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APPENDIX A1:  DETAILS OF PROJECT STAGES 

A1.1  INTRODUCTION 

Throughout the course of a geothermal development project, data are collected and applied to expand the 
current understanding of the field.  Different geothermal fields evolve differently; therefore there is no single way 
to move through each development phase.  This appendix is intended as a guide to the types of data typically 
collected at each phase.  It is not a rigid prescription. 

A1.2  PHASES OF GEOTHERMAL DEVELOPMENT 

Each geothermal project is different, and the exact steps to be taken at any stage in a given project are 
dependent on specific conditions.  However, geothermal projects generally go through the same overall process 
of exploration, development, and operation, and pass through the following seven phases: 

 Preliminary survey; 

 Exploration; 

 Test drilling; 

 Project review and planning;  

 Field development; 

 Power plant construction; and 

 Commissioning and operation. 

Each of these phases is described herein, including what data are typically collected in each phase. 

A1.3  PHASE 1 – PRELIMINARY SURVEY 

During this phase, data are collected to begin the process of defining the resource.  

A1.3.1  Literature Search 

The first step is the literature search and review.  This helps focus the target for specific data collection.  For 
example, if a base geologic map is found in the literature search, the next step would be to perform detailed 
mapping of the geology in the target area.  It is key at this phase to determine all the known information regarding 
the field to avoid duplicating analyses and to plan exploration to fill data gaps in what is known about the 
resource.  Data gathered in this phase typically includes: 

A) MAPS 

a) Topographic map(s) showing geothermal license area(s) 

b) Map(s) showing areas licensed to others around subject license area(s) 

c) Map(s) of easements or other rights of use 

d) Map(s) of land use restrictions 

e) Other maps 

B) RESOURCE DATA FROM AVAILABLE LITERATURE 

1) Active Geothermal Features 
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2) Geological Data 

3) Geochemical Data 

4) Geophysical Data 

5) Subsurface Temperature Data from existing wells 

A1.3.2  Non-Resource Data Collection 

It is also necessary during this phase to consider the non-resource aspects of the field.  The geothermal project 
area should be clearly identified and it is necessary to verify that the developer has the legal right to carry out 
exploration activities in that area.  Issues related to access to the project area and land use restrictions should be 
identified, investigated, and discussed. 

A developer will need to demonstrate legal access to the resource, typically in the form of a geothermal 
exploration license obtained at the national or provincial   level.    Licenses  establish  the  developer’s  legal  right  to  
conduct exploration activities in and around the project area, and should be presented when requested.  The 
coordinates of the license boundaries should be provided for verification, along with maps showing the 
boundaries of the license areas.  In addition, topographic maps of the area, with the geothermal license areas 
belonging to the project developer clearly marked, should be provided.  Ideally, these maps would also show 
areas in the vicinity that are licensed to other developers, particularly for lands immediately adjacent to the 
applicant’s  license(s).   

Access issues for the project area should be investigated.  Are there any access restrictions, such as certain 
roads or properties that cannot be crossed or which have limited access, or is access unrestricted?  In addition, 
are there any land use restrictions on the project area?  These might consist of environmental restrictions, such 
as the presence of a nearby park or protected area, as well as prior use restrictions such as the presence of 
residences  or  agriculture  in  the  project  area.    It  should  be  clear  from  the  surveying  which  areas  (if  any)  are  ‘off  
limits’  for  development,  either  because  of  access  or  other  restrictions.   

Documents and maps detailing easements or other rights of use should be provided, as well as documents and 
maps detailing any land-use restrictions in the area.  These restrictions may arise owing to prior use of the land, 
environmental or cultural reasons. 

Information should also be provided about the selected drilling company, including its equipment and experience 
in similar projects.  Information may be needed about the project company, including ownership, management, 
financial structures, the experience of personnel with respect to similar projects, or other commercial issues 
relevant to the project. 

A1.4  PHASE 2 – EXPLORATION SURVEY 

At the beginning of the Exploration Phase, it is most common to do broad-scale analyses to identify the big 
picture of the resource before going in to more detail in areas showing the most promise. 

