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In this research, firstly, a conceptual model designed of ten deep
exploratoration wells has been developed, and based on this, a three-
dimensional numerical model of the North-West Sablan geothermal
system has been presented. For this purpose, the EOS3 module (water-
air equation) of the Tough2 simulator code was used to simulate the
model. The numerical model of the reservoir is expressed by a
rectangular prism with a length of 11.5 km, a width of 8 km (92 km?)
and a depth of 5.11 km, and it was expanded with 21 horizontal layers
with a thickness range of 100 to 1000 meters from the maximum
altitude of 4110 to -1000 masl. The number of 22 rock-types, whose
distribution is based on the distribution of rock units and geological
structures in 10 deep exploratory wells, was assigned to the model.
The permeability of the rock types varies from 1*10E-17 to 9*10E-13
square meters. Modeling was done for the natural state of the reservoir
and the validation results showed a good match between the data
measured in the well and modeled for temperature and pressure. In the
best fit, the simulation provided a zone of high temperature upward
flow in the southeastern part of the range (sites D and E). This flow is
transferred through permeable, faulted and fractured zones and is
finally discharged through surface features (hot water springs) in the
northwestern part of the area.

Introduction

The EOS3 module is adapted from the equation of

calculated instead of a single phase. For this
purpose, the EOS3 module (weather-weather

state of the TOUGH simulator, which performs the
task of modeling the thermophysical properties of
the reservoir. The purpose of this study is to
present an unsaturated numerical model of the
geothermal field in northwest Sabalan. Among the
18 geothermal fields, this field is part of the four
main zones targeted for high-temperature
geothermal exploration. In this article, based on
the updated conceptual model of the field, an
unsaturated numerical model for the northwest
Sabalan geothermal reservoir is presented by
combining new exploration data and considering
the unsaturated zone. The superiority of this model
over the previous models is to provide a
comprehensive and more realistic numerical model
for a geothermal system and reservoir performance
prediction for an electricity production scenario.
To run the model, two phases of weather should be
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equation) of the Tough2 simulator has been used
to implement the model.

Model description

The geothermal system in the northwest of Sabalan
was assumed for modeling with a rectangular prism
with a length of 11.5 km, a width of 8 km (92 km?)
and a depth of 5.11 km. For better modeling of the
unsaturated part, layers with appropriate thickness
have been used in this part of the region. The main
structure of "rock types" was provided based on the
distribution of rock units and geological structures
discovered in 10 deep exploratory wells. 22 rock units
were used to assign rock characteristics. To implement
the initial conditions, a period of 1.5 million years was
considered and the hydrostatic pressure profile was
prepared with saturated water at 15 °C. To reproduce
the natural drainage areas of the field, fluid production
was used based on the deliverability model in the
network blocks under the springs. The validation
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process usually includes comparing the calculated
results against the temperature and pressure measured
in 10 exploratory wells.

Results and discussions

Figure (1a) shows the temperature distribution and
mass flow on the vertical section AB. This section
is a combination of saturated and unsaturated
environment, which extends from -1000 to 5110
meters above sea level. As can be concluded from
the Figure, the upward flow rises from the deep
zone under the wells of site D and site E and moves
in the south-north direction. The blocks located on
the high temperature feeding zone (reservoir area)
at higher levels and in the unsaturated zone have a
higher temperature than the areas outside the

upward fluid zone. This problem can be related to
the broken and permeable fault points under this
area, through which heat is transferred by
convection. Also, in Figure (1b) the mass flow
pattern is shown along with the heat distribution in
the vertical section of CD in the direction of the
NNW?2 fault. Considering that this cross-section
includes the mentioned fault, it shows the role of
this fault in the flow transmission. The hot upward
flow rises from under the site D and E wells and
through this fault and permeable and broken zones,
it is transferred to the northern part and most of the
flow leaves the surface from this part. A part of the
fluid flow in the southern part moves to the south at
lower altitudes and creates a downward flow and
returns to the reservoir in a circular manner.

7
a

B N

.EJ

|
|

I

I T(C) I

¥ 15.0 72.0

130 187 244

Figure 1. full CFD domain of the tidal Stream turbine.
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