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This publication is an introduction to the geology and
development of geothermal resources around the world,
with a strong focus on electrical power generation
from very hot water and steam. It also covers some
other historical and modern uses of geothermal waters.
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Lisa and Juson were flying to Northern
Cdiliforniu from New Zeulund to visit their
Aunt Helenh und Uncle Frunk in Cdlistogu.

On the plane, the flight attendant
served them bottles of minerul wuter.
As he drank, Juson reud the lubel.

T,
2

The plune pussed near Cdlistogu.
Lisu and Juson sauw white puffs rising
from rugyed, green hillsides.

"‘Below is The Geysers yeothermul field,"
suid the pilot, "the largest in the world.
Electricity is made there with enhergy
from underground steum.”

"Look Lisu,
this water
comes from
Cudlistoga.”
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"Where does the steam come
from? | hope we cun visit The
Geysers und find out."
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Lisa and Juson prepdred to land.

Uncle Frank, we drank mineradl
wuter from Culistfogu.

hd we flew over stfeaming mMountadins. |

Have you ever been to The Geysers
ygeothermal field?

Could you tell us ubout
geothermal energy?

A F

Uncle Frank and Aunt Helen met them
dt the dirport.

@
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Yes, I've been hre many times. Your Aunt
Helen is a geoloyist. That’s where she works.

A
NN =

What does
‘geothermual’

Mmeuns
‘earth,”
und
"thermul"
Mmeuns
"heut."
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(Oh, yes. Even ’rhough\
it may be cold out-
doors, the deeper in
the edrth you yo, the
hotter it gets, dll the
way to the center,
ubout 4,000 miles
below us. Enough
hedt is in the earth
to supply our enerygy
needs for millions of
yedrs. Some of this
N hedt is shallow
\enough for us to use. )

"Geothermal" meuns the
"heut from the earth."

R \‘_‘4'} —_—
NP
.

P
—— "\
E‘""

Y

)

€

3

)
&

>

O

—

5
7
RLQ
; -~
70

N SRR\t
\\\i\\ N N

/
/i /
,
iy
m

/J;;/// / /7/ S \)

TN <

‘Even in oil fields,
wduter and oll
pumped from
wells over 2 miles deep ure ulmost us hot us boiling water,"
suid Aunt Helen, us she lifted u pun of egys from the stove.

"In fuct, the inside of the eurth is something like the

Son
Francisco N

"‘Below the crust is the white of the
. o eyd, the puart of the earth we cull
crys’r ofl’rhe eurth. The shell, or crust, is ubou’rIS the mantle. It is ubout 1,800 miles
miles thick under the oceuns und up to 35 miles . . :

. ) ] thick, the distunce between San
thick under the lund. The crust gets hotter the Francisco and Chicago. The mantle
%ereepceerryo]%ég?e;ﬁbou’r 2 degrees Fuhrenheit (°F) ends ubout hulfway to the center

Y ' of the earth.”
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Our eurth is like a budll
8,000 miles wide, mudg of
fhe crust, and hotter still. | | &Y hot materidl moving

The eurth’s center is fhrough space.
culled the core. It's the \
hottest part of dll. The
core, unlike u yolk, has
two puarts. The outer
core is muinly melted
iron, und the inner core '

Rocks in the mantle are
different from those in

K///Z///////

—| "Each piece, cdlled u plate, has a hame. There ure 7 very large plates
und ut leust 12 smuller ones.”

= sodn
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AQUMEUL

, Uy
is mainly solid iron. The | ((The earth’s ““Q\ =~ N
temperuture ut the very crust is like an - [y Ao
center of the eurth may overcout, It |,
reuch over 9,000°F. does u prefty | \u v }
J | yood job of =\
keeping the I
hedut inside. W
V7 / 77 A ~
"That’s right, Jason., /4//% "t ken into L
The eurth’s crust is ///% It’s broken info pieces
, y ~ | like this shell.
cracked. . %
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| ‘Like the steum rising through the cracks in the shell,
streams of hot melted rock, called magmu, rise through

‘Some of the mugmau redaches the surface, where it’s cdlled lava, The lava cools
and hardens uickly, forming fedtures like volcanoes und lava flows. The magma
still underground cools und hardens much more slowly. For a lonyg time, maybe
thousunds of yedars, it heuts hearby rock und water.”

"The hot underground wuter is
culled geothermal wuter.

"If the water flows up to the
surface, it's a hot spring. If it
spurts out like u fountdin, it's u
geyser. If it puffs out us steaum,
it’s a fumarole.