A1.4.1 Regional Resource Exploration 

During the early stages of exploration, data are collected to begin the process of defining the resource.  The work 
undertaken in this phase includes geological data collection and analysis, geochemical data collection and 
analysis, and geophysical surveys.  For some areas a lot of relevant data may already exist.  If this is the case, 
then many of the surveying tasks will be to resample or verify the quality of the earlier work.  
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A1.4.2  Localized Resource Evaluation 

At the end of the regional exploration stage, the available exploration data are evaluated to determine whether 
the presence of a commercial resource is indicated or not.  If the data are encouraging, the project moves into a 
localized exploration stage, during which the exploration becomes focused on the most favorable resource areas.  
By the end of the Exploration Phase, sufficient exploration data have been collected and analyzed to enable the 
selection of sites and targets for the first few deep exploration wells.  A preliminary estimate of the magnitude of 
the resource (expressed in terms of the potentially recoverable heat in place) is also made during this phase. 

The same type of data collected during regional exploration may be collected during localized exploration.  The 
difference between the two stages is the level of detail of the data analyses—regional exploration is done at a 
broad scale, localized is more focused.  Temperature gradient drilling may also be undertaken at this stage.  The 
significant costs required for temperature gradient drilling usually means this is one of the last activities 
conducted during the Exploration Phase, and the decision to do so is based on a pre-feasibility report that 
gathers all other resource data to assess the likelihood of finding a viable geothermal resource.  A preliminary 
conceptual model will be developed for this pre-feasibility report, and will be updated based on data gathered 
from drilling activities.  By the end of the localized surveying, the following data and information may be collected: 

A) RESOURCE DATA 
1) Active Geothermal Features 

a) Location (Lat/Long or UTM) 

b) Temperature (°C) 

c) EC (µS/cm) 

d) pH 

e) Flow rate (l/s or kg/sec) 

f) Presence of gas bubbles and their compositions 

g) Presence of odors (sulfur or other odors) 

h) Presence of precipitates in the fluids 

i) Detailed local map(s) of area(s) with thermal features clearly labeled 

2) Geological Data 

a) Geologic map(s) of license area(s) 

b) Geologic cross sections from license area(s) 

c) Summary descriptions of stratigraphy and lithology with stratigraphic columns 

d) Summary descriptions of regional and local structure with accompanying maps 

e) Identification and characterization of potential reservoir unit(s) 

f) Presence of mineralization associated with hydrothermal systems 

3) Geochemical Data 

a) Location, name, and characteristics of sampling points 

b) Temperature (°C), pH, EC (µS/cm) , and flow rate (approximate) at time of sampling 

c) Sample preservation method(s) used 

d) Chemical analyses of collected samples 

e) Name of laboratory that provided analysis 
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f) Calcite inhibition treatment information (if sample is from producing well) 

g) Names, descriptions and locations of scale or mineral deposits 

h) Geothermometry estimates 

i) Interpretations and/or plots of geochemical data 

j) Reference data of neighboring wells and projects (if available) 

4) Geophysical Data 

a) Gravity surveys 

b) Electrical resistivity (MT) 

c) Seismic surveys (2D and 3D) 

d) Heat flow/temperature gradient surveys 

e) Geomagnetic surveys 

f) Other surveys 

5) Subsurface Temperature Data 

a) Raw temperature from logs 

b) Flowing temperature from hot springs or wells 

c) Maps of temperature contours at various depths 

d) Cross sections showing temperature distribution  

6) Conceptual Model that incorporates all of the above 

A1.4.3  Conceptual model 

The first step in creating a conceptual model is to integrate all the various data sets gathered during the 
Preliminary Survey and Exploration Phases, including those found in the literature and newly generated data 
collected by the developer (i.e., the inventory of active geothermal features, geology, geochemistry, and 
geophysics).  If any data is deliberately excluded, it should be clearly explained why that data was considered to 
be incorrect, insufficient, or irrelevant.  Specific descriptions of necessary data are presented below. 

Through this process of data integration, the developer aims to understand and explain the three-dimensional 
composition of the project area, including its geologic structure, stratigraphy, geophysical properties, locations of 
thermal features, and geochemical characteristics.  The model derived from this data locates the heat source and 
the possible sources of geothermal fluids, and the nature of the pathways that allow those fluids to move through 
the system, from the source, through the reservoir, and to the point of discharge.  On the basis of this 
understanding of fluid flow, the conceptual model is used to target wells toward specific subsurface lithologic 
units and/or structures.  

