe for children over 1argeof age.

The motor has two modes of operation:

1. Automatic, in which a fuzzy logic computer sensdg t
gear, the speed of rotation, and the torque exehgdthe
rider, and it supplements the rider.

2. Manual override. The rider must still pedal but raottle
on the handlebar controls the motor input. Thishédy for
rapid acceleration after a stop sign, up a hill, ilor traffic.
Above 10 mph, full power manual override is indigtiish-
able from automatic mode.

The motor produces 400 watts maximum (about alai$e-
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power), which is not much. On a level track witttldi effort |
maintained a steady 17 mph for 20 miles. On a dtdkeat full
motor power with moderate pedaling effort, | wehibat 5
mph. When riding over gentle hills, you get the eathsation
the landscape is flattening out in front of youeThotor makes
an unobtrusive whine, which stops when you stopaliegl or
freewheel downhill. A fuzzy logic computer measuithe
rider's effort with a built-in torque meter, andt@matically
integrates power from the rider and the motor. Thirks
smoothly, but after awhile you may sense that theputer
wants you to pedal at 60 rpm. Most experiencedsigeefer a
faster cadence, 70 to 90 rpm, with a lighter gestirgy. At
speeds well below 60 rpm, the sound and thrushefrhotor
oscillate slightly, fading in and out with each oktion, unless
you turn up the throttle for manual override. Theearience
is a little like riding on a tandem (a bicycle ddr two), with
a partner on the back who is cooperative and inigefale,
but a little stupid.

This bicycle would be good for a middle-aged oeplgerson
in good health, who wants about as much exercigelaget
from walking. Bicycling is low-impact exercisedoes not jolt
or damage the joints; it is more like swimming ti@gging.

Electricity Is an Improvement

and potholes. It seldom goes faster than 25 mph.c6ald not
use it for a 100-mile open-road tour. Despite tHas#ations,

the Lafree does one thing very well. A tired, madiged com-
muter, wearing business clothes, facing a longhdilj on a

hot summer afternoon will feel a lot happier onadree than a
regular bicycle. The machine invites you to hop After a

month of commuting, | find | use the Lafree morarth used a
regular bicycle. No matter how tired you are, yauatpout the
same speed, and you can always "cheat" and tuthrafile

for maximum motor power on every hill and rise.

Some Puzzling Deficiencies and

Accessories to Make up for Them
Although the overall design, power controls, intlicalights,
self testing, and other engineering details argaglg in some
ways the design seems unfinished. The bicycle t2slb. bat-
tery with loads of electricity to spare, so a higudland taillight
should have been designed to draw power from ttterpabut
that is not an option. The fuzzy logic computecdsnected to
an rpm counter in the back wheel, yet there is nit-im
speedometer. (It would cost only a few dollars dal @ne.)
A key locks the battery in place and turns the maoftd, yet
it does not also lock down the chain wheel to pnéva
thief from pedaling off without power. This key ditan

Gary Starr, who developed another electric bicycliawkward U-lock on the front fork, which stops theorft
made an interesting comment. He spent many Yyeiwheel from turning. To leave the bicycle outsideyuy

on electric
the market

but he grew
stalled.

cars,
seems

working
because

frustraterremove the key from the back, undo and reposition
Electric vehicthe U-lock, and yet after all this fiddling, a dete

still cannot compete in important ways. A pure ele(mined thief can still pick up the whole 80 Ib. mimeh

tric automobile or truck does not have the range (and stagger off with it. A cable lock that

gasoline models, and the hybrid vehicles are expesecures the bicycle to a rack or small tree
sive and complex. But, when you put an electrijg safer. A spokesman for the company
motor and simple, inexpensive lead acid batteries (said they intend to add a speedometer, and they

