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INTRODUCTION

Geothermal -the second most abundant source of renewable energy

Climate change coupled with the rising demand for energy per capita

Geothermal resource exploitation characterized by surface deformations 
or fissures 

 Fissures;-faults, fractures, cracks creating pathways up to the Earth's 
surface

 Fluid leaking to the surface along faults and fissures is most obvious 
expression of a geothermal reservoir

 Fissures form hot springs, geysers or steaming geothermal vents
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INTRODUCTION

 Natural fissures; used extensively in geothermal exploration - tell-tale signs 
of the geothermal activities underground

 Human induced fissures on the other had result from man’s interference 
with the subsurface

 Fissures range from discontinuous hairline fractures to open ground cracks 

 Can also be up to two miles long, 15- to 25-feet wide, and 90 feet deep 

 Fissures can pose a threat to production and surrounding infrastructure

 However, wide spread or deep fissures can also serve as potential natural 
recharge points for wells especially where they divert surface water flows 
to the subsurface.  
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INTRODUCTION

 Relating surface deformation to the process of subsurface extraction or 
injection can give an indication of the spatial distribution and the amount 
of volume and pressure changes in the subsurface

 Therefore, monitoring and archiving such surface deformation could be 
instrumental in not only feasibility studies but also in reservoir 
management.

 Consequently, the recognition, mapping, and evaluation of these features 
are important in the second stage or prefeasibility study, during which the 
geothermal potential is evaluated.

 However, there has been a decline is geologic mapping activities in many 
parts of the world in the last four decades.  
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INTRODUCTION

 The previous rate of mapping was inadequate to satisfy map needs for 
purposes of mineral resource evaluation/assessment, identification of 
geologic hazards, construction siting, utility routing, waste disposal, or 
pollution assessment among others

 The reduced rate of mapping since 1963 has amplified the problem

 In Kenya, the challenge of obtaining accurate geological maps is still a 
recurrent issue to practicing geologists and other professionals. 

 This necessitates the creation of a dynamic and regularly updated 
geological map database to meet this need in the geothermal sector. 
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OBJECTIVES
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Establish how structural and fissure dynamics in geothermal 

production fields and surrounding areas can be mapped and 

archived in a dynamic database for reservoir management.
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PREVIOUS WORK

8

 Sande (2014) and Ndirangu et al., (2020) in Kenya attempted to solve 
this problem by use of GIS and remote sensing maps, 

Most have, however, not focused on geological structures and terrain 
analysis. 

Kuria et al., (2010) and Mwaniki, Moeller and Schellmann (2015) 
carried out structural mapping

However, they did not create a dynamic repository for the maps
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MATERIALS AND METHODS
 The geological & topographic maps

• Types of rocks & geological structures

• Represent the Earth's features accurately

 Open source database-USGS.

• Sentinel-2 satellite images

• The Shuttle Radar Topography Mission(SRTM)-DEM

 ArcGIS software-Manage & extract answers from imagery/ remotely sensed 
data

 The study used as its case Kajiado County, Kenya which manifests important 
geological features that can demonstrate the methodology of the mapping 
proposed for geothermal fields
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MATERIALS AND METHODS
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RESULTS AND DISCUSSION

 Satellite imagery revealed linear structures at the center of the map which could 
be indicative of structural fissures. 

 Vectorization and digitization technique were used to convert the satellite map 
into a topographical map for an enhanced view and interpretation of the geological 
structures 

 Vectorization enabled the detection and separation of the various layers of 
graphical content

 Quantum GIS was then possible to convert the topographic map into a geological 
maps while maintaining the features observed in the topographical map. 

 The triangulated irregular network (TIN) methods was then used to enhance the 
geological features. 

 Provided a path for correlating the rock formations and the structural fissures 
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RESULTS AND DISCUSSION

 Photogeological maps and remote sensing images can be used to carry out 
mapping of geological structures during the reconnaissance and/or the 
detailed mapping. 

 Satellite imagery such as DInSAR has been successfully used to relate 
surface movements with volume changes in the reservoir through 
analytical solutions for different types of nuclei of strain. 

 The main goal in many geological surveys, however, is no longer is to 
create a single geologic map but to create a database from which many 
types of geologic and engineering geology maps can be derived.

 This is, however, challenging because the software that manages these 
databases is not static but continues to evolve, thereby requiring an 

adaptable database design. 
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CONCLUSIONS AND RECOMMENDATIONS

 Structures and fissures are important geological manifestations that can be 
used to identify underlying developments in geothermal fields

 The manifestation of the fissures could help understand the rates of 
subsidence and also its extent over the area and its possible impacts on the 
infrastructure and environment in the area.

Mapping techniques can be instrumental in identifying and monitoring 
the development of fissures to a high level of precision. 

 It is instructive to archive such maps in a database to improve reference 
and development of new digital maps without necessarily undergoing 
extensive surveys. 
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