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SUBJECT: Response to questions and comments following the workshop on 03/12/2013: Contract #029 
De 2013 
 

Dear Mr. Diaz, 

 

Responses, Figures and Tables included below in the responses to comments and questions provided by 

CREG to Grupo Dewhurst on 13/12/2013 are taken from the final report delivered to CREG by Grupo 

Dewhurst on 19/12/2013 and are numbered accordingly. 

 

1. Consideramos importante que se especifiquen las instalaciones requeridas, el tipo de 

mediciones, la duración y la periodicidad de las pruebas de producción de los pozos 

exploratorios que permitan obtener la información requerida y aplicar la fórmula 

propuesta por el consultor y 2. ¿Cual o cuales datos de temperatura del recurso se deben 

tener en cuenta? Es importante precisar si se hace referencia a la temperatura obtenida 

en el reservorio a partir de un pozo exploratorio o de varios pozos; si es la temperatura 

con que ingresaría el fluido a la planta, o si es suficiente la temperatura inferida en 

prefactibilidad a partir de geotermómetros o estimada a partir de datos de gradiente 

térmico obtenidos de pozos poco profundos. 

 

R/ Regardless of the technology employed for a geothermal project, the execution phases and 

decision points are similar. Table 1 describes these steps. In the initial phases of a project, little is 

known about the reservoir. The identification phases attempt to define the extent and quality of   

the reservoir, and may use exploration methods such as (DiPippo, 2008):  
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1. Literature surveys  

2. Airborne surveys  

3. Geologica studies  

4. Hydrologic studies  

5. Geochemical surveys  

6. Geophysical surveys  

 

If the reservoir appears promising, exploratory drilling is typically carried out, which attempts to 

better characterize the nature of the geofluid and the potential productivity of wells. The 

methodology presented in this study for the determination of energy output from a plant can be 

used to estimate output using a small number of major independent variables that may be 

estimated at this stage: anticipated geofluid temperature, flowrate, and ambient conditions. An 

average temperature is assumed for this methodology, characteristic of an average produced 

temperature (or equivalent enthalpy) of all production wells for the plant. Production well 

flowrates (kg/s) may be estimated from similar projects, or resource consultant experience, but 

in truth flowrates cannot be known until the wells have been drilled and tested. Another 

perspective would be to say the total flowrate required for a plant of a certain capacity can be 

known precisely (if within reasonable limits for the reservoir’s capacity); what is unknown is the 

number of wells that must be drilled in order to achieve that flowrate. The uncertainty of the 

output predictions would be larger at this stage since the resource conditions and plant 

configuration is not yet finalized; this uncertainty in output might be around 20-30%. As more 

wells are drilled and confidence in the characterization of the reservoir improves, the output 

predictions would be refined. 
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Table 1 – Phases and decision points for typical geothermal projects (Deloitte, 2008) 

 

 

If the exploratory drilling is promising, a decision must be made on more extensive production 

well drilling. Drilling usually must be funded with equity and is not without risk. Typically 

feasibility studies would be carried out at this stage to determine if, with the anticipated 
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investment in wells and plant equipment, a specific power plant design can deliver an acceptable 

return to the investors. At this stage more detailed measurements of actual geofluid 

composition, enthalpy, and flow must be available. Feasibility studies typically consider several 

cycle types, perform an economic optimization, and assess output using a model that considers 

many more variables, including actual equipment performance estimates from vendor quotes, 

flash pressures optimized considering the actual well production curves, and limitations on 

reinjection temperature based on resource chemistry. As an example, for a prefeasibility study 

for a project in Turkey, we provided various output estimates for different plant types that varied 

by less than 10%. However, capital costs often have a greater impact on plant selection, and these 

varied by around 25%. It is difficult to determine plant costs to an accuracy of better than 20-30% 

without doing a significant amount of design and obtaining at least major equipment quotations. 

Obtaining output estimates in this stage of the project is a process that may take weeks or 

months.  

During this exploration and confirmation phases, numerical reservoir simulations are generally 

developed, incorporating predictions for changes in temperature, pressure, or flowrates over 

time, and wellbore losses. The model is updated as more data are available, with the most 

valuable being actual production well long term flow testing and enthalpy measurements, among 

others. 