a bicycle, you actually improve performaricéhe Lafree suf-
fers from the limited range and heavy weight tHagpe elec-
tric automobiles, but range is not as importarit eswith a car,
because a bicycle is slow. It takes over an houeach the 20-
mile range, and most commuters would be too sasiulie-or
tired to ride for an hour. You would not use a bieyto run a 30-
mile errand, or pick up a 40-lb. carton of papea onattress.
The use of any bicycle, motorcycle, or moped in.WuHan
areas is severely limited by the appalling desigfnthe roads,
traffic jams, and the homicidal behavior of someehs, who
make a sport of intimidating pedestrians and bistgl You are
not supposed to ride a bicycle on the sidewalkifbdéitlanta it
would be suicidal to ride on some of the main roéddisinta has
the second worst pedestrian fatality rate in th8.Umainly
because it lacks sidewalks and crosswalks, and soners zip
through red lights or exceed the speed limit bpil&ven 20 mph.
The market for electric bicycles in Asia and Eur@apmore prom-
ising. In Japan the population is rapidly aging] amany people
depend upon bicycle transportation, especially roldemen
who often cannot afford automobiles and do not ligeases.
Like all bicycles or motorcycles, the Lafree is sattable for
inclement weather, ice or, snow. Commuters muse laavalter-
native form of transportation available (a taxiaaide with a co-
worker or spouse). The problem with this in plalies Japan,
where bicycles are heavily used, is that everyanmts on the
same alternatives, so on a rainy day taxis carméaund.
Overall, | am impressed by the performance andtioedity
of the Lafree. It is not meant for afficionadossamall children.
It does not have the responsive, feathery feel ligraweight
road racing bicycle. The extra mass, big tires, ahdck
absorbers make it ponderous and insensitive tocoaditions
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have been debating whether to offer lights.

To make up for these deficiencies, and to makerthehine
a little more practical and comfortable, | recomuahean elec-
tronic speedometer ($25), a cable lock ($30), aezafor the
back of the bicycle ($20), and pedals with toe<{{$30). An
extra battery costs $115. You may need a heavy-alutiymo-
bile carrier ($230, for one bicycle). You shoulévays wear a
bicycle helmet when riding ($30 to $80).

Lafree Electric Bicycle Specifications and Features
« List price $1,000, about the same as a good ragubike.
e Heavy-duty frame with shock absorber on frontkfor
designed to accommodate the extra weight of thembbw
center of gravity. A "step through" (woman's) frammeavail-
able: 26" tires. Quick release front and rear wheel
 7-speed rear derailleur, with a wide range of gére shifter
is on the left handlebar: Heavy-duty caliper brakeith quick
release.
« Padded saddle custom designed with a latch anckHimg
allow quick removal of battery.
» Two-point motorcycle style kickstand
* 400-watt motor.
e 20-mile range. (The company says 22 - 24 miles ta@aveb
site and Owners Manual version 1.0 say 28 milestHaicom-
pany reports this has been revised.)
* PAP: Power-Aided Pedal. A torque sensor monitbies
rider's input. A fuzzy logic computer adds measueézttric
power in response.
* VPC Throttle: Variable Power Control - a twistdtile on the
right handlebar overrules the PAP computer. Udefutjuick

Lafree continued on page 67



Device continued from page 52

results as we test a variety of cells at diffeygmwer levels.

Hydrosonic Pump

In case you are new to this saga, the HydrosonimpPis a
mechanical heater for a liquid stream that works dayitation.
It has been reported bv some to exhibit anomalmergy effi-
ciency (see IE, No. 23, p. 28).

As reported in the last issue, HydroDynamics agreedoro-
vide a replacement Hydrosonic Pump for the one irlty
purchased from them, because of a design errorheir part.
The pump was too large for the motor (or the mot@s too
small for the pump) and the motor was drawing tooclmn cur-
rent for its rated power. The new pump has finaltyived. The
old one was removed and replaced. It was not aal ifieto the
existing steel frame, but very close. With sometiegt drilling,
and professional alignment, the new pump is beistalled.

The new pump mounting will be on three points, @ast of
the former four. One of the points will incorporageload cell,
which is an accurate force measuring transduceth Whe load
cell, we will be able to measure torque deliveredthie pump.
That quantity, along with RPM measurement, will all@ccu-
rate input power measurement.

