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ABSTRACT

In 2008 the conceptual model of the Krafla geothermal field
was revisited by a large group of scientists from various
disciplines considering a range of new data. The new
conceptual model confirms the large scale understanding of
the reservoir mechanism but has provided a great increase
in knowledge about the detailed structure of the reservoir.
In connection with the development of a new conceptua
model, geological, geochemical, and geophysical data from
the Krafla geothermal field have been compared using the
PETREL software. Estimated formation temperature has
been used to form a 3-D temperature model for the studied
area which forms the basis for a new volumetric assessment
of the geothermal system.

The most important factor in the volumetric assessment is
an estimation of the volume of the geothermal system.
Resistivity data is used to determine the maximum surface
area of the system and how the temperature is distributed
within the estimated volume of the geothermal area. Other
reservoir parameters and their uncertainties are determined
on the basis of the recently developed conceptual model
and volumetric calculations are carried out using the Monte
Carlo method.

The volumetric assessment is cal culated with two different
temperature estimation schemes. (1) With the traditional
method of assuming that the temperature only changes with
depth and (2) by constructing a 3-D temperature model of
the system. The estimated production capacity of the
geothermal field is similar for the two methods. This
supports the method and suggests that in genera the
simpler model gives a fairly good estimate of the
production capacity.

1. INTRODUCTION

The Krafla geothermal area is located in northeastern
Iceland in the caldera of the Krafla central volcano. The
caldera, 8x10 km, and the fissure swarm that is associated
with the centra volcano are shown in Figure 1. The
Namafjall geothermal area is also located on the Krafla
fissure swarm south of the caldera but in this paper the
focus will be on the Krafla geothermal area.

The first geological research in the area was carried out in
the years 1969-1973, and the first experimenta drilling in
1974 with two wells reaching to the depth of 1200 m. In
1975 the decision was made to drill production wells for a
60 MWe power plant. The same year the Krafla fires
started, lasting until the year 1984. The power plant was

completed in 1977, but the available steam only sufficed to
produce 7 MWe. This was due to the unexpected nature of
the geotherma system that consists of two geothermal
zones, one water dominated and another partly boiling
(Stefansson, 1981). Therefore the production characteristics
were quite different from water dominated systems that had
previously been utilized in Iceland. It was not until 1999
that the production reached the power plant’s full capacity
of 60MWe. At the time atotal of 36 wells had been drilled
reviling the complex nature of the geothermal area, which
can be divided into different zones on the basis of different
chemical composition of the fluid.

Since the year 2006 plans have been on the drawing board
to produce more power from the Krafla geothermal field. In
2007 and 2008, six more wells were drilled in order to get
more steam for power production. In connection with these
plans the conceptual model of the area has been revisited.
The original conceptual model of the area was developed in
1977 and is described by Stefansson 1981. Some years later
Bddvarsson and Pruess (1982) developed a more detailed
conceptual model for the geothermal field and constructed
the first numerical model of the geothermal field. The main
structure of this conceptual model is still valid but the new
conceptual model includes a more detailed description of
the reservoir.

In 2008 a total of 42 deep wells had been drilled in the
Krafla geothermal area. All the wells are located within the
Krafla caldera. Formation temperature has been estimated
for al the wells and is used to construct two different
temperature models of the geothermal area, one where the
temperature changes with depth and another where the
temperature changes in 3-D. The two temperature models
are then used to estimate the production capacity of the
geothermal area with simple volumetric calculations.

2.VOLUMETRIC METHOD

To calculate the heat contained in the geotherma system
we integrate the heat capacity and the temperature over the
volume of the geothermal system.