Long term flow tests (weeks or months) may be preferred to better characterize wells, but 

permitting, water disposal, or other limitations may mean only short term tests (hours or days) 

are possible in the initial stages of the power plant definition. It often is preferred to carry out 

flow tests several months after drilling is complete, to allow the well to heat back up if it has 

cooled from the drilling operations. Measurement of single phase, low temperature flows are 

fairly straightforward, but flow and enthalpy measurements for more energetic resources often 

require flashing the produced geofluid in a separator and separately measuring the steam and 
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water flows; this requires more significant investment in surface equipment, and the emissions 

of steam and non-condensable gases during the test. With updated data from long term tests, 

and using this reservoir model, the plant performance may be estimated over many years of 

future production. 

If the results of the feasibility study and confirmation drilling are promising, then a decision can 

be made to proceed with the full construction of the project. The detailed design of a geothermal 

power plant and the calculations to determine the guaranteed net output, that might serve for a 

contractual target and regulatory acceptance, requires many months of effort, and relies on 

hundreds of items of data, many of which are only available after purchase orders for major 

equipment are placed and much of the detailed design is complete. These include values such as 

final design of the gathering and injection system, certified motor data sheets, lighting loads, 

HVAC loads, miscellaneous pump operating times, and many other factors. Obtaining output 

estimates in this stage of the project is a process that takes several years, and these often include 

margins, depending on the commercial penalties that may apply for not meeting performance. 

After the plant is constructed and operated, variations in resource temperature, ambient 

conditions, and the fact that design margins (excess heat exchanger areas for future fouling, 

excess pump capacity to account for future wear, etc) may be present in equipment, result in the 

actual output inevitably varying from the design point. It is not uncommon in our experience for 

the actual plant to perhaps outperform the design performance by some 1-2%, or, if there are 

problems with the resource, output can be significantly less than design. 

The plant performance at the beginning of commercial operations is generally validated with a 

performance test, the procedure for which is developed considering off-design performance 

curves in case resource conditions, reservoir conditions, etc during the test period are different 

than the design values. Tracking of capacity factor (or availability) over time is also generally done 
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by the plant operator after commercial acceptance, and may be an important issue related to 

warranties with the equipment or plant suppliers. 

Over the life of the plant, the resource may change as fluid is extracted, and output may decline. 

The reservoir model can be updated for operating plants using actual flow and temperature (or 

enthalpy) data from the wells, collected continuously or periodically. Generally, declines in well 

production are managed by drilling additional makeup wells. Changes in geofluid chemistry or 

enthalpy sometimes make modifications to plant equipment desirable after many years of 

operation. 

In summary, the major objective of this study is to present a methodology to estimate the firm 

energy output of a power plant, based on a manageable set of data that likely should be available 

to developers or agencies at the initial stages of a project. We anticipate that in later phases, 

different and far more detailed calculations, and performance tests during actual plant operation, 

would refine these output estimates and gradually narrow the uncertainty bands. 

 

2. En cuanto a la información correspondiente a la temperatura ambiente que se vaya a 

utilizar, se sugiere indicar el tipo de termómetros, periodicidad y la duración de las 

mediciones en el sitio de la planta. Además especificar si es aceptable utilizar información 

climática disponible en ciudades o sitios de estaciones existentes aunque estén alejadas 

algunos kilómetros del sitio de la planta geotérmica. 

R/ The ambient temperatures around the plant affect the size, cost, and performance of the 

cooling systems, and influence net output. We provide output estimates for a range of dry (for 

air-cooled units) and wet bulb (for water-cooled units) temperatures. Understand that simply by 

investing in larger and larger ACCs and cooling towers, one can increase output, but our models 

assume that the designers would choose a reasonable compromise between initial capital cost 
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and plant output. We will present air-cooled binary output curves for dry bulb temperatures in 

the range of 15 to 25 °C, and flash plant output curves for wet bulb temperatures in the range of 

10 to 20 °C.  

 

Given that ambient temperature is an important factor in the plant design and performance, it is 

advisable that developers begin harvesting this data early in the process. Since the reservoir 

exploration and drilling is a process that may take many years, in parallel installing a weather 

station at the site, or verifying that there is a reliable source of historical data nearby (existing 

weather stations within several kilometers, perhaps) is advisable during this period. This is a low 

cost effort, but often overlooked, and a long data interval is preferred to make informed 

decisions. Ideally dry bulb, wet bulb (or relative humidity), and wind direction should be 

monitored. 