Memory of Water continued from page 56

We can hope there will be a day of atonement ferkiters of
new knowledge such as "memory of water" and aedibh. An
only temporarily defeated Benventiste, whose fundargl posi-
tion had been obliterated by what he termed theatéllahs of
science," declared at the end of the 1994 BBC docwner
"When | think about the whole episode, | constargtgk myself:
what did | do wrong? Maybe | should have thrown thata
away—so0, you have your peace of mind, you are hatatened
If I am right or if | am wrong, that is not the [mlem. The prob-
lem is to change the system. As strange as it mands sciencs
has become unfriendly to new ideas. If we can Isesd@entists
stamped as 'heretics,' it is because there is enaognd the fact
that all dogma has been crushed in the past byideas is not g
lesson for these people. We have to destroy thtersySAmen.
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no interest to the readers of this journal. Ball ldasied knowl-
edge of our paper "Solar Energy Liberation from &Yatby
Electric Arcs" which was subsequently publishedtlie Journal
of Plasma Physics of Cambridge University Pressl.(80, p. 775,
1998), and reprinted in this issue of Infinite Ejeon page 33.

If someone comes along to Nature with an experinieat dis-
proves Einstein's relativity, "you just know," saBsall, that he is
wrong. It requires no further inquiry. After all,owld you go to
Peru, he asks, to check a claim that apples threrblae? This was
the attitude of professors at Pisa when Galileo adestrated that
heavy objects fall no faster than light objectsnéQust knew" that
Aristotle was right and Galileo wrong. The Greekilgdopher
was the Einstein of the Renaissance, with one diffeg. At the
age of seventy Einstein knew he was wrong and wiotene of
his oldest friends: "There is not a single conagpivhich | am con-
vinced that it will stand firm, and | feel uncertaivhether | am in
general on the right track."In 1993 my paper, "The Difference
Between Newtonian and Relativistic Forces" (Foundatib Physics
Letters, Vol. 6, p. 491), fell victim to Ball's "tBuapple syndrome."

It was a joy to read the water biography. | learaekbt from it.
On one issue, however, | find myself in stark ceobfwith the
author. This is cold fusion. He trashes Pons andséienann as
pathological scientists. It is grossly unfair besmcold fusion was
first discovered—and firmly established—in the 1938y teams of
physicists at the Berkeley and Harwell laboratori€sey did not
use the words "cold fusion,” but proved with eagsiproducible
and simple experiments that streams of neutronis defiterium
pinches at plasma temperatures far below the tharpiear reac-
tion threshold. It is there for all to read in Picgs Review and in a
book titled Project Sherwood: The U.S. Program imt@lled Fusior.
Like Ball, Pons and Fleischmann were also ignordnthe early
cold fusion results. The hot fusion scientists, vdioce then have
consumed billions of research dollars, were mofecéfe in wip-
ing out all memory of cold fusion then in making fesion work.
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the work of Dr. Randell Mills of BlackLight Powen New Jersey.

What makes this action most curious is that theras vabsolutel
no reason officially given for their action, alttghu there was ¢
statement made to the effect that Dr. Robert Spérector of Specia
Programs, has blocked the BlackLight Power pateb&cause the
are "based upon cold fusion." As this article Satthere is, in fac
no mention of cold fusion in any of the patents dd8PTO is awarg
of that because USPTO and BlackLight Power att@nay the onsg
of the application process reviewed it.

Therefore it appears that guilt by association wéth area of sciery
tific inquiry incorrectly defined by a handful ofcientists as "voodo
science" was sufficient reason for his action. ffiet his actions arg
unprofessional and he should be held accountabtbdon.

As you know by now from my previous correspondencagw
energy” includes more than cold fusion. More imaotly, it is time
for false allegations and innuendo to be replaced dbservablg
facts. While the elective components of the Unit&dates govern
ment have been constructed to operate on politiesther the sci
ence community or official government bureaucraciage chartereg
to do so, although it is plain to see they do.

The article further indicates that BlackLight Powalready has 4
$375 million private capitalization with an expettesl billion capi-
talization when it is publicly traded. The IPO waheduled fo
March of this year. Of course, Mr. Spar's actions ha&lso prevente
this exercise of free enterprise from happening.

Please read the enclosed article and take whatagton is appro-
priate before the November election.

Once again, | remind you that the technologies oEw' energy"
are those that will most effectively deliver thends of alternatives
needed to address the pollution and electrical poissues that wd
face today and for the foreseeable future. To quate final point
from the article, "The new composition of matterncie used td
provided better batteries the size of a briefcasat twould drive an
automobile 1,000 miles at highway speeds on a eirgilarge, with
out the use of fossil fuels."