QzﬁC[T—TO]dV )

Where Q is the heat contained in the system, C is the heat
capacity per volume T is the reservoir temperature and Ty is
the reference temperature. For example T, could be the
temperature at the surface (the mean annual temperature). If
it is assumed that the heat capacity and temperature are
homogeneous in the horizontal directions and that they vary
only in the vertical direction, the heat content of the system
can be calculated by intergrading the heat capacity per unit-
volume C(2) and the difference of the estimated temperature
curve T(2) in the system and the cut-off temperature Ty
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Figure 1: Structural map of the Krafla and Namafjall geothermal areas, showing the Krafla caldera and associated fissure

swarm (Ssemundsson, 1991)

Q=A['CIT() T,z @

Where A is the surface area of the geothermal system. For
simplicity the geothermal system is often divided into
different layers where the heat capacity is constant in each
layer and depends only on the specific heat and density of
the rock and the water respectively.

C=s,p.0+sp (1-9) 3
Where ¢ isthe porosity of therock, s isthe specific heat of
the rock and p; is the density of the rock, s, is the specific
heat of the water and p,, is the density of the water. For
many geothermal areas it is convenient to assume that the

temperature curve follows a curve shaped like the boiling
point curve. Equation 4 describes a temperature curve
shaped like the boiling point curve (James, 1970).

T(2) = X -69.56(z— Zpy,,) > )
Here X is a ratio factor describing the deviation from the
true boiling curve, that runs from zero to one, Zpgi, IS
trandation in the z direction in order to meet the upper
boundary conditions, Tz, at z,.

Only a small portion of the total heat in the system is
recoverable and therefore we define a recovery factor, R,
which is the ratio of the heat which can be recovered from
the total heat in the system. The recoverable heat is
therefore.
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From the recoverable heat of the geothermal system only a
small portion can be utilized for electric production. We
therefore define an electric utilization constant which gives
us the electric energy.

Qe = neQH (6)
This gives the electric power.
P=%9 @)

Where t is the production time of the electric power in
seconds.

For a three dimensiona model of the temperature it is
possible to approach the matter of calculating the heat
contained in the geothermal system in a different way. For a
grid bock in agrid of the system, where AV is the volume of
grid block, the heat contained in the block is.

AQ=C[T -T,]aV ®

Where C and T are the heat capacity per volume and the
temperature of the volume block, respectively. For a three
dimensiona model of the pressure additional to the
temperature model it is possible to caculate C in the
volume block directly from equation 3. Calculating for each
block the specific heat and density for the rock and water
from the pressure and the temperature. The total heat
contained in the system isin therefore.

Q:ici (¢i!Ti’Pi)[Ti _To]Avi ©)

Where C; depends on the porosity, temperature and the
pressure in the volume block.

C(e,T.,R) =5s,(T;,R)p. (T, P)o,
+S (Ti ' Pi)pr (Ti ' Pi)(l_ (Di) (10

This reduces the number of variables needed to be
estimated in the volumetric calculations and the heat in the
system is calculated directly from the properties in the
reservoir.

2.1 Monte Carlo Calculations

The variables used in the volumetric method are often
shrouded in uncertainty and therefore it is necessary to
define a probability distribution for these variables (an
example is presented in Figure 2. By choosing one random
value for each variable out of their probability distributions
one possible outcome of the volumetric method can be
calculated. If this process is then repeated severd times a
discrete probability distribution for the outcome begins to
form.

To form the discrete distribution for the outcome we divide
the interval of possible outcomes into equaly sized
subintervals. The probability that the real outcome isin a
particular subinterval is the ratio between the possible
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outcomes that fall in the subinterval and the total number of
possible outcomes that have been cal cul ated.

Probahility distribution of Area

25 4

Probability [%]

16.0 18.4 0.7 230 253 277 LT
Area [kmT]

Figure 2. An example of the triangular probability
distribution of one parameter (the surface area
of the geother mal area)

With the discrete probability distribution it is possible to
evaluate the range of probable outcomes of the volumetric
method.