A robust conceptual model of the resource answers the following critical questions, which determine the 
feasibility of the project and targets locations and depths for full-bore well drilling. 

 Is the resource temperature sufficient for power generation? 

 What is the subsurface temperature distribution, and how is it affected by fluid flow? 

 Are there rock units present at depth with good porosity and permeability?  If so, what are they, and 
what is their orientation and extent? 

 What is the likely relationship between the geology and the geothermal features? 
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 Do the geothermal manifestations appear to be related to one another, suggesting a common 
source? 

 Are the fluids rising along faults? 

 If so, is this a shallow phenomenon, or does fault-hosted flow persist to depth? 

 Are the fluids flowing within particular stratigraphic units? 

 Can these factors be evaluated holistically to identify the probable deep source of thermal fluid? 

 Where are the best places and targets to drill, and why? 

Presentation of the conceptual model is described in Section 3.  Figure A1.1 shows how all the data collected are 
integrated into the conceptual model, and how the model is constantly refined as more data are acquired. 

One important use of the conceptual model, particularly at the early stages of a project, is to estimate the heat 
resource.  This typically involves a volumetric calculation of the heat-in-place in the project area based on a 
combination of: 

 known and assumed temperature distributions; 

 estimates of the depth, thickness and porosity of possible reservoir rocks; 

 reasonable assumptions about how much of the heat-in-place may be recovered at the wellhead; and 

 reasonable assumptions about converting heat to electricity, based on the performance of modern 
geothermal power plants. 

While the presence of a suitably large heat resource does not guarantee the viability of a project, which can only 
be demonstrated through the drilling, logging and testing of wells, it is a pre-requisite for nearly all geothermal 
projects.  

A1.4.4 Numerical Model 

Numerical modeling is undertaken in three phases:  

1. initial state modeling; 

2. history matching; and 

3. forecasting of future reservoir behavior. 

Initial State Modeling 

The initial state model describes the reservoir in the pre-exploration or natural state.  An initial state model is 
created because geothermal systems evolve over geologic time, with the thermodynamic and hydrodynamic 
conditions in the system attaining a dynamic equilibrium.  The rate of change in the natural system is very small 
relative to the changes induced by exploitation.  Hence, for all practical purposes, undeveloped geothermal 
systems are considered to be in a quasi-steady state.  Modeling of the natural or initial state of the reservoir has 
the following objectives: 

 Verification that the permeability distribution used in the model is reasonable, both within and outside 
the areas of the model where measured data are available; 

 Verification that assumptions regarding the location and strengths of heat and mass inflows and 
outflows are reasonable, both conceptually and mathematically; and 

 Formation of a stable starting point for use in matching available production/injection data and for 
considering future development scenarios. 
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The initial-state model is based on a conceptual model of the geothermal system, which is derived from 
geological, hydrological, geophysical, geochemical, and reservoir engineering data.  The most important set of 
data used in the initial-state simulation is the subsurface temperature distribution.  Correct interpretation of the 
temperature data can not only provide significant insight into how the geothermal fluid is moving through the 
system, but can also help define the permeability distribution and boundary conditions.  The initial state modeling 
process is illustrated in Figure A1.2 below. 

History Matching 

As shown in Figure A1.3, history matching is based either on well testing or actual well field operation.  Early in 
the project, before start-up, it is common to test multiple wells simultaneously to understand how the reservoir will 
behave during routine production.  Several production and injection wells are used during such tests, and 
pressures are monitored in the field.  Such data provide an important means of further calibrating a numerical 
reservoir model.  Routine production and injection data can be similarly used, once the field is fully operational.  
The calibration of the numerical model is improved in that a second data set—how the resource responds to 
production—becomes available for matching by the numerical model.  

Periodically thereafter, the numerical model will continue to be improved as more data become available.  Such a 
model is a critical resource management tool that becomes more accurate over time, improving predictions of 
field performance and long-term field viability  
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Figure A1.1: Flow chart showing project stages with typical data acquired and integrated into the conceptual 
model (GeothermEx, Inc). 
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Figure A1.2 :  Flow chart of the initial-state modeling process (GeothermEx, Inc.). 
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Figure A1.3 : Flow chart of the history matching process (GeothermEx, Inc.). 