 

3. This is a low cost effort, but often overlooked, and a long data interval is preferred to 

make informed decisions. Ideally dry bulb, wet bulb (or relative humidity), and wind 

direction should be monitored. 

R/ A Monte Carlo statistical analysis could be performed using these models to assess the 

uncertainty in annual energy output as a function of uncertainties in reservoir characteristics 

(flow, enthalpy/temperature, non-condensable gas content, e.g.), ambient temperatures, 

capacity factor, and other variables as desired. 

Each component of the equations has inherent uncertainty as to what the true value will be. For 

instance, wells may underperform in terms of flow, assumed brine temperatures may not be 

representative for the long term resource, and the performance of key equipment may vary from 

assumed values after detailed design has finished. Each potential deviation from the assumed 

values of the input parameters contributes to uncertainty in the output parameters. A Monte 
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Carlo simulation is one method of quantifying the cumulative effect of these uncertainties and 

reporting their impact on the uncertainty in overall plant metrics such as Specific Power or Net 

Plant Output. 

The Monte Carlo simulation requires that the uncertainty in the input parameters be represented 

in the form of probability density functions (also called probability distributions). Triangular 

distributions as shown in Figure 17 are often employed for this purpose because they are easy to 

create, have clearly defined minimum and maximum boundaries, and allow skewed distributions 

to be utilized without significant complexity. This is in contrast to the more familiar bell shaped 

distributions. Triangular probably density functions are also computationally simple and allow 

higher numbers of simulations to be run in the same amount of computer processing time. 

 

Figure 17 – Typical triangular distribution used to simulate a normal distribution (Denker, 2013) 

 

Different parameters would have different uncertainties, and hence ‘width’ of the triangular 

distribution function, depending on the phase of the project. For example, annual average 

temperature might be known quite well at a specific location with weather station data spanning 

many years; the uncertainty might be +/-1 oC. However, the triangular distribution of resource 

temperature might be +/-5 oC, depending on the stage of exploration.  
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The Monte Carlo simulation method uses pseudo random numbers generated by a computer to 

pick values for the input parameters based on their probability density functions. The selected 

values represent a statistically realistic guess for each of the input parameters to be used in the 

calculation of plant metrics. The Monte Carlo simulation solves the plant model and estimates 

the key plant parameters based upon the guesses and stores these values for subsequent 

analysis. This is repeated many times, with simulation counts ranging from tens of thousands to 

tens of millions. 

The number of simulations required for a Monte Carlo calculation depends on the desired 

accuracy and the variance in the input parameters, but 10,000 is often considered to be a 

minimum number to achieve reasonable accuracy. A high number of simulations will assure that 

the results reflect primarily uncertainty in the input parameters rather than uncertainty in the 

Monte Carlo simulation itself. When the number of simulations is sufficiently high, multiple 

Monte Carlo analyses using the same number of simulations will yield consistent results for 

uncertainty. Garg (2010) provides a more detailed illustration of this methodology, which can 

produce an estimate of probable reservoir potential, as shown in Figure 18. Figure 18 shows that 

for this sample reservoir, there may be a 90% probability of it having 40 MW of potential 

production, and a 50% probability of 80 MW. 
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Figure 18 – Cumulative probability distribution curve of reservoir potential for a sample project (Garg, 2010) 

 

The probability distribution functions for the input parameters used in the present study have not 

been defined and thus no Monte Carlo simulation has been performed on either a specific reservoir 

or plant output. However, future efforts to enhance a plant performance estimate may benefit from 

using Monte Carlo simulation to quantify the uncertainty in Specific Power and Plant Net Output. 

Such an improvement would allow an upper and lower bound with a particular confidence level to 

be provided with the calculated values of the plant metrics.  

 

An example of the sensitivity of binary plant output to changes in the input parameters can be 

seen in Table 5. The working fluid used in this example is isobutane. Using a typical 150 oC 

resource as shown in Table 4, we vary one parameter at a time and report the variations in output 

(MW). Output is directly proportional to geofluid flow, somewhat sensitive to reservoir 

temperature, and less sensitive to ambient temperature. 
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Table 5 – Sample calculation showing effect of variation in parameters on output. Table 5 – Sample calculation showing 

effect of variation in parameters on output 

 

Some of the comments received from EPM are in regards to the regulatory definitions that need 

to be created, and that is not something that can be covered or decided in