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Zaitor's lote: Following 1s a paper on a
new geophysical exploration device.
Although the success of this technique
e vwknown to the Council, it has been
inecluded in the Bulletin for those who
are interested in examining the theory.

Comments are invited.

e

editor also invites similar papers
containing new ideas or innovative
adaptations of old ideas that may serve
to further the development of geother-
mal exploration.

The Ceothermal Research Company announces a
totelly new geothermal exploratory service
utilizing the GEOSENSOR{TM) Survey System
(Patents Pending). This unique service is
cesigned to locate and outline areas of po-
tentlal geothermal value quickly and inex-
pensively. This system utilizes a newly
recognized physical phenomenon only recently
investigated in detail--the anomalous eiec-
trical self-potential or voltage gradient in
the earth over areas of geothermal activity.

THE GEOSENSOR SURVEY SYSTEM
By
Wayne L., Sayer and Pat Wright
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roles have been the early sites for de-
velopment., However, boreholes drilled
near these surface manifestations of geo-
thermal heat have not always led ic the
development of commercial quantities of
geothermal power (as happened in peiro-
leum, too) and as a consequence the need
Tor more understanding of these geocthermal
processes has become apparent. The var-
ious disciplines have their special appli-
cations in the better understanding of the
geothermal and hydrothermal systems and
the eventual evolvement of geothermal
speclalties will cccur,

It is believed that a suxrface survey
method yielding good geographic correla-
tion and large area extent without undu

effort and expense while still being ca-
pable of supriying highly accurate, eas-
ily interpreted detail would be extremely
useful fo the industry. Such a method is
more Tully described in this report,

PART ONE ~ THE HIDDEN ANCMALY

Until recently, geothermal exploration has

en directed imarily toward arezs of
been directed pri ily %o d are
surface leakage of water or steanm.
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MAL EXFLORATION IS THE EXPLORATION F
LARGE EXPLOITABLE GECTHERMAL RESERVOI
THAT HAVE NO HYDROTHERMAL MANIFESTATI
AT THE SURFACE. ‘
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The method for discovering and evaluating
heat flow which is described herein fiis
the above criteria almost precisely.

While we would 1ike to defer the technical
discussion of the new method until the la-

ter portions of this paper, it is impor-
tant to note here that the electrosiatic
survey meithod utilizes:

4. A well recognized effect of nature,
the NERNST EFFECT,

B, The source of energy for the evalua-

tion derives from the phenomenon un-
der study.

C. The resultant is directly proporii
to the intensity of the economic good
ocught, 1.e. the heat from the e ]
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0f course, any consideration of the value of - 1. There is compelling eviden that

& new exploratory tool must ultimately be re- only a dynamic or moving detecior

conciled with the alternative costs of com- will discern these aerostaztic vol-

peting methods and each operator has to sub- tage gradients,

Jectively assign a utility value to any

method under consideration., 2. Conseguently, the classic or ira-
ditional dimensions {(mic cTovolts

The GECSENSOR Survey System shows promise of £

per meter do not apply and it fur-
ther appears at this writing %
an entirely new set of Jar“mete
will have fto be establishe

equaling borehole thermister survey tech-
niques and is less costly,

PART TWO - THE TECHNICAL ASPECTS D. There seems to be compelling evidence

that these aerostatic voltage gra—~

There has been a continuing study and re- dients establish inemse1Ves in ver-

search program by the authors since mid 1970 tical "walls™ or sheets which seem o
on the GEOSENSOR gradient survey method and be oriented in special relation io the
apparatus for the qualitative evaluation of geomagnetic field. This sheeting or
gecthernal resources, wall effect would explain why only a
dynamic or moving detection systenm
An intensive effort has been underway to de- would discern them, i.e. the ground
vise and design a practical and accurate neutral for an electirostzstic detacior
. system to detect, measure and evaluate these would soon assume the earth neutral
suspected Nernst Effect voliages. The GEO- cha:re when the device was at rest and
SENSOR Survey System is now perfected and remain that way probably for hours un-
with patents pending status is presently . ?oso a wind blew a charge sheet over
available for commercial application, e probe,
“icn has :
It would appear in late July, 1973, based on However, when the ground neutral or
extensive mapping efforts in the field at the detector is 2 motor vehicle which

the Geysers, Susanville, and the Imperial

& s has rubber tires, the body of be Ve
Valley in California and ai Steamboat hicle Dbecomes the »plat £
Springs in Nevada, that we can report Xnow- condenser and wnvn
ledge and evaluation of certain anomalous into an electrost
aerostatic vol ages over areas of high geo- gion the prooe detect
B

aal gradient and that these aerostiatic erence b Jecn tbb al
voltages have these characteristics: c

