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Appendix 1. List of required permits, licenses and rights 
In order for a firm to qualify for coverage under the RSM Program, a valid exploration 
license is required. This license should be valid until the end of the drilling program; 
however, a license that remains valid for 18 months from the application date will be 
accepted. The 18-month duration also includes the time necessary for the license holder 
to extend the exploration license by an additional year. Less than 18 months of 
remaining validity on the license may be acceptable in cases for which the drilling 
program can be completed in a shorter period. 

A geothermal firm which has been active in Turkey, which has undertaken exploration 
activities in the past and that holds an operation license (i.e. for direct use of 
geothermal hot water in greenhouses) will generally be allowed to participate in the RSM 
Program for these additional exploration activities. 

Requirements for a geothermal exploration and operation license: 

 1/25000 Scale Sheet and Coordinates. 
 Application form. 
 ANNEX-2 for Real Persons ANNEX-3 for legal entity12; 
 First Application’s letter of undertaking  
 Exploration Project  
 T. C. Identification number. Including Identification Card. 
 The relevant Tax Office, province and Tax number. 
 Contact information. 
 Bank name and Account number. 
 Approved Signature Circulars. 
 Company Registration Status and Trade Registry Gazette showing the latest 

registry. 
 Approved Signature Circulars of the Company's Management. 
 License Fee (Fee for 2014: 1,632.50 TL). 
 License Coverage (minimum guarantee amount for 2014: 24,487.80 TL). 
 The documents will be confirmed as "original" after being seen by the 

administrator. 

In addition to the right to explore for geothermal resources, additional licenses and 
permits will be required in order to successfully undertake the exploration activities 
including:  

 Resolution of any land ownership issues affecting the exploration area. The 
Beneficiary will have to identify the property holder of the land on which the 
search activities will be done. The Beneficiary will be required to present an 
agreement with the land owner, or expropriation plan, in case the Beneficiary 
does not own the land. This should clearly demonstrate that expropriation will 
not be a barrier against exploration activities in the licensed area. 

 For each drilling location, an EIA application must be performed and a 
certificate indicating that an “EIA is not required” must be granted.  

 Expected disposals of brine will need to be planned for prior to start of drilling. 
Disposal permits must be obtained from the local Governors. 

 A water extraction permit will be required in order to obtain the right to use 
the water which is anticipated to be found at the geothermal source. 

 In case equipment will be imported, an import license will be required.  

                                                
12 See http://www.mevzuat.gov.tr/MevzuatMetin/yonetmelik/7.5.11767%20ekler.doc 
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Appendix 2. Surface exploration studies  
There is a suite of surface exploration studies that are essential for the initial evaluation 
to determine if there is a potential geothermal resource within the study area and 
whether its development is feasible.  

Exploration methods and exploration data that will be considered when applications are 
evaluated are listed below. Note that the applicability of different exploration methods 
depends on the nature of the proposed reservoir. 

1. Infrastructure and local topography 

a. Infrastructure maps (roads, licensing area, wells, power lines and 

other relevant infrastructure) 

b. Topographic maps 

2. Geological exploration: 

a. Geological maps, scale, year of acquisition 

b. Structural maps, scale, year of acquisition 

c. Maps of geothermal surface manifestations, active and fossil, infra-red 
images 

d. Soil gas flux, soil temperature 

e. Hydrogeological studies and mapping, scale, year of acquisition 

f. Remote sensing techniques (aerial photographs, satellite imaging, etc) 

g. Whole Rock samples chemical analysis 

h. Age determination of rocks 

i. Other studies 

3. Geophysical exploration 

a. Resistivity survey 

i. MT, year of acquisition 

ii. TEM, year of acquisition 

iii. CSAMT, year of acquisition 

iv. Other resistivity methods, year of acquisition 

b. Processing of resistivity data 

i. 1D inversion, year of processing 

ii. 2D inversion, year of processing 

iii. 3D inversion, year of processing 

c. 2D and/or 3D seismic survey, year of acquisition and processing 

d. Macro and/or Micro seismic measurements, year of acquisition and 
processing 
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i. Epicentres 

ii. Tomography 

e. Magnetic measurements, type, year of acquisition and processing 

f. Gravity measurements, year of acquisition and processing 

i. Regional gravity 

ii. Micro gravity 

4. Geochemical exploration 

a. Geochemical sampling map, scale, year of acquisition 

b. Temperature and estimated flow from surface manifestations 

c. Geochemical analysis from manifestations, type of analysis, year of 
acquisition 

d. Results from geothermometers 

e. Results from mixing model calculations 

5. Exploration wells and other wells in the area (if any exist) 

a. Map of wells in the area, including types of wells 

b. List of wells of wells in the area, including  

i. Type (exploration, gradient, water wells, oil wells, etc) 

ii. Depth  

iii. Temperature profiles  

iv. Maximum temperature 

v. Depth to aquifers 

vi. Inflow temperature at aquifers 

vii. Outflow and temperature 

viii. Water level or shut-in pressure 

c. Well design and drilling program (if available) 

i. Well drawing as planned 

ii. Drilling program as planned 

iii. Well drawing “as built” 

iv. Information on deviation from design and drilling program 

v. Total cost of drilling, including infrastructure and flow testing 

d. Information from wells during drilling (if available) 

i. Drilling reports, including drilling progress plots and drilling 
data 
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ii. Lithology and hydrothermal alteration 

iii. Geophysical well logging information during drilling (P,T, 
Spinner, NN, Gamma, resistivity, etc). 