'Sometimes the yeothermual
water stays underground,
frapped in the hot rock. Now
it’'s u geothermul reservoir.

"In Cudlifornia, we have hundreds
of hot springs und fumaroles,
and mMany geothermal reservoirs.
Geothermal resources like these
ure found uround the world."
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we cun enjoy them for their beauty
und use them for eneryy

When the resources ure heurby

Most people don't know
dbout geothermal. They
know Mmore dabout oil, codl
T

atural gus, hydropower,
und nuclear power.

= i
= Around Cudlistogu, we use geothermual resources in muny '
= ways. Tomorrow, if you'd like, we’ll show you what they are N
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The next morhinyg, the four drove dlony a country roud
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Hot springs like this have been on
\the eurth for thousunds of yeurs.

‘ \‘\:‘:- k‘;Y\\\c"g ”’:' ?\ =

"Like other people uround the world, the Nutive Americun Indiuns und
eurly settflers bathed in them, souking awuay aches und puins.'

'"People cooked in the hot

springs, too. In some countries, »
; ek ; 2y
they’ve collected minerdls like el i . ////
boron und sulphur from hot ) Z % 7

springs that dried up."

"About 125 yeurs uyo," suid Uncle
Frank, as they returned to the cuar,
‘loeople in Culistogu udvertised
the hot springs aund built hedlth
resorts. Soon, the hot springs
weren’t lurge enouyh for dll the
tourists who cume. So wells were
drilled to reach more hot wdater,
und pools were mude to hold it."
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"Today, some of the old resort pools
are sfill in use," suid Aunt Helen, "and
mauny hew ones huve been built.

for centuries -- not only here, but
around the world, in places like
Mexico, Europe, Jupun, und nheur
you, in New Zeulund."

Resorts like these have been populur

‘Some cooled geothermual
wuater is dlso culled minerdl
water," Aunt Helen said, 'like
the water you drank on
the plane. The chemicdls
and minerdls are different
in Mineral water from the
wdter we use every day,
Some people think that
Mmineral water is especiully
heulthful."

"How else is geothermal water used, Uncle

Frank?" asked Jason.

"For heuting buildings
unhd houses like ours,

for heuting soil in
cold climu’res,

Through the uges, people huve

found Muny ways to use nuturul hot

wuater," suid Uncle Frank.

l\\\ h “‘nnbur T

for heuting businesses
like greenhouses und
food-drying plants,

\\
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"Around the world, we hedt many buildings
with geothermal water, A good example is
Reykjavik, the cuapitdl of Iceland. The entire
city is heuted with pipelines of geothermdil
water. Reykjavik is one of the clednest
cifies in the world because no oil, gus, or
coul ure burned to heut it."
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4 How else ure yeothermul
\resources used?

' "We cun muke electricity," suid Aunt Helen, "when gyeother-
mal water is around 1-1/2 times hotter than boiling water --
ubout 300°F or more. A good pluce to tulk about geothermal
eneryy is ut The Geysers yeothermal field, which you saw
from the plune. Let’s gyo there now."
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After d short drive, they stopped the car on d ridge
overlooking the geothermdal field. White puffs of steum
billowed from power plunt cooling towers und from
geothermul wells.

SSENINTTETITES S

"Electricity is made inside power plants
like these," suid Uncle Frank, pointing to
u building on the hillside.

\\\\\

R s
N \\\\\\\\\\\\’\‘ﬁk\\\.\'\\\w

"In the power plunts, stfeam pushes
aguinst a wheel with fan-like blades,
culled u turbine."
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"The force of the
steum turhs the turbine und u
Mmuchine uttached to it, culled
u generator.”

"Mechanicdl energy from the spinning turbine
is chunyged into electrical eneryy inside the
generutor. The electricity is sent through lines
that lead to our homes. In Most power plunts,
nutural gus or coul ure burned, heuting wuter
to mauke steum. In yeothermal power plunts
the steum is nhatural. Nothing is burned to
produce it, so the uir stays cleuner.”

o
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"I see!l The steam that turns the furbines
comes from the wells!" exclaimed Jason.
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Helen. "The wells at The :
Geysers ure drilled into .
rocks holdinyg stfeum. Buft, | -
yeothermul reservoirs

holding so much steum
are rure."
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"Most geothermul fields
uround the world have
wells drilled into reservoirs
of hot wuter. Steum is
maude from the hot water
in one of two ways."
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At power plunts called o Torone
‘flash” plants, the pressure T

is lowered on the hot
water when it reaches the
surface. This mukes some
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of the hot wuter suddenly \ﬁiia o

"At “binary’ power plants, the hot
water transfers its own hedt to
another liguid in a sepurate
pipeline. The second liyuid boils
to a vapor, like steaum. The vapor
is used to turn the furbine.’

change -- or flash -- to vapor —
steum, which is piped to
5| the turbine.”
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"More ways dre beinhyg studied to produce
electricity from geothermul resources,”
4 suid Aunt Helen.