3. TEMPERATURE MODEL

A total of 42 wells were drilled in the Krafla geothermal
area since the drilling started in 1974 until the year 2008.
All the wells are located within the Krafla caldera. The
largest number of wells are located within a triangular area
reaching from the south flanks of the Krafla volcano to (a)
NW over the Hveragil gully towards Leirhnjakur (in fig. 3)
and (b) NNW to the western flanks of Mt. Krafla. Three
areas have been explored in the southern rim of the Krafla
cadera. There are three wells near Hvithodlar (in fig. 3)
about 1.5 km south of the main area, one well KS-01 east of
Hvithdlar and one well KV-01 west of Hvithdlar. The
location of the 42 wellsis shown in Figure 3.

Temperature logs from the wells during warm up periods
have been used to estimate the formation temperature. The
formation temperature has been collected in the PETREL
software and interpolated over an estimated volume of the
geothermal system. Four cross sections through the 3-D
temperature model are shown in Figure 4.

The Krafla geotherma area is generally divided into five
different well fields, mainly on the basis of different
chemical composition of the fluid. The oldest well fields,
Leirbotnar and Vitismér, are to the west of the Hveragil
gully shown in Figure 3. The Sudurhlidar well field isin the
south flanks of Mt. Krafla and the Vesturhlidar well field in
the western flanks of the mountain. The fifth is the
Hvithdlar field which is located to the south of the other
four. The characteristic of the formation temperatures is
different between the five well fields. A typica formation
temperature for each well field is shown in Figure 7.

4.VOLUMETRIC CALCULATIONS

4.1 Volumetric Calculations where the Temperature
Changes with Depth

To simplify the volumetric calculations it is often assumed
that the temperature changes only verticaly and not
horizontally. Temperature measurements from wells in the
Krafla geotherma field indicated that the formation
temperature curve is shaped like the boiling point curve.
Equation 4 is an estimation of a temperature curve that is
shaped like the boiling point curve.
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T(2) = X - 69.56(Z— Zpgr) > .

Where0 < X< 1. If Xisequal to 1 the temperatureis on the
boiling point curve and if X is less than 1 the temperature is
aratio of the boiling point curve. Figure 7 shows T(2) for
different values of X.

In order to perform the Monte Carlo volumetric cal culations
the following variables or there probability distribution
need to be evaluated: (1) Surface area of the geothermal
system, A, (2) thickness of the system, z, - z, (3) porosity
of the rock, ¢, (4) mean physical characteristics of the rock
and water in the system, that is the specific heat and density
of the rock and water, s, Sy, pr and py, , (5) heat distribution
through the reservoir, T(2), (6) recovery factor, R, (7) cut-
off temperature, T, These variables will give the
recoverable heat in the system. To evauate the electric
production capacity of the reservoir the following variables
aso need to be evauated: (8) Electric conversion
coefficient, 7, (9) electric production time, t.

The cut-off temperature is chosen to be 170°C and a proper
electric conversion coefficient chosen, 12% (Wilcox, 2006).
To estimate possible electric power production we consider
three production time scenarios, 30, 50 and 100 years.

4.1.1 Surface Area of the Geothermal System

Surface resistivity surveys of high-temperature geothermal
systems in Iceland reveal similar resistivity structure
(Arnason et. al., 2000). A low resistivity cap is observed on
the outer margins of the reservoirs and underlain by a more
resistive core. The size of the reservoir can therefore be
estimated from the low resistivity contour circumscribing
the high resistivity core at 800-1000 m depth. The alteration
of the rock indicates that the temperature of the formation
within these contours has reached at least 240°C (Arnason
et. a., 2000). Only experimental drilling can confirm if the
rock is still at these high temperatures or not. The resistivity
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at 300 m under sea level (about 800 m depth under the
geothermal area) according to TEM measurements is shown
in Figure 6. The area within the low resistivity contour is
approximately 40 km?. Some shalow experimenta
boreholes have been drilled into the south western part of
the area (west of Hvithdlar) and the eastern part of the area
(north of Mt. Jorundur), revealing low temperatures at these
locations. With al of the above taken into account the
maximum size of the area is estimated to be 30 km?.
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Figure 3: Resistivity at 800 m depth (300 m u.sl) at
Krafla geothermal fiedld (Arnason and
M agnusson, 2001)

4.1.2 Thickness of the System

Typical depth of boreholes in geothermal areasin Iceland is
in the range 2500-3000 m. With some boreholes in Krafla
reaching to the depth of more than 2500 m the thickness of
the system is assumed to be 3000 m. Only one layer is
assumed reaching from the surface to the depth of 3000 m.
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corner



Halldorsdéttir et al.