iv. Circulation losses 

v. Injection testing, determining injectivity of well 

e. Information on flow testing of exploration wells (if available) 

i. Type of flow testing (flashing, airlifting, pumping, artesian) 

ii. Duration of flow testing (short term – long term) 

iii. Information on surface installations for flow testing (separator, 
LIP, weir box, throttling, etc) 

iv. Flow rates encountered and associated gathering of well head 
and downhole data (P, T and enthalpy) 

v. Sampling of geothermal fluids during flow testing and analyses 

vi. Chemical composition of geothermal brine and steam 

vii. Analysis of steam and gas fractions 

viii. Results from flow testing in terms of MWe through applicable 
power conversion technique 

ix. Indications of long term behaviour and sustainability 

6.  Conceptual models 

 a. Conceptual models shall address the following: 

  i. Likely reservoir temperature(s) 

  ii. Likely size and thickness of the reservoir 

  iii. Geological conditions 

  iv. Boundaries and boundary conditions 

  v. Hydrogeology and recharge 

  vi. Likely chemistry of fluids (including CO2 concentrations) 

vii. Maps and cross sections (showing the components listed above and 
temperature isotherms) 

7.  Geothermal resource assessment 

a. All data combined and geothermal conceptual model presented, 
indicating: 

i. Likely areal size and thickness of reservoir 

ii. Likely reservoir temperatures  

iii. Likely chemical composition of geothermal liquid 
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b. Volumetric assessment, taking all surface- and subsurface data into 
account 

All other information that might be relevant to a specific area and not mentioned in the 
above list will be considered in assessment of the geothermal potential of the area.  

In addition to the interpretation of the results of any previous works as described 
above, an assessment of the underlying geothermal raw data may be required by the 
RSM Unit. On a case by case basis, the RSM Unit may request specific raw data for re-
interpretation and analysis in order to verify the conceptual model and the 
interpretation of the results provided by the Applicant. 
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Appendix 3. Conceptual models and resource 
assessment 
The assessment of geothermal resources involves studies and research aimed at 
assessing the nature and energy production capacity of geothermal systems. It is based 
on the data available at any given time, or stage, in the development of a system.  

When carrying out conceptual modelling and resource assessment, the following 
references may be useful:  

 Geothermal Exploration Best Practices: A Guide to Resource Data Collection, 
Analysis, and Presentation for Geothermal Projects, by IFC-IGA, 2013 

 The Australian Code for Reporting of Exploration Results, Geothermal Resources 
and Geothermal Reserves: “The Geothermal Reporting Code, Second Edition 
(2010)” 

The IFC-IGA Guide is of particular importance in the coordination of conceptual model 
development while the Australian Code is helpful in the classification of resources in 
terms of knowledge and probability.   

CONCEPTUAL MODEL DEVELOPMENT 

During the exploration phase, a conceptual model of the geothermal resource should be 
prepared. This model should be consequently updated and refined, as more data is 
gathered; surface exploration data, well data as well as testing and monitoring data. A 
conceptual model is a representation of the best understanding of a geothermal system 
at any time, consistent with all known data and interpretation. The model needs to 
contain sufficient geological and tectonic information to allow a first pass estimate of 
resource distribution, temperature, and size. Conceptual models are used to target deep 
wells toward lithological units and/or structures with the highest probability of delivering 
geothermal fluids. Conceptual models also provide the basis of resource assessments, 
whether they are simple volumetric assessments or complex numerical models. While it 
is expected that the initial conceptual model may be crude or incomplete, it is important 
to have an initial model that can be refined and improved as drilling proceeds and more 
data becomes available (IFC-IGA, 2013). A conceptual model is either visualized as 2D 
cross sections, or simple or complicated 3D models (see figures below).  



 
 

BENEFICIARY MANUAL  

 

RSM Beneficiary Manual 20180711 AF Page 46 (166) 

 

Figure 11 – Example of a 3D conceptual block-model (IFC-IGA, 2013). 