John Miranda
ZeroPoint
North Bergen, New Jerse]
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"Origin  of th&licrowave

About the Author
Dr. Keith Johnson, a condensed-matter theoristhim MIT Materials
Science Department, retired early from teachingeainstitute to co-

found the high-tech company, Quantum Bpnerglechnologies
Corporation (QET), and to produce and direct thatuie science-fic-
tion film, "Breaking Symmetry," which he also s¢ed. Guided by
patents awarded to Dr. Johnson and associates, iQHEvoted to the
research and development of nanostructured waténdbtechnolo-

gies, as well as R&D on nanostructured electrol@sient mate-

rials. His film, "Breaking Symmetry" (website:

www.breaksym.com), shown theatrically at the

1999 Cannes Film Festival and premiered locally in

Boston last spring, will be available on videotape

soon through Infinite Energy Magazine. A DVD ver-

sion of the film is also in the works, and a "sdtjue

to the original film (working title: "Polarity") isn pre-

production at Dr. Johnson's film studio in Cambeidg

*Quantum Energy Technologies Corporation, 238 M&imeet, Suite 400-
TEC, Cambridge, MA 02142. breaksym@earthlink.net



[R. Mills, "The Hydrogen Atom Revisited," Int. J. diydrogen
Energy, accepted)].

The investments in BlackLight were extremely conatve.
PacifiCorp spent more than $100,000 in due diligethes resulted
in reports from two independent, respected comapfirms:

Technology Insights, 6540 Lusk Boulevard, Suite02;1San Diego,
CA 92121, "HydroCatalysis Technical Assessment Pegpdor
PacifiCorp," August 2, 1996. This report documentschnical assess-
ment of a novel source of hydrogen energy advanbgd
HydroCatalysis Power Corporation now BlackLight Rownc. (BLP).
The assessment was conducted as part of the dgendi performed
for PacifiCorp. It was conducted by a literaturarsh and review, site
visits to BLP and collaborating organizations, aatkghone inter-
views with others active in the general area. Acdpton of concept
is provided in Section 3. Section 4 presents aasassent of the con-
cept background, supporting theory, laboratory giymtes, projected
initial products, and economic and environmentaleats. Section 5
documents the results of telephone interviews &adsssits. An over-
all summary and conclusions are presented in tl@rimg section.

Kline-Anderson, Inc., 8926 Kirby Drive, Houston, TX7054,
"Review of Schedule and Resource Requirements to Devel
HydroCatalysis Functional Prototype Unit Final Repdidr
Technology Insights,” October 23, 1996. This repotuments a tech-
nical assessment of a novel source of hydrogerggreetvanced by
HydroCatalysis Power Corporation now BlackLight Rownc. (BLP).
The report is based on fact finding trips to BLP &a/aTech and
written documentation provided by BLP and Technolbgpights. The
assessment was conducted as part of the due diigesrformed for
PacifiCorp under guidance of Technology Insightse Thork scope
was to assess and formulate a plan to commer@al technology
by a new commercialization company COMCO with a abersible
investment by PacifiCorp. Plans for development afrectional pro-
totype unit and comments and recommendations regaplanned
tasks, resource requirements, and project schedellgiven.

Atlantic Electric had their MIT trained scientigst our cells in
our laboratory for several months. His results waublished as his
Masters Thesis [P.M. Jansson, "HydroCatalysis: A Nemergy
Paradigm for the 21st Century,” Thesis Submittegbartial fulfill-
ment of the requirements of the Masters of SciégncEngineering
Degree in the Graduate Division of Rowan Universilgy 1997,
Thesis Advisors: Dr. J.L. Schmalzel, Dr. T. R. Chapdtla, and Dr.
A. J. Marchese, External Advisors: Dr. J. Phillipgnnsylvania State
University, Dr. R.L. Mills, BlackLight Power, IncW.R. Good,
BlackLight Power, Inc.].