Tits A, They are not time-dependent (Lherefore
not magnetot \.11““1.0 in orlzf.r_n)

8. They are relative constant in spatial . hi . of cours
displacement, (O Obviously the atmosphere en with present e
moves, as evidenced by wind, but these s the present sys
voliage gradients remain relatively sta-~ speed dependsnt. And
ticnery much like a cork bobbing on fect (low
waves, the waves (vind) move past the survey spe
cork, it bobs up and dowm, but experi- strated,
ences but slight lateral movement, ) factor in

- C. The present methods of measuring elec- Thus, onl:

- trosiatic atmospheric voltages do not capacitan
reflect these voltage gzradients be- tage grad
cause Tthey have zlwavs besn +aken <04 cern thes
the ear : c with the static vo
nessu mal anomaly.
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i% “"Compression of values read
the heat of the day, This
phenomona 1s another case
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Nernst
re taught the voltage gra-
ops orthogonally 1o the di-
rection of the heat flux which means
that the yolarlby of the voltage is
dependent upon the direction of the
flow, which in this case is ei-
in or out of the earth. During
,aays the differences between high
low reading tend to come closer to-
r. This is as might be expected
ce the solar heat is tending to
ncel the geothermal energy moving
ut the earth, Obviously the at-
osphere will be influenced most by
he portion of the crust nearest it
nd this is coincidental to the area
recelving the solar warmth. The grea-
ter "contrast” in these aerostatic
voltages consistently appears just be-
fore sun-up in the summer montihs.,
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The Geothermal Nernst Effect

rst discov-

nermoelectiric effects were fi
ered early in the 19th Century when Seebeck
ed that a n

C ¢

~aaf crpTOJmenL of
hermocouple applica~
tic gas water hea-
the discovery of
effects which in-

The interaction of heat with a magnetic

fileld in a conductor was Tirst described by

i in 1886 ere a heat flux Q, inci-
iy hich is sub-

plied per-~
duces a vol=-
ansverse to @ and
EATEk L
- N i‘: 1
where K Ls the thermal ~conductivity)
een that a Nernst voltage
the thermal gradienta T

conductor,

Therefore, in a gectherral Tlux
temperature gradient AT flowins
diculaL 1o the earthgs natursl

ihe geomagneilc field,

There are reasons to believe that volea-
noes do indeed generate electric currents
during eruption.? While Johnsten and

Stacy ascribe the megnetic anomzlies %o

the piezomagnetic effect3 angd Rikitake

and Yokoyama™ invoke thermal magnetiza-
tion and demagnetization of volcanic rock
near its Curie P01nt & sirong case can be
made Tfor the Nernst Effect type of iﬁter-
action of the earth's geomagnetic fiel

with the thermel gradient of the volcanic
process. This could generate veriical
earth currents which would themselves yield
transient magnetic anomalies., If earth
currents were set up in accord with the
Nernst Effect, orthogonal 4 1@ thermal
gradient which would be a horizontal gra-
dient in the case of a volcanoc neck, one
current would flow into the earth on the
easterly side of the normal N-35 geomagnet
field and upward on the westerly side and
we should be able to describe a line from
the epicenter of the positive <o the
tive geomagnetic declination anomaly, whi
would De nearly perpendicular
N-5 declination. The declination maps of |
both Minakami, T. et ald, and Rikitake, T.°
show a decided orientation of positive and
negative ancmalies; perpendicular to the
normal geomagnetic declination for the
locality,

p,

%

3 both declination
rrent carrying wires

an earth current pro-
ing volcanoces,

qigi earth currents in or about a2 hidden
geothermal anc aiy are not particularly
germaine to the elecirosiatic detection
method, Yoltasge gradients in <he garth,
however, are a vital factor as we visus-
lize matters. But the Nernst I t, oper—
ating in the huge geomagnetic of the
earth’s interior, could induce a voltage
gradient with very little current present
in the low conductivity skin or shell of
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earth’s crust from the heat Tlowing out