 

Parameters needed for development of conceptual models 

A list of items that a conceptual model should address is presented below. It should be 
kept in mind that much of this data will not be available for the preliminary modelling. 
Therefore, the conceptual model may be crude to start with but will be updated and 
refined, especially as drilling data is acquired. However, the first wells need to be sited 
on the basis of a preliminary model. 

1. Likely reservoir temperature 

This can be estimated, using: 

 Chemical geothermometry 
 Resistivity 
 Gradient well data 
 Deep well data 

2. Likely areal size of the geothermal system and thickness of the reservoir 

This can be estimated, using: 

 Surface manifestations (often minimum size) 
 Resistivity and other geophysical surveys 
 Gradient well data 
 Deep well data 
 Geology 
 Structural settings 

3. Geological conditions controlling the geothermal system 

This can be estimated, using 
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 Topography  
 Stratigraphy (Type of reservoir rock and cap rock) 
 Structural setting, mainly information on faults and fractures 
 Tectonic setting 

4. Boundary conditions for the geothermal system 

This can be estimated, using 

 Topography  
 Stratigraphy 
 Structural settings 
 Upflow and outflow 
 Recharge 
 Temperature model 

5. Hydrogeology and recharge area for the geothermal system 

This can be estimated, using 

 Topography 
 Stratigraphy 
 Structural settings 
 Surface hydrology 
 Soil coverage 
 Precipitation 
 Groundwater aquifer information 

6. Likely geochemistry of fluids (incl. CO2) 

This can be estimated, using 

 Types of surface manifestations 
 Alteration mineralogy 
 Liquid chemical composition 
 Steam/gas composition 
 Stratigraphy 
 Hydrological conditions and residence time 
 Geothermometry 
 Mixing with cold groundwater 

7. Heat source for the geothermal system 

This may be assessed/located, using 

 Regional geology 
 Geothermometry 
 Liquid chemical composition 
 Steam/gas composition 
 Stratigraphy 
 Resistivity 
 Gradient well data 
 Deep well data 
 Microseismicity 

This is not an exhaustive list of data types.  All other information that might be relevant 
to the geothermal resource in question and not mentioned in the above list can be helpful 
in developing the possible geothermal conceptual model.  

Well drilling and completion should be followed by well testing, reservoir testing, 
monitoring during utilization and tracer testing to further assess both production and 
subsurface conditions. This enables the conceptual model to be continuously updated 
and refined, and any previous interpretations to be tested (IFC-IGA, 2013).  
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GEOTHERMAL RESOURCE ASSESSMENT  

After completing the surface exploration and development of the conceptual model, the 
first step in evaluating the possible capacity of the geothermal resource will be to 
perform a preliminary volumetric resource assessment. This is based on a combination 
of: 

 possible areal extent of reservoir; 
 known and assumed temperature distribution; 
 estimates of the depth and thickness of reservoir; 
 properties of possible reservoir rocks, i.e. porosity, density and heat capacity; 
 reasonable assumptions about how much of the heat-in-place may be 

recovered at the wellhead through the use of a recovery factor; and 
 reasonable assumptions about the efficiency of converting heat to electricity, 

based on the performance of modern geothermal power plants. 

Initially this information is based on surface exploration, but this will become more 
comprehensive with information gained from drilling the first exploration wells. To 
account for uncertainty in the various parameters, probabilistic calculations (e.g., Monte 
Carlo) are usually applied when performing a volumetric assessment of the reservoir. 
Using this method, probability distributions are defined for the various input parameters 
and the volumetric assessment results are presented as a probability distribution for 
capacity (usually MWe or MWth). Based on the resulting probability distribution for 
capacity P90, P50 and P10 values for the capacity estimates are defined and presented.  
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Appendix 4. Items to be addressed in a drilling program 
 
Basic well data 

 Introduction 
 Objective 
 Drilling prognosis, based on conceptual model 

 Well targets 
 Stratigraphic and structural conditions 
 Offset well data (if available) 
 Hydrothermal alteration 
 Depth to reservoir 
 Potential for Losses of Circulation 
 Expected Temperature and Pressure conditions 
 Potential for encountering kicks 
 Potential for encountering gas/gas kicks 

 Detailed well design  
 Depth of well 
 Drilling diameters 
 Casing program 
 Casing specifications 
 Well head assembly 
 Type and pressure class of master valve 
 Side outlets and other valves 
 Expansion spool 
 Cellar design 
 Detailed drawings  
 Bill of Quantity (item list) for well design 
 Deviated or vertical 

 Minimum Drill Rig Requirement, based on well design 
 Design of well pad and mud pit 
 Estimated Drilling Time 
 Environmental and social impact report 
 Status of permits and licenses 
 Bill of Quantity (item list) for drilling materials 
 Information on procurement plan for material and equipment 
 Cost estimation 

Drilling 

 Preliminary work 
 Well Pad 
 Mud Pit 
 Sampling of cuttings/core 
 Conductor Pipe and Mouse – Hole 
 Cellar 
 Water Supply 

