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Geothermal Energy

11.1 Physical Terms

11.1 3@ 23
1111 #BAGE HREE  HREERA
A TP IR G R A2 R E o
7 FB R AP AR 2 R R R
papd A AR EEL 2 BT

g

F oo B IR LG
0.06J/ (m2s)
(3£) 1HFU (# 7 ¥ =) =4.18x10-6)/
(ecm2s) 2 ¢ » T34 HHEE 5
15HFU -

2 L 3ap B4R

11.1.2 RERPR

i’h‘,y\;{

:um”vra-l'_}_/%

By
PURR R R e o T A2

# R4 0.03K/m & 30K/km

1113 ¥ #UEE B
AR RR 2 FH T A2 T
# ‘«r)ii ¥ B % 33m/eK

T
=

11.1.4 3 £ s
B B ATy EL o B Y - A2 30
A Ar: - HER R (B4 100C) #f
Bz 28 -
(GL) S 373 7 2E B RA -

11.1.1 Terrestrial heat flow: geothermal flux:
geothermal flux density
The flow of heat traveling from the interior
of the earth to the surface of the earth, in
consequence of the higher temperatures
prevailing in the interior arising from the
natural decay of radioactive elements in the
earth’s crust and residual heat in the earth’s
formation. The mean terrestrial heat flow
at the earth’s surface amounts to
approximately: 0.06J/ (m=23s)
Note 1 HFU (Heat Flow Unit)=4.18x10-
6J/(cm2s),giving a mean terrestrial heat
flow of approximately 1.5 HFU.

11.1.2 Geothermal gradient; geothermal
temperature gradient
The increase in temperature per unit depth
through the crust and upper layers of the
earth’s mantle in the direction of the centre
of the earth. The averge temperature
gradient near the surface is approximately:
0.03%K/m or 30K/km.

11.1.3 Geothermal depth gradient
The reciprocal of geothermal temperature
gradient. The mean value for geothermal
depth gradient near the surface is
approximately: 33m/%

11.1.4 Geothermal potential
The quantity of heat that can be released by
cooling a given volume component of the
earth’s curst at a known location down to a
specified temperature (e.g. 100<C).
Note This term is not to be confused with
geothermal energy potential.




11.15 ¥ # 2 F 11.1.5 Geothermal anomaly
FPRAEREFRAMAGEETIOE BF Conspicuous deviation of geothermal
ZES- I temperature gradient or heat flow from
average values.
11.1.6 MF %3 M ® B 11.1.6 Low-temperature area: semi-thermal area
BB R MY 100 Kikm 2 B o # Area of geothermal potential with
Here W B o temperature gradients less than 1009</km.
1117 3R % ¥ 5 E#H® B 11.1.7 High temperature area; hyper-thermal area
B R PR B 100°K/Kkm 2 £ = 4R Area of geothermal potential with
o W i oo temperature gradients greater than
(3x) 1116 & 1117 #r22 %A 100K/km.
iy ERRI 2R A G 8RR Note The classification of areas as defined
12 802K/km E A AR o in11.1.6 and 11.1.7 is not recognized in
some countries, while in others the
dividing line is taken as 80K/km.
11.2 = F &3# 11.2 Geological Terms
11.2.1 # :Fft 11.2.1 Magma
PENBEET Mass of molten rock within the earth’s
crust.
11.2.2 # :Fft F (R) 11.2.2 Magma-chamber
AP :ﬁ%a A - An in inclusion of magma in the earth’s
crust.
11.23 LY.L ¢ 11.2.3 Lave
E e A2 4 Jf: GEmAE -~ IE) Magma that has flowed to the surface of
B Lo e M A S Kk (8 E the earth, at first in the molten state but
ArEL o BTNl Rl BT becoming solidified after eruption from a
2 EFF MRS W B SV 8T vent (effusive rock, eruptive rock). The
i darm R o rock ranges from basic to acid; when
solidified it is generally vesicular due to
the escape of gases during solidification
and sometimes has a glassy appearance due
to rapid cooling.
11.2.4 7= # 11.2.4 Pluton

Hot rock at varying depths. In cases of
geothermal anomaly this rock may be
relatively near to the surface.
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11.2.5 Fumarole
Hot spring or pool from which gas and
steam from active volcanoes and from
streams of cooling magma are vented at
temperatures above 100<C.

11.2.6 Solfatara
Hot spring or pool venting sulphur-rich
gases.

11.2.7 Geyser
Hot spring that ejects steam and hot water;
many geysers erupt at regular intervals of
time. (See also 11.3.2)

11.2.8 Batholith
An extensive formation of plutonic rock
mostly granitic, that has intruded while in
the molten state into the earth’s crust and
has solidified there, without reaching the
earth’s surface. Batholith is a term defining
a particular manifestation of pluton.(See
11.2.4.)

11.2.9 Hot dry rock
Rock that for the depth at which it lies is at
higher than average temperatures
(geothermal anomaly)and which due to
lack of porosity or lack of fissures does not
contain water or steam inclusions.

11.2.10 Aquifer
Formation of permeable, water-bearing
rock.
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11.3 Evaluation Criteria, Occurrence and Deposits
of Geothermal Energy

11.3.1 & #5148

11.3.1 Geothermal fluid
The dry steam, wet steam or hot water,
together with dissolved and entrained
substances, conveyed or flowing out of the
earth’s crust.
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11.3.2 Geothermal steam field: geothermal steam
reservoir
The occurrence of steam in underground
structures that has been generated as a
result of geothermal anomalies but which,
due to enclosing strata, cannot escape or
can only escape in negligible
quantities.(See also 11.2.7).

11.3.3 Geothermal hot water field: geothermal hot
water reservoir
The occurrence of water in an aquifer that
is heated by the surroundings and that is
maintained under a hydrostatic pressure
greater than the saturation pressure so that
no steam phase forms.

11.3.4 Thermal waters: geothermal warm water
reservoir
The occurrence in geological structures of
warm and hot water at a temperature below
that of saturated steam at the prevailing
pressure.

11.3.5 Water inclusions: geopressurised system
Water locked in between layers of rock and
maintained under lithostatic pressure.

11.3.6 Hot lava
Geologically recent lava-fields with high
rock temperatures, i.e. up to approximately
1200<C.
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11.4 Technology
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11.4.1 Geothermal power station/plant:

geothermal heat station/plant

A geothermal power station or plant
converts geothermal energy into electrical
energy. A geothermal heat station or plant
makes geothermal energy available as heat
only, e.g. for space heating and process
heating.

Note The temperature of the geothermal
fluid determines its potential application,
namely:

up to 80<C — space heating,

up to 1509C — process heating and/or
electricity generation,

over 150C — electricity generation.

11.4.2 Single bore-hole technology

The simplest system for the exploitation of
geothermal energy, in which naturally
occurring geothermal fluids are produced
from a single bore hole and, after
extraction of the available energy, the
fluids are discarded at the surface. (See
note to 11.4.4.)

11.4.3 Single bore-hole (concentric pipe)

technology; down-hole heat-exchanger
technology

Process for exploiting the potential of
geothermal energy with the use of a single
bore hole in which the bore hole is fitted
with twin pipes, generally concentrically
arranged, the heat-transfer medium (water)
being fed to the geothermal rock formation
through the inner pipe and returned to the
surface through the outer pipe; in the case
of the down-hole heat-exchanger
technology, the system is a closed one.
(See noteto 11.4.4.)
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11.4.4 Dual (multi) bore-hole technology
Process for exploiting the potential of
geothermal energy with the use of two (or
more) bore holes, in which the cooled heat-
transfer medium (water) is returned to the
geothermal rock formation through at least
one of the bore holes.

Note The number and arrangement of bore
holes employed are dependent on the
temperature and pressure conditions and on
the chemical composition of the
geothermal fluid serving as heat-transfer
medium.

11.4.5 Hot rock technology
A process of extracting useful geothermal

Bk By 2 E e energy by the injection of a heat-exchange
medium (water) into hot dry rock.
11.4.6 % A i 11.4.6 Hydraulic fracturing
Fow R B A2 B o § o The fracturing of rock formations by
EA R (Baer) ) 2001~ R hydraulic pressure, sometimes
RRATERA M FHE o (%% 1152 accompanied by the injection of propping
¥ 575) material (e.g. sand) to hold open the
hydraulically induced fracture. (See also
11.5.2and 5.7.5.)
115 M7 &3 11.5 Additional Terms
1151 & #ins e f 11.5.1 Impurities content of geothermal fluid
BAGEY Ve L AR 7R fER Substances in chemically combined,
2 4 o dissolved or undissolved state that are
(32) & £ MR AR - BARE £ contained in the geothermal fluid. Note
BEFELE REREE g - FF o The impurities content of the geothermal
77 N EHP M FARE R B fluid is a factor that may seriously affect
o TP RFELTRALFGEE - the economics of exploiting a particular

geothermal field. Fluids with a high
minerals content can involve special
effluent risks and have corrosive effects on
commercial plant. (See also 11.5.3.)
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11.5.2 Enhancement of permeability
Process aimed at improving flow
conditions for the heat-transfer medium.
(See, for example, 11.4.6 and 5.7.5.)

11.5.3 Re-injection
The return of water to an aquifer after the
extraction of its thermal energy, for
prevention of environmental pollution due
to the mineral content of the water and/or
for maintaining stable underground
conditions of pressure and supply. Water
from another source may also be injected
for the latter purpose.

11.5.4 Toxic/corrosive gases
Naturally occurring gases that may be
associated with the geothermal fluid and
that have corrosive or toxic characteristics,
e.g. H2S,HC1, HF, NH3,etc.

11.5.5 Salinity
Dissolved salt content of a fluid, often a
characteristic of geothermal fluids.

11.5.6 Hydrogeological flow the movement of
underground waters.
Geothermal flow arise as a result of
pressure and/or temperature differences
and they produce convective heat transfer.




