Journal of Sustainable Energy Systems o jine issn: 2980-8693
Home Page: https://ses.ut.ac.ir

The University of Tehran Press

Thermal Surveying of Mahallat Geothermal Region by Using Gradient
Wells

Davar Ebrahimi”

Assistant Professor, Renewable Energy Department, Energy and Environment Research Center, Niroo Research Institute
(NRI), Tehran, Iran. Email: debrahimi@nri.ac.ir

ARTICLE INFO ABSTRACT

The main purpose of this study is to determine the thermal gradient and subsurface
temperature distribution in the Mahallat low-temperature geothermal field in central
of Iran. the study involves analyzing gradient well data and conducting Thermal
surveys by drilling 7 gradient wells with depth ranging from 30 to 110 meters.
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Introduction

In order to evaluate a geothermal prospect, the first step is initial exploration involves
mapping surface manifestations. In some geothermal resources, there are no surface
manifestations and it is hard to identify these underground resources. Thermal surveying
through shallow exploratory boreholes is a method used for assessing deep geothermal
resources. This method is used in both high and low temperature geothermal resources, but its
main application is in low-temperature geothermal resources, which are formed by the activity
of deep faults and do not have any geothermal surface manifestation [1]. In this method, the
thermal gradient is calculated in the drilled boreholes, and thermal map can be prepared,
which provide insights into subsurface heat distribution [2-4]. In this study, the Mallahat low-
temperature geothermal prospect has been selected for the implementation of the project,
because there are appropriate data and information available from this region.

Methodology

Various methods were employed for exploration of geothermal energy in the Mallahat low-
temperature geothermal region. In the first step, based on the results obtained from detailed
exploration studies, geological and geothermal maps have been prepared. Considering the
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importance of geochemical studies, samples from all warm springs in the region were taken
and analyzed. In order to carry out thermal surveying, 7 gradient wells have been drilled in
the region and the temperature inside the boreholes has been measured at different depths.
The drilling operations of these boreholes have been carried out within four months. Based on
an integration appraisal of Mahallat geothermal prospect, subsurface heat distribution maps
have been prepared.

Results

Detailed geological, geochemical and gravity studies of the Mahallat geothermal region reveal
the present of a large geothermal reservoir with a temperature of approximately 100 °C.
Geothermal activities in the region primarily manifest as warm springs, extensive travertine
outcrops, and altered areas. Thermal surveying in geothermal regions offers valuable
subsurface insights cost effectively. To enhance exploratory studies in this area, this method
has been used by drilling gradient wells. Proper selection of drilling locations is crucial to
establish the normal gradian of the area before determining the geothermal gradient within
thermal anomalies. This method is particularly effective in fracture- controlled low-
temperature fields, facilitating the preparation of subsurface thermal maps by integration
obtained results. In the studied area mapping thermal anomalies has identified the upflow
zone for geothermal fluids. By combining thermal gradient data with geological information,
the faults that play a role in the transfer of geothermal fluid were identified. Furthermore,
integration geothermometry results with thermal surveys has allowed for estimating depth of
the geothermal reservoir.

Conclusion

Thermal surveying in the Mahallat geothermal region involved temperature measurements at
various depth across seven drilled gradient wells with a borehole diameter of 90 mm and an
intended depth of 100 meters, though not achieved in some cases. The total length of the
drilled boreholes in the area amounted to 550 meters. Temperature data collected at different
depth from each borehole facilitated the calculation of geothermal gradients. The amount of
geothermal gradient in the boreholes number 1,3 and 7 were determined 71, 74 and 107.5
°C/km respectively. Thermal maps were generated at depth of 30 and 50 meters to investigate
subsurface heat distribution, revealing a prominent anomaly associated with NE-SW trending
fractures near borehole number 7, which exhibited the highest thermal gradient. The study
underscores the significant role of faults in generating thermal anomalies within the region
and suggests a local structural control on these anomalies. By integration thermal gradients
with geothermometry data, an approximately 1190 meters was determined for the Mahallat
geothermal reservoir. The upflow zone of geothermal fluids was identified in the area, which
is crucial for selecting drilling locations and reducing exploration costs. The geothermal
reservoir in Mahallat region is classified as low-temperature, making it suitable for direct use,
particularly for heating the numerous greenhouses in this area.
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1. Regional Geothermal Gradient
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