 
 Well drilling 

 Surface casing:  – Inch Stage: XX" – Inch Surface Casing to XX m 
- Drill string and BHA (Bottom hole assembly) 
- Drilling description 
- BOP (Blow-Out Preventer) stack 
- Casing and cementing 

 Intermediate casing: (if needed) - Inch Stage: XX" - Inch Anchor 
Casing to XXX m 

- Drill string and BHA 
- Drilling description 
- BOP stack 



 
 

BENEFICIARY MANUAL  

 

RSM Beneficiary Manual 20180711 AF Page 50 (166) 

- Casing and cementing 
 Production casing - Inch Stage: X" - Inch Production Casing to XX m 

- Drill string and BHA 
- Drilling description (Directional drilling?) 
- BOP stack 
- Casing and cementing 

 Open hole - Inch Stage: X" - Open hole with X" Slotted Liner 
- Drill string and BHA 
- Drilling description 
- BOP stack 
- Slotted/perforated liner 

Drilling fluid program 

 Surface casing   
 Anchor casing 
 Production casing 
 Open hole 

General notes 

 “Drilling on paper” exercise  
 Drilling Parameters 
 Underbalanced drilling or not 
 Deviation or not 
 Cementing 
 Pressure Tests: 

 BOP Pressure Tests 
 Casing Pressure Tests 
 Formation Leak Off Tests  

 Well logging during and after drilling (heat up) 
 Mud logging by site geologist 
 Geophysical logging  
 Injection testing (see well testing protocol) 
 Decision on stimulation 
 Hydrogen sulphide, carbon dioxide and hydrocarbon monitoring 
 Rig instrumentation system 
 Essential Parameters to be recorded by Drilling Contractor/Mud Logging 

Contractor and provided to Client (preferably online) 
 Well completion 
 Reporting 

 Rig daily report on drilling parameters 
 Site geologist daily report 
 Geophysical logging reports 
 Mud report 
 Casing reports 
 Cementing report 
 Directional drilling report (if applicable) 
 Meeting minutes 

Standard casing designs that Well Cost Guideline is based on. 

Four typical casing programs for HT wells are set up as basis for generic cost model 
calculations. These can be adapted to intermediate- and low- temperature cases, by 
eliminating unnecessary tasks and equipment not needed for lower temperature drilling. 
It is also expected that some of the listed items may not apply, which will be taken into 
account on a case by case basis. The beneficiary needs to provide cost estimates for 
proposed wells by taking the following items into account. 



 
 

BENEFICIARY MANUAL  

 

RSM Beneficiary Manual 20180711 AF Page 51 (166) 

Tables 13 to 16 below correlate casing and bit sizes while Figure 7 shows technical 
drawings of the casing programs. API casings and bits are used for casing programs of 
large, regular and slim wells, but for cored well, a mix of API and wireline coring casings 
and bits are used. 

Table 14 – Casing sizes, nominal weights, shoe depths, grades, connections and bit sizes for 
drilling phases of a large diameter well (ø12¼″) 

Drilling 
phase 

Nominal 
size 
(OD) 

Nominal 
weight 

Casing 
shoe 
depths 

Grade Connections Bit size 

 
(in) (lb/ft) (m) 

  
(in) 

1. 22 1/2 117 90 X56 Welded 26 

2. 18 5/8 87.5 350 X56 Welded 21 

3. 13 3/8 68 1200 K55 BTC 17½ 

4. 9 5/8 47 3000 K55 BTC 12¼ 

 

Table 15 – Casing sizes, nominal weights, shoe depths, grades, connections and bit sizes for 
drilling phases of a regular diameter well (ø8½″) 

Drilling 
phase 

Nominal 
size 
(OD) 

Nominal 
weight 

Casing 
shoe 
depths 

Grade Connections Bit size 

 
(in) (lb/ft) (m) 

  
(in) 

1. 18 5/8 87.5 90 X56 Welded 21 

2. 13 3/8 68 350 K55 BTC 17½ 

3. 9 5/8 47 1200 K55 BTC 12¼ 

4. 7 26 3000 K55 BTC 8½  

 

Table 16 – Casing sizes, nominal weights, shoe depths, grades, connections and bit sizes for 
drilling phases of a slimhole (ø6⅛″) 

Drilling 
phase 

Nominal 
size 
(OD) 

Nominal 
weight 

Casing 
shoe 
depths 

Grade Connections Bit size 

 
(in) (lb/ft) (m) 

  
(in) 

1. 13 3/8 68 70 K55 BTC 17½ 

2. 9 5/8 47 250 K55 BTC 12¼ 

3. 7 26 800 K55 BTC 8½  

4. 4 1/2 13.5 2000 K55 BTC 6⅛ 

 

Table 17 – Casing sizes, nominal weights, shoe depths, grades, connections and bit sizes for 
drilling phases of a cored well (ø2.97″) 

Drilling 
phase 

Nominal 
size 
(OD) 

Nominal 
weight 

Casing 
shoe 
depths 

Casing type Bit size Description 

 
(in) (lb/ft) (m) 

 
(in) 

 

1. 7 26 50 API 8½  API 

2. 4 1/2 13.5 200 HW casing or API 6⅛ HW casing or API 

3. 3 1/2 - 700 NW casing 3.77 NW casing 

4. 2 3/4 - 1500 Holed NQ rod 2.97 Holed NQ rod 
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Table 18 – Well Cost Guidelines. Overview of cost distribution estimation for drilling of large, 
regular and slim wells. To be used for eligible cost estimation during negotiations 

 

 

  

   DESCRIPTION Large Regular Slim

3000m 3000m 2000m

DRILLING WORKS

Rig mobil ization, equiv. to 11 rig day rates 4,8% 4,7% 5,3%

Rig demobil ization, equiv. to 8 rig day rates 3,5% 3,4% 3,9%

Rig Rental , crew and BOP´s 25,6% 25,7% 24,1%

Rig water supply 1,0% 1,1% 1,5%

Diesel  fuel 4,3% 5,0% 4,3%

Directional services and tools 6,1% 7,0% 0,0%

Cementing services and equipment 2,4% 2,8% 3,7%

Tool rental 0,6% 0,7% 1,0%

Welding services and other 0,5% 0,6% 1,0%

SUM 48,8% 50,9% 44,7%

CASINGS AND DRILLING CONSUMABLES

Well casings 5,3% 4,2% 3,0%

Casing hardware, cementing 0,5% 0,4% 0,5%

Wellhead valves and spools 1,5% 1,7% 1,8%

Drill ing mud/polymers/additives 1,5% 1,2% 0,8%

Cement and additives 5,6% 2,1% 1,0%

Drill  bits and stabil izers 2,9% 2,6% 2,2%

SUM 17,3% 12,4% 9,4%

DRILLING SITE

Site preparation, cel lar and ponds 3,2% 3,6% 5,8%

Util ities to site (electricity, water, communications) 0,5% 0,6% 1,0%

Security and geothermal field operators 0,8% 0,9% 1,4%

SUM 4,5% 5,1% 8,2%

SPECIALIST SERVICES

Project manager and Company man + 20 days 2,6% 2,9% 4,1%

Wellsite geologist + 20 days 1,7% 2,0% 2,7%

Mud logging cabin w/ data acquisition 1,0% 1,1% 1,5%

Resevoir engineer for testing +14 days 0,4% 0,4% 0,6%

Mud engineer 1,0% 1,1% 1,5%

Wireline service 1,8% 2,0% 2,8%

Logging depth charge, wireline (table) 1,4% 1,7% 1,3%

Drillstem inspection 1,1% 1,2% 1,0%

Waste disposal 0,5% 0,6% 1,0%

Reports 0,5% 0,6% 1,0%

Lodging, catering, transportation, (see Crew table) 1,7% 1,9% 2,5%

SUM 13,6% 15,5% 19,8%

 BASE ESTIMATE FOR DRILLING 84,2% 83,9% 82,1%

WELL FLOW TEST long term 2,7% 3,0% 4,9%

CONTINGENCY 13,1% 13,0% 13,0%

EST. DRILLING AND TESTING COST, TOTAL 100,0% 100,0% 100,0%
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Appendix 5. Well Testing Protocol – schematic Figures 
for well testing 
 

 

Figure 12 – Schematic overview of surface equipment and data sampling points commonly used 
during flow-testing of two-phase geothermal wells.  

 

 

Figure 13 – An example of setup for chemical sampling of two phase flow, using a webre 
sampling separator. 

 



 
 

BENEFICIARY MANUAL  

 

RSM Beneficiary Manual 20180711 AF Page 54 (166) 

 

Figure 14 – An example of setup for Non-Condensable Gas (NCG) determination 
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Appendix 6. Ideal team composition 
1. Applicant experience 

Each application shall include a thorough description of the Beneficiary’s experience 
(and/or its key consultants) in geothermal exploration, drilling and utilization.  

2. Experience of key experts 

Applicants shall present a team of experts that will be responsible for the implementation 
of the Beneficiary Agreement. The team will be responsible for the field activities, 
reporting and communication with the RSM Unit.   

The applicant’s team must consist of specialists identified in Table 19 below.  However, 
well testing experts, reservoir engineers and geochemists are not required in cases 
where slim wells are to be drilled but not tested. It is possible that one individual may 
be responsible for more than one of the required disciplines.   

Each application shall include a list of the experts proposed for the team, including 
CV’s for both key and non-key experts, demonstrating their relevant experience in 
their fields of expertise and detail their experience in similar projects.   

Table 19 – Experts required for drilling and testing activities 

Item Expert/position 

1 Team leader/Project coordinator 

2 Drilling supervisor 

3 Drilling engineer 

4 Well testing expert 

5 Reservoir engineer 

6 Geochemist 

7 Geologist 

8 Environmental and social safeguards specialist 

 

Team leader/Project coordinator 

The Team Leader needs to hold a university degree in geoscience, engineering or similar, 
and have practical experience in geothermal exploration or geothermal drilling activities. 
The team leader will check the well design and well drilling and testing to be consistent 
with industry best practices (New Zealand Standard, 2015: Code of practice for deep 
geothermal wells. Standards New Zealand, Wellington, NZ, 102 pp.). The Team Leader 
needs to have at least seven (7) years of experience as a project manager in similar 
projects. The team leader needs to have practical experience in successfully managing 
exploration projects involving geoscientific studies.  It is highly recommended that the 
Team Leader has experience in developing geothermal conceptual models.  

Drilling supervisor 

The drilling supervisor needs to hold a university degree in engineering or similar and 
have practical experience in drilling activities, preferably geothermal drilling. The drilling 
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supervisor needs to have at least four (4) years of experience as a professional 
geothermal specialist. 

Drilling engineer 

The drilling engineer will be responsible for drilling plans and well designs. The drilling 
engineer needs to hold a university degree in engineering and have practical experience 
in geothermal exploration or geothermal drilling activities. The drilling engineer needs 
to have at least four (4) years of relevant experience. 

Well testing expert 

The well testing expert will be responsible for design and setup of well testing equipment 
and all well testing activities, including downhole temperature and pressure logging, 
discharge measurements. The well testing expert needs to hold a university degree in 
engineering or geoscience and have practical experience in flow testing activities. 
Preferably the well testing expert needs to have at least four (4) years of experience. 

Reservoir engineer 

The reservoir engineer will in cooperation with other team experts be responsible for 
evaluation of information about the nature of the reservoir (temperature and 
permeability) and drilling targets. The reservoir engineer needs to hold a university 
degree and have practical experience in geothermal exploration and flow testing. The 
reservoir engineer needs to have at least four (4) years of relevant experience. 

Geochemist 

The geochemist will be responsible for sampling during well testing and geochemical 
interpretation. The lead geochemist needs to have a university degree or equivalent in 
geochemistry or chemistry and preferably four (4) years of experience as a geothermal 
geochemist. This person needs to have solid experience in collection of water and gas 
samples for chemical analysis and interpretation of geochemical data with respect to 
geothermometry and production properties. 

Geologist 

The geologist will be responsible for on-site mud logging, identification of stratigraphy, 
hydrothermal mineralogy and geological context of feed points. The lead field geologist 
needs to have a university degree or equivalent in geology and preferably four (4) years 
of experience as a geothermal geologist. This person needs to have a solid experience 
in mud logging for geothermal exploration purposes. 

Environmental and social safeguards specialist 

The environmental and safeguards specialist will be responsible for all safeguards issues 
under the RSM component. The safeguard specialist will monitor timely implementation 
of safeguards provisions stipulated in the safeguards documents of the Project as well 
as ensure adequate monitoring and implementation of safeguards provisions and other 
key activities. The environmental and social safeguard specialist needs to have an 
advanced university degree or equivalent in environmental or social sciences and 
preferably four (4) years of relevant experience. 
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Appendix 7. Formulas for calculations of success criteria 
 
Two Phase Power Output Formula to be Applied for Condensing Power Plant 
 
When well testing a two-phase production well, the following formula shall be applied to 
establish the Power Output (PO) of the well as it pertains to the requirements of a 
Condensing Power Plant.  The calculated PO will then be compared to the Power Output 
Threshold Value for the Beneficiary’s Condensing Power Plant (when applicable) as 
stated in Article 2.1 “Business Plan Identification and Associated Data”.  If the calculated 
PO meets or exceeds the stated Power Output Threshold Value and the minimum 
wellhead pressure is met or exceeded, the well will be deemed a success and the 
Beneficiary shall pay the RSM Facility pursuant to the RSM payment terms.  If the 
calculated PO is less than the stated Power Output Threshold Value or the minimum 
wellhead pressure is not met, the well will be deemed a failure and the RSM Facility shall 
pay the Beneficiary pursuant to the RSM payment terms.   
 

𝑃𝑂[𝑀𝑊 ] =
𝑄

𝑘𝑔
𝑠

𝑆𝐶𝐹
𝑘𝑔 𝑠⁄

𝑀𝑊

 

Where 
 

 𝑄  is the steam flow at the planned inlet pressure, defined as: 

𝑄 = 𝑄 +𝑄 ∗
ℎ − ℎ

ℎ − ℎ
 

 𝑄 and 𝑄 are the flow of steam and liquid respectively at the sampling 
pressure  

 ℎ refers to the specific enthalpy of liquid (l) and vapor (v) at sampling 
pressure (Ps)  
and planned inlet pressure (Pi) 

 𝑆𝐶𝐹  refers to the steam consumption factor of the anticipated turbine at the 
anticipated inlet pressure as stated above.   

 
Two Phase Power Output Formula to be Applied for Binary Power Plant 
 
When well testing a two-phase production well, the following formula shall be applied to 
establish the Power Output (PO) of the well as it pertains to the requirements of a Binary 
Power Plant.  The calculated PO will then be compared to the Power Output Threshold 
Value for the Beneficiary’s Binary Power Plant (when applicable) as stated in Article 2.1 
“Business Plan Identification and Associated Data”.  If the calculated PO meets or 
exceeds the stated Power Output Threshold Value and the minimum wellhead pressure 
is met or exceeded, the well will be deemed a success and the Beneficiary shall pay the 
RSM Facility pursuant to the RSM payment terms.  If the calculated PO is less than the 
stated Power Output Threshold Value or the minimum wellhead pressure is not met, the 
well will be deemed a failure and the RSM Facility shall pay the Beneficiary pursuant to 
the RSM payment terms.   
 

𝑃𝑂[𝑀𝑊 ] = 𝑄
𝑘𝑔

𝑠 ∗ ∆ℎ
𝑘𝐽

𝑘𝑔 ∗ 10
𝑀𝑊

𝑘𝑊 ∗ 𝜂
𝑀𝑊

𝑀𝑊 , 

Where  
 𝑄  is the total flow from the well 
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 ∆ℎ is the difference between the wellhead discharge enthalpy and the enthalpy 
of liquid water at the power plant outlet temperature as stated above.   

 𝜂  is the thermal efficiency factor for the planned power plant as stated above.   
 
Two Phase Well CO2 Threshold Value for Condensing Power Plants 
 
The drilling program will be terminated if the projected CO2 emission factor (𝐸𝐹 ) 

resulting from the use of a Condensing Power Plant is equal to or greater than 583 
g/kWh when applying the following formula: 

 
CO2 Emission Factor Formula for Condensing Power Plants 

 

𝐸𝐹
𝑔

𝑘𝑊ℎ = 𝑆𝐶𝐹
𝑘𝑔 𝑠⁄

𝑀𝑊 ∗ 𝐶 , 𝑚𝑔
𝑘𝑔 ∗ 3.6

𝑀𝑊𝑠

𝑘𝑊ℎ
∗

1

1000

𝑔

𝑚𝑔
 

 
Where  

 𝐶 , is the concentration of CO2 in steam at the inlet pressure to the planned 
power plant as stated above.   
 

 The 𝐶 ,  is related to the measured concentration of CO2 in steam, i.e. at 

sampling pressure (𝐶 , ), through the following equation: 
 

𝐶 , = 𝐶 , ∗ , 

Where 
 𝑋 and 𝑋  represent the steam fraction at 𝑃  and 𝑃 , respectively 
  𝑋  and 𝑋  are computed as: 

𝑋 =
,

, ,
  and 𝑋 =

,

, ,
, 

Where 
 ℎ  is the enthalpy of the total discharge (kJ/kg)  
 ℎ  and  ℎ  are the enthalpy of vapor and liquid (kJ/kg), respectively at the 

superscripted pressure. 
 

 
Two Phase Well CO2 Threshold Value for Binary Power Plants 
 
The drilling program will be terminated if the projected CO2 emission factor (𝐸𝐹 ) 

resulting from the use of a Binary Power Plant is equal to or greater than 583 g/kWh 
when applying the following formula: 
 

CO2 Emission Factor Formula for Binary Power Plants 
 

𝐸𝐹 =
3600

𝑘𝐽
𝑘𝑊ℎ

∆ℎ 
𝑘𝐽

𝑘𝑔 ∗ 𝜂
∗ 𝐶

𝑚𝑔
𝑘𝑔 ∗ 10

𝑔
𝑚𝑔   

Where  
 ∆ℎ is the difference between the wellhead discharge enthalpy and the enthalpy 

of liquid water at the power plant outlet temperature as stated above.   
 𝜂  is the thermal efficiency factor for the planned power plant as stated above.   
 𝐶  is the concentration of CO2 in the total discharge fluid. 

 
Single Phase Power Output Formula to be Applied for Binary Power Plant 
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When well testing a Single Phase Production Well, the following formula shall be applied 
to establish the Power Output (PO) of the well as it pertains to the requirements of a 
Binary Power Plant.  The calculated PO will then be compared to the Power Output 
Threshold Value for the Beneficiary’s Binary Power Plant (when applicable) as stated in 
Article 2.1 “Business Plan Identification and Associated Data”.  If; i) the calculated PO 
meets or exceeds the stated Power Output Threshold Value; and, ii) the minimum liquid 
temperature at the wellhead is met or exceeded; and, iii) the single phase maximum 
drawdown is met or exceeded, then the well will be deemed a success and the 
Beneficiary shall pay the RSM Facility pursuant to the RSM payment terms.  If; i) the 
calculated PO does not meet the stated Power Output Threshold Value; or, ii) the 
minimum liquid temperature at wellhead is not met; or, iii) the single phase maximum 
drawdown is not met, then the well will be deemed a failure and the RSM Facility shall 
pay the Beneficiary pursuant to the RSM payment terms.   
 

𝑃𝑂[𝑀𝑊 ] = 𝑄
𝑘𝑔

𝑠 ∗ ∆ℎ
𝑘𝐽

𝑘𝑔 ∗ 10
𝑀𝑊

𝑘𝑊 ∗ 𝜂
𝑀𝑊

𝑀𝑊 , 

Where 
 QT is the total mass flow from the well  
 ∆ℎ is the difference between the discharge enthalpy at the wellhead and the 

enthalpy of liquid water at the binary power plant outlet temperature as stated 
above.   

 𝜂  is the thermal efficiency factor for the planned power plant as stated 
above.   

 
Single Phase Thermal Output Formula to be Applied for Thermal Application 
 
When well testing a Single-Phase Production Well, the following formula shall be applied 
to establish the thermal output (TO) of the well as it pertains to the requirements of a 
Thermal Application.  The calculated TO will then be compared to the Thermal Output 
Threshold Value for the Beneficiary’s Thermal Application (when applicable) as stated in 
Article 2.1 “Business Plan Identification and Associated Data”.  If; i) the calculated TO 
meets or exceeds the stated Thermal Output Threshold Value; and, ii) the minimum 
liquid temperature at the wellhead is met or exceeded; and, iii) the single phase 
maximum drawdown is met or exceeded, then the well will be deemed a success and 
the Beneficiary shall pay the RSM Facility pursuant to the RSM payment terms.  If; i) 
the calculated TO does not meet the stated Thermal Output Threshold Value; or, ii) the 
minimum liquid temperature at wellhead is not met; or, iii) the single phase maximum 
drawdown is not met, then the well will be deemed a failure and the RSM Facility shall 
pay the Beneficiary pursuant to the RSM payment terms.   
 

𝑇𝑂 = 𝑄
𝑘𝑔

𝑠 ∗ ∆ℎ
𝑘𝐽

𝑘𝑔 ∗ 10 𝑀𝑊
𝑘𝑊  

Where 
 Q is the total mass flow from the well  
 ∆ℎ is the difference between the discharge enthalpy at the wellhead and the 

enthalpy of liquid water at the thermal energy application outlet water 
temperature as stated above. 

Single Phase Well CO2 Threshold Value for Binary Power Plants 
 
The drilling program will be terminated if the projected CO2 emission factor (𝐸𝐹 ) 

resulting from the use of a Binary Power Plant is equal to or greater than 583 g/kWh 
when applying the following formula.   
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CO2 Emission Factor Formula for Binary Power Plants 

 

𝐸𝐹 =
3600

𝑘𝐽
𝑘𝑊ℎ

∆ℎ 
𝑘𝐽

𝑘𝑔 𝜂
∗ 𝐶

𝑚𝑔
𝑘𝑔 ∗ 10

𝑔
𝑚𝑔  

Where  
 ∆ℎ is the difference between the wellhead discharge enthalpy and the enthalpy 

of liquid water at the power plant outlet temperature as stated above.   
 𝐶  is the concentration of CO2 in the liquid. 
 𝜂  is the thermal efficiency factor for the planned power plant as stated above.   

 
Single Phase Well CO2 Threshold Value for Thermal Energy Applications 
 
The drilling program will be terminated if the projected CO2 emission factor (𝐸𝐹 ) 

resulting from use in a Thermal Energy Application is equal to or greater than 516 g/kWh 
when applying the following formula.   
 
CO2 Emissions Factor Formula for Thermal Energy Application 
 

𝐸𝐹 =
3600

𝑘𝐽
𝑘𝑊ℎ

∆ℎ 
𝑘𝐽

𝑘𝑔

∗ 𝐶
𝑚𝑔

𝑘𝑔 ∗ 10
𝑔

𝑚𝑔  

Where  
 ∆ℎ is the difference between the wellhead discharge enthalpy and the enthalpy 

of liquid water at the power plant outlet temperature as stated above.   
𝐶  is the concentration of CO2 in the liquid. 
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Appendix 8. Draft Beneficiary Agreement  
[Provided as separate document] 

 

  