A1.5  PHASE 3 – TEST WELL DRILLING 

Moving forward from the pre-feasibility report requires drilling of the first full-diameter exploratory wells.  Typically, 
at least two deep wells are drilled to demonstrate the feasibility of commercial production and injection, and 
sometimes more, depending on the size of the project to be developed and the success in finding a viable 
geothermal resource with the first series of wells (i.e. the drilling success rate).  In areas where a significant 
amount of data from previous wells is available, there could be no need for test wells.  Drilling, logging and 
testing significantly improve the understanding of the resource, enabling: 

 refinement of the estimate of the heat resource; 
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 determination of the average well productivity (thus laying out the scope of future drilling); 

 selection of the well sites and targets for the remaining production and injection wells; and 

 development of a preliminary design for the power plant and gathering system.  

A1.6  PHASE 4 – PROJECT REVIEW AND PLANNING 

Once the resource has been discovered and confirmed by the first few deep wells, the project risks are 
substantially reduced and a more accurate feasibility report can be prepared.  

The   resource   information  permits   the  developer   to   size   the  planned  development  and  secure  PPA’s  on  which  
financial models can be built.  Such models, including risk analysis enables the developer to obtain the require 
finance to move the project through to development.  

The feasibility report is designed to develop confidence in the viability of the project, facilitating project financing.  
The types of data collected and the recommended method for presenting this data are outlined in Appendix A2.  
The feasibility report includes the following elements: 

 location and design of drilling pads and other civil works (roads, preparation of power plant site, etc.); 

 design of development wells; 

 specification of drilling targets; 

 the power plant design; 

 the transmission access plan; 

 construction budgets for all of the above; 

 the terms of the power sales agreement; and 

 budget and revenue projections. 

The feasibility report is designed to develop confidence in the viability of the project, facilitating project financing. 

A1.7  PHASE 5 – FIELD DEVELOPMENT 

Following the Project Review Phase is the Field Development Phase, which continues with the drilling and testing 
of the production and injection wells required to initially supply the plant (with some excess capacity).    

Data and information gathered or provided to project partners during this Phase in the project may include: 

 

A) INFORMATION ABOUT DRILLING RIGS AND DRILLING SUPERVISION 

1) Detailed specifications of drilling rigs used or planned 

2) Drilling company´s experience and track record of geothermal wells 

3) Drilling programs for wells already drilled and those to be drilled 

4) List and qualifications for sub-contractors for specialized services 

5) CVs of drilling managers and their senior support staff  

6) Information regarding geothermal experience of drilling crew 

B) RESULTS OF DRILLING, LOGGING AND TESTING 

1) Drilling records, times, and costs 
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2) Resource data analysis 

3) Integration of resource data into the updated conceptual model 

4) Possible measures for the improvement of thermal output and stimulation of the well(s) 

C) INFORMATION ON COMMERICAL ASPECTS OF THE PROJECT 

1) Plan for electricity sales and retail or wholesale distribution 

2) Description of project structure 

3) Forward-looking financial projections including contingencies for miscellaneous costs during drilling and 
possible costs for improvement / stimulation 

4) Description and value of the assets or equipment to be insured 

 

D) INFORMATION ABOUT THE PROJECT DEVELOPER'S COMPANY 

1) Basic company information (type, structure, ownership, finances, related companies, etc.) 

2) Experience of senior management with drilling and natural resource development 

3) Organization and management structure 

4) Professional technical staff and their experience  

5) Number and type of support staff 

A1.8  PHASE 6 – POWER PLANT CONSTRUCTION 

In this period the civil works required for steam collection system and power station are completed.  The final 
design, procuring and constructing of the power plant and transmission lines are undertaken during this phase.  
Well testing may also continue at this time.  

A1.9  PHASE 7 – COMMISSIONING AND OPERATION 

Upon completion of construction, the Commissioning and Operation Phase begins.  Since the fuel supply for the 
project has already been developed (by drilling), the main focus is to optimize the production and injection 
scheme to enable the most efficient energy recovery and utilization.  This helps to minimize operational costs and 
ensure the reliable delivery of geothermal power. 