NASA Lewis tested a cell [Niedra, J., Meyers, Iraliek, G.C.,
and Baldwin, R., "Replication of the Apparent ExcesatEffect in
a Light Water-Potassium Carbonate-Nickel Electrol@ell, NASA
Technical Memorandum 107167, February, (1996) p20.1 Niedra,
J., Baldwin, R., Meyers, I., NASA Presentation of htigWater
Electrolytic Tests, May 15,1994.] described by Wit al. [Mills, R.,
Good, W, Shaubach, R., "Dihydrino Molecule Idensfion,"
Fusion Technology, Vol. 25,103 (1994).]. A cellndieal to the test cell
with heater power only (no electrolysis) was thébcation control
and the blank cell with the heater power equalemzThe test cell
was also calibrated "on the fly" by measuring teeaperature rela-
tive to the blank cell at several values of heatput power of the test
cell. "Replication of experiments claiming to demate excess heat
production in light water-Ni-KCO; electrolytic cells was found to
produce an apparent excess heat of 11 W maximurs0faV electri-
cal power into the cell. Power gains ranged fro610 1.68." The
production of excess energy with a power gain 68 vould require
0% Faraday efficiency to account for the observentes power.

Dr. Niedra, the scientist who ran the test, cordirtihat the cell
worked.
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Briefs continued from page 51

The work did not continue because the NASA Admiaistr, Ira
Myers, died about the time the tests were completedas then
focused on gas energy cells that were a signifieaancement
over electrolytic cells. We probably could have tommed with
NASA with another administrator. But, | only had oemployee at
the time, and we were overwhelmed with collaboretiowith
Pennsylvania State University, Westinghouse Corjmrat
Thermacore, Inc., and MIT Lincoln Laboratories.

Park states that the experiment was a failure, N\i8A walked
away. This is not true.

We are publishing papers at the rate of about @menwnth. We
have submitted eight so far this year, and fiveaeepted for pub-
lication. We are working with Prof. Conrads on tworam They are
being posted on our web page.

We have presented at a number of recent sciemtiéietings. The
Company conducted a four hour symposium of its teldgy at the
October 6 American Chemical Society Meeting (199%ifiea
Conference on Chemistry and Spectroscopy and te/Q5S Western
Regional Meeting, Ontario Convention Center, Caiify (October 6-8,
1999)). At the conference, Prof. Dr. Johannes Edrrads, the former
Director and Chairman of the Board of MP, the Institof Low
Temperature Plasma Physics, announced that hedmdidnoed that
the BlackLight process creates an energetic plagratomic hydrogen
with no input power to the cell. Having forty yearsexperience with
hydrogen plasmas, he stated that the company'sggaepresents a
new chemical source of power.

The ACS presentation was reported by Dow Jones &ed t
Associated Press. We also presented at the Natibgdiogen
Association Meeting (National Hydrogen Associatidith Annual
U.S. Hydrogen Meeting, Vienna, VA, (February 29-kta, 2000)),
the National ACS Meeting (219th National ACS Meetirfggn
Francisco, California, (March 26-30, 2000), and thene ACS
Meeting (29th Northeast Regional Meeting, Universityf
Connecticut, Storrs, CT, (June 18-21,2000)). We beéllpresenting at
the August National ACS Meeting (220th ACS Nationateiing,
Washington, DC, (August 20-24, 2000).

Significant Scientific Validation Points

1. The Company has produced about forty novel hydridm-c
pounds in bulk that contain hydrino hydride ions.

2.The Company has extremely convincing data confirntimg
new hydride compounds bv twenty-five types of teststwenty-
five independent laboratories.

3.The Company has produced a plasma of hydrogen under

unprecedented conditions of heating it to 700°Chia presence of
certain catalysts, and in the absence of catalesplasma forms.

4. The Company has recorded spectral emissions of pgdrin
the plasma are ten times more energetic than imjidrogen.

5. Prof. Dr. Johannes PR Conrads, then the Directud a
Chairman of the Board, of Institut Fur Niedertempearat
Plasmaphysik e.V. and the Ernst-Moritz Arndt-Unistat

Greifswald (INP), a top plasma physics laborataryGreifswald,

Germany, and four of Prof. Conrads' top scientistsomded line
emission from the Company's cell which matches hyeinotransi-

tions to lower energy states, and some of thesmitrans are about
100 times more energetic than burning hydrogen.

6.INP and the Company have recorded a hydrogen plasma
the Company's cell with no electric energy input.

7.The Company has sustained an energetic plasma irodsmul
at 1% of the theoretical or prior known voltage uiegment and
with thousands of times less power input in a systeherein the
plasma reaction is controlled with an weak eledteld.

It is very surprising and disappointing that Oxfodthiversity
Press would publish Park's puff piece that distsedhd damages
a private corporation backed by other reputabl@pa@tions with-
out first checking the facts that Park deliberatghores.