41000 41500 42000 42500 43000 43500 44000 44500 45000 45500 46000 45300
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

=4 =1
l-\ll T T T T T T T T T T T T T T T T T T T T T T T T T [==]
41000 41300 42000 42300 43000 43300 44000 44300 43000 43300 45000 45300
40300 41000 41500 42000 42300 43000 43300 44000 44300 43000 43300 46000
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
=29 =]
' 40300 41000 41500 42000 42300 43000 43300 44000 44300 43000 43300 46000 =
24000 24300 2a000 23300 26000 26300 27000 2700 28000 28300 29000 29300
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
=29 =l
3] T T T T T T T T T T T T T T T T T T T T T T T T T =
24000 243500 25000 25500 26000 26500 27000 27300 28000 28500 29000 29500
24500 25000 25500 26000 26500 27000 27500 23000 28300 29000 28500 30000 30500
L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
= A =
r\ll T T T T T T T T T T T T T T T T T T T T T T T T T o
24300 23000 23300 26000 26300 27000 2rann 25000 28300 28000 28300 30000 30300
SEE000 ] BO2000 GO04000 GOG000 .
NPT o : " Varlang]:e
C 09
g & 038
o [ R
& = 07
o =
' 06
‘ 05
= o
2 2 e
? g 03
3 0.2
0.1
C, B w0 1 2 3km
2 o o A L E O 0
5 ' g

==
GO2000

Figure 6: Cross sections showing the variance for the 3-D temperature model of Krafla. The locations of the sections are
shown in the lower |eft corner



4.1.3 Porosity of the Rock in the System

The main geological characteristics of the subsurface rocks
have been identified from well cuttings. In genera the
subsurface rocks can be divided into three lithological units,
(1) the hyaloclastic unit, (2) the lava formation and (3) the
intrusive formation (Stefansson, 1981).

It can be assumed that the porosity of the basaltic lavasisin
the range of 5-15% (Palsson et. al., 1984, Sigurdsson and
Stefénsson, 1994). The hyaloclastic unit is more diverse in
structure and the porosity can be ranging from 15% up to
35% in fresh tuff. Below 900-1200 m depth, intrusions with
very low porosity become more common. In the
calculations the porosity of the rock is considered to be in
the range of 5% to 20% with the most likely value of 10%.

4.1.4 Mean Characteristics of the Rock and Water in the
System

The heat capacity is generally calculated from the equation
¢ = S, where sis the specific heat and p is the density. In
the volumetric calculations it is assumed that the
recoverable heat is only in the layer of which water can be
extracted from. The heat capacity is then calculated from
equation 3.

C:SWpW¢+Srpr(1_¢) (3)

Were s and s, are specific heat of rock and water
respectively and p, and p,, are the density of rock and water.
To simplify the calculations probability distribution is only
defined for the porosity and specific heat and density of the
rock and water, s , s , p, and p,, , are taken as constants.
The specific heat of the rock is chosen to be 880 J(kg°C)
and the density of the rock to be 3000 kg/m®. The specific
heat of the water is chosen to be 5200 J(kg°C) and the
density of the water to be 760 kg/m®.