of the mantle,

One would €Xpect a Nerngt Effect voltage to
develop on an axis bPerpendicular +q the nor~
mal N-S . geoma netic fielq {witn deolinaﬁion)p

with no
ization

noticeable upvard or downward polar-
since here the heat fiux is presupm-

ably upwarg and unipolar (as Compared +to

sideways out the neck of &n erupting

cano
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hermal anomaly has s‘i:abilized9
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vol~
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» 1T the heat
these vol-
S should be rather constant,

excellent repeaﬁability of the GED-
OR electrosta%ic Surveys agrees well
this ¢onclusion,

exXact cause of these 8radients may be
T to Speculation - are they the re~
b streaming Potentials oFf a hydro-

1 systen in active transport or a
Effeci} manifestz-
OF eVen a thermoeleciri (Thompson op
Phenomenon?

Regardless of the genesig of these anom~
alous voltage gradients in the earth over
&eothernal anomalies, efficient and effec-
tive detection oL thege voltage eXpressions
is the €ssentizl Concern,
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Centurieg, 10 “hile there could he
other Processes a+

Work here, 1% is
least Teasonable tg conclude that part of
the elecirical Charge (seems aluays ig e
Positive) might be due to an Original +
momagnetic or g+ least thermoeiectri
Chanism associated with & therma) Chang
the throat cf the volcano during erupticn,

2,

Another link in the Chain of evidence
in the statement Fay 9, 1973, a2t the U.s.2,
Symposium on Geotherms Power by G, Vv,
Keller that a definite self Potential® o
s i

1-% volis per mile exisis .an a
Tesistivity Study in Hawaiy, 14 He further
declared that it tend

measured frop the botton of
ing drilleg Tor the

3

Very strangely, to the author, 2z
ent search of the literature Since
reveals only itwo references to
T earth Currents on or about volcanoes
Oth of which were done in Japan ang only
bstracts are avallable o e
on the Corrobora .
effect i,

nature will pe forthcoming when this

10

4. In the meantime,
that there is
in the literature of

current systenm in or under z volcay
is oriented to the eartn's magn
and further strong bersuasion
Processes a&re observable ip known
mal Tields,16,1

an an Cmalous

intoracting with
Produces voltage ¥, whlch is tra SVerse to
H and B, The voltage gradient V 14 directly
Proportional to the thermal @radient H,




th in a particular location has'a
dient at the surface, the air
ocation must, by electrostatic
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equal but opposite po-
ie By traversing the
E&SOR designed to detect
tions through aerostatic
hermally active regions can be
viously this method is consi-
ter than earth electrode methods.,
record of the area surveyed
mpilation of an elscirostatic
nt ap po:,slblea This is then inter-
in correlation with other informa-
vailable on the area under study.
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et al., '""The Nernst De-
on Detection'', Applied
. 17, No. L; August 15,
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2. Chapman, S. & Bartels, J. - Geomagne-
tism Pg. 433, Oxford at the Clarendon Press.

3. Johnston, M.J.S. & Stacy, F.D., Transi-
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UThe 1944 eruption of volcano U S U in
Kokhaido, Japan'!, Bul. Vol. Serie 2 Vol.
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(continued on page 11)
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Geothermal Research Company has in

1augurated
a unique system utilizing the GEOSENSOR |
method and apparatus including off-road

(jeep trail) capabilities. Also offered
to the industry are consulting services -
and map plotting for use in interpretation.
Inquiries are invited,

---Geothermal Research Company
9700 Stockdale Huy, Ste 215
Bakersfield, C4 93309

(805, 223-8136
2740 Fulton Ave., Ste 108

Sacramento, CA 95827
(918) 482-9104

Publication of the complete Study Guide to
the recent, GRC Special Short Course No. 2,
""Geothermal Regulations'') has once more
been delayed. We now anticipate that the
Study Guide will be available sometime in
September,

Copies may still be ordered at the pre-
publication price of $10 (California

dents add 60¢ sales tax) from Geothe
Resources Council, P.0. Box 1033, Da
California 95616. Tel. (918) 758~

ATl those who participated in Special Shors
Course No. 2 will receive the second half
of the Study Guice in September as