"Toduay, electricity is generated from
geothermal enerygy in over 20 countries.”

What are they?

'‘One wuay is to drill two
wells info hot rock holdiny
little-or-no steum or wuter.
The wells ure connected
through cracks in the rocks.
Cold wuter is pumped

"People are working at driling
directly infto magma. Cold
water pumped down the well
would hedt up, und the hot
water would be used ut the
surfuce o muke electricity."

down one well and
brought up the second
well us hot wuter. At the
surface, the hot water is

"We dre ulso developinyg
another type of well, cdlled G
geoypressured well. This well is
both a geothermal und a hat-
ural gas well. It's drilled info ¢
reservoir holding hot water
and natural gas under very
high pressures. When the hot
wdater and naturdal gas reach
the surface, the gus is sold

Pagraa nardens
o rodk
around 4he well

7 - —

"Of these studies, hot rock is the most promising. We cudll it
EGS, which meuns enhanced geothermal systems.”

used to muke electricity." I und the hot water is piped to
=\ d binury power plunt, Here it
_ - | boils unother liguid, which
‘ 2 ~ - |'turhs info vapor thut spins the
mm:ﬁj ~- | turbine, mukiny electricity.’
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Where we muke yeothermdi \\\\\\ .
electricity today, we start by driling &\\g&\\\\

a well intfo a geothermal reservoir. §

(Are reservoirs hard to find? =t eraiae i B
ZESSE
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It’s not eusy. You cun’t see them
from the surfuce. Some nuturdl

reservoirs ure over 2 miles deep. | R e
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AN

"Reservoirs look
like this."

"Hot wuter und steum dre in
very finy, connhected spuces
between rock gruins, or in tiny

\ ‘ = \ rock crucks, culled fructures.”
— SN |
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"At leust 95 percent of the hot water in geothermal reservoirs
beyins us cool ruinwuter, frickling down through the eurth.
A little of the hot wuter muy come from the maugma.”

"Here, hot wuter und g
steum come fothe |- e e qj
surfuce us hot springs [ oo ‘\..-*'\\\\\\\\\(}\
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"| see!" Lisu said. "The rainfall
continues to refill the fractures
and the spuces between

the hot rock yrains.”

h 5

/'

"Yes," suid Uncle Frank, "and
the hot rocks continue to
heut the rainwuter.

"This is why we cull geothermal energy renewuble. Geothermal reservoirs cun be
used over und over, muybe for hundreds of yeaurs. Coul, oil, hatural gus, and other
Mminerdl resources ure hot renewdble. They dre used once und yone forever."

[A

re geothermal reservoirs
nedr hot springs?

v

‘Sometimes. Hot springs, fumaroles -- dll are signs,
but not proof thut u reservoir is hear," suid Aunt
Helen. "Specidl scientific information and tools
help us discover the reservoirs."
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hel spring, €
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"We draw majps from
geophysicul information

i} to learn more ubout the

| locution, shupe, size, und

4 temperature of the reservoir."
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"We dlso study the chemistry of
steam and water from fumaroles
and hot springs. This helps to tell
us the reservoir temperature and
chemistry, whether the reservoir
holds hot wdater or steum, and
where the wdater enters it."

are drilled over it. Next, the well temperatures
are meusured. If we think g geothermual reservoir ,
is big enough and hot enough, work beyins."

r "To help learn the reservoir depth, shallow wells \ \

Usudlly an environmental study

' % must be mude. //
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"A description of the site us it
is now, the natural und mun- _
Mude Jreus, und u description -z
of how the site will be
chunged by the
project.”
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Often u governmental uagency leuds

the study process. T
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... U compuny or other group cun receive
a permit to drill geothermal wells."
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ygeothermual well?

First, a drilling rig is pluced over the well
site. The tdll mast supports lony lengths of
drill pipe fastened to the drill bit.