4.1.5 Heat Distribution Through the Reservoir

Figure 7 shows the formation temperature from the Krafla
geotherma area and T(Z) according to equation 4 for
different values of X and Tz, equal to 5 °C. The Leirbotnar
system is divided into two reservoirs (Stefansson, 1981).
The formation temperature follows a boiling point curve
above 200-300 m depth and below 1000-1200 m depth but
in between the temperature is rather constant between 180-
210 °C. The formation temperature is in the range of T(2)
where X is between 0.7 and 1.0. The Vitismér system is
dived into two reservoirs as well as the Leirbotnar system.
The reservoir with the constant temperature reaches to more
depths than the Leirbotnar reservoir, down to 1500 m, and
therefore the temperature are less at Vitismor than at
Leirbotnar. The formation temperature is in the range of
T(2) where X is between 0.6 and 1.0. In the Sudurhlidar and
Vesturhlidar systems the formation temperature follows a
boiling point curve in most wells. The formation
temperature at Sudurhlidar isin the range of T(2) where Xis
between 0.9 and 1.0. The formation temperature at
Vesturhlidar is in the range of T(z) where X is between 0.9
and 1.0. The formation temperature at the three wells at
Hvithélar are all reversed (see fig. 7). The formation
temperature is in the range of T(z) where X is between 0.6
and 1.0.

Two wells have been drilled away from these five well
fields. Well KS-01 is located at Sandabotnaskard and well
KV-01 west of the Hvithdlar well field. The formation's
temperature at well KS-01 is rather cold at the top but
below 1000 m the temperature is close to the boiling point
curve (fig. 7). The formation at KV-01 is cold.
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In light of al formation temperature data from wells in the
Krafla geothermal area it is assumed that X is in the range
of 0.7 to 1.0 in the volumetric calculations. The most likely
value is taken as 0.9 and that is because a part of the area
west of Hvithdlar and east of Sudurhlidar has been
excluded from the tota area shown in Figure 6, therefore
higher temperatures can be expected in the remaining part
of the area.
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Figure 7: Typical formation temperature from different
well fieldsin the Krafla geothermal area and T(2)
for different values of X. (1) Leirbotnar (well 15),
(2) Vitismor (well 10), (3) Sudurhlidar (well 20),
(4) Vesturhlidar (well 36) and Hvithdlar (well
23). The formation temperature from well KS-01
east of the Hvithdlar well field is also shown in
thefigure

4.1.6 Recovery Factor

Recovery factor is defined as the ratio between the heat that
can be extracted from the geothermal system and the total
heat of the geothermal system. The recovery factor is
mostly affected by the porosity and the permeability. The
factor is most often given vaues between 0.1 and 0.25.
Muffler (1977; 1979) proposed alinear correlation between
the recovery factor and the porosity. According to that
correlation, a rock with the mean porosity of 0.10 would
have the recovery factor of 0.25. Generdly it is assumed
that permeability is mostly controlled be faults and
fractures, their number, distribution and size, rather than the
porosity. It is assumed that this is the case for the Krafla
geothermal area. Williams (2007) compared two models for
fracture distribution: one where the fractures have a regular
distribution and another where the fractures have a self-
similar distribution. For fractures separated by 30-250 m
the models give recovery factors in the range of 0.02 and
0.25 for the regular distribution model and in the range of
0.08 and 0.20 for the self-similar distribution model. It is
unlikely that the distribution of the fractures is perfectly
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uniform and in the volumetric calculations it is assumed
that the recovery factor is ranging from 0.10 to 0.20 with
the most likely value of 0.15.

4.1.7 Results of the Volumetric Calculations

An estimate for the electric power that could be produced
from the recoverable heat with cut-off temperature of
170°C from the Krafla geothermal area has been calculated
according to Equation 7. This was done for three production
time scenarios. The results are presented as a discrete
probability distribution, seen in Figure 8, and as a discrete
cumulative probability distribution, seen in Figure 9. Each
figure consists of 100,000 random outcomes. From these
random outcomes, various statistical parameters can be
caculated. These include the likeliest outcome, 90%
confidence interval, mean and median of the outcomes,
standard deviation and where the 90% limit for the
cumulative probability lies. These statistics are presented in
Table 1 for each of the three production periods.

