BOSTON COLLEGE
GRADUATE SCHOOL

The thesis of JAMES ROCCO CENTORINO . . =~ . ..

submitted to the Department of GEOLOGY~GHOPHYSICS . ..

in partial fulfillment of the requirements for the degree of

....................................... in the Graduate School of

Boston College has been read and approved by the Committee:

QW L. el oS

: ; \

) ; N

=) I3 Al . R
Lo F N / A [T

@
o
=
(0]
o
o
4
o
=
oo
2
: S
;t“’
fo
;Ki
.
=
=
£
.
=
st

LAPRIL 21, 1975
Date

e R s e

ki




Sessuiiybann

o

s

e R e e

.
]
%
-
.
.
.
|
z

W&w&w&«mﬁmwmms{wrnmww«mmm»&ww .

Submitted by
James Hocceo Cenborine

In parbial fulfiliment of the
regulirsnents for ths degrass of

Ul A SRR FNTS SN U UIRT e
PASTEH OF SCIENOE

FAl

Copyright € 1975, James R. Centorino




%'
-
i
.
.
.
:
-
?
?
.
g
!
.
.
|
i

T G e e e e e e e e e e e

]

TABLE OF CONTLENTS

ABST}E{ACTQQI.’.D..O..O'...'...‘.0..‘....“.'........."“‘..1

Te
2
3e

o
5%

6o
Te

‘I}ITHODUCTIOI‘I..Q.‘._...60.......Q...‘."..'....‘Q..;'..“.°...3

CI’IAPT}E}I I : WOHLD G.EOTI‘IL‘.}RI“LAL RESERVES. o 00 O0O0e e 0 L N ) .1114

' CHAPTER II: GEOTHERMAL GRADIENT AHD HEAT FLOWeseeecses33

CHAPTHR IIT: GEOTHERMAL EXPLORATION AND RECLAMATION
TECHNIQUES

PART A: GIROTHERMAL EXPLORATION. eescevoreoce e)-].B
PART B: GEOTHERMAL RECLAMATION TECHNIQUES..55

CHAPTER IV: GEOLOGY OF NEW ENGLANDoeocecsseossvscssssedd

CHAPTER V: NEW ENGLAND GEOTHERMAL AREAS
SECTION A: THE CONWAY GRANITEscesececscoscel9

SECTION B: THE THERMAL SPRINGS OF WILLIAMSTOWHN,

MASSACHUSETTS AND LEBANON SPRINGS, NiW YORK

OOO..OQ.QDC!.OCOO.000.0.."."0'00.00900’89

CHAPTER VI: SHALLOW TEMPERATURHE MEASUREMENTSseeeeesee105

CHAPTER VII: CONCLUSIONS AND ACKNOWLEDGEMENTS
CONCLUSIONSesoeooscesscsscsncscocsnssassssl3’
ACKNOWLEDGIHBENTS ¢ e e eevueonvecsessssoasossnilO

REFE&%EIQ‘CES, CITED..Q......Q'CO..O.O....'."Q‘...OOQ’0...".012-1—1




EWnwwwww;www«mm&hw«»«m«wwWm;b%mﬁ\%?wﬂmﬁ»\\\wwwﬁ?tkk’vfmW\M«M@}W\)@M«%)%WMV«WWWWMH%WW;NWWWM««rAb}w?WXWMWWWMW%MWW@&WWWW!%WWWXW .

LIST OF TABLES

TABLE: ' - PAGE

leossvoeeeGoothermal Wildcats of 0il Companies Since 197267
2evscceseolrlow of Energy o and From the EELI‘th'.;.oooooooooJl3
1=1ceseeelypes of Geothermal DopoSitSescecococsssccccscceel?d
1=2ecseoesGeothermnal Field Heabt Withdrawal RateSceesecssesel
1=3essoeeClassification of Geothermal Energy SoUrCOSeeeesll
1=lLeseseeGeothermal Energy Resources of the Continental

. United S‘Datesu.u................u.u.......22
1=DeecoeseUnited States Geothermal Energy Resources

’ POtentialoeooooooeceaoocooaoooooooouconcooc00023-

1=64eeeesimount of Producible Geobthermal Energy in the

~ United Statesaoeoocoo0ooocaoonooeooo000000000623
1=TeeeseeThermal Springs Reported in the United StateSeee2bd
1=8eoeesseStatus of Geothermal Exploration and Development,

) As of 197200000000000000:0,.0&0'0000600.0000‘00030
1=9¢0seseGoothermal Flelds Producing in 1973sceseseccocsall
1=10e v e s e Geothormal Power Production Developed Or

' Under DeV@lOpmentceoooonoccoonco'oocntooctee09031
1=11ceweeCharacteristics 0f Selected Geothermal FieldSese32

- 2=leecesslverage Heatl Flowocooooeoao.;oo-uooooo.¢o0ooooo¢h~o

2=2eeeceocat Flow ValuGS............u.-u...-.u..u...LLO
2=3eeeeseThormal Conductivities Of Some -Commonly
Encountered Rock TYQGS.....NN.......u.-..c.LLO

2=llesesesHeat Production By Igneous ROCKSeesscosssosssnesdlll

3-?-1.“...Individual Survey COStS.o-c‘eoeooooc.oacoo.ooaeoSB
3=2eceseelrilling Costs For Wells of Different DepthSecse5l
3=3eeeeesCosts At Different Drilling Depths For Hob,

Dry Rock SyS'tGMSo.ooo.ocoou.cooooooooo:00000005)—[-
3=llLeeeesefguations Of Hydrqulic and Thermal Fracturing...65
li=1 eooeeoTime Line OF Geologic Events Affecting the '

New England Area..............................76
5-1eeseseDescription Of White Mountain Plutonic-

Volcanic S@I’i@S;oooo'Oaoooco.ooco.oooooooooooa8l.l.~

G=2eeceseApproximate Average MHode Of the Conway Granito..05
S"‘Bc&eooeMOdeS Of Conwvay Gl"aniteoooooooaooooooaoooooonooc86
B=llesesseChemical Analysis Of lMinerals in Conway Granite 87
Db ,eeseeRadioactivity, Heat Generation and Heat '

Flow In New Hal‘alpShil"ecocoinoooeoco.soocoooobouBB
BebsesesesChomical Anslyses Of Springs In Williamstown,

Massachusettoeeecsesessacocsscsscscsccssansssesd3
G=TesoeeeChenical Determinations Of Water Samples

From Sand Spring......................'........96
BE=8¢sesssPotability Determinations Of Water Fron

Lebanon Thermal Springoo.Q0.00.000@000..‘&0.00098

‘B=Q4seseeChemical Determinations Of Lebanon Warm Spring

Water SmnplOSQooooooooooooco00000000000000900099
5"10.0.0."I8.'t01" Potability Determinationeee ....'.......o...99
5=11eessenalyses Of the Waters Of the Saratoga Spa

Ions and 'R&dicalsdeoooooooooo.oooooocooooo.qojlou-

11




b lesecoseResliatance Valuea At Scotland Road,eo.e..n..“'l’tB
b6=2s0000cResistance Valuow At Weston and Seabrodkecesose 11l
6 jaseeul‘emper'atureu ( C) At Scotland Road.oue“.e-".‘l’lé
bellosssoolommeratures (9C) At Weston and Seabrookeeeseesll’
6~5@..eooAverare Values 0f "Reliable! Goothermal

Gradients At Scotland Road, Weston and

Seabrook blLeSee"t.oo60'00606000000006600006118

LIST OF FIGURIES

“1ececseeelle King Hubbert'!s Estimate Of 0il Produotlon.ooa10.

1=Teeseestiorld Rogions 0f Intense Geothermal
’ Manifestat lOﬂ.sooeeaeooeoeee@eotcvlotetoeene'co16
1=2ses00cGe0logical Soetting O A Geothermal

L‘nerry SOU.I'C@eaoocooeooooeooeaaaeooaaoeec&aaerL‘.
3=1e¢eeseeGeothermically Heated Apartment Building In

I"l@lWl, Fr C«I‘Oeeeooeeeoeococeoeeeaaooooooe°006G°57
3w2seeeces Proposed System For Doveloping The Los Alamos

Geothermal LA’J.QI'gy Souroau”ue“e““u..un59
3~3eeeensh Power Plant Using The Plowshare Geothermal

COﬂCe"Otaeocteeoeeaeeoooeseoqceeoooceeaeaeooooeéﬂ
u~1eeogeeGen@rallzcd Geologic Map Of The Northern

AbpdqufD an RC{’_}lOnaoeaeeeaoocﬁ0300009967; 68 69
-2s00eeeTactonic Map OF Southern New England And

Southwestern New Vbrkaooaoooo.ooeeooaae'alooDQT
i=3¢eeessDistribution Of Devonian Plutonic Rocks In

New L}l”’laﬁdeooeo-eeoeoanaeoocooooooeoeeeooocoa?S

'5“190@0»@8131’110&111’&1 Lap Of Hew H:WlOuh.LT'Gaooaeooooooe&eoee81

S=2¢cessslocation Of Hew lingland Arca Thermal Springsceee90
B=3eeeeseBottling Labels Of Sand Spring's Thermal Watere.95
61 g0 eeeolemperature~Resistance Conversion Graphesesscsells
b=2s0seeelocation Map Of Scotland Road Fault . :
InVSStig&tiOﬂSeooeeocoonn(-o'co’o'ocoooooooooeao'119
b6=34e0seeurlicial Depogits And Drill Hole Locations At
The Scobtland Road Fault ZJOIlGoooeoaooeoe000000120

’o.....o.afhermal Gradient (Shallow Ieasurement) Grﬂphs

Of Scotland Road, Weston and Secabrook Sites

.000006..000006000000.000.9.0000.00‘0!0.'121“135

1id

[k




ABSTRACT

This atudy of gltes in New Englaﬁd for geothermal potentisal deals with
the locations of natural thermal resources in the New England and New York
~reglon and expluing them-in terme of locallzed gaoiogy and'estimgtcs risks
and cogts for the actual reclamation of natural ‘thermal energy. There are

digcussions regarding he=at flow, geothermal gradients, methods of explors-

tion and reclaemation of geothermal power as well as shallow temperature mea-
" surements.

Atvpresent there ig almost no practical usage of geothermai/en&rgy'in
th&.ﬁew Eneland area simply because geothermal areas are not as proﬁounoed
in the northeastern section of the United States &s they are in thoge other

areas of the country which are active or semimactive volcanie regions having

recognized geothermal potsntial. Such areas are noted for their extremely

high heat flow, which is manifested by the presence of volcanoes, geysers,
fumaroles, steam vents and thermal springs. |

In general, the heating of the crust of thm earth to abnorMallv high
values depends upon volcanlsm, radicactivity and ground wabter circulation.
Althouﬁh there has’ been no active volcanlsm in New Bng]and since Mesozole to
Early Cenozolc tims, the area does possess a numbmr of sites whera heat flow
iz higher than normal, In the Conway Granite of New Hampshire there are at
‘present three known sites where radiosctivity has produced nesr-surface heat
anomalies. In Roy and Deckér‘s (1965) 1list of the twenty-two measured heat
flow sites in ‘the New Englund area, the highest values were in areas of most
recent volcanism and £he lowest values were in areas of least rscent volcan=
isnm, ) .

Thermal springs having a slightly highsr than average temperature are a




potentiai, &l though liﬁited, Séurce of natural heat extraction, Thelr heat
_may be céused eifher‘gy'contact of the vaters with magma or by the recircula-
tion of the waters from great dépths where the rock is muech warmer than at the
gsurface, In the latter case, investigation of ground water in the immediate
vicinity of deep-geated faults has suggested that if the fault is deep enough
| to pernit ground watsr to percolate through heated rock, closed water circu
latory systems may permit thermal energy to be piped to the surface, In the
New England area there are at least two well-known thermal springs. These
could possibly serve as additional regional sources of_eneggy. :
Studies by some geophysicists havs shown that it is possible to delineate
 such phenomena &s shallow salt domes and surface faulits by measuvring temperas
ture at a depth of approximately three msters, This method of shallow heat
flow stuéy is diécussed in relation to Ney England's major fault zones with
the possibility of finding naturally heated ground water, Specific data from
such & study over the Clinton_NeQbury Fault are included and analyzed.
Although the surface manifestation of New Eﬁgland's thermal springs, ra-
loactive rocks and deep-seated fauvlt zénes may, in most caées, exhibit temper.
‘a%ures only several degrees higher than the average, the importance of thig
étudy lies in the fecognition and understanding oflthe'feaééhs‘for‘these ano-
malies, so tﬁat these thérmal resources may be utilized to their best advans

tages,

o
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SHORY ENERGY HISTORY

Fossil fuels have long beon the mainstay of world economy,
ha&ing helped to. give rise to the Industrial Revolution which
begen in England between 1760 and 1780, where it was accompa-
nied by an agrarian revolution. Credit for the fevolution ac-~
tually goes to the rising populavion which needed to update the‘
processes which fed it. Cantor (1970) credits one historian
with claiming the Industrial Revolution to be probably the most
important event in world history. Toynbee (1920) accounts sub-
stitution of the factory for the domestic system as the conse-~
quence of the mechanical discoﬁerias of the time. The years be-
tween 1760 and 1830 produced, av any raQe, the largest impetus
“to the depletion of the natursl resources of fosgsil fuels up to
that time, .Monumental fuel deficits were incurred by wars, es-
pecially the First and Second Worid Wars és well as the Korean,
Vietnam and the Arab-Israeli wars, In'the;case of the Second
World War, Germany possessed uﬁusually_large reéerves of rcoal
" *which supported important metallurgical, engineering, chemical
‘ and'electricai industries,(Blum, 1970).  One doﬁldAlogically
place muéh of the blame for the Second World War directly on the
. easgy avalilability of Germany's coal supply. Obviously, the de-
| pletion of natural fossil fuels has feasted on cooperation as
well as on disagreements.among nétions.oi

It has b@en sald that from the standpoint of human hisfory,
the épooh of the fossil fuels will be éuite briefs One can hard-

ly disagreo when'realizing that the world's consumption of enérgy




for industrial purposes alone is doubling approximately once
pef decade (Hubbert, 1971).

Today, Ehe spiraling populatbtion density of‘the globhe de-
pends upon indusfry to be clothed and fed, and world industry
depends, in turn, upén dwindling fossil fuei reserves, One
must realize that in the depletion of precious hydrocarbon
stores, the people of the world face not only an energy but a
food shortage as well, since one depends upon the other, Coun-
tries hard-hit by famine today are the victims of food shortage
certainly, but the direct caw e is insufficient'energy resources,
As the agrarian revolution in England proved ip the Eighteenth
Century and as is péinfully evident in the have-not nations now,
it is necessary to update the processes which feed the people
of the world. With this type of an updating comes newer tech=-
niques of mass~produded farming, and with these technigues cémes
a greater need for the enefgy necessary to power these Processes.

The United States, with its dverabundénce of foodstuffs,
.leads the world in two important areas écncerned with energy
.economics, = America has the highest nationaljberﬂcaﬁita income'
of the world as well as having the highesf per capita consump-
tion of energy. In fact, while we have only 6 percent of the
‘world's population, we consume some 33 percent of the world's
total energy production (U.N., 1971).

It is evident that the United States has supported its pop-
ulation increase, its economic growth and its high standard of
living by means of an expanding usage of iow cost energy derived

s from a bounbiful endowment of domestic fossil fuel resources,




It is predicted that United States enefgy consumption is to grow
at an average rate of lL.2% per year in the 1971-1985 time period
and, in 1985,}domestic supplies will satisfy only about 70% of
the country'!s consumption, In 1970, domestic supplies satisfled.
about 88% (Kruger et ale, 1973)e

NiW ENGLAND'S PURL CRISIS -

The Hew Imngland reglon of the United Statés hag its own type
. of energy pfoblem, Hard-hit by the nation's fuel. shortage because
it lacks such resources, New England; along with the rest of the
Northeast Corridor, must depend upon transportéd‘féssil fuelse.

Its industrial concentration and population density is the highest
in the natioﬁ owing'mainly to its industry and high concentration
of educationél institutions., The ares is algo geographically
far-removed from the oil-rich areas of thé country.

The growing need for increased amoﬁnts of energy cannot be
met by cohventionalymeﬁhodsland conventional supplies for much
‘longer., Hubbert (1969) predicts that if present trends continue,-
0oil production will reach its peak in 1995, the year which he
foreseces as the approximate deadline for alternative forms of
.energy that must repiace petroleum as a result of the sharp decline
- of fossil fuel production after that date.

|  MAJOR OIL FIRMS
Alternative sources of'energy wero sought’in the past but
~only now are receiving renewed attention of sciontiétg the world
over, eSpediaily those employed by'energy Firms and uﬁiversities.

Some o0il companies, however, are directing their attention in-




creasingly to geothermal energy. The muiber of geothermal wild-

cat wells drilled by major oil firms has markedly increased since

1972

- TABLE:1 Geothermal Wildcats of 0il Companies Since 1972
‘ (Outside Of Geysers KGRA)

1972 AREA COMPANY, WELL NAME ?
|
Mendocino County, Sun 0il Torchio-Ferro .
Lae CCDa;l]\_/J‘:f,O(I"‘I,l‘l !‘?;rmia GeTxy (X} kettenhofen [ (deepzm)
Steamboat Springs, Gulf 0il = ~eececcmeec—ao-
Nevada '
0000EC0CPC0COOEOC0E000 0 g '
Imperial Valley, Chevron 0il Nowlin Partnership 2

1973

California

Phillips 0il

Sinclair 3

Sitnclaty
Sonoma, County, Signal 01l Bianchi 1
California
Surprise Valley, Gulf 0il SV-1 ST
California SV=-2 ST
Honey Lsake, Gulf 0il Honey Lake 1
California S Honey Lake 2
Lakeview, Ore. Gulf 0il Favell-Utley-1=54
197k "’Iﬁﬁéfia1°7éiléy;" Chevron 0il J.De. Jackson
{to California C.B. Jackson
Aug, 31) . A Hulse .
Mendocino County, Sun 01l Macii-State
California - Torchio-Ferro 2

Plumgs County,
California

Phillips 0il

Filippini A-1

Valles Caldera, Union 0il Baca 11
New Mexico Baca 12
Brady, Nevada Phillips= Desert Peak 1-27

Oreana, Idaho

Beowawe, Nev,

Southern Pacific

Anschultz Corp,.

(0 & G)
Chevron-A'LR

P e e kbl )

Ginn

. As illustrated in Table

(After Fuchs et al., 1975)

# 1, the number of wildcat g60-

thermal wells drilled by major oil companies outside of known




geothermal resource areas inereased from 3,in 1972, to 9,in 1973;
to 9 as of August 31, 197k,

" An exceﬁtion to this rule is Texaco, which, as of February,
197&, was concentrating less than 1 percent of_ité research and
developmont efforts towards geothermal study (Suilivah, 1974h) «
- Logically,‘the major oil companies will invest more capital
in the research and development of geothermal energy in the near
future., It is also true that major oll companies will invest
amounts of money in geothermal to a much greater dégree as it be-

comes more and more profitable,
THE POLITICAL SPECTRUM

Senator Henry M, Jackson (D-Wash.), ex~ohainman of the United
States Senate InteriorICommittee, was the author of a massive
energy research and dévelopment bill in lave 1973. <the bill ap-
propriated $20 billioﬁ for a program to develop the nation's un=-
~tapped energy sources dur:ng the nexst decade. This became the
Geothermal Steam Act of 1970, which was passed in January, 197k
At this time Ffederal lands first became available for geothermal.
ekploration, :Today, however, in the most prospective portiop of
'the United States— the West- 754 of the land is.held by the govern-
ment {Fuchs et aley, 1975/

Bventually, Watergate-=related troubles within the Republican
Party led to a succession of replacements in the United States
Energy Commission and the nation's energy problem lost some pro-

" minence as it was shelved alongside other national distress itens
such as unemployment, inflation, world hunger and its effect on

United States food stockpiles and the remaining issues of the daye

i




Massachusetts! Senator Michael Harrington (D~Sa1em) contends
that oil companies should be forbidden to own any share of alter-
nate'energy.» in the face of the economic strife caused by the
major oil companies during the 1973-1974-period, his contention
1s noteworthy. 4 ,

- The adoption of the Geothermal Steam Act of 1970 established
the development of United States geolhermal resources as a national
goal (Barnea, 1972). uowever, the federal government has so far
failed to implement the Aci, thus preventing exploration in aboutb
three~quarters of the western United States, A final deteﬁminationl
to proceed with leasing and a firm time schedule are still lacking

(Fuchs, et ales 1973)0
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1973: Arab cutbacks partially offset by boosts in
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GEOTHERMAL RESEARCH AND PROJECTLONS

The UnitedHNations, through technical assistance programs,
aré helping Kenya and Ethiopia tap large stores of geothermal
energy concentrated in the African Rift Valley. TUnited Na-
tiong efforts are also underway in urkey, Chile, BL Salvador
end Nicaragua. The search for new géothermal power sources is
currently underway or being actively studied in at least 30 other
countries (Koenig, 1973)e

Research demonstrates tla t the cosu of_developing geothermal
énergy is likely to be less than for conventional forms. Capital
and operating costs per unit of generating capacity at the few

géothermal fields now operating are significantly below those of

fossil fuel and nuclear power plants (Fuchs et ale, 1973)e Yhis

is offset by the fact that since pOWef rates chérged to consumers

are set as a percentage of capital as well as operating costs,

the lower capital cost of a geothermal'power plant may actually
defer a utility from developing geothermal energye

It is difficult to project a figure of geothermal potential

as a fubure world energy source due to the lack of information

and ‘experimental research at this time. However, Donald E, White
of the United States Geological Survey has estimated (1971) that
the stored thermal energy in the world's major geothermal areas

20 joules. After a 254 conversion factor

amounts to about L x 10
the productiqn_of electrical energy would be about 1020 jouies,
or B;OO0,000 mégawattéyears (mwy).‘ If this depletable source of
energy were used'up over  a 50 year period, the average annual

production would be 60,000 mw (Hubbert, 1971). This is comparable
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to the worldisg potential tidal power,'which is listed as 3 x 1012

watts (See table 2 )

Broadly speaking, it can be said that the world's total con-
sumption of energy for industrial ﬁurposes is now doubling approx-
imately once per decade. At the pregsent rate of development it is

 likely that by the end of this decade tle production of electric
power from steam fields will be quadrupled (Barnea, 19721},

Geothermm 1 energy is ineXxpensive, pollution-~free and can be

more swifﬁly harnesged than mosgt of'its rivals. Setting up a geo=
the%mal power statlon, for instance, only takes'Sryears, whereas a
hydro or nuclear power station takes 8 to 10 years (Winder, 197.l)e
The drawbacﬁs are>clearly defined also, Geothermal can deliver
only electricity and heat, but not fuel for transportation unless

the transportation system is electrified.
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TABLE: 2
FLOW OF ENERGY TO AND FROM THE EARWH

ENERGY FLUX AT 1HE BARTH'S SURFACE IS DUE TO:

1) Intercepted solar radiatbion

2) ‘Thermal energy, conveyed to the surface from bbe warmer
interior by the conduction of heat and by the convection
in hot springs and volcanoes.

3) Tidal energy, from combined kinetic and potential energy
of the earth-moon-sun systen.

PHPﬂOM EINON ENERGY RELEASH

SOLAR IIAD-LAT-LON«’-eaeoeeeooocoonoeeoooeoooeoo1fBgOOO X 1012 avts

(D’LI‘@CL I‘ellectlon)oweeooeeaeoocooeaooeoooo ,)2 uu0
(Direct conversion to heab)eccoscacocssesecs 0145000
~ (Evaporation, nr601p1taulon)¢°.a.........g. uO 000
WINDS, WAVES, CONVECGLLON & CURRENTS:ecceeees 370 "

PHO.L‘OSYI‘IJ.'L.{FSJ.S.eaeeoaeo-oo&oaocooooecceooeec I—l-o "
TIDAL ENERGYoecoeocsessoeoscocsconsaoecccsse "
NUCLEAR, THERMAL AND GRAVATATIONAL ENFRGYeeo . 35 "

(Conduotion in I’OCkS)ooooooeooooooo.oeoocooo 32 ::

(Convection in volcanoes and hot springSceo 3

tAfter ﬂubbert,A1971)




CHAPSER I: WORLD GEOTHERMAL RESFERVES
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GEOTHEMAL DEFLNITIONS

The high~entha1py geothermal systemé of the world are known
only in reglons of active or recent volcanism, crustal rifting
and recent mountain building. “he major volcanic and geothermal
belts are the same general regilons which are characterized by
frequent earthquekes of great magnitude. These are the Circum-
Pacific margin, the islands of.the mid-Atlanﬁic Ridge, the rifw
zones of east Africa and the adjacent Middle East and the irfeguu
lar belt of mountains and basins wﬁich extends from the HMediter-
ranean bhasin of Europe and north Africa acroés Asia to the Pacific
(Koenié, 1973)s Figure 1-1 i1s a world map which displays these
areas. | |

Geothermal resources, in general, include energy plus any
aséooiated mineral products which can'beAéxtracted from steam and
hot watef emitted from the earth. The most important item is geo-
thermallenergy, used to generate electric powér by releasing steam
from naturally hot areas through drill holes, then channeling if
to a generator unit (USGS, 1972). The heat of many geothermal res-
“ervoirs comes from a large body of molten rock pushed up into the
earth'!s crust from éreat depths by geologic forces. This body of '
magma heats the rocks in the crust near the surface, which in turn
heats theKWater in‘fissured or porous rocks to high temperatures,
Being at depﬁhs of as much as six miles, the water is under high
pressure and is therefore liquid (Barnea, 1972). AWhere the hot
water canveécape through a fissure it begins to boi14and a part

of it. then flashes off as steam. The geothermal energy can then
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be tapped by a Qell driven into thé fissure or down to.the PO ="
ous layer, The. combination, however, of geologié eéonts needed
to broduce a naturally occurring, high-quality source of sbteam 1is
unusual and the number of known sources is correspondingly small.
This has sometimes led to the conclusion, and in the'ﬁriter'g
6piﬁion an erroneous conclusion, that geéthermal energy has little
chance of contributing significantly to the future energy demands
of the world.(Nat. Res. Council, 1969; Chem. & Eng., News, 1970).

"Geothermal investigatvion of provinces or regions, ravher than
single locations, is thought to be most desirable and should be
feasible in those areas which have been extensively drilled for
0il (Birch, 1954). There are two main reQuiremehts, difficult %o
meebt, in the successful search for geothermal resources:

1)‘Approximate thermal equilibrium (which may require

an undisturbed period of many months)
2) Availability of cores of the major formations pene-
trated by the well for laboratory study o

WOrid production of power using the earth's naturai heat as
an energy source has now reached about 1 million kw and éan probab-
ly be_increaséd at least 10 times under présent.eoonomic conditions
(USGS, 1972). 1In a special National Science Foundation repoft in |
1972, Walter J. Hiokel, chairman, states that, with the research
'and de?elopment reéomﬁended in that report, he is confident that
the United States can be producing from its geothermal resources
at least 132,000 mw in 1985 and 395,000 mw by the year 2000, Under
the United States, the heat stored to a depth of about 10 km is
sald to be about 6 x ’lO‘?IL cal o; equivalent to the heat content of

9 x 1O1u short tons of coal (White, 1972). In the same paper White
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classifies high geothermal gradient areas three ways:

1) Areas in which the geothermal gradient is higher
than "normal' but where notable hydrothermal ac-
tivity is absent; in some of these areas molten
magma may exist within accessible depth

2) Hot spring areas, in which natural thermal flulds
are discharged at the surface

3) Hydrothermal areas of composite type that have 1lit-
tle surface expressilon but with high temperature
fluids that exist beneath capping rocks of low per-
meability
It is not surprising that types 2 and 3 offer the best immediate
possibilities for economic development for the reasons that high
temperatures occur relatively near to the surface and hot, natur-
al fluids are present as energy-transporting media.
For so short a period of time has geothermal energy been in
use that there is doubt concerning the forecasts of geothermal
usage and recovery from hydrothermal reservoirs, On the conser-

vative basis of a 1% estimate, the estimated wecoverable reserves

are: :
HEAT CONLENY {cal)

A) Pobential reserves to depths of 3 km, 19

recoverable at or near present CoStSseceesca X 10

B) Additional resources to depths of 10 ku, 55
recoverable at much more than present costs..l x 107
(From White, 1972)

Irregardless of depth, Keller (1971) defines a good geothermal
reservoir as having three characteristics:
Storage capacity

Ilevated temperature
Fluid permeablility

e et N

1
2
3
In general, however, three main types of geothermal deposits have

been listed by Fuchs et ale. (1973)s These are vapor-dominated,

hot water and geopressurized systems listed in table 1-1.
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TABLE: 1-1

TfPPS OF GEOTHERMAT DFPOSLJS

1) VAPOR DOVINATLDQ@OL prime commercial interest since superheated

UR
DRY STEAM 1'YPH

steam is fed directly into a rotary turbine
generator., These systems are believed to be rare.

2) HOYW WALER SYSUEM. By far the most common geothermal deposite.As

(OR COMBLIAwIONW
STHEsM-HOD WAYER
S YS L EM

fluid moves to surface and pressure drops, stean
is produced by boiling or flashing. Ac Tihe sur-
face this steam-water mixbture must be separated
before steam is fed into turbines, owing to the
mineral-saturated water's effect on turbine
blades, including pitting, corrosion, clogging
and accumulation in the mechanism. Hot water and
steam-hot water systems are economically less-
attractive as energy sourceg due to large vol-
umes of water that must be handled to oper te
even a modefabe~31zed turbinee.

3) REGiOFAL OR¢ooooelNOormal heatb flow of the earth ls ftrapped by in-

GEOPRESSURIZED -
SYSTEY

sulating, impermeable clay beds in a rapidly
subsiding geosyncline, l.e., the Tertiary Gulrl
Coast Basin of the United States. The enormousg
slze of these low-temperature, geooressurizod
systems offers a large potential, but still theo-
retical, future energy source, Currently, cost

of production from these deep systems gppears

to exceed greatly the value of the energy that
can be produced. .

(From Fuchs et ale, 1973)
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The present heat withdrawal of some established geothermal
fioids has been . .found to bhe congiderably in excess of the natural
heat flow and some are very high. The computedrrates of' heat
withdrawal for_six world sites are listed in table 1-=2.

TABLES: 1~2
GEOTHERMAL PFPLELD HEAY WITHDRAWAL RARES

LOCALIUN ABAT FLOW PERCLw SOURCE

Reykir, New Zealandecoeooe300acecoccscscocossoeiBanwell, 196L)
H@l’lgill; New Ze&laﬂdeeeeeeuooeeeeeaeoeoeeeoetoe(BaD-I’fellﬁ 196!“-)
Wairakel, ew ZecalanGeeeool00cccccoccossosccsos(Banwell, 196l
Reykjavik, k(celandeeoseccec900cescsceoaesBodvarsson and Zeoga, 196l.)
Ls.rder'ellog l'bﬂlY@oeéeoee,&ooo€é§ﬁiﬁ§%§a7eee}oe‘o(BOldiszarg '1963)
The Geysers, (Californiae.l7000c¢cececeoccesssscscsiliCNito, 1963)

#Percentage of the naturgl heat flow of particular location
' (After White, 1972)

Banwell (196lL) concluded that 70~90£'reoovery is possible
over periods of 20-100 year drawoff times, providing that the chan-
nel spacing is less than about 200 ft. Banwell 's theoretical dis-
cussion of the subject is informative but White (1972) has commented
on initial éssumptions:
1)"The efficlenvy and pgrecent of heat recovery only to
heat stored above 100 G (rather than to that stored
above mean surface temperature, which is commonly used
by others)., Banwell's calculated efficiencies are
therefore correspondingly high."
2)"Banwellts idealized models assume all faults and frac-
tures to be so permeable that permissible raves of flu-
id withdrawal or circulation have no restrictive upper
Limit; his model also assumes a uniform rate of flow
across all surfaces."
It is also true that the rave of withdrawal of the fluid bust be
at least in the range of about 25 times that of the natural dis-

charge of the system. Any cinrculation rate increase will be im-

mediately confined to the largest dhannels of highest permeability




and will eventually be responsible for a loss in heat content of
the recovered fluide. Because heat dissipﬁtes rapidly, geothermal
fluids cannot be transported far from their point of recovery
without suffering diminished thermal properties and, in the case
of steam for electric power generation, the maximum transportation

distance is probably on the order of 2 to 3 km (Koenig, 1973)e
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TABLE: 1-3

CLASSIFICATION OF GUOTHERMAIL ENERGY SOURCES

TYPE I.s.Regions of normal geothermal gradient (about 20°C/km).
Temperatures great enough to produce high-grade stean
exist only at depths of about 10 km or more, where there
is probably no free water, This situation exists under
most of the earth's surface. |

TYPE Il..Local arcas of higher-than-normal geothermmnl gradient,
which cannot at present be exploited economically because
the temperature and hdrdness of the source make it dife
ficult to penetrate and its low permeability prevents
the ground wabter circulation required to produce natural
steam. ‘these are usually regions in which there has been
either volcanic activity or intrusive flow in recent geo=
logic time. tn the United Staves such sources are common
in the west, ilncluding seversal in New Mexico.

PYYPE IIi.Hot-spring areas, characterized by shallow ground water
' and convective heat transfer. In general, water tempera~=
tures are too low to be of interest for power generation.

TYPE IV,.Regions in which impermeable rock near the surface covers
underlying formations that are permeable bto circulating
ground water, At depth, heat transfer is convective, but
‘near the surface it occurs only by conduction through the

- rocke. All present power production from geothermal energy
originates in type LV sources. The major ones are Larder-
ello in Italy, Vairakel in New Zealand and ‘the Geysers and
Salton Sea areas in Callfornla.

From White, 1965)

. TABLE: 1-l;
'GEOTHERMAT, ENHRGY RESOURCES OF THE CONTINENTAL UNITED STATES

Type of Depth Geothermel Temperabure Tobtal Avallsable HNumber

Source range in %radient range ab thermal electrical of years
lon for G/l useful depth energy, onergy, operation
useful G gigawatt glgawatt av 3000
pover years Jears gigawatts

o 5 () .

L 15-30 20 300-600 5x10) }o/ 3x102

1L 3-10 100 300-1000 10, 2x10f 5 7x102

LI 0=-3 - 100-200 2x10[ | go 0.3

IV . Oe{:é@ -4 6 —:‘ ceeo???quO Z}CJ‘O;‘ 0900}9!000909901:%099

(a) The projected electrical requirement of the United Stqtes for
the year 2000 {From Robinson et al., 1971)




TABT 1=5
UNLITED STATESVGEOTHERMAL ENTRGY RESOURCES POTENTILAL

YEAR : 1975 1985 2000
POWER {(pgw) ' 075 . 132 395

ELECTRT CAT, RNERGY' 50913 10141 3114,
(thousands of gwh)

0IT, EQUIVALENL® | 0e22 o213 12,60
(millions of Bbls/day) '

FORTEGN TRADE TMPACTS 0,051 86919 26,67
(billions of dollars) S
1o 90,5 load. facuor
3,112 BLU/RWH and 5,800,000 BTU/Bbl of oil used at 104
: conver31on eflficiency
3s $5680 per barrel ($1.00 per million BLU)-

(Afver Hickel, 1972)

YABLE: 1-6

AMOUNT OF PRODUCIBLE GEOTHERMAL ENERGY IN THE UNITED SWATHS
(Mw/cen of elecuiricity)

nergy o - :
Price , Known meserves Probable reserves Undilscovered
(mill/kwhr)a smount Areas Amount Areas Amount Arcas

- 3s00- L.00 - 30,000 1=2 400,000 "4~ . C 2 x 10, 15
le00= 5,00 - e 600,000, 1=6 12 x 107 1=7
5:00= 8,00 - = e - 2 x10Dh 4
8.00-12,00 - - - — 1 x 10 a
AREAS: 1) Clear Lake-The Geysers; 2) imperial Valley; 3) Jemesz
area, N.M.s l.) Long Valley, Calif.; »5) Remainder of Basin and
Range area of western U.S.; 6) Hawaii; 7) Alaska

ae In 1972 dollars

b. Hot, dry rock at less than 6.1 km (20,000 £t) depth

¢, Hobt, dry rock at less than 10.7 km.(35,000 £5) depth

de Dovolobmenb of hot, dry rock encergy is asswned over 5i of
the.area of the western third of the U.S. Hot, dry rock systens
development is based on hydrqulic fracturing or cost-equivalent
technology. Present drilling-technology is assumed but new, loww
cost deop drilling oould substantially lmprove the economics,.

(After Rex and Howell, 1973)
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GEOLOGLCAL SELwING of a geothérmal energy source. Heat
comes from magma, or molten rock, tha: has been pushed

up into the earch's crusit. By convecoion of the magma

the heat moves through crystalline rock to a porous rock
layer containing water that has percolated down from the
ground, sometimes to great .depths, Oveér the porous rock
is relatively lmnormeabio rock that serves a&s a cap to
contain the heat. Doep in the ground, the water is under
high pressure and is therefore 11qu1d, although its tem=
perature may be some 500°F, it expands and rises in a
natural vent; as pressure drops, water bepgins to boil and
produce steam, A well can tap the vent or the porous
layer. . , (After Barnea, 1972)
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GROUND WATER
Ground water is important in geothermal sysﬁemé not only bemv
cauée it is the heat transporting medium but also because ground
water in open pore space increases electrical conduotanceo in
resistivity surveys, an increased conducbtivity is one indication

that, in areasg of Bigher—thannnormal geothermal gradient, the pog-

gibility of discovering a geothermal regervoir at some depth is

very good, Geysers, fumaroleg, mud potsg solfataras and thermal
springs depend upon the natural plumbing systems of groundwster
for their volume, intensity, areal exbtent and heat. Deep-seated
aquifers are, in many cases, sites of surficial thermal activitye
Almost two=~thirds of the recognized thermal springs in the
United States issue from a variety of rock types thought to be
underlain by deep-sealted sources., Ground water is heated through

contact with subiverranean volcanic sources (Miller, 1963)0 Al=

“though many of the country'!s natural éprings have been or are be=
ing used as .sites for health spas, ohly those which issue water
significantly warmer than ﬁonmal are genefally looked upon favor;

'-ably as supplies of wérm tap water or_for'heatihg purposes,-“Nam
tural springs in the New England and Néw York areas are discussed
'in chapter five,

Lowmtemperature geothermal fields have been used for some kind
of domestic burpose for many thousands of years at least. Lt is
only recently, hbweverg that their importance has been increasing-

1y realized, 4vhe low-temperature hot water fields génerally cone=

sist of large bodies of water in the approximate temperature range




TABLI: 1=7
THERMAL SPRINGS REPORTED 1IN THE UNITED STATES

SWATE WUMBER OF THERMAL SPRINGS

10 Alaskaeeoceccscoccocsccvecocaeco 79

2e ArizZONfececccoccccecococcoose O

3¢ ArkansfSecescececcecccseceoe

l}.c Californifseccosecoscccocoeoncll

Se ColoradOeeesccovecssocencoce I-%f)

6@ Floridaecceoceccevececosonsocon 1

Te G‘eOl"giaeaq‘»eeoeosooeeaaoeeae 8

de Hawalleeceececcoscosocseccocoece 10

99 IdahOaaeeeeea@eoeeeeees«oeeeaOB -
) 10 MassachuselttScecescocscoonse 1 ’ ' ] :

116 MOI‘ltan&ooeoaee«eeef)eeeeeoeo 14.1 ' '

12 Nevadfssessssccccoscoeecsoasc00

1‘3@ New HMexicCcOeoaoccoecevseoococe 38

'“4.9 New YoirKscseovcavnocecesscone 1

153 North CarolinfSeccscecoesceee 1

16, Ol°eé§0neeeeeecoea69034@00993126

179 Pellns;y‘lvaﬁ.iaeeeocoeeoeeeeee 1

18 South Dakobfoscesscscsscccs LS-

19¢ L'CXaBeeccooceooccoosovosene 3

20¢ Ubahecescsocvosooscscccccace 65

21e Virginigeececescceococcoace o0

22, “Iashil’)gtoneeeoeeeoeoeeaoeec 18 *

23@ Wegt Vil”gini&aaoeoeeeoaeeee 30

ZL}.o wyomingseoecoeoeeeosoeeoeeoZBS

(After Waring, 1965)
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of 120° to 180°F, Usually found in sedimentary deposits and in
gtrata of tightly folded anticlines and déep_seated fault systems,
such water used from low temperature fields can prove~u38ful and
economical in the long run. In the U.S.S.R., for instance, water
uéage from low temperature geothermal fields is reéported to have
represented a saving éf about 15 million tbns of fuel in 1970
(Barnea, 1972).
WORLD GEOTHERMAIL, SLTES

In 1777, at Larderello, Ltaly, borax was recovered from natur-
al -steam and hol water vents, In 1905-the'wor1d's first pdwermgen»
| eratiné stavion was bullt there using natural steam, In New Zealand
atteﬁpts to harness geothermal energy were made in 1925 but no real
development occurred until about 196, he year 1925 also saw hot
water in‘Iceland being supplied for space heating. By 1930, in
.Reykjavik, natural hot water was widely used for homes and industry.
Industry in Japan in 197l benefited from the operation of a geother~
‘mally powered zinc plant in Akita (Rutledge, 197.j. The .Mivsubisni
Coe claims 1t as the third geothermal stacvion in Japane

‘the Unitéd,stapes'clalms two main geothermal. areas in The Gey-
sers and the Imperial Valley, both in California, Of these? only -
The Geysers geothermal plant, built in 1958, isACurrentlylin opera~
tion; These are important dry steam fields, The Valle Caldera
field in New'Nexico is also an important dry steam fielde Two welb
steanm field; are in Bolse, Lldaho and in Klamath Félls, Oregone.
| The Geysers Field, the world's largest bpérating geothermal

field, in Sonoma County, California, is about 80 milos north of
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San Francisco, Thé first wells to supply steam for electric gener-
ating purposés were drilled at 'he Geyéers in 1921-22. Yhe project
was abandoned in 1928 (Puchsg,et aley, 1973) but it was.revived in
1955, when Magma Enerpy Co. began a program of drilling and economic
evaluation, These investigations resulted in a contract with Pacif-
ic Gas & Electric in 1958 to supoply geothefmal steam for a 12.5 mw
power plant that went on line in 1960, This original plant was
evenfually supplemeﬁted by nihe other generating plants through
mide~1973, with a present total generabting capacity df 396 mw (table
1-9)e Suppliers of steam are the MagmauThérmal.Power Project and
Union Cil Co. venbure to be joined in the future Ey Signal 0il &
Gas and Pacific Energy Corporation. As of December, 1973, four
other plants were either planned or under construction.

By 1975 The Geysers project a power production capability suf-
ficient to supply the needs of the city of San Franclsco, with ul-
timate power potential estimated to be 1,000-2,000 mw, Consulting
engineers have appraised future net revenue from one portion of The
Geysers at $150,000 per acre over a 15 year period.

| At The Geysefs, sfeam arises from s reservoir of highly fra05
tured, slightly metamorphosed graywackes, shales and basalts of’ the
Jurassic-Cretaceous Franciscan formation. The heat source is bo-
lieved to be a buried igneous mass of Pleistocene age a few miles
northeast of the field. Wells are completed at depths of l.,000-
8,000 £, producing, on the average, 150,000 lb/hr of 570°F stean
(Fuchs et ale, 1973)e The steam production from northwest-trending

shear zones 1s in a zone about » miles long and 2 miles wide,
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Recent exploration'suggests that the futu?e productive area may be
twice as large as the present field, The stosm fed into turbines
ig relatively pure and superheated and is‘either evapérated into
the atmosphere or condensed into pure water, sbﬁe of which being

used for artificial recharge of ground water,
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CPABLE: 1-=8
STATUS OF GEONHERMAL BEXPLORATION AND DEVELOPMENL, 1972

P

NAYLON ELBCIRLC BXPERLMENTAL SIGNIFICANY OLHER ADDLYLONAL
POWIER . POWLR DIrrCT GROLHERMAL  sXPLURALLUN
GENERAWLON/  SLAw.LONS UTLLIZALLON FLELD UNDER WAZe
CONSTRUCLLON . DISCOVHRATES '

a9 P R R BN 650 B0h e T OO Got e IS0 €00 B4 Gum D 653 KU G5 G0 S0 £ I3 £ SN KIR Do s B ETH SO 0T 56 AT om8 B0 00 50 S 6f GNB G B R ACY S50 63 650 Re B T A SRY B EEY o wa £X3 gow PAR e G @60 £33 O e

Chile X

China X
Ethiopia _ - X
Guadaloupe A X

(Fre W, indies)
Hungary
Iceland
Indonesis
Italy
Japsn
Kenya
Mexico
New Zealand
Hicaragua
Philippines X
ELl Salvador.
‘Taiwan
Turkey
UeSeS.Re X 4 X
United States X Xb X
zalre .. X

a) Under construction; b) Inactive; c) Other geothermal exploration/
interest: Algeria, Argentina, Bulgaria, Burundi, Colombia, Costa
Rica, Czechoslovakia, Hcuador, Fiji Islands, Greece, Guatemala, in-
dla, Israel, llalawi, Morocco, New Britain, New Hebrides, Peru, Po-
- land, Portugal (Azores Ls.), Rwanda, Spain (Canary Is.), Tanzania,

funisia, (FAL (French Somaliland), Uganda, Venegzeula,. Yugoslavia,
- Zambia ' ' e

N T
L
R oot bl
e
PS Pa b

X
X

1 ey ot e o B3 o e e KD et e B B N v e e e A P AN ETL M NT S8 MU WS R R B3 Sen ns £ ME G K D S s ee o OO €K €20 OB x) B ST gup £33 PR L W9 3 60 69D 658

>4
i3
PP DA P PA DS D B B B

(From Koenig, 1973)
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TABLE: 19
BOLHIRMAL FLELDS PRODUCLHG IH 1973

: LRAR CUl LR CLAT, 1973 1
GOUITIRY FLIDS PRODUCITON SwARTHED CAPACTLY,

oaeesaeeeon036990

cesecs0cecee CDab

9069990.0003017090
o@eooﬁeosecengeo

060060600606 20eU

ltalyg,sege,egLarderelloeeee@oeoeeeeoee19120§o

lionte Aml&taeoeeeeooegsce1959000
Hew Zealande.elairalken, BroadlendsS,seeecl1 9606,
United States.ihe GoyserEescsescceooneesl1900aose
Japancees,&gggﬁatSUkawae@eaceseeoeeeoea19656ee

Otakeeegoaoeeeee@oooeaaee1967900
UgSeSgRegegee@PaUZthSKe.eeoeéeceeeeeoe19670¢e

¢ o
L4

L
o

e o
o

seoev0o0acOoBBEE /1390
R E KRN X XN 29@U

o e
J-.Of‘laandoeaceoo—a—mdealleeeeeaéaaeeoeeee1909@aoaeeoeoeeeaeeea 360
Ch‘nageogeeeﬁejﬁj.raﬂ U.l’lg l)lqovlnoeeg@egqgo19)89°oegeeo660900006 ?
I&OJN—LCO’QDQQQGQCGI‘PQ Pfleboeeeeeecoeo@001973aeeeseeeeeeﬂeeooe ngO

) B . e et
150595

\From'Fuchs etales 197,

 YABLE: 1-10
GEOTHERMAL POWER PRODUCITUN DEVELOPED OR UNDER DEVELOPLLN

COUNTRY FLLLD PLANIED CAPACLTY (197 ( MI)

ChileGGQoe'.GGOQQQGQE:l ‘-Lla.tioQ‘asﬁGOoQOOOQQ‘Q 20
IR SalVador.e@,eogeeAnuachapanea.eo.eaeeee.a 30
Guadeloune”oeu”wla BOUillanteceeeiaeoeec 30
.loelandge.,gogeoeeoeNamafjalloeeeoooaéoooeoe‘ 3
ﬂveragerd$ooeeoeocuen o 1?
ltalyaoeoooeoeeeoeeeLafdeJ?elloeeeeoe'oeono oeL$-1D
: lHonte Amiatfsssccescsecoae 25
JaDaNeeesses0s0ssoselasnimanta~Onimaceeesess 10
' HatchobarlUseesccsesesoss bO
Katsulkondaesiceeososocccesse DO
OniliobCecocvacececee o€ 2.5
MeXiCOceeeococscooesCOTTO PrictOcoscosescose 7O
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‘'he GOysSelSeccecaccoo
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TABLE:

1-11

CHARACT-RISTICS OF SELECTLD GEOTHUIRMAL FIELDS
A

AVERAGE FLULD

RE2E VoL RESHRVOLR LAy FLOW LON-CUMDAl s S La
gETP FLUID ENTHALPY WELL SALANLTY PrR WELL GAS=2S
FIELD C LY PIE Cal/g DEPLH m ppm ko/hr e

Larderello'”°245000Steaméooooeene69o°oc1,OOOec(ngOO@ee2B,OOOa

The (eyrerseellDee eST28M e coans 00007000
Fatsukavifeoee230s0allostly Steam, ,550, .
. 53000,
90026‘3000

Otakeno000000200+oowateP°,
Uairokel,eesoliDeooaler,,
Brozodlands...2B80...Water,,
Pauzhnelelieeea200s0stlater,,
Cerrc Irieto0.300+,.,Water,,
Hilendoseoeses 00+, .Brine,,
AhuiacnanaoNes 23000 aater,
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ReTianNChieeeec8UseBrine,
Hamal jellesee280e 0o fater,,
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(From Xruger et ale., 1973)




e

! FLOV

1

GHOTHERMAL GRADIENT AND HEA

L 2]
I
=i
s
Bt
Ay
<t
=
O




3l

AGEO THERMAL GRADIENT

Magmatic, radioactive,'tectonio and convective heat are the
natural sources of heat in rocks, The diversity of rock in the
crust is best indicated by a diversity in the vaiues of geother-
mal gradient. As there i8 a prevalence of high values of heat
flow within the Basin and Range province of the United-States,
a region noted for thenmal 3priﬁgs and widesgpread Terbtiary vol-
canism; there also exlsts, according to recent geophysical stu-
dies, an abnormally thin crust and low seismio-VQlocity in the
undeblying msntle (Herrin and Taggart, ﬁ962§ Pakiser, 1965; Pa-
kisor and Zictz, 1965). |

Levorsen (1967) defines geothermal gradient as: (mean annu=
al surface temperature)/(depth in feet), where the average sur=
face temperature ls taken to be 2500 or 77°F. EBxcept for about
the top meter which 1s subjected to diurnal and seasonal changes,
the temperature within the earthisteadily rises with depth at a
‘variable rate which depends on the loéation° Even in volcanic=
ally quiet areas, geothermal gradients vary considerably dopend-
ing on differonceskin héat sourceé of the local crust (Jacobs et
ale, i97u)‘ The range is from less than 10°C/km to greater than
SOOC/km, Tho rate of increase of the earth's temperature with
depth depends on differing kinds of rock, inhomogeneity within
rock materials, amount of crack space in dry rock and liquid
pressurces in -the cracks bf saturated rocks.
In most‘rocks, cracks originating from forces such as stress

due to heat and pressure'are of groater importance than the dif-




ferences produvced by the varieby of the atomic structures in the
component minerais. Heat'oondﬁctance and stress resistance in
rocks is rolated to their composition; thus, the mineral content
of a rock constitutés important information when coupled with
its thermal conductivity. |

Simmons and Nur (1968), in their studioé on granites, showed
that the presence of open cracks significantly affects many pro-
perties, including the thermal conductivity, which increases as
kthe open pore spaces are filled With ligquide

| HEAT FLOW

The product of the geothermal gradient and the thermal con-
‘ductivitykis known as heat flowe. Its value is réasonably COn -
stant the world over; the average terrestrial velue being approx-
Imately 1.5 HFU (Heat Flow Units in ncal/cmgsec)(Lee and Uyoda,
19653 Simmons and Horai, 1968). The vatioal component of heat
flow Qy 18 calculated from the fundamgntal relation,

Q, = k(dT/dz) = (1/R)(d1/dz),
whore z is verﬁical depth, k is thermal conductivity, T is tem=
perature and R is resistivity. This relation may also be used
in the form of finifa differences -of temperature AT and depth
.Az, with (k) a mean'coﬁduotivity, or {R) a mean resistivity for
this interval, or in the integrated form:
9, {7 Raz =5£ am

‘Wwhereo Q, is assumed inde;gndent ofodepth and R is & fgnction of
z alone (Bullard, 1939, p. u81),2 The value of Q, is then found

as the slope of the least-squares line giving T as the function
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of tho 'resistanéo integfal' g Rdz (Roy et ale, 1968).

The construction of temperature profiles of the earth's
crust and mantle is far more ambiliguous than other geophysical
problems. The available parameters are:

) Heat flow values

)} Radioactive content of different
crustal layers

} Coefficlent of thermal. conductivity

) Thickness of the earth!s ecrust and
its layering

1
2
3
L

Heat flow studies to date deal with the oubside of the earth's

crusty, which is very nonhomogeneous, Actually, there is very
little difference in thermal conductivity of various rock types.
Most of the differences in heat flow are due to local sources of
heat, Oné possible modél listed by Combs and Simmons (1973) as=-
-sumes that the crustal iayering and the heat source distribution
for areas differ but the mantle contr1but¢on to the heat flux at
the surface is consbant. )

In most of the outer crust of the. earth, conduction is the

dominant mode of heat flow, owing to its crystalline and solid-

state nature, Fourierts Law for thermal gradients is expressed

q/ k
where the thormal gradient (r) is in OC/km, heat flow (gq) in pcal

/cm2

sec¢ and thermal conductivity (k) ih‘pcal/cm seec °Co Miner-
alogy, porosity aﬁd fluid content detefmino overall thermal con-
ductivity of rock and temperature gradients may change greatly

with depth, fthus near~surface thermal gradients cannot'reliably

be projected below explored depths due to possible changes in




those three detorminants (Vhite, 1973)e

Besides fadioactivity, heat flow Vaiues in excoss of nors-
mal can also be attributed to exothermic chemical reacﬁions, fricw
tion along faults or migration of waters of différent origins
into areas of near nonmal goothermal gradient, Increased heat
flow due to these phenomena usually are of festricted extont and
limited in duration (Combs and Muffler, 1973, pe 101)s

" RADIOAGTIVITY
. By good fortune, the heat generatéd by the
disintegration of radioactive minorals, come
bined with that given to the interior of the
earth during its early history, has provided
energy ror earthqu@keo and volcanism,
(Wilson, 1962)

The radioactive content of an approximately 6 km thick lay=
er of crust is responsible for the radioéétivity of the surface
bedrock, This fadioactivity is bolieved bo impart a certain
amoﬁnt of heat to the surface (Jacobs et ai,, 197L.)e The impor-
“tant short-lived radioactive lsotopes arve U236, Sm1u6, Pu2Q4 and
Cm2u7; all of which have halfmliVes sufficiently long enough to
have heated up Lhe earth during the 107 to 108 yoars after the
initial formation (Jacobs et al., 1974)o MacDonald .(1959) esti=~
mates that if all this heat was retained by the earth, a temper-
ature increase of the entire planet on‘the order of 2000 to 3000
¢ may be possible today.

Birch et al, (1968), Roy et ale (1968a) and Lachenbruch
(1971) desCribed.a linear relationship between heat £low Q and

heat production A of the surface rock in plutons from many lo=-

calities in the United States, The relationship has the form
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cussed'at greato?vlcngth in Chapter V, : 4

In praotice,'heat flqw measﬁrements, whether taken for the é

purpose of determining local gradient or the general gradient of |
an area, may be considered unrelisble unless the holes are 200

300 m deep (Birch, 1966). The gradients measured in the shallow
parts of drill holes (even in regions of gentle topography) com-

monly depart remarkably from those measured deeper in the drill

holes, particularly in regions of low to normal heat Lflowe.

These "anomalousg! shallow gradients have_been-attfibuted to con-
dﬂctive effects such as water clrculation (Diment, 196l detailed
discussion by Birch, 1966).

| Shallow temperature measurements, however, when conducted at
about 1.5 to 2 m depth, just out of the range of temperature
fluctuation dve to diurnal and seasonal témperature éffects, have
been shown to be reliable in the detection of thermél anomalies
due ﬁo shallow salt structures and surface faults (Poley and Van

Steveninck, 1970)s A more detailed discussion on theory and usage

of this technique follows in Chapter VI,
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TABLE: 2-1
AVERAGE HEAT FLOW (pcal/cm sec)

OCEANS ¢ B&SinScoeeeooo¢oeooeoooeoooaooeoaeoocooeooOQo'qoooe Te3
Kld{;e AYCBcacseovwec00cc6000060000006086606606008008800006 19%
Ridge Flgflksooeoeoeoooeeo-ooaeoecaoo.oopoeoaoeoa¢e¢ Oe

CONTINENTS:
Shield areas and stable platforMSecoccesccocsssccce 100
Palcozolc mountain bOltSeeeeeee-eeopocaooooecoaooao 10}4
Mesogzolce mountain beltScoecocsesvccocsccevonecossace lof
Conoz01o mountain belts and active compression
ZONECS ocesnseoo 205

(After MeBirney, 1963)

: TABLE: 2-2
HEAT FLOW VALUES

NOH~VOLCATIC @ = 06 = 160 (11caL/CNPS6C)ssoososssoL0i hoat £low
RLG[ONS‘ Q, = 100 L] 1 5 eoooeeooaoooaaoaoo'eeNOR}m.L heat flow
Q = 1@5 w 30 seccessecosscrsacseseo G heat £low

) Q = 360 + esooececesce il REMELY HIGH heat flow
OCEANIC Q = 05 scsecescccnsscscces VERY LOW heat flow
CRUST (Origins not clear)
REG‘IOHS: Q = 160 = 05 oo.cooo.qaeooooooog.oooLOW heat flow
: (Typical of Ocean basins and trenches)

Q = 1e6 = 205 cecsosecessccenscsaceslilAN heat [low

: , (For ocean rises and island arc areas)

Q = 25 = 840 coeoHIGH TO EXTREMELY HIGH heat Tflow

(Mid ocean ridge crests, rifts and volcanic intrusions)
{(From Lubimova, 1960)

TABLE: 2-3
THERMAT, comDUcrIVITIms OF SOME GOMMONLY ENCOUNTERED ROCK TYPES

Gl"‘r'andiOl“iteSQOooeeocooee'e 6 x’lO 1L to 6 x10 gll' (cal/cmasec)

Gabbroeoooegcaoeﬁoaeeooee. X10 To 1 X1O_15
Continental PeridotitesSees (Oe1 = 0401) x 10_45
Oceanic Peridotitegceccese (0e3 = 0.05) x 10

(From Lubimova, 1960)
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o TABLE: 2-l.

HEAT PRODUCTION BY IGNEOUS ROCKS
TYPLE OF ROCK HEAT - HuwAT ASSUMLED HBAT TOTAL HBAT

PRODUCGED PRODUCHD CONTENT PRODUCED PRODUCTION,.
BY U, BY Th, oF F, BY K, . ergs/g yr
o oo mee SEGEL B YT OTES/ YL 107 e/ eres/E YT o
Granites 117 8ly. 300 3l 235
Acidic (gencral) 126 109 310 2 273
Intermediate I3 36 263 29 108
Intermediate 81 81 263 29 191
Bagalts 25 N 57 6.l T2
Basic Lavas 26 28 119 5e5 59
603' 37

Hualalai Basalt 15 163 56
Twin Sistors : 4
Dunite (neutron

activation) 0,03l 0,036 041
Dunites 0.2 0o lylyst Ol

0,01 0,08
0,01 0,87

(From Jacobs et ale, 19Ths Po 207)
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‘CHAPTER ITI: GEOTHERMAL EXPLORATIUN

AND RECLAMAYLION TECHNIQUES




PARY Ac: GEOTHERMAL EXPLORATION

The current state-of-the~art of geothermal ex-
ploration may be compared to that of oil explor-
cation in the esrly part of this century when the
technique giving the highest probability of find-
ing an oll reservoir was to drill a well av the
site of a surface showing., 1he same may be said
- for geothermal exploration at this time, with the
exception that there have been numerous atvtempts
to apply selsmic, gravity and magnetic techniquess
(Banwell, 1970)

L3
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Geothermél power ié obtained by extracting heat that is tem-
porarily stored in the earth by such sources ag volcanoes and the
hot water filling thé sands of deep sedimentary basins dubberc,
1971)e The actual extraction of such enérgy depends upon teche
niques of location and reclamation, whether generaliéed or speciale-
1y suited to partiéular locations. According to Dobrin (1952), tho
five ma jor geophysical prospecting methods are gravity, magnetics,
selsmic reflection, seismic refraction-and electrical resistivitye.
Gravity and resistivity measurements mave been the fechniques most .
used in geothermal prospecting (Douze and Sorrells, 1972)e

The following is a list and description of geological and geo-
physical methods of exploration, prosPecting and extraction teche
nology with a short discussion regarding their degree of ugage in
geothermal explorations

A. Geology

Be Geochemistry . ‘ .

Ce Seismology

De Gravity

E. Magnetics

F, Electrical Resistivity

Go Thermal Sensing: Remote and Direct
A, GEOLOGY |

Geological studies focus on local structure (particularly
Taulting), degree and kind of rock alteration, type, character and
extent of thermal manifestations, presence, type and age of igneous
rocks in the area and availability of recharge waters for existing
reservoirs, Contemporary Lfracturing and fault movements, evidenced

by earthquake activity as well as youthful, acidic volcanism, evi-

denced by cinder cones, calderas, lava flows and shallow intrusives,
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are geologic Criteria‘significant in the search for geéthermal
energy (Fuchs, et ale.y 1973).  Geothermal reservoirs are not uni-’
formly distributed in the crust of the earth but essentially all
fields explored to.date are near the margins of cfustal plates
(Muffler and White, 1972), where scientists oonsider‘ﬁhat crust
ié béing either créated or consumed (seeg for example, Dewey and
Bird, 1970). Current theory holds that in these areas molten rock
is genérated and buoys upward in the crust, providing the basic
heat which is transferred conductively to the crustal meteoric
waber system (Combs and Muffler, 1973). The general location of
a geothermal system is determined by the location of a deep ige-
ous masg (at perhaps greater than 5 km) that is the probable source
6f heat which drives the overlying meteoric convective system
(White, 1968). |

Geologic exploration for geothermal resourqeé has also bheen
-alded by;airbérne side=looking radar, ‘which has the advantage of
"seeing" thfoughAclbud cover and‘vegetation (Hubbert, 1971).

B. GEOCHEMISTRY

GeochemiStry'inv01ves sampling waters for dissolved mineral
content, as well as investigations fof'epithermalvand telethermal
mineral deposits such.as mercury and fluorspar. the detection of
passage or presencé of hydrothermal fluids, evidenced by recent
rock alteravion and adéquaue groundwaver with favorable recharge
conditions are factors (?uohs et al., 1973)se Chemical analyées of
soil gases are made, in some cases, and highs of hydrocarbon coﬁn

centration are soughte Analyses of soil radiocactivity and soil fluor-
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eacence have s8lso been made to test for correlastion with subsasur-

«

face structure (Dobring 1952, pe 106)s The chemicals dissolved

in water samples are rough indicators of subsurface temperature,

wabter sources and reservoir fluid characteristics.
C. SBISMOLOGY
Of all current geophysical teohniqués,~seismic ones are by
far the most widely used because they give the most detailed in-
formation and the most unique pilcture of the subsurface (Dobrin,
1952). In geothermal prospecting, seismic study involves the
measurement of microseisms and natural ground noise. Faults,

natural conduits for geothermal fluids, often are sites of minor

and frequent movement.. In geothermal areas, several hundred micro-
earthquakes per day have been observed. Ground noise surveys mes-

sure frequency and amplitude of natural ground movements believed

to be the result of rheological deformation and phase changes as-

"soclated .with geothermal fluids, Pasgive seismic'meaéurements are
made with six or more low-frequency Seismometers telemebered to a

central low-gpeed magnetic tape recorder,

In the Iﬁpérial Valley of California, for instance, field
studies indicated that there is a high‘empirical relationship be~
tween hot water deposits at depth and an anomalously high seismic
background level at the surface (Goforth et ale, 1972). The meth-
od consists of ﬁeasuring the power spectrum of the vertical back-
ground noise in the survey area; the presence of a geothermai ro-
servolr is them indicated by a sharp incfease in the noise level

{(Douze and Sorrells, 1972). Clacy (1968) noted that, in the Roto~
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rua, aupo voicénic region of New Zealand, areas of continuous
high seismic noise and dominant low frequency wéfe found in con~-
juncfion with aquifers, H

Recent studies done in regions of geyser activity are also of
value., In the pagsive seilsmic observation of a number of Lcelandic
goeysers, Rineharwu (1973) found that eachlgeyser studied haé a char-
acteristic seismic signature gqnerated‘by the interactions among
its plumbing system, water supply and heat source. The pattern of
any one geyser was also Lfound to repeat itself closely from cycle
to cycles A 1972 UeS.GeSe seismic survey of fellowstone National
rark turned up geothermal seismic noise predominantly in a 2=8 hz
band and found that the seismic signature of Old-Faithful is in
the 8-2l} hz range. Ib is assumed that only surface activities of
the geysers produce such frequency levels and that much’lower fre=-
gquencies are generated by the deeper convective,systems assocliated
‘with the .-geothermal activity (Iyer, 1970L) . |

D. GRAVITY

Gravity methods are designed to detect variations in the gravi-
_tational pull of ﬁhe rocks which lie as much as several miles be-
low the earth'!'s surface. Since differénCes may be only on the or-
‘der of 1 part or less in 10 miliiony it has been necessary to de~-
velop gravity instruments that measure changes less than one ten-
millionﬁh thé tétal force of gravity. I'rom these data, one can
estimate the location and magnitude of the corresponding density
variations in the underlying rocks (Dobrin, 1952). In prospecting

for geothermgl reservoirs, however, the use of gravity surveys has
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heen inconcluéiveo Positive gravity énomalies due to increased
density caused by hydrothermal alteration of the.coﬁntry rock are
assdoiated with some reservoirs, but are absent or even negative
in others (Goforth et ale, 1972, Do T7)e.

E. MAGHELLGCS

Magnetic prosﬁecting involves the ‘study of variations'in The
earth's magnetic field attributable toNanomalous magnebtic proper-
ties in relatively shallow subsurface rocks., Variations may re-
sult from changes in depth of buried magnetic rock materials,
from changes in susceptibility, or from both (Dobrin, 1952). Hag-
netic lows resulting from demagnetization of magnetite, which be-
ging at ~about 25000, are associated with some geothermal reser-
voirs, but like the gravity surveys for geothermal sources, are
sbsent or negative in others (Goforth et al.s, 1972, Pe T7)s iIn
general, magnetic surveys are probably the geophysical tool least
useful in defining geothermal drilling targets (Griscom and Muf-
fler, 1971). ' | .

In some eases, very young intrusives and volcanic rocks ag=
sociated with.géofherﬁal systems display positive‘magnetic énom=
alies, 4in most cases,; however, so manﬁ factors influence the
‘character of a magnetlc map that it 1s difficult to interpret in
terms of geothermal résouroes (Combs and Mulfler, 1973).

| F. ELECTRICAL RASISTIVILY

One recognized characteristic of all the known geothermal

zones is their low electrical resistivity. W“his is due to the

high temperature and salinity of the fluids and the high porosity
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of the enclosing rocks., High temperaﬁures have bheen found in all
types of rocks associated with geothermsal zones; the undisturbed
resistivitieé are in the range of 3,0 to 3000 ohm-meters. 1rue
resistivity within the geothermal source itself is always in the
range of 0;5 t0o 5.0 ohm-meters (Meidav, 1971),

An elecurical prospecting technique that is being increasingly
used in geothermal exploration is the dipole=-dipole array. Thisg
technique has been used by Risk, MacDonald and Dawson (1970)'to
outline the Broadlands field in New Zealand at depths of 1 to
gfeéter than 3 km. Greater depths can be attéine@ (Kellexr, 1970)
using very powerful sources and éxceptionally well-grounded cur-
rent electrodes., Effective dipole=dipole in&estigations require
complicated data analysis and careful interpretation, but the meth-
od is logistically simple and,is,insensitive‘to rugged topography
(Harthill, 197f; Combs and Muffler, 1973). Keller (1971, 197l)
attributes electrical resistivity surveys with effectiveness in
estimating both reservoir capacity and temperature because poroué
rocks containing hot ground water are commonly far more conductive
than surrounding rocks. The most usual prospecting application of
resistivity surveys is in the search for shallow mineral deposits
and in engineering surveys (Dobrin, 1952).

Rex et al., (197}), in a combined geological, geochemical and
geophysical survey in Califorﬁia, states: ”Of'all the conventional
geophysical tools, electrical resistivity surveys éppear to be the
most used and uséful technique for geothefmal'ekplorafion.” 'his
is disputed by Goforth ot al., (1972), who content that surveys

"eoskoying on the decrease in electrical resistivity with increasing




50

temperature and saline content have been useful in determining the
lateral extent of known reservoirs but have not been responsible
for the discdvery of any new reservoirs,! There is also some dif-
ficulty in interbretation which arises in trying to separate effects
of highly saline ground waters from the temperature phenomena (Fuchs
et aley, 1973)s
| Go. THERMAL SENSING: REMOTE AND DIRECYH

There are three categories of fhermal sensing: airborne, re-
mote ground-based and direct. The first category covers the great-
est area but is the least accurate, whereas the'third offers the
least amount of area covered but is the most accurate. kThe second
category falls between these two iﬁ terms of afea and accuracys
‘ Difficulties in the use of thermal sénsing arise from the fact
that background heat from solar radiation is about 20,000 times
average earth heat flow from within. Further, differences ih sur-
face color, végetation, texture.and moisture conteﬁt produce sur-
face temperéture variationé many times greater than the increased
‘heat flow expected from even shallow subsufface anomalies (Fuchs,
- 1973)e  In airborne surveys, nighttime détafcbllection has been
proven superior to.daytime data collectiéh. The blane, however,
must be flown ih straight lines and must makelpasses in the same
- direction to eliminate differences arising from flying with and
against the wind (Stingelin, 1969). ﬁind movements along the ground
have been found to interfere with thermal images, although this
imagery generally enhances faults, lineamentsAand fracture traces.

Surface weathering and vegetation camouflage infrared images,. lim-

iting their effectiveness, Conversely, some geothermal arcas fail
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to producse thérﬁal imagés. In the‘"blind” geothermal area near
HMarysville, Montana, airborne thermal imaging sﬁfve&s recognized
onlj two groups of warm trces. It was later noted that the trees
had contracted somé sort of tree illness (Blackwell, 197IL).
Ground-based thermal infrared surveys prove mosf useful in the
study'of localized or nearby control areas, Lange and Aveht (1973)

used a radiation thermometer with precision in the -20° to +7500

range, They concluded that the study of steep slopes, which defy

high~altitude airborne infrared surveillance accuracy, for the most

part became simpler. Difficulties arise in heat measurements of
snow and l1lce covered terrain, as it does invareas of heavy vegeta-
tion. PFurthermore, observations must be carried out during clear
weather and prefersbly in daylight hours due to the nightly ponding
of cold air on some surfaces, Ground-based infrared surveys are
difficult to carry out on volcano summits,

Direct thermal sensing is carried out usuelly with thermo-
couples or thermistors and, in some cases, mercury maximum or elec-
tric thermometers. Thermistors, electrical resistors whose resist-
. ance varies with ﬁempérature, méasure_temperatufe_at one poihto
two thermistors are needed to ne asure ﬁhe temperature change with
depth, - Tbeir voltage ~output is greater than that of thermocouples
and their calibration'time is shorter. A thermocouple can be cali-
brated to meésure temperature differences as a function of depth

directly, but thermocouple output voltage is small, making accurate

determinations of small temperature differences difficult (Bullard,

1963), Thermometers are sometimes used for heat flow measurements.

I
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The temperature gradient in boreholes can be determined by
nercury maximum thermometers enolosed'in sealed glass envelopess
They have, hdwever; the disadVantage of taking a considerable timo
to come to equilibrium (Jacobs et al,, 197l.)s . The equilibration
time complioates the gathering of many thermal measurements in thisg
menner., There are, however, electrical thermometers which permit
readout values instently. Somg provide digiltal output with 0.01°¢

resolution.from.~10000 to +2OOOC, the most commonly used range. The

Hewlett~Packard Coe. is marketing thermomebters of this type presently,

¢
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;gOOO 6,000/month
)4g 000 69000/monun
32,000~5,000/prospec
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10-110/T5.ne
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$15000/dey, Average
$1,000/day, Average
) $1,000/day, Average
()/l OOO/dcﬂ.J; Avera ass
S 315,500/ day, Average

31,000/ sample

(AR) S4210/T0  38-20,000

" 450% AT Hole

8¢

ReconnalssanCteesceccecsonscoa
{ydTOCﬂG'iStlﬁeeeeoeaoeeeeeoe
Hicroearthquakes (1EQ)

“Geologlc.Mappinteseccocesceco

ER - Eh - Mlaooeeeoceoeoeoeec
Qf Drillinggéoeeeoeooeeyoeooo

Interpretation and Overhead

mile, $8, 000 i

JL;

20,000

Vq)“
dm1ﬁ9000
3=16,00
3= BgOuO
5<10,000

U

for 2,000 I

$50/Tt, $350,000/hole
- B/ACRE

Acres ,
2,000 50,000
°$1eooﬁooeeeeee@eoeooceaean 0020
e Jegoéaﬁeooaeqeeoeeoﬁeoévo OgBO
DeOoaqge@eeeeeeaeeeeecéoa Oebo
L] 19003@90660095900150066009 0070
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L4 BGOOeoccooeGQOeeooeasoﬂea.1050
$13:50 le10
2,00 2.00
$75.50 6370

$10,80/acre
(Fromr Koenic, 1914
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YABLE: 3-2 _ )
DRLLLING‘COSTS POR WELLS O DIFFERENT DEPTHS
GOSY RANGE ()

DEPTH RANGE (L£t)

6 OOO = 8 OOOeo69&ece@aeeea@eoeoeeseeeoe$300 000 5203000
8 000 “10 Oooaeeoeaeaeeseeeoeeeeee@eooae “PEgOOO 7703000
10 000 m?)gOOO@eeaeeea&eeaoeooseeoeeoooco 6359000 hid 190552000
159000 mBO OOOcseeeeeeoeeeweae@eeseeaeoeo 9u0 OOO b 29750$OOO

SOURCIE: Data corpilod by Kelie BrUnot, how With PhIIlEPE Poiiolstn
Company. NOTEZ: Costs are tangible and intangible, for explora-
boryg development end reinjection wells. Add approximately

$100,000. for each exploratory well. In hot-water systems, one
reLnjectLon well is drilled for cach development well and each
successful exploratory well. (From Rex and Howell, 1973)

TABLE: 3-%

COSS AT DIFFERENT DRILLING DEPTHS
FOR HOT, DRY ROCK SYSTIHMS

Energy Price Range Averaece woll Depths ()
(rnill/kwhr) Western UcSe id Concinent Eastern Uasose

3000 = 1[.00 A, 000 ="16,000 == e

Le00 - 5,00 16,000 = 17,000 Wty -

5600 = 8500 17,000 = 20,000 15,000 = 17,000 - ‘

8,00 =12.00 205000 = 30,000 17,000 = 22,000 15,000 =« 18,000

S

T T T T T T T T T (Frow ek emd Howedd, 19730
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PART B: GHEOTHERMAL RECLAMATION TECHNIQUES
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The actual hafnossing of geothermal energy has taken many
forms, from the simple concept of using.naturally heated water for
minor domestic heating purposes to forced steam systeﬁs, Hydro-
fracturing of rock at depth is a method advancéd for the forced
circulation and subseguent heating of cool water.

In thé Klamath Falls, Oregon ares, Peferson (1967, 1974) cites
the usage of hot springs for the hot wabter supply of'greenhousesg
buildings such as schools and a medical center, homes and an inland
fish hatchery. In most of these casea the mechanism for drawing
out' the heat lies in the form of.radiator~ﬁype éoils inSertéd to
some-depth in well casings. A wabexr pump is.locéﬁed st the top of
the ﬁellhead and simply forces cool wabter down through the pipes.
Thq water is heated and passes this heat out at the radiators which
do the space heating. Temperature control can be obtained through
the use of a motorized or solenoid valve operated by a thermostat.
A rdugh estimate of the heat withdrawn from wells in the Klamath
Falls geothermal zone amounts to about 3,000 to l,000 BTU/sec.
(There are 252 calories per BIU.) averaged over the year,

Another ekample,of relatively lowwtempsratufe geothermal ubili-
zation is a system in the town of Melun, on the oubskirts of Paris,
France, A 3,000 room apartment building sits atop a pair of drill-
holes approximately 1800 m deep, Oil prospecting disclosed a 158%p
hot water reservoir at 1800 m depth beneath the Paris Basin. Water
is pumped down one of the anti-fouling titanium pipes inserted in
the holes. The water then permesates through fhe subsurface strata

and returns, heated, to the surface via the second pipe. The heated
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water passes through a heat exchanger and is fod throughout the.
entire giant bullding. Figure 3~1 illustrates the Vasic technical
geothermal system 1n Melun. Sullivaen (197l.) estimates that about
two=~fifths of the bulilding's annual hot water andvheat needs are
fulfilled but the reservoir is said to be large enough to provide
gervice for 1 million apartments for 1300 years, The 1800 m depth
gives sufflcient heat for 3,000 apartments in a type of geothermal
system that can probably be utilizéd anywhere (Kunze, 1974).

. There are some homes and businessés in Iceland whioh‘utilize
heat from near-surface pipes using essentially the same principle
és those in Klamath PFalls, Ore. The only difference 1s that in
Iceland, where volcanism is much more recent, hot water for muni-
cipal heating was pioneered in the 1930's and approximately 50 pep=
cent of the population of 200,000 receives géothormal heating and
this is to rise to ovef 60 percent this decade. Iceland's location,
,straddligg 8, ﬁorthern portion of the ﬁidmAtlantic,Ridge, provides
it with centers of basaltic volcanism for the island's ggothermal
fields, |

The reclamation of deep-secated geothermal energy which has no
sufface manifestations requires adequéte drilling techniques to
reach the thermal reservoir as well as the technology for transfer
of the heat. The bresent drilling methods are coéﬁly, especilally
in areas of hard rock. In the Imperial Valley, for instance, to
drill end complete a 3,000 £t well cost $125,000, For a 5,000 £t
well the cost was 200,000, To drill and complete a 7,000 £t well
in the Goysers area the cost was 350,000 (Cromling, 1973). iven

the prices for drilling rights have goared in tho last ten years,.
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FIGUREs 3-2
Proposed System lor Developing The Los Alamos Geothermal Inergy
Source ( From ROb.Ll‘loon et aley, 1971, ps LO)
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Drilling right prices around Pacific Gas & Eloctric's plant there
skyrocketod from $.20 per acre in 196l to the almost $1,360 an aciro
that Shell Oil recently committed i1tself to pay (TIME, 197lh).

To try to alleviate some of the obvious probiom with drilling
deep holeg, the Los Alamos Scientific Laboratories in New Mexico
worked on the problem and the rock-melting drill was invented in
1960, Electrically heated, laboratory-scale drills were subse-
quently shown to penetrabe igneous rocks abt usefully high rates,
with moderate powor consumplhion. Withvtheso devices the potential
exlsts of producing holes up to several meters in diesmebter and
several tens of kilometers long or deep (Robinson et aley 1971).
The system is said to be insensitive to composition, hardness,
temperature and structure of the rock. It has also been shown to
produce a self-supporting glass lining in most formations owing to
the high amount of silica in the earth'!s crust, The problem of
~dehris rgmovai is also solved by this method. As the device heats
and melts through the rock, it cfacks surrounding rock and forces
molten rock into those cracks. Lithofracturing, or the cracking
'.of rocks, produces, also, an added arvea for fluids to conbtact.

This principle was studied at Los Alaﬁds for the purpose of stimuw-
lating a geothermal rock zone at depth, where there was no aquifer
present and no steéms- It 18 necessary to have a éloseds pressurized
circult of water through a large zone fractured in hot, permeable
rock (Harlow and~Pracht9‘1972) in order to extﬁéct hested fluid in
this case, A perfect clrcuit may not be obltained due to 1eakagé or
other factors, For this problem Rex (1971) suggests a single cycle

or '"huff-puff? systemviﬁ which water is forced in and then pumped




FIGURE: 3-3

A POWAR PLANT USING THLE PLOWSHARE GiROTHIRMAL CONCuPT

61

GENFRATOR CONDLENSmR

COOLING

TURBINE POND

s

SURGH
TANK

CONDRNSATIE
RETURN

CHAMB#R
RADIUS

DIAMETER = 2,470 £t
| 203 ft

(From Burnham and Stewart, 1973)




62

out. The rock must, however, be able to retain pressure for this
system to work., Since cold water is more viscous than hot water,
1t would tend to sink and force up the hot wator, Cooling the
rock causes conbraction, which in turn causes new cracks to form,
which:
Ao INCREASES the hot rock-waber interface area,
B BNHANCES healb transport by convectlon of
water directly to and from hol rocks,
Ce BHLARGES the area at the edge of the cracks
for conductlon from greater distances and

D. ALLOWS the cracks to penetrate into deepor
rocks, where the temperature 1s greater,

The uncertaintics of this method are mainly that the rooks may not
conbract enough to ralse the permesbility significantly and that
any leakage in the system would sap pressﬁre from the maln circuit.
Figure 3-~2 illustrates the Logs Alamos hot, dry rock lithofracturing
method. If the Los Alemos plan workd, the energy could provide all
the additional power the nation wili require until th@rmonuclear
'rusion and solar sources are developed (Rex, 197L)e

The Plowshare geothermal concepf described by the American
0il Shale Corporation et al. (1971) entails the generation of pow-
~er from the enefgy contained in‘deposiﬁs éf hot, dry rocke. fhe roék
is first fractured by a number of nuclear explosions and water is
‘then injecteds Steam is then drawn off at the surface. The econo-
mics of this concept équate one cubic mile of rock at 35000, when
cooled to 15000, to the energy equlvalent of 300 million barrels of
0il, worth approiimately $1 billion today (Burnham and Stewart,
1973). (See figure 3-3.) |

There are some hazards connected with the injection of fluids
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into the carthe A fundamental cheracteristic of many geothermal
resoﬁrce arecas is their close association with regions of high
geélogic activity, which.is manifested most commonly as earthe-
quaekes, Studies have shown that, if fluid pressure is changed
in tectonically stressed areas, faults can vary thelr normal pat-
terns of earthqueke activity (Hickel, 1972). |
In retrieving heat encrgy from hot rocks abt depth, there must
be some sort of heat transporting flulid or medium. In the cases
of the shallow th@fmal wells in Oregon and Idaho, the medium is
water which is passes through pipes. In the case of the steanm-
producing wells, the mediuvm is water in the gaseous stabte. In the
case of thermal springs the medium is, again, water, The operation
of anj geothermal processing plant must process the steam or watoer
and rebturn the cooled liquid into the ground; Those geobhermal
Sites which are fortunate enough to be situated near or over agui=-
fers have their water suppliedAnaturaliya The adequacy of fluid
supply is likely to be more critical than adequacy of the heat
‘reservoirs in limiting future utilization ofkgepthefmal energy.
'Artificial recharge of équifers has:bedoﬁe a technical achleve-
ment. In Valley City, North Dakota, for instance, river waler was
diverted into the top ground surface of the sand and gravel aqul-
‘ferQ The system at work now is described by Kelly (1967) as being
simple, efficient, dependable and low=-cost for operating. It now
supplies the city with water for domostic and industrial pufposese
This.typo of céolingmrocharge_system Ffor geothermdl power plants

is most economical for thelr purpose,
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A more sophisticated method of héat transport was developed
at the LoS Alamos, Hew Mexico, Scientific>Laboratories, Known as
the Grover Heat Pipe, the device is explained as being a self-con-
talned engineering structure which exhibits a thermal conductance
gfoatly in excess of that which could be obtained by the use of a
homogeneous piece of any known metal (Cotler et ale, 1965). The
two-phase fluid flow with capillary circulation allows heat to
vaporize liquid at déne end of the pipe, travel in the gaseoué state
to Fhe other end and condense. theh returns}to the evaporator
through a wick ofrsuitable capillary structure.

,Tﬁe principlg can theoretically he épplied to a wide range of
shapés, sizen, temperatures and materialg. The development of the
Heat Pipe for the reclamation of thermal energy from hot rocks at
depths especlally if the use of waﬁer as a thermal transporting

medium 1s not feasible, 1s seen as overly promising.
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BQUATIONS. OF HYDRAULIC AND QLHIERMAL FRACTURING
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Radius
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of Hydraulically=-Induced Iracbure:
3 e 1
Rf = K./(Ip)—?*
Hydraulic fracture radius

Ingectlon DTG 3suUre
S/P (u@paratlon over Pressure)

2e¢ Separation of Fracture:

i

o ogw
Q
I

H]

I

& Pt
H

1

B(1=V2) (p=th)s® at/y

Maximum separation of hydraulically induced fractures
Fluid Velocity

Injection pressure at the well site
Average specific weight of (rock + contained Uaber)
?93»h)p£ hydraulically induced fracture

a/at

Fracture radius

I

Radiusg of the stress-altered region
3.11116
Young'!s Modulus (stress/strain)

EHxep

(From Sun, 1969)

.36 Thermgl Frécturing Propagation Equations:
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= Heat conduction coefficient for rock

Conservation of mass for'water:
‘ YeWe/dt + U eRWUO = gwS
Conservatlon of momentum for water:
wP = gPw + (n6/K)u = 0
Coe Conservation of heat energy in water and

%[ba ¢r (1-0)+bwewe) T}/&t + J e@ubwouT = =Ve (Kp(1-0)yL) +
@ Whw 1TeS

Ao
B.

rocks:

Porosity, open volume for water flow (per unit volume)
Water density, a funchlon of temperature

Rock donsitvy

Source or sink of water from surface pipes (Vol/vol/tzma)
Acceloration of gravity

Coefficient of water viscosity, a function of temperature
Permosbility, a function of crack spacing
opecific heat of rock

Specific heat of water

Water velocity

Water pressure

Temperature

Source or sink temperature '
(From Kemnedy, 1944.)
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: CHAPTER TV: GEOLOGY OF NEW ENGLAND
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THE MAJOR 'TECPONIC FIATURWS OF NiW ENGLAND

In an assessment of the geothermal potential of a region

such as New England, ma jor structural features and thelr pos-
sible rolationship to sources of deep, circulating hot waters
must be considered,

The major tectonle and structural features of New fngland
include anticlinoria and anticlinorial massifs, synclinoria,
overthrust masses, domes, basin struct tures and. larger fault sys-
tems (figure lj-2)¢ An inventory of such structures follows:

8, Anticlinoria and anticlinorlal massifs: The Green

Mountain Anticlinorium of western Vermont, the
Berkshire Masgsif of Massachusetts, the Housatonic
and New Milford #Massifs of Connecticut and the
Hudson Massif of New York., '

be Synclinorie: The Connecticut Valley~Gaspé and Mer=

rimac synclinoria, located in central New Ingland

and Quebec, the former lying west and norbhwest
of' the latter.

ce Taconic Allochthon: Thrust sheets of eastern New
York and western Massachusetts and Vermont

de Dome : There are at least 16 domes in Vermont, New
Hampshire and the central paxrt of southern New
England which have deformed the nappes of central
Hew England,

®. Basin structures: The Norlfolk, Narragansett and
Boston Basing deformed in Permian Time; and the
Triassic Basin, developed in Mesozoic Time.

foAFault Systoms ~ The major fault systems are:

HAINn - The preliminary geologic map of Maine
(7960) ‘shows a numboer of faults which may be

ol gruauer importance and extent than was recog-
nized at th@ time that the map was publishede.
Five major faults and fault zones have boeon
recognized in HMaine; the longest extends from
the vicinity of Westbrook to the northeast to
Bangor and another from Casco Bay to near Ban-
gor and may connect with the provious one which
extonds still further to the northeast into
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southwoestern New Brunswick (Hussey and Osborg,
oral communication, 197l.)e Another major fault
oxtends from near IFlagstaflf Lake (western laine)
to lMoosehead Lake; and finally, a series of
faulty of diverse orientation has boen mapped
near Houlton and Presque Isle, Me, There is also
a cluster of gonorally southwamtnnorthoaut trend-
ing faults in western le,

Wi HAMPSHIRE -« The major faults of western New
Hampshire and Vermont are, from west to east re-
spectively, the Monroe Thrust, the Amaonooguc
Thrust and the Northey Hill Thrust.

VERMONT =~ The major faults of western Vermont are:
the Highgete Springs Thrust, the Champlain-Orwell
Thrust Fault system; the Hinesburg Thrust, the
Pine Hill Thrust, the Dorset M, Thrust, the laple
Hill Thyust, the Hoosac and Hoosic ”hrust and a
variety of less well-known normal faults and thrusts
such as that in the Bennington, Vt.=-Williamsbtown,
Mass, Valleyoe .

DBASTERN NEYW YORK = The major fault system in the cast-
ern part of the state is the Champlain Faulb,

MASSAGHUSET;g - Western Mass. has a number of thrust
and normal faults that are either similar to or con-
tinuations of those described above for Vermont,

In the eastern part of the state, the Clinton~New=
bury Fault is probably the largest and most extensive,
possibly connecting with the Lgke Char Fault in

Conme Other faults in eastern Mass, include the
Spencer Brook Fault, the Assabet River Fault, the
Bloody Bluff Fault zone, the Mystic Fault, tThe
Northern Border Fault and the Ponkapoag Faulb,

CONNECTICUT - The major fault systems of Connccticut
are the Lake Char Fault, which may connoct with the
Clinton-Newbury Fault in HMassachusetts, and the Honey

Hill Faultbe

RHOD®E ISLAND - There are no major faults in Rhode Is~-
~land, however, some faults offset the Narragansett

Bagin,

PLUTONTC AND VOLCANIC ROCKS

The plutonic and volcanic rocks of New England include the

Whito Mountain Plutonic~Voleanic Series, the New Heampshire Plu~
tonic Series, the Oliverian Plutonic Series sand the Highland-

croft Plutonic Series. Billings (1956) summarizes them as followss




e White MountaLn Plutonlc—VolcanLc SericSees
It iz consolidated from magma., ‘Thicknesses
of 10,000 ft. of the Moab Volcanics indicate
the large quantities of magma as flows and
pyroclastic rocks. The gtructural relabion-
ships are discordant bodies guch as ring=
dikes, stocks and a batholith. The series
becamne DPO”PO”SIV@ly more siliceous with
time, progressing from gabbro through dior=-
ite, monzonite, syenite and quartz syenite
to granitos

be New Hampshire Plutonic SerieSee.e.
The origin of the magmas of this series 1is
problemaﬁioalo Although they may be differ-
entiates from basalt, bthey may equally well
be meltod up older rocks or granitized sedl-
mentbs that moved up from greater depthse

Ce Oliverian Plutonic Seriesc.e.

Most published papers have considered the
Oliverian plutonic series to be magmablc,
however, there are facts that suggest to
some observers that the Oliverian consists
largoly of metamorphosed volcanic rocks
while some facts suggest to other obser=
vers that the Oliverian is magmatic, The
series shows conslderable range in compo=-
sition and may be a product of the frac~

" tlonal crystallizabtion of basalt but other
possibilities cannot yet be ruled out,.

do Highlandceroft Plutonic Seriesce.
The Highlandcroft plutonic series is consi-
dered to be magmatice. ‘Indications point to .
its congolidation from & melt. : Moreover,
dikes of the Highlandcroft series cub the
older rocks and some plubonic breccias have
developed.

Refer also to figure L-~3 showing distribution of Devonian plu-
tonic rocks in New Englande

GEOTHHRMAL PFEATURES

0f the tectonic features of New lingland tle most pertinent,
for this report, are the Taconic Allochthon, the Merrimac Syn-

clinorium,ahd the ClintonéNowburvaant zone. Iach pogsesses




some possibility of yielding abnormally high amounts of natural

I3

heat. The Taconic Allochbhon is the site of numerous joint and
fault systems resulting from the initial overthrusting and meta-

. morphism. It posseéses at least two reported thermal springs;

one of which (Sand Spring in Willlamstown, Massachusetts) is the
northernmost which is known in the eastorn United States (War-
ing, 1965)s Tho lerrimac Synclinorium encloses an area intruded
by the White Mountain Magma Series, of which the Conway Granite,
having a high content of radioactive heat sources, is a consbitu-
ent; The Clinton-Newbury Fault zone is perhaps the most ?romin
nent and possibly the most exbtensive fault zone in southeastern
New England. If the fault penetrates to sﬁfficiént depth, as it
- seemingly must, and has been active in relatively recent geologic
time (which is not definitely certain), there is a possibility of
ground water being heated at depth and percolating along frac-

tures to the.surface or to levels near the surface.

Given the situation of global energy allocation and develop~

mont, any natural heat energy which might be tapped from any of
these sources for some sort of utilization would represent an

enormously significant quantity. These possible sources of New

Fngland areca geothermal energy are thoroughly discussed in the

following chapter.
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TABLE: l-1
TIM:Z LINE OF GEOLOGIC EVENTS AFFECTING THE NIM ENGLAND ARLA

MIOCENE: Miocene rocks are found in Marthats Vineyard.

CRETACIIOUS: Deposition along coastal plain, conglomerates,
sands, muds.

BARLY TRIASSIC: White lMountain Magma Serioes,
Tensional deformation,

- o wom oo owwom oo e o ALLBGHENTAN UNCONPTORMITY = = = o o o = =
PERMIAN: Alleghenian Orogenye

PENNSYLVANIAN: Mississipplan and Pennsylvanian deposition
confined chiefly Lo basins, coal formse

‘UPPER DEVONIAN: Post=tectonic, peraluminous granitic intru-
sions,

m e mmmm oo om o m ACADIAN UNCONFORMITY = = = o= o = = = =

DEVONIAN: Acadian mountain building, plubonism and meta=
morphi sme
Siluro-Devonian rocks are found east of the
Green Mountain Anticlinorium and occur around the
domes and in the Merrimac Synclinoriume
Slates and limestones, '

SILURIAN: Siluro-Devonian volcanics along the coast of New
kngland, as exemplified by the Lynn Volcanicse
LATH ORDOVICIAN: Quartz-pebble conglomerates, quartzitesg.

m = om e o= o= e o= o= TACONIC UNCONFORMITY = = = = = = = = =

MID-ORDOVICILAN: Taconic mountain building, plutonism and
metamorphism,
Devclopment of faults and grabens, tensional
deformation.
Black mud and graywacke deposition,

Carbonate deposition, some metamorphisme

CAMBRIAN: Rast coast submerged, minor wvolcanlsme.
Bugeosynelinal rocks, intensely folded, sheared
and variably metamorphosode.

-Pormation of nappes.

PRIECAMBRIA Bascment- massifs emplaced

(Adapted from Atwood, 1940; Boucot, 1968, Cady, 1968; Dixon
and Lundgreon, 1968; Green and Guidotti, 1968 Harwood, 1975;
Osborg et al., 1960, Page, 1968: Rankin, 1968 Skohan, 1961,
1969; Thookritolf, 9od° and Zen, 1968)
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CHAPTER V:




PREFACH

Since the bedrock formations of the New Engiénd érea range
from frecambrian to Cenozoic in age and the evolution of its
structures is intensely complex, any possibilities for the dig-
covery of heated areas of crust would depend upon relatively re-
cent volcanlsm, radioactivity or deepnseaﬁed'faults, possibly in
conjunction with natural springs. Such areas will be thoroughly
examined for geobthermal indicators,

The most recent volcanism in the New England area ranges from
Cretaceous to Early Cenozoic or about 185-60 million years old
and is represented by the White Mountain Magma Series in New Hamp-
shire, The highly radioactive Conway Granite of'ﬁhis Series poge-
sesses a few observed locations of abnormally high heat flowe.

Waring (1965) reports two natural thermal springs in the New
England area. One ils in Williamstown, Massachusetts and the other
is in Lebanon Springs, New York. A third thermal spring has also
‘been reported (Hansen, 1975, oral communication) apprbximately
one mile from the Sand Spring system in Williamstown. A »econ-~
naisance survej éf‘theée springs by the author révgals that these
warm springs are part of larger geohydrélogic systense

Section A will be concerned mainly with the Conway Granite
and section B will examine the Williamstown and Lebanon Spring

thermal water systens,
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A GEOLOGY '

Billings (1956) deséribes the distribution of the Conway
Grdnlbe as being the most extensive single unit in the White
Mountain Magma plutonic-volcanic series, It 1s found north and
south as woll as in and near bthe White Moﬁntain~batholith (fige
5-1)e In all, there are eighteen outerops in New Hambshire of
the Shite Mountain blutonio~voloanic series, the largest being
the White Mountain batholith, located in north-central New Hamp-~
shire,

Birch et al. . (1968) state that after about 10 kn of Ordovi-
cian and Silurian sediments covered a broad strip of north-~northe-
easterly strike, during a period estimated to be 100 me.y. in
length, the deposition rate increased durihg thé'early Devonian
~and 15 km or more of sediments were deposited in-about 50 MmeYVe
Then deformation, uplift and erosion followed and were accompanied
by the emplacement of the New Hampshire'?lutonic‘Series, apProxi =
mately 360 m.y. ago (Wilson, 1965; Handford, 1965) Regional
‘metamornhlsm of surroundlng rocks to hlmh grades also occurred
at this time and was followed by a Permian episode of mebamorphlsm
in central southern New Englanda. Erosion and upllft Qontlnued in-
to Triassic Time, Mafic volcanism accompanicd the development of
"Triassic basins while the White Mountain Plutonic Series was enm-
placed along a generaliy N 10° W trend from near Boston to Montreal
with the Conway Granite as one of ﬁhe early Intrusives, The depths
of emplacement of White Mountain intrusives suggested by apatite
fission track.ages and Lovering!s (1935) model indicaﬁe an uplift

rate of 30 m/m.y. for the Mid-Mesozoic (190-120 m.y.) to present,
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amed the Conway Granite for massive, coarse-

‘Hitehcock (1877) n

grained granito that forms cliffs and ridges on the east and west
sides of the Saco River Valley near North Conway, New Hampshiree.
1t fs well exposed in the Redstone Quarries, 2,8 miles north-north-

eash of Conway, New Hampshire., Outcrops occur at the southeast

edge of the White Mountain Batholith, in the central sbock of the
tg Back Stock

Ogsippe Mountains, in Green Mountain and in the Whale

(not seen on Billings! map, Tige S=1, but located ab the cenber ol

the New Hampshire-Malne state line).

. MINERALOGY

Conway Granite 1s best desoribe@ as being medium to coarse=
grained, light pinkish to buff-colored, equigranular biotite grai-
ite, The biotite is the ipon-rich lepldomelanc. The quarbtz and
‘feldspar gralns are 7-12 mm in diémeter and accessory minerals
fayaiite, agpatite, zircomn, rutile,_fluorite,'alm

are hastingsite,
v modes and chemical

Lenite and molybdenite (Wilsom, 1969). Fo

analyses of the Conway Granite refer to tables 5=2 to 5=l

HEAT FLOW
Heat flow measurements waré made in tweﬁtj»tNO'éites in Now
fngland and New York by Birch et al. (1968) and the three highest
meaéured values Qere obtained in New Hampshire (see table 5e=5) e
ater than 1.9 pcal/cm? sec) in the White

These high values (gre
ay Granite's high radioac-

Mountain Magmé Serics relato to tho Conw
tive heabt generatione The depth of high radioaotivity is estimatced
to be =6 Jm daép on the southern and western margins (Roy and

Deckor, 1965)e




Several methods.of isotope dating were carried out in Red-
stone Quarry. They were Pb=Pb, Pb»alpha; U=Pb (both) and Th~Pb
methods used on zircon or thorite; and K-Ar and Rb-Sr methods
used on biotitees The average dalte arrived at f&f the Conway
Granite by these methods was 185 mey., or Early Jurassic ago.
Table 5=5 illustratés the heat production from radiocactivity in
a. numbgr of samples from the anﬁay Granite. Included is a sum-
\mary of thorium and uranium in parts per million and potassium
in percents (It may be helpful to refer back to table 2-l fér
a coﬁparison of heat production by igneous rﬁcks due to radio-
geniorionse Thorium, uranium and potassium are 1iétede) The
average world value for terrestrial heat flow is approximabely

6 poal/om2 sec (Lee and Uyeda, 1965; Simmons and Horal,

1.5 % 10°
1968)s The values found ab inVestigated'sites in New Hampshire,
at least the highest ones, are 1.95 in North Conway, 2.21 in
Waterville and 2,13 in Kancamagus., These heat flow values by
‘Birch et ale (1968) were obtained in areas of nabural heat flow
values (theoretically excluding radiogenic heat production) of
'approximately 156'x710"6 poal/cma'secg

A correction for the finite size of the body of Conway Granite
establishes the best heat flow site as being at the centoer of the
outcrop since the surrounding rocks are roughly half as radiocactive
as the Conway Granite. Similar correction by Birch et al. (1963)
establishes that the V&lﬁes of heat rflow at tbe_WaterVille and
North Conway sites should be railsed approximately 10% over their

1isted‘valuos,




PABLE: 5-1

DESCRIPIION OF WHITEH MOUNTAIN PLUTONIC-VOLCANIC S 1ILS

1e Stratigraphlc age...se.Younger than Lower Devonian rocks
2e Age relative to regional metamorphisme....lounger
3. Consanguineous VOlC&nlCSeeooeooe-eoeoooooofresent
)-Lo FoliabtioNeseososeoccccoscocscscecesvcsacscse?OrY rare
5_0 L-_Lneatloneoeocec)eoooceoooaeooeoaoeoae‘ooeoﬁbu@nt
6e TextUr'@oesesesssedyplidiomorphic granular
7. Pegﬂlatit@eeeeeeaeeoooeeoeaeeseseoocoocoeooRaI’e
8e Structural relationsse...Discordant: ring-dikes, stocks-
and batholiths
90 lﬁigiHGOQ.O..QOQOOBGGOG.00..0&QOQ‘OQ.GG@GOI‘{IagmaJCiC
10, Mineralogy:
(a) OlivineeececeesesseePresent in gabbro as chrysolite (oli~
vine) and in quartz syenite and granite as ’
) fayalite
(D) Pyroxencaesesecesolresent throughout seriess ohicfly diop~
side=hedenbergite series; some augite in gabbro,
a little aegerine-~augite in speclial types
(¢) Amphiboleeceessseelresent throughout series; common horn-
blende in mafic end of series; hastingsite, soda
hornblende and riebeckite in siliceous end of series .
(4) BiotiteeeessssseesPersistent but relatively less lmportant
than other mafic minerals
(6) MuscoVitoeceeessooAbsSEnt
(£) QUATLZoceososssessGenerally confined to rocks with high
‘ratio of potash feldspar to total feldspar
(g) Nephelite and sodalite..esPresent but rare

(ATter Billings, 1956)




TABLE: 5-2

APPROXTHATE AVERAGH MODE OF THIZ CONWAY GRANITE

MINERALS 7 OF TOTAL VOLUME

Q&&Ptzoaeoo&'oaaeoeaeoaeane 29
Potash Feldspareecseccccsess 593
PlagioclasOecececesoseasecces [
OlivinGecesceccscoccoosaesscs
Pyroxenteecececeecsscceccose
Amphiboleéscocccococscaccens TP o
Biliotitesscecscoecosscossss 5
Opagque o0xideScceccocesccoee LI .
Opague sulfideSececesecsss LI
N@pheliteeceeeeooacceoaoee
SodalitCesscecccnccoencecns
Ap&titeeoeooooeooeeeeoocoe tr
Accessories and alteration
mineralse. 12

# Chifly microperthite, but also some orthoclase
. - and anorthoclase.e.eethe biobite is lepidomelane

(From Billihgs, 1956)
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TABLE: 5~3

MODES OF CONWAY GRANITE
Bi-1  Bl-2 368

QUARTZ - 33 3

. MICROPERTHITE 51 113 L2 38
ALBITE 13 20 21 19

BIOTITH , 2 6 . Iy 5

ACGCESSORIES 1 Ly tr Lt

Locations and details of the specimens:

BM~1 Average of two thin section modes, B&M é
Ledge Quarry ?
BM«2 Average of six macro-polnt counts on six
saved slices of granlte from the B&M
Ledge Quarry. PFour slices were treated
. with HF acid and cobaltinitrite to aid in
distinguishing K~ from Na~ feldspar.
73  Sumnit of Birch Hill, one mile Ne.35 We of
the B&M Ledge Quarry
68  Summit of Albany Ledge, one mile Ne 40 Be. of
the B&M Ledge Quarry
330 - Elevation 1700 ftey, 0.3 mile southwest of
'~ Hanson Top on Green Mt. -

w
)
o~
-AULF#?Q& ¥§

(From Wilson, 1969)




TABLE: 5=l
CHEMICAL ANALYSIS OF MINERALS IN CONWAY GRANITE

( HINETALS Y

, SiOa coeeeceveees 35&37 .
TiOa ev0e0c¢c060C0Q 3020
A1203 ece0c006080060 133LL3
196203 ceoceoReOREE L!—-OBZ
FeO XEEXXEXXERY" 27026
Pmo ceecseeOCOOGOO N 0026
M{{;O cecoccosacess )-l-003~
Gal 60eeB00ADEE O 0069
Na?O gooesoegde e 0088
Kz(j seceveeoncO0eD 7@86
H20+ BOVECEB OO GRS E 2003
HZO"‘ veocesceccee nd
Ral 6eecceseccoe nd
CX’ZOB cce¢oceev0 o0 nd
| POTAL TT59,33

: ~ (From Wilson, 1969)

1




) TABLE‘ 5—5
RADIOACTIVITY, HEAT GENERATION AND HEAT PLOW IN WEJ HAMPSHIRE

STATION N.LAT. W.LONG COLLAR DEPTHY, NO, OF Th, U, K,% A%F
- ELJ .s MB"’EBS SAMPLES PPM PPM
KANCAMAGUS:# 11002t 74°291 730 170-305 557 59 15,8 Le0  20.5

NOATH CONWAY#  LLO0L' 719101 195 120-215 4L5 52 12.6 Le3 175
NORTH HAVERHTLL Lh%06! 729001 180 150-2L0 —m=  =m cmem ;m= <—e-

WATERVILLE:® 1139561 710321 LOO 2,0-320 349 61 1509 Lel 1069
#* Data from Conway Granite of White Vountain Magma Series
. A = Heat generation in 10713 cal/em3 sec,

4~ DEPTH: This is the interval used for the computation of heat flow

: _ o ‘ HEAT FLOW, | 1076 ca1/om® sec.

UNCORRECTED TOPOGRAPHY  GECLOGY
CORRECTED CORRECT ED

EANCAMAGUS 2,110 2.27 2413
NORTH CONWAY ' zzgi | 1.89 1.95
NORTH HAVERHILL 128% 1434 1¢29 '
ATERVILLE . 2:%5 - 2415 2.21
Q.

o e et e e 1 2 2 o D e o e e e 2 o

1) Heat Flow: "Uncorrected" from combination of gradients
and conductivities, with stabtistically deuermlned stan-
dard errvors., 'Topography corrected” from temperature .
change in reference plane., Values at Worth Conway and
Waterville: 1,77 and 2.01 respectively before cor;ectlon
for radioactivity contrast

(After Birch et al., 1968)
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SAND SPRING

The history of Sand Spring, Williaﬁst0wn, Massachusetts, as
a thermal sprihg ls recorded by New England area Indians as being
a landmark snd campground for hunting and war parties among the
five Indian-nations and other tribes (Carlin, 1972). It lay near
the intersection of an important north-south trail and the Mohawk
Trail. JFarly settlers also used the spring for medicinal as well
. as domesticvpurposese Graylock Hall, a popular health spa of its
day, was built on the spring site in the 1880t's and included a
hotei which had 26 large baths and 6 sunken‘baﬁhing pools which
were fed by the thermal spring!s ﬁinéral water, The baths sup-
plied to the'guests.were warmed in the same fﬁshion;. The hotel
wag advertised as a "slice of metropolitan Llife and luxury" and
lodged 250 people and seated 200 in its dining room.

The épring is actually located in the forested north part

of Williamstown, Massachusetts near the cohjunotion of the three
states of Vermont, Massaohqsetts and New York. It is the only
reported thermal. spring system in Massachusetts and only the
Second reported thermal spring in the entire New fngland area.
According to Stearns et ale..(1937) and Waring (1965) it is the
northernmost such system that is known in the eastern United
States and is approximately 30°F Wanmef than shallow well waters,
The thermal waters are belleved to percolate uﬁ through thick
beds of white sand and sandstone from a depth of 3,000 ft (Car-
lin, 1972)e The water temporature is reported to be~é constant
76°F (2L..°C) (Waring, 1965) and steams in cold weather. Repor-

tedly, the spring never freezcos,
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Stearns ot ale (1937) reported SandVSpring to be 76° F ana
to flow at 00 gal/min as Waring reported in 1965, Hansen et
ale (1974) 1ist the temperature at 72°F.

GEOLOGY

Emerson (1916) gives the local geology of the Sand Spring
area to be ohiefly-stockbridge Limestone, a coarse, grénular
varie@y of limestone.of various'oolors° Enmons (18l.2) describes
'Williamstown as the type locality for Stockbridge Limestonec.
Pumpelly et ale (1891) illustrate the Stockbridge Limestone:of
Williamstown bordered to the west'byrthé Berkshire(Schisf and to
the east by the Vermont Fbrmation; which 18 clarifled by Brerson
(1916) to be Cheshire Quartzite. Dale (1923) suggests the con=
tact of Berkshire Schist and Cheshire Quartzite with the Stock-
bridge Limestone in the jrmediate vicinity of Sand Spring. The
thermal waters which permeate to the surface probably flow through
these Precambrian end Lower Paleozoic rocks abt the formation con-
.tactsﬁ The thermal waters, upon r@aoﬁing the supface, are only
moderately mineralized and, according to Stearns et al. (1937)
'and Waring (1965)vﬁhe wéter penetfaﬁes to considerable depth, is
heatea, and returns along fractures to the surface. It has not
yet been determined if the spring!s tepid water has undergone
cooling by subsurface lateral flow or by mixiﬁg with cooler water
from either groundwater runoff or cool spring water, Hanson et
.&lc (1974.)  1ist analysGsAfor the waters of Williamstoﬁn (Table
5-6)e It is suspoctcd by the author that these springs of tho

Sand Spring system are much warmer at depthe Chemical analysos
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TABLE: 5-6

CHAELTCAL ANALYSES OF SPRINGS IN WILLIAMSYOWN, MASSACHUSETTS

Local Well i# S2 S2 $3 S6 S7 s8 S9
Date Sample 1063 8«69 10=69 8-70 8-69 . 8=69 10~69

Taken A
Temp. °C 210 22,0  11.0 8,1 22,0 17.8 8.9
S10, (mg/1) 1360 12,0 ,5 lLe2 1260 Te2  0eb
Fe (un' 1) 200 2060 1060 o s 200 PO:O 1Oe0
Mn (ug/l) 0O 0 0 . 0 0O 0
Ca 5/1) 210 23,0 240 18,0 250 660 3660
Mg - ki 1140 8,8 lte2 3,0 Be9 110 1140
Wa " 303 . 2.0 163 0.3 2,0 169 149
K " 163 069 0e2 041 069 0.6 0.8
HCOS e 11640 1180 8L[,oo 6860 ’H}_{_oo 17700 15460
co,” ® 0 0 0 0o 0 o
SO " 8.6 8ol 705 660 8e1 1160 6e5
o1’ " 2.0 1.0 Oell. .~ 001 163 068 0,6
F " Oe1 O 0s2 0.0 01l 0«1 062
No3 ! o 0ell 160 160 L2 Out 0.7 11
Dissolved
solids

(cale) ‘ e 111160 8060 69,0 11560 1665013560
Dissolved
solids
(residuoe -
at 180 C) 110 116 79 ——— Al 167 130
Hardness

(Ca-Mg in
ngz/1) 98 9L 77 88 - 99 160 135
Non-Carbonate
Hardness :

(mg/1) .3 o0 8 2 6 15 9
Alkalinity as ' . ’ : :

CaCOB (g;m./l) s e e o= o - e - on e - bl d
Specific '

conductance . ‘

Micro MHOS) 197 199 153 13L 199 291 252
Ph . 802 708 707 707 8.1 ’ 890 801
Color 2 I 2 - ly. n 2
Data Source 1 1 1 1 1 1 1

Source of Data: 1) UeSe Geological'Survey
2) State Health Department
from Heansen ot ale (1971.)
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by Fournier and Rowe (1966) show that most hot spring waters

are greatly supersasurated with silica in respect to the solu-

bility of quartz and other silicates, Drill hole data also show
th@t veins of hydrothermal quartz occur ab depth'but not near
the surface, Existing data on compositions of hot spring solu-
tions and solubilitly of silica phaseos sugg@ét that the solubiliby
of quartz ai depth is the major control, In table 5~6, the warm
springs of the area are wells SZ, 328, S7 and S8, In each of
these 1t is easy to note the correlation of higher silica con-
tent with rising temperature. Wells S2 and S2a are the actual
hSand>Sp}ingﬂ wells. Table 5-7 lists a potablility analysis of
water’from‘these two wells,

~ In 1893 a bottling works was added to the existing balneo-
logical hotel and spa. In addition to the pure water being bot-
tled, soft drinks were mixed with the waters and carbonated gin-

ger ale was pioneered at the site (Carlin, 197l.).

In 1972 Michael Meehan began to bottle and sell the watenr
again., However, due to a poor market, bakruptey followed. IMr,
"Robert CGarlin bbught.out the product and stock but. Mcehan retained
the house., The actual bottling ceased in late 1972.

The feaslbility of Sand Spring being utilized for inddstrial
or domestic heatlng purposes appears to be very good: the water is
at a rolativeiy elevated temperature constantly and issues forth

in quantity (400 gal/min)e In a rough cstimate of geothermal

temperatures and applications, Lindal (1973), Beall (1973) and

Beall and Yarosh (1973) report 20°%¢ or 68°F as suitable for the




FIGURE: 5-3
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- “PRIDE OF
BERKSHIRES™
mor s e e | Natural
IN THE HEART OF THE BERKSHIRES  : :i '
THE SPRING WHICH RISES FROM 3000" | | . :
UNDER GROUND IS NATURALLY FILTER. z S p VI g
ED THRU WHITE SAND, IT MAINTAINS !

AN EVEN TEMP, OF 72° YEAR ROUND
AND HAS A FLOW OF 400 GAL. PER MiN,

4 SAND SPRINGS RD., WILLIAMSTOWN,MASS, |
NET CONTENTS 128 OZ. (1 GAL.)
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- Woater ¥

BOTTLING LABRELS of Sand Spring!s thermal waber., Label
on left was the older label used by Hichael lMeehan in
1972 and the label on the right was used by Robert Car-
1in after foreclosure. Although actual bottling has
boen discontinued, older stock is still being sold in
proa supermarkets. According to Mechan (1975) it was
tho warmest water bottled for these purposes in the
United Statese :
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TABLE: 5-7
CHEMICAL DETERMINATIONS OF WATER SAMPLES FROM SAND SPRING

TESTS ¢ . SAMPLE A USPHS: MAXIMUM
ALLOWABLIL

1. Color (APHA units) 2,00 15400

2. pH 7670 -

3s Hardness (Ca003)~mg/1 102,00 e

le Alkalinity mg/l 80,00 -

5e Nitrate Nitrogen mg/l 0415 145,00

b6e Nibrite Nitrogen mg/l 0,00 S

Te Iron mg/l 0,01 - 0430

8s Manganese mg/l 0,00 : 0405 | .
9, ABS (Detergent) mg/l 0,00 : " 0,50 '
10¢ Chlorides mg/l 1,60 250,00 -

11e Turbidity ' 0,20 5,00

12, Odor 0.00 I 00

COMMENTS : Satisfactory according to
U.S. Public Health Service Drinking
Standards

(From O'Connell, 1973)

N A
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hatching of shrlmp, fish and the farming of both, as Wull as the
agriculbural application towards the cultivatlon of lettuce, to=
matoeé and cucumbers, “These reports also cite BOOC or 860F as a
suitable temperature for warming swimming'pools, for use in bio-
degredation and fermentation processes, - for supplying.warm.watar
for year-round miniﬁg in cold climates and for de-lcinge. The
temperature of Sand Spring falis into this category and therefore
could be usefully investigated for non-electric heat generation
and utilization,

LEBANON WARM SPRING
The only other reported thermal spring system referred to by
Stearns et al. (1937) and Waring (1965) in the New England area
is locabted approximately 17.3 miles south-southeast of Sand Spring,
in Lebanon Springs, New York. Both Sand Spring aﬁd Lebanon Warm
Spring are located in the Taconic Allochthon System, a massive
thrust sheet shoved from east to west during the TaconiC‘Orogeny
‘(refer to chapter IV). During that périod of time, léyers of
massive llmestones and sand deposits were mﬁtamorphosed along Wth
vthe other oedJ.mentary materlal° deU031ted in the Lquy Pa160201ce
Doep~seated faults resulted from the allochthonous movements and
the Taconic Range was created. The probability of. these thermal
springs acquiring theif heat from contact with these deep-seated
fault zones is highe Since the underlying strata are permeable
.and, in the case of the sandstones and limestones somewhat porous,
groundwater has a}gcod chance of being funnelled down.to the

depthas nocessary for appreclable heating to take placo.




TABLE: 5-8

POTABILITY DETERMINATIONS OF WATER
FROM LEBANON THERMAL SPRING

98

—-—

Number of springSeeecce 1

Flow RatCecosesecocene 305000 gal/hr
Temperatul’eo.ueuuu 76 B

Water Choractereseceees Chalybeate

S0 o s B30 Gk L SR ST G SRR OB S ArR WE DR OB S K 0w Wt T A ek M END G AR TV 90 58 S ST SUF sug W

AMOUNTS (gr/gal)

Sodium Carbonate 26111 Silica 3.25
Calcium Carbonate  L..Ol Organic Matter 10.21
Calciuvm Sulfate - Magnesium Carbonate=-—=—w==
Pobasgiuvn Sulfate 1.0l Sodium Sulfate -
Iron Carbonate - Calcium Chloride bl
Magnesium Sulfate 1,06 Pobassium Chloride ===-
Sodium Chloride 0,96 Magnesium Chloride m===
Sodium Sulphide 0,02 Magnesium Bromide et o 1
Iron Oxide 0.9l Sodium Bromide o e
Aluming 0olt5 Sodium Todide | e
' Free Carbonic Aclid ==w=-
TOTAL 2ly.6 38
GASES Volume (in?)

Sulphureted Hydrogen w=w=

Carbonic Acid 0418

Oxygen 2000

Nitrogen 3652

(From Peale, 1866)




‘ : TABLE: 5=9 .
CHET CAL DETERMINATIONS OF LIBANON WARM SPRING WATER SAMPLES
(ANALYSIS BY PROPESSOR He DULSAND, CHEMIST TO TH# IMPERIAL

COWBERVALORY OF THE ART3 AWD SCIusNCES, PARIS)

GASES
L

FIXED MATTHRS

Sulphates of SodiUMeseccse
Carbonate of SodiuMecsocce
Sulphate of Pobasheececce
Chloride of SodiuMesecscss
Carbonate of LimcGescsscssce MQOS goeeeos8cE
Sulphate of Magnesifeeses
Aluminfecesccccecccoccons
Oxlde oOf IrOfcescscccecscss
SiliCiC AClCevcoscecsccoe
Organic CompoundSescesecee

VOLUME (g/gzal)

VOLUME (in°/gal)

OXygCNececcencescveocccecsccensss 2000
NitPOgeneoeeoaeoeeoteoacooOaneea 3«50
Carbonic ACidecccccceccceoncsscone 0050
Sulphuric Acideeccocosecsscanccace LIraces

PERGENT

0602 sooesesse 14298

2¢l11 soveseces 156049
1901 eoo-abﬁoé 60753

0.9 ecceseced 6e233
26,292
7;06 evoec¢vase 6a883
Oeus sceeesoao 23629
O@9M cvcceosng 6@103
3@25 cecceooea 212100
1622 ceeRGOe00 l!987o

TABLE: 5=10

(From Salls, 197L)

WATER POTABILITY DE ‘ERNINATIOT\f
(LEBANON WARM SPRING, N.Y.)'

TESTS 3 AMOUNT (mg/1):
1°_Sodiumb 7ol o
2e Po-Mg V (Chemical Oxygen Domand)
3¢ PH ‘ 708 .
lte Alkalinity 125
S5e¢ Total Hardness 15
6., Chlorine T
T Nitrate 0.2

. 8, Nitrite Iy |
9, Ammonia 0
10, Turbidity 0.5
11a Color 0

(Dopartment of Public Health, Columbia County, NeYe,

1971.)

99




100

GEOLOGY

I3

"Lebanon Warm Spring" is located in Columbia County, HNew

York and is 27 miles southeast of Albany, New York, Thoere are
’presently no publisﬁed geological maps of the Lebanon Springs
aroa which give details of the type of rocks or structuro
(Fisher, 1975)e The State Geologic Map of Néw York (1961) shows
the generalized geologic relations on a scale of 1:250,000 or
about lj miles to the inche. However, acCording‘to DalQ (1923),
VLebanon Springs is locabted on the geologic contact bebween the
Berkshir@ Schist and the Stockbridge Limestone, a gr&nuiars cale
citic iimestone with lenses and beds of grenular dolomites The
State Gedlogic Map of How York (1961) describes ﬁhe Berkshire
Schist in the area to be of the variety of Austerlitz Phyllite
eand black Wallomsac Slabee According to Waring (1965), Lebanon
Warm Spring issues from the base of grg#el beds of glacial drift
material near s conbact of Paleozoic, faulted limestono and talc
slate and is nearby evidences of local faulting and deranéement
of the straﬁae: The water temporature of the theﬁmal spring ig
reported to be 76°F by Stearns et al. (1937) and 75°F by Wariﬁg
(1965)s The suthor found the temperature of water issuing from
the outéide pipe systoﬁ to be approximately 6SOF@ "This valua,
however, was undoubtedly influenced by thermal dissipation in
the large pool and plumbinhg system. The outside air temperature
‘at the time of the reading was BQOF. The flow rate is a constant
500gal/min (Stearns et ale, 1937; Waring, 1965) and its volume

has not visibly decreased (Stouber, 1975).
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" HISTORY

Lebanon Warm Spring was a oelebraﬁed colonial resort and
has been fairly wellwknqwn siﬁce then as a health spae It is
recorded that the Marquig De Lafayelte, among other digniteries
of the time; atayed at the springts Columbia Hall, a 00 room
hotel which was buillt in 179 and wag razed in 1928 (because,
of all reasons, there was groat difficulty in heating the large
structure)e.

The water is sald to be soft and tasteless but possesses
"medicinal properties of great merit! (Sallsg ﬁ97@)ﬁ A Twoe
week pegimen, for example, of driﬁking s8ix glagses -of the ther-
mal water, wdlking a mile, drinking six more glasses‘of the
thermal wabter, finishing with a cup of coffee and molasses, was
repubted to cure kidney stones, arthritis and a Jong list of oth-
er maladies, if religiously adhered to daily (Cummings, 1975)
The author found the water to be quite potable, having very lit-
_tle taste with a slight sweetness,

The property is owned by HMrs., Anna Zieter, whose late hus-
band, V:Lctors did much to restore the area. In about 1906, the
Rutland Railroad laid about a mile of ﬁorcélainmlined pipe Irom
the spring down to the railroad depot, where the warm water wasg
used to recharge boilers of the railroad steam engines, Over the
years, after bthe railroad line was abandoned, over 30 famililes
‘have tapped into the line and have utilized the watér}for various
domestic uses. When a question arose as to the rightAto utilize

the spring's water, lrs. Anna Zieter and the Town of Lebanon
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Springs nogotiated a compromise agreement whereby the town'ts
residents are permitted to utilizme the hol water but are 16 SPOn-
sibie for maintaining their own pipeline system. It appears
that the question as to who owns geothermal resources is a nov-
el legal question and 1 in need of further study.
Waring (1965) states that surface water at Lebanon Springs
penetrates to considerable depth and returns to the surface via
cracks and fracbures. As is the case with Sand Spring, natural
heat recovery from the.Lebanon Thermal Spring, which falls into
the 20-30°C range, is foasible. |
Both Sand Spring and Lebanon Warm Spring issue from deep-
seated joint and fault systems developed in the Taconic Alloch-
thon, 'WhilefAdams (192l1) calculated that water rising along a
crack in the rock from a depth of 3¢5 km, corresponding to a
rélease of pregsure of about 1,000 megabars, will be subjected
to an increase in temperature of more than QOOC while in transit
to the surface of the ground, Devane (1975)-statés that pressurcs
of the order of 109 bars are only posgible, in modern sci@ntific
thinking, at the centor of the carths |

| OTHER SPRINGS
In a Vermont Geological Survey roport Adams (10L8) mentioned
Morgan Spring, near the‘center of Bennington, Vermon®h, as pogsib~
1y being a warm springe. Steamms et al. (1937) reported that tho
particular spring was listed again in 193l as a thermal spring,
and 1isbed the temperabure of lMorgan Spfing as 53°F (11.67°¢),
which is 8% abové the mean anﬁual temperature, Benningbon is

located along the western margin of the Greon Mountain Anticli=
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noriume. AlLso known as The Green Mountain~Reading Prong Arc, it
consigts of a discontinuous, essentially linear series of anti-
¢linorial folds overturned and overthrust westward (Skehan, 1969)e
According to Sa ago-(1974), the water of Morgan‘Spring,is cold
but it never freozes and is somebimes used to implement the water
gupply of thoe town. The geothermal potential of the spring is
not known, However, the fact that it never freczes ralses ques=
Tlons regarding possgible mixing of warmer woter and cooler ground
water'near the surface. |

Daubney (1639) reported another slightly thermal spring at
Ganaan, Vermont but it was not listed again by otherse

Saraboga Springs, WNew Yorl, is situatéd in the Taconic Range
and is the aite of apbroximately 18 natural springs; one of which
is a spouting spring. These springs, although rich in carbon
dioxide content, are not considered Ehermalo The apparent gey=-
.éerlike quality of the spouting spring‘is caused by the release
of pressure within the COerich sprinée The resultant depros-
surized gas behaves in a manner not unlike a canAof beer or tpnic

when shaken and openede.
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TABLE: 5-11
ANALYSES OF THE WATERS OF THE SARATOGA SPA ILONS AND RADICALS
AS PRESENT IN SOLUTION, PARTS PER MILLION
lLement
or Hathorn :
Radical: 43 Hayes Orenda Karista Lincoln Polarig Ferndell
. Sodium 3820. 3025, 2420 1760 1150 560 10,
Potassiun 340, 333 266, 1706 2196 80, 3e
Lithium 106 126 8 9% 6.3 298 -
Cal.cium 8724 Tolie 6720  Ullie 318, 370 55,
Hagne sivm 353,  277e 22e  178.  171e 95 o
Barium 25« 126 15@6 1236 8@1 26 OéOLL
Strontium 126 10a5 10, 18@3 9e9 e 0 e 061
Ammonium e 13 130 15, o 1e2 04,02
Iron 26l 1@8 Tef ()@ 8&2 161 Oe).]‘
Aluminum 1«0 Qe 8e 11e e 6o 03
Manganese Oell. 063 0e3 0613 - - s
Bicarbonate U050, 1550, 3600, 3890. 2610, 2130, 19
Chloride 6030, L500, 3800 2000, 1510 1000, 136
Bromide 536 l 51 e )—l-éa 85 324.9 ,516 bty
Todide 2¢9 2el 260 0.9 Te3 o a0 2 v o s oo
Metaborate 760 TeO  Te5 5e1 o4 0.9 0,008
Silica 12e e MMe 6.3 51 170 15
Sulfate 0 -0 0 0 0 0 3lpe

Total S0lids16407. 13539.11105. 8540, 6166, 3260, 2310
(Dried at 1100C) ' : .

Radium 226.
(Pico Curies '
pGZ&T‘ liter) ) Z—LSOG 28u40 232@ 95e ’ L{.Be 102@ 1 O3 )

All of the above walers, except Ferndell, are efforvescent as
they come from the ground and contain from 2 to 5 volumes of
carbon dioxide, '

(General information omn the wabters of Che Saratoga Sprilgs Reserve)
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CHAPTER VI: SHALLOW THMPERATURE MEASUREMENTS
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In making shaliow«depth temperature méasur@ments in ther-
mally equilibréted drill holes,; 65,6 £t (20 m) is the approxi-
mate depth at which the temperature variation due to the seasonal
alr temperature variation becomes negligible fofAtypical values
of thermel propertieos (Van den Bouwhudl jsen, 193l.; Kappelneyer,
1957; Lovering ot al., 1963). The amount of this veriation dif-
fers, these differences having been attributed to structural fea-
tures; with the locai temperatﬁre differences due to thermal con-
ductivity of the soil, the vegebation and the microclimate (Kap=
polmeyer, 1957)e The diurnal periodic températufe Variationé can
be deteétod down to a depth of approximately one méter (Kappele=
meyer, 1957; Poley and van Steveninck, 1970).

The toemperature measured at a glven depth at a certaln time
depends on the Thermal diffugivity of the soil, the amplitude and
phase of the fundamental and component waves of the temperature
variation curve snd the mean annusl temperature, O0f course, Tthe
“thermal conductivity of a sample of earth maberial depends upon
its constituent materials. Vegebation contrasts can also alffect
fhermal values. They can cause ground surface temperature vari-
ations of up to 2°C over a lateral distance of a few tens ol me-
ters (Poley and van Steveninck, 1970).

The most important temperature changes at the surface, which
are propagated through the ground, are the regular diurnal and
annual variations. At dopths groater than 1m, the annual vari-
ation has a very long period (365 days), making day-to-day changes

very small, A4 grid of regional temporature differences at about
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1.5 M éepth (WGll.outside the reach of diurnal variations), made
in a roasonably short timq can be considered to be undisturbed
by solar effects (Poley and Van Steveninck, 1970). Van den Bou-
whuljsen (193}) offered the reasoning in using such measurements
to denote possiblé structural differences:

The flow of heat from the earth's center towards a fixed - .

point close to its surface depends upon the heat conduc-
tivity of the rock formations between the center and the
point and on the thickness of the different layers. One
may thercfore expect that a shift in the location and a
variation in the thickness of the layers, as may be nobt-
ed in various geological structures, would result in dife
ferences Of temperature, when measured across the struc-
ture at the same depthe The horigzontal gradient of the
temperature in a layer close to the surface, therefore,
should supply some evidence as to the atructure of the
wnderlying formations. The differences in temperature
must of course be of a magnitude higher than the diflfer-
ences caused by the inevitable errors in measurcmente.

The application of shallow-depth measurement has been made
towards the description of subsurface geology in areas of special
importance. Heald (1929), in a progress report, concludes thab
in central Oklahoma, for instande,vthe isotheﬁms'definitaly Yo
flect the reglonal geologic structure, ﬁhile Van Orstrand (1943),

summarizing the survey's results, states, ",,.evidence shows that

03 )

t@mperatufe variations have been found to be associabed with salt
domésp gsand lenses, faults and structures with both large and
small closure."

Talting into accouﬁt that the geology of the New lingland area
is besot by a series of deep-seatoed fault zones {see chanter IV},
tho abplic&tioﬁ of such shallow-depth témperature neasurenents in
conjunction with finding fault'traces would enhance the possibill-

ties of finding near-surface expressions of deep-seated faults and/
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or fauit tracey which maj be conduits of ground water with elew-
vated temperature; The sand Spring in Williamstown, Magsachusetbs
and Lobanon Warm Spring in Lebanon Springs, New York, are well-
known expresslons of ground water being warmed at depth and per-
colating along Lracture traces to the surface (chaptor V).

Poley and van Stevenineck, in a study of the delineation of
shallow gall domes and surface faults by temperature measuroments
at a depth of approximately 2 m, concluded that in several cases
strong thermal anomélies coincided with known~surfaoé faults and
that it was their opinlon that the method of 2 m depth therumal

measurements ig efficient in locabing fault traces as well as shal-

‘. °

low salt domes. Their qualitative reasoning makes the exisbtence
of a thermal anomaly of a given shape plausible over a surface
fault zones

Consider g surface fault in either consolidated or uncon-
solidated material., Particularly in the case of consoli-
dated materials, the heat conductivities of the Lormations
on either side of the fault will not differ much and can
effectively be taken as equal. This need by no means be
the case, however, for the fault zone itself. Owing to
the ghearing action along the fault; a zone of the forma-
tilons on each side may have been fractured and its original
texbure, porosity etc, may have been completely upset. 1L
seems veasonable to assume that such a fault zone has &
heat conductivity (Af) which differs from that of the sure
rounding formation (As)e Also, fault zone mineralization
may lead to AL # hse

When, under stationary conditions, an equal heat flow (q)
pervades the entire structure and dissipates to the (iso=
thermal) surlace, we get The following conditions at
depths g2z with respect to the surface in the undisturbed
zone (A) and in the faulbt zone (B).

: oA e = e DTA b oIRY. . Na ATB
At (A): g= =A" Z""‘; At (B)Q Q= ->\_[‘ A

Between the fault zone and its surrounding formations a
Gemperature difference © will be observed:
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O = ATR o AT, = UeliZ q‘@@zzqetgz L A8
@‘ LR Z:}a‘l.[\_. W + 5 P (1 =

CWith g=1.3 % 106 cal/emlsec; Az =200 cm and \s (benta-
tively) = 2.6 x 10-3 cal/cmesec ©C. In this case, 0 =
010 (4= 2a/xr) OC, It is obvious that whether the ob-
served temperature difference will be positive or nega-
tive, larger or smaller, is dependent on the ratio of
M/ e However, there i3 a complete lack of pertinent

data on this ratl?ﬁrom Poley and van Steveninck, 1970)

In a Mesa, California, survey, geobhermal btemperature meag-

urements mado at depths of 61, 122 and 183 m indicate that the

bemporature patterns change with depth, suggesting that ground -
water flow affects the vesults at shallow depths (Douze and Sor-
rells, 1972)« The Mesa survey was nobt intended to study shallow
depths in detall nor was the study on fault traces intended. The
suggestions about ground water flow and its effoobs wag, however,
augmented by the possibility that the water as itvcools will de-
posit some of the minerals heretofore in‘solution, thus decreas-
ing the permesbility. The lMesa arca is a prime study area for
geothermal wabter deposits due to tectonic activity. However, in
a study on the central and southern Appalachians, Diment énd Werre
(1960) noted that irreguler and low heatb flow values "abt less than
200 m depbths are probably the result of gfdund wafer movemnent .

To drill holes to a depth below the 1eve1‘of the annual Utem~
pergture variation, approximately a 20 m depth, involves heavy
costs for machinery and wages and~inéreases the time necessary
for survey. Since the possibilities of delineabting faults in the
New @ngland ares could well be linked to the diécovery of thoermal
groundwater, such a stﬁdy was carried out in the semi-rural area

of' Newbury, HMassachusetts, The location was Scobtland Road in Now~
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bury.
SCOTLAND ROAD FAULT

The Scotland Road Fault was inferred by A. Shride of the U.S.
Geological Survey (Shride, 1971) to have én easterly trend through
the towns of West Newbury, Newbury and'Newburyport, Hassachusottsg
Shride has interpreted the Scobland Road Fault to represent the
eastern portion or continuatlon of the Clinton-Newbury Faultby
which trends northeasterly for a distance of about 60 miles, from
the afea of Worcester, lMassachusetts, to project offéhore at Plum
Isiénd in Newbury, Massachusetts,.

A detsiled study of the fault zone in an open field owmed by
the Marion H. Marshall BIstabo was carriod 6ut in'June, 1974 to
- locate and examine the fault and its overlying Pleistocens depositge
The study done by the Public Service Company of New Hampshire and
Weston Geophysical Engineers, Ince. of weston, Massachuseltis. In-
formation‘pertaining to 1ocation,-makeﬁp9 localized goology and
geismic data has been graciously provided and is approprilately
referenced heréine‘ . A _

Geologically, the fault is very old (Early o Middle Penﬁian)
and tho albered and deformed bedrock materials in the fault zone
“are annealed and compadt@ Nine core borings define the fault zone
as being about 300 £t thick and dipping at about uuo to the north
adjacent to Scotland Rosd in Newbury, HMassachusetts (Rand, 1971) »
‘ALl The evidence compiled by and observed in the investigations
indicates that Pleistocene deposits overlying the Scotland Road
Fault have not beon subjeceted to disruption by faulting. It is the
intention of the folloﬁing data to provide an additional set of

reffercencoes oy the arose
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SHALLOW THERMAL MEASUREMENT.TECHNIQUE

In ezploration for shallow thermal sources, moasurecments of
temperature are sufficieﬁt. Practical experiments of such measure-
ments vsing standard thermometers have often been carried out with
some success, but the field procedures were. todious (Kremar and
Masing 1970) described a therma; neasurement btechnique using a
'thermigtor and an electrical bridges It seemod to meet require~
ments of casy, inexpensive and fast field operations with a high
degrée of accuracy and reproducibility,

In the shallow temperaturse mégsureﬁent technique being repor:
ted oﬁ, a Penwall thermistor was used as the sensing olement,
weighted down with a %1b (226 kg) weight of low thefmal conduc-
tivity. This thermisbor was mounted on a cable which was wound
around a portabie winche The total weight of the cable.and winch
is 68 1b (30,87 kg)e A Wheatstonoe bridge (Biddle=Gray model, cab.
J# 603108 « ser, # 1j0091) was used with a Keithley-type null detec-
tor, Tho total weight of the bfidge and the nullmeter is'about

5 1b (243 kg)e - |

The actual méthdd of measuring was bto record the time at which.
measurements were begun and finished at each hole. The ground sure-
face temperature was'detenmined and meésurements were made alb every
5 £t down the hole and every 10 £t uphole. In all eight holes the

woater table wag rolatively high (loss than 15 £t deeple. AL all of

surface. The measurements were carried out bebtween the dates of

October 28, 197l and Novembor 26, 197!, betweon tho hours of 11 L5

the holes at Scotland Road the water table was flush with the ground
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and 3:30 P,M. During the period of the investigations, the sun
shone every day and the weather was moderately mild fall New Boge-
land weathor with maximum temperatures in the quSOOF TaNEo .

There are four holes in the Scotland Road area reported on

herein, one at Wesbon Observatory, Weston, Massachuselbts and
three at Sceabrook, New Hampshire. Since geologic sections were
provided at Scotland Road by Wesbon Geophysical Engineers; Inca,

a morve dotaliled study was done in that arce.

*Ground cover ranged from no vegetation at Scotl%nd Road to .
dense vegetation at the Weston and Seabrook.sites. The holes at |
the Scabroolk -and Wesbon sites were kept open by metal pipes along
their entire depth, while those at Scotland Road were kept open
with PVC plastic plping.

There are two graphs of témperature'vse depth for every holo
except for S=1, a hole at Seabrook only 35 £t deep which was too
shallow to yield a reliable gradient trend. As previously stated,
'gradionts are not considered reliableAwhenvtaken at botbom~hole

depths. . Bottom~hole temperabures were therefore discarded in the

enlarged graphs due to thelr inconsistency. There are cases where
the béttom two oxr three values were also discarded in these graphg
for the same reason. The onlarged graphout of these gradients
indicabtes the number of values taken and shows the calculabion of
the particular "reliable" gradient,

In the scotland Road graphs, the materials found by Rand (1974

arc labelled at the avpropriate depthse
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TABLE: 61 |
CRESTSTANCE VALUES AT SCOTLAND ROAD

HOLE # SR~1 SRe2 SR-3 SRely.
DATE 10/28/77).  10/28/71 11/26/7L. 10/29/74
TLE 12130 PM 2:15 i 1:00 PH.  1:15 PM
CDEPTH (£t)DOUN UP DOWN _UP DOWN _ UP DOWH _ UP
0 1900 | 1975 2144 1923 1700 1920
5 1862 1906 1816 1823 1955 1931 1795 1810
10 1815 1790 1922 1911 1810
15 1798 1927 1818 1953 1919 1912 1820 1810
20 1828 1931 1937 1935 1903
25 1953 1962 1956 1957 1948 1950 1937 1931
30 o198 1961, , 1953 1911
35 1989 1989 196L. 196l 195l 195 1939 1939
1o 19608 196l 1951, 1937 ,
L5 1985 1981, 1963 1963 1953 1953 1935 1935
50 1982 ‘ 1963 1953 1935
oo 1979 1978 f 1952 1952 - 193L 1934
60 977 1952 - 1931
65 1976 1975 1951 1951 193l 1934
70 1974 1951 1933
75 1972 1971 1950 1950 1933 1933
80 1970 : 1932
85 1968 1967 o 1931 1931
90 1966 : 1931
95 1965 1966 v 1930 1929
100 . : 1929
105 1928 19208
110 : 1927
115 | ~ 1927 1926
120 . . 1925
125 192l 192l
130 ' 1923
135 ' : : , 1922 1922
110 : . : 1921
105, 1919 1919
150 1918
155 1918 1917
160 . : 1916
165 191, 1915
170 ‘ : : 1914

175 ' : 191l 1913
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PABLE: 62
ESTSTANCE VALUES AT WESTON AND SIBABROOK
HOL®E # We ] © S w2 5-3
DATE 11/13/7L. 11/5/71 /7770 11/12/7h.
TI¥E 185 A, 12:00 NOON  2:00 P.Me 2:30 PoMe
DEPTH (£t) DOV UP DOWN UP DOWN  UP DOWN  UP
0 1950 2013 1833 1906 2037 20l 1650 2059
5 1927 1892 1628 1910 2020 1898 1912 1941
10 1880 188 18%8 1860 1887 190L. 1890
15 1913 191 1860 1858 1877 1879 1866 1866
20 1961, : 1890 199 1917 1909 1912
25 2005 2008 1937 1939 1989 1972 1987 1986
30 2030 1979 2020 2022 2021
35 . 20L10 2039 1979 1979 206 2047 2037 2038
110 2040 2045 ‘ 20&% :
L5 - 2039 2038 206l 205l 2048 2049
50 2035 206 20,8
55 2031 2031 2052 2052 20118 2018
60 2027 2050 20l7
65 2023 2023 2018 2048 20l 20l
70 2023 205 2039
75 2013 2003 2036 2037
80 2001 2033
85 2038 2038 2031 2031
90 2035 2035 2028 )
95 2033 2033 2025 2025
100 2030 2030 2022
105 2027 2027 2019 2019
110 2025 2016
15 2022 2022 2013 2013
120 2019 2010
125 2017 2016 2007 2007
130 2011 2003
135 2010 2010 . 2000 2000
1010 2009 1997
1.5 2007 2007 1994 199l
150 2006 1991 :
155 . 1989 1969
160 1986 )
165 1985 1985
170 1983




'

ON-GRAPH-

S-SR SR

3

{ICE-CONVERS]

-
AT

URJ

1

S
*..

- T T
= e
= i

oy . -

FI,E
S

Al

ot

RATU

It

o~ : .
b L
= : .
!

whie

t‘l‘

o0

()



116

TABLIE: 6w3 |
TEMPERATURES (°C) AT SCOTLAND ROAD

HOLR # SR=1  SR=2 SRw3 SRely.
pEPPH(£E) DOWNUP DOWN  UI DOWIT UP‘ DOWN Ul
0 10420 9ol15 8a79 997  12.20 10,00
5 -~ 10,58 1061l 11.0lL 10,97 9,65 9,89 1125 11.10
10 11.05 11630 9,98 10,09 11+10
15 11622 9693 1072 9467  10.01 10,08 1096 10,80 .
20 10,92 9,39 9,83 9,85 10417 |
25 9.67 9,58 9s6l. 9463 9,72 9,70 9.83 9.89
30 '9636 9&56 9@65 9@79 .
35 9¢31 9.31- 9:56 9,56 9,66 9,66 9,81 9,81
lLQ 9932 9@56 . 9@66 9683
L5 9e35 9,36 9657 957 967 967 9.85  9.85
'5,0 9@38 99[)7 9«67 ’ 9@85
55 9ol 9eli2 9,68 9,68 9,86 9,86
60 913 9,68 9,086
65 eltly  9elyB 9,69 9,69 - 9,86 9,86
70 991"’:'6 ' 9970 9070 9&87
75 9.8 9,49 9.87  9.87
80 9.50 9,08
85 9:52 9453 9.89 9.89
90 9oL, 989
95 9.55 9,5 990 9.91
100 _ : 9091
105 9.92 9,92
110 9,93
15 9493 9.9l
120 9.95
125 9696 9,96
130 9.97
135 | 9.98 9,98
100 9599
145 ' . » . 10,01 10,01
150 . - 10,02
155 . | 10602 1002
160 . 10@0“
165 10606 10,05

175 10606 10007
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TABLE: G-l
THMPERATURES (©C) AT WESTON AND SEABROOK

HOLF; ,/]L‘ 1‘.,]”1 Sux1 sz S“‘B
Wi ‘ T e > T T P
0 9«70 9@07 10.;87 10a}+0 8@83 8&7() 12;70 8°61
5 993 10,28 12:92 10,10 9600 1022 10,08 9079
19 106140 10.36  10.72 10660 10033 10416 10430
15 10,07 10,02 10460 10662 103 1041 1065l 10650
20 9456 1030 9,26 10403 10,11 10,08
25 9,75 9,12 9.83 9481 9,31 9.i8 9433 9e3lL
39 8690 9oly1 9,00 8,08 8,99
35 8,80 881 91 9eL1  8Ba7l 8673 8,83 8.82
Lo 8,80 8,75 8,76
b 8.01 B.02 8,56 8,66 8,72 8.71
20 8.05 | 8.51 872
55 8389 8@.89 ' 896 . 8@68 8672 8*72
60 8.93 8,70 8473
65 8.97 8497 8.72 8.72 876 8e76
70 8.97 875 8.0
12 8,77 Ba77 8.8l 8483
80 8,79 8.87
85 8o85 8,82  B8.89 8,89
29 8.85 8.85 8,92
95 8@8? 8687 8995 8995’
100 8,90 8,90 8,98
105 8993 8693 9@01 /901
110 8.95 9,0l
115 8.98  8.98 9,07 9.07
120" . Q.01 . 9.10
125 9.03 9.0L  9.13 9413
139 9406 : Q.17 '
135 9410 " 9410 9,20 9,20
140 9ol 9,23
145 9020 9620 9.267 9e26
150 9ol 9.2
125 351 9431
160 ' 993)—}
165 9935 9435

170 | 9437




TABLE: 6-5

AVERAGT VALURS OF "RELIABLE" GEOTHERMAL CGRADIENTS AT SCOTLAND
ROAD, WESTON AND SHABROOK SITES

HOLE # '"RELIABLE" NUMBLER OF ARTTHHMETIC VARIANCE STANDARD

G%ﬁD%fMT MEASURE-  MEAN (a2) »DEVI&TION
BPTH  MENTS TEMP, (°C) x10™% 3
(£e) x107H
SRe1 65 = 90 6 9,490 1l 3717
SR=2 30 - 145 I 94563 025 50
SR-3 L5 = 70 6 9,680 8 Qgehp
SRelj, 90 = 150 13 96951 - T4t Li7.25
Wel 45 = 65 5 86890 1.0 632016
S=1 (none) 0 e 2 v o - exen
-2 65 = 130 10 8.868 120,02 1095,57
-3 85~ 150 1k 90089 168,13 1296467

Gradients were congidered relisble within intervals of stabile
ization at depths below diurmal and seasonal fluctuation and
excluding bottom-hole readouts,
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CONCLUSIONS it
Much of geothermal technology in the United States is still 3

underdeveloped simply because Americans have not yet had to rely

greatly upon geothermal energy for for domestic usage of healt or
eﬁergye The depletion of fogsil fuels and the resulting steady
drain on related indusﬁries underscores the'need for increased
research and development,.

Legally, geobhermal energy occupies an untenable position.

Judicial action will be necessary to classify geothermal energye.

Presently‘it has not been legally determined whether geothefmal

enorgy sources should be classified as water, gas or a mineral.

Definite decisions in this area are nceded to determine btax and
ownership status along with economic considerations assoclated
with utilization. Different types of geothermal resources have
unique problems concerned with localized geology, environmental
impact, reglonal geography, projected power output and other as=

- sociated questions.

In the greater New England area more data are needed con-
" cerning heat flow in intensely faulted zones and geologlcal and

goophysical analyses of natural and thermal spring systems. o

such concentrated rosearch has been done, There have been no

heat flow studies made in vital faulted zones of the Taconic,

Green Hountain and Berkshire systems, nor along the Clinton-New-

- bury, Bloody Bluff, Mystic or other fault zones of southeastern
New England, The thormal springs of tho regibn have not been ana-

- lyzed for gedthermal potontial at depth by such methods as silica
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and gas porcent or by Ca-Na-K ratios, which are coﬁsidered standard
invosﬁigations of thermal spring waters the world over. Indeod, d
reliable geologic, and tectonic map of these arcas does not present-
ly exist, The area has not been geologically mapped since Dale's
work in 1923, |

vDespite this lack of information the author concludes that the
two thermal spring systems of the New ingland area display definite
geothermal potential, as does the Conway Granite. The thermal
springs, Sand Spring in williamstown, Massachusetts and Lebanon
Warm Spring in Lebanon Springs, New Ybrk; have potential for domes-
tic heating purposess. The exact extent of their heabing capabili-
ties is subject to some amount of debate but theirs is the range
of tem@eratufe which has been successfully utilized for the heating
of swimming pools, biodegredation, fermentation processes, wqrming
ﬁater for year-round mining in cold climates, de-icing, hatching
and farming of Ifish and shrimp and sbil'wanming for agricultural
and horticultural purposes. There is also the possibility thab
there is mixing of the thermal water with cooler ground water near
o the surface; thereby diluting the heatlcoﬁcéﬁﬁrabioﬁs to those
obqerved@. The subthor has identified what may be an extensive ther-

mal spring system which appears to exist along a contact of Stock-

bridge Linestone with both the Berkshiro sohist and the Cheshire
Quartzite formations, |

The high_heut flow observed in some arcas ol the Conwaj Gran=-
ite in New Hampéhire is an indication that geothermically usecful

heat will be reached by drilling to a depth far less than in areas
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of normal heat flow.v One estimate of the amount of heat in the
Conway Granite is thalt the heat at a depth of 10 lkun was about
MOO?C before the intrusion of the White Mountain Volcanic-Plu-
tonic Series approximately 185 mey. ago (Birch ef-ale, 1968),

In the same study the assumption was made that a layoer of Cone=
way Granite 10 kmlthick would gencrate all tﬁe heat now coming
to the‘surfaCé in north—oentral‘ﬁew Hampshire (See figure 5-1).
The estimabtes are sald to be in rcasonable agreement with those
of Joyner (1963) for the thickness of the Conway Granite required
 to eiplain the White lMountain gravity low, ' | |

Tho radioactivity r63ponsib1é for the high héaf flow in the
Convway Granite is also responsible for interest in its mineral
potential., In January of 1975, New Hampshire Governor Meldrim
Thompson Jr. asked the Unibed States Interior Department to fund
a study of the mineral potential of the Conway Granite. Uraniunm
and thorium, along with columbium, fluorite, berylium, tin, iron,
‘feldspar, quartz and scrap mlca are to-be studied for possible
extraction (Jarvis, 1975).

Hopefully théée-gebthermal pbssibilitias in the Few Englend
ares, ﬁill be further investigated for addition to the area's sup-
ply of enorgy sources. Investigations of this sort will not only
be important scientifically but will benefit the community and
will have important economic benefitse. As an alternate source of

energy, the demand for such can only become groaters -
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