) C

The bit is lowered to the yround und
turned us it presses uguinst the rock.
As it turns, rock is chipped away.

i 2 ’_;‘\ N :h—“‘]/'-:\“:"" -.\ ‘(
34 How do you drill u)
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gl 'Driling fluid, ulso culled driling 48y | | g /,\l‘i*ﬁé Zy S IR
7| mud, is pumped through the o= (i % \@EZ\/@\\// = §//4/,\,
5| drill pipe. At the bottom of the SFAUSEAN=\ :@\_AQS_-@_'N_/E-_‘\ =ieZas
=| well, the driling mud flows out  |=3 e — == — =
=| through the drill bit and returns | == - — = = ==
—| tfo the surfuce between the — e — — _— — — — — —
=| outside of the drill pipe und —— ————
= the well wall.” —— | ———

W‘?\ S

| "Driling mud is very important. [ ‘ IR B A : T
| It brings the rock chips back |- R RS DR

-| fothe surface, cools the S b dlling

-1 drill bit, und cukes the sides |7 -\ e e Y med g i

| of the well. The mud cuke N e f‘”g\‘; = pipe

1 keeps the sides of the well [ 77 L SRR SR ' . £

—

RS

Y sorfoce (T2 N8
| from caving in until steel R ZAN
| pipe is put in pluce. The R Z N\
| weight of the mud keeps ZANG
| any water in the rocks from ZAN
| flowinyg to the surfuce."
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\\\ "Are there other ways to drill wells?" usked Jason.
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"Yes. Geothermual wells drilled into steam
reservoirs are drilled with both mud und
dir," Uncle Frank said. "The mud is used
first. Then dir at high pressures is used
when the well reaches the fractured,
hot, reservoir rock filled with steam.

"If mud were used here, it would pluy the
cracks. Then little or ho steam could be

‘The high femperufurea

in some yeothermul
wells make them

difficult to drill. Speciul

eyuipment aund

drilling mud ure used

for these wells.

J

produced.”

%l

Drilling wells sounds
hard. Is it dangerous?

'No. The sufety record is excellent," —
suid Uncle Frank. "Compuny
drilling experts, modern eyuipment,

prepared for production.”

"After a well is drilled, it is tested. If the geo-
thermal resource looks promising, the well is

und laws enforced by many
agencies have done u good job
of protecting people, surface
dreus, und underground
resources."
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'If not, the well is pluyyed und
ubundoned. This mMeuns it’s
filled with cement und mud,
und curefully seuled off."
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"We're still learning how to use geothermal
enheryy," suid Aunt Helen. "There’s so much of
it dll over the world. We could be using ud lot
more. Geothermal eneryy hus u greut future.
We know it will last a lony time."

0027
i 3




Geothermal Region

Geothermal Resources comic booklet 2009 4/6/09 2:49 PM Page%

s Worldwide

Map courtesy of Energy & Geoscience Institute, University of Utah. Adapted by the Geothermal Education Office.

Generating Electricity with Geothermal Resources

Australia
Austria
China
Costa Rica
EI Salvador
Ethiopia

France (Guadeloupe)
Germany

Guatemala

Iceland

Indonesia

Italy

Using Geothermal Resources Directly

Japan

Kenya
Mexico

New Zealand
Nicaragua

Papua New Guinea

Philippines
Portugal (Azores)
Russia (Kamchatka)
Thailand

Turkey

United States

hot spring bathing, fish farming, agriculture, heating, food processing, and more...

Algeria
Argentina
Armenia
Australia

Austria
Azerbaijan
Belgium

Bolivia

Bosnia & Herzegovina
Bulgaria

Canada
Caribbean islands
Chile

China

Columbia

Costa Rica
Croatia

Czech Republic
Denmark
Djibouti

Egypt

EI Salvador
Equador
Eritrea
Ethiopia
Fiji

Finland
France
F.Y.R. of Macedonia
Georgia
Germany
Greece
Guatemala
Honduras
Hungary
Iceland
India
Indonesia
Israel

Italy

Japan

Jordan

Kenya

Korea
Lithuania
Malawi
Mexico
Myanmar
Nepal
Netherlands
New Zealand
Nicaragua
Norway
Panama

Peru
Philippines
Poland
Portugal (Azores)
Romania
Russia

o

Slovak Republic
Slovenia

Spain

Sweden
Switzerland
Taiwan
Tanzania
Thailand
Tunisia

Turkey

Uganda

United Kingdom
United States
Venezuela
Vietnam

Yemen
Yugoslavia
Zambia

and others...
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