According to the probability distribution in Figure 8, it is
most probable (with 7% probability) that the electrical
power production capacity lies between 275 MWe and 290
MWe if the recoverable heat is used for 30 years, between
165 MWe and 175 MWe if it is used for 50 years and
between 85 MWe and 90 MWe if it is used for 100 years.
Also from the statistics of the distribution in Figure 8, it can
be seen that the volumetric model predicts with 90 %
confidence that power production capacity lies between
170-460 MWe for 30 years, between 100-270 MWe for 50
years and between 50-140 MWe for 100 years.

From the statistics of the cumulative probability in Figure 9
it can be seen that the volumetric modd predicts with 90%
probability that at least 190 MWe can be produced for a
production period of 30 years, at least 110 MWe for 50
years and at least 55 MWe for 100 years.

Probability distribution of Power
L L L

.
Cutside 90% accaptance range m—
Within 90% acceptance range mm—

Probability [%]

4.1 183.8 2835 3832 4828 5825 6322
Power [MWe] (30 y.)

546 114.5 174.4 2343 2943 354.1 4139
Power [MWe] (50 y.)

267 564 86.0 115.6 1453 1749 2046

Power [MWel (100 y.)

Figure 8: Probability distribution for electric power
generation. Each pillar is about 15 MWe wide
for 30 years, about 10 MWe for 50 years and
about 5 MWe for 100 years. Statistical
information for the distribution can be seen in
table 1

Table 1. Statistical parameters for the probability
distribution for electric power production for the
Krafla field estimated by the Monte Carlo
method.

Statistical sizes Values Values Values
[MWe] [MWe] [MWe]

(30y.) (50y.) (100y.)

Most probable value | 275-290 165-175 85-90
(with 7% probability)

90% confidence interval | 170-460 100-270 50-140

Mean 300 180 90
Median 300 180 90
Standard deviation 80 50 20
90% limit 190-205 110-120 55-60

Probability distribution of Cumulative Power
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Figure 9: Cumulative probability distribution for
electric power generation. Each pillar has the
same width as given for fig. 8. The height of each
pillar represents the probability that the result is
in or above the interval of that pillar. In table 1
the upper limit of the last pillar that is larger
than 90% is presented

4.2 Volumetric Calculations with a 3-D Temperature
M odédl

With the 3-D temperature model of the area both
temperature and volume are linked. The grid is regular so
that the volume of each element is constant. The
temperature in each element is found by interpolating the
formation temperature. The heat is caculated from
Equation 9.

Q:Z’_\I:Ci (¢i!Ti’Pi)[Ti _To]Avi ©)

Where T; is the temperature and AV is the volume of a grid
block. The heat capacity can be calculated from Equation
10 but for simplicity Equation 3 is used, as in the case of
the volumetric calculation for temperature changing only
with depth.

866 162 145.9 175.5 052



A probability distribution is defined for the porosity and the
recovery factor of the geothermal system. In the
calculations the porosity of the rock is considered to be in
the range 5% to 20% with the most likely value of 10% and
the recovery factor in the range 10% to 20% with the most
likely value of 15%. The specific heat of the rock is chosen
to be 880 J/(kg°C) and the density of the rock to be 3000
ka/m®. The specific heat of the water is chosen to be 5200
J(kg°C) and the density of the water to be 760 kg/m®. The
cut-off temperature is chosen to be 170°C and a proper
electric conversion coefficient chosen 12% (Wilcox, 2006).
To estimate possible electric power production we consider
three production time scenarios, 30, 50 and 100 years.

4.2.1 Results of the Volumetric Calculations

An estimate for the electric power that could be produced
from the recoverable heat with cut-off temperature of
170°C from the Krafla geothermal area has been calculated
according to Equation 9. This was done for three production
time scenarios. The results are presented as a discrete
probability distribution, seen in Figure 10, and as a discrete
cumulative probability distribution, seen in Figure 11. Each
figure consists of 100,000 random parameters. From these
random outcomes various statistical information can be
caculated. These include the likeliest outcome, 90%
confidence interval, mean and median of the outcomes,
standard deviation and where the 90% limit for the
cumulative probability lies. These statistics are presented in
Table 2 for each of the three production periods.

According to the statistics of the probability distribution in
Figure 10 it is most probable (with 5% probability) that the
electrical power production capacity lies between 285 MWe
and 290 MWe if the recoverable heat is used for 30 years,
between 170 MWe and 175 MWe if it is used for 50 years
and between 85 MWe and 90 MWe if it is used for 100
years. Also from the statistics of the distribution in Figure
10 it can be seen that the volumetric model predicts with
90 % confidence that power production lies between 220-
360 MWe for 30 years, between 130-210 MWe for 50 years
and between 70-110 MWe for 100 years.

Probability distribution of Power

.
Cutside 90% accaptance range w—
Within 90% acceptance range m—

Probability [%]

182.8 2186 2544 290.2 3159 3617 3975
Power [IMWel (30 y.)

108.7 1304 152.2 173.9 195.6 2174 239.1
Power [MWe] (50 y.)

5.1 658 6.5 572 7.9 1086 119.3
Power [MWel (100 y.)

Figure 10: Probability distribution for electric power
generation. Each pillar is about 5 MWe wide for
30 years, about 3 MWe for 50 years and about 2
MWe for 100 years. Statistical information for
thedistribution can be seen in table 2

From the statistics of the cumulative probability in Figure
11 it can be seen that the volumetric model predicts with
90% probability that at least 230 MWe can be produced for

Halldérsdéttir et a.

a production period of 30 years, at least 135 MWe for 50
years and at least 65 MWe for 100 years

Table 2. Statistical parameters for the probability
distribution for electric power production for the
Krafla field estimated by the Monte Carlo

method.
Statistical sizes Values Values Values
[MWe] [MWe] [MWEe]
(30y.) (50y.) (100y.)

Most probable value | 285290 | 170-175 | 85-90
(with 5% probability)

90% confidenceinterval | 220-360 130-210 70-110

Mean 290 170 90
Median 290 170 90
Standard deviation 40 20 10
90% limit 230-235 135-140 65-70

Probability distribution of Cumulative Power

.
Under 0% w—
ver 0% m—

Probability [%]

1820 218.0 2541 290.1 326.2 3622 23983
Power [MWel (30 y.)

1092 1305 1525 174.1 195.8 217.4 239.1
Power [MWel (50 y.)

54.1 65.0 759 268 977 108.6 119.5
Power [MWe] (100 y.)

Figure 11: Cumulative probability distribution for
electric power generation. Each pillar has the
same width as given for fig. 10. The height of
each pillar represents the probability that the
result isin or above the interval of that pillar. In
table 2 the upper limit of the last pillar that is
larger than 90% is presented

CONCLUSION

Volumetric calculations using the Monte Carlo method
have been carried out for the Krafla geothermal area. The
volumetric assessment was calculated with two different
temperature estimation schemes. (1) The traditional method
of assuming that the temperature only changes with depth
and (2) by constructing a 3-D temperature model of the
system.

For the first method the volumetric model predicts with
90% confidence that power production lies between 170-
460 MWe for 30 years, between 100-270 MWe for 50 years
and between 50-140 MWe for 100 years.

For the second method the volumetric model predicts with
90% confidence that power production lies between 220-
360 MWe for 30 years, between 130-210 MWe for 50 years
and between 70-110 MWe for 100 years.
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It should be emphasized that the temperature in each
volume block has been included in the cal culations without
considering its uncertainty distribution. Defining an
uncertainty distribution for the temperature in each block
would increase the uncertainty.

The estimated production capacity of the geothermal field
coincides for the two methods. This supports the method of
using the traditional volumetric calculations with the simple
temperature model. This suggests that in genera the
simpler model gives a fairly good estimate of the
production capacity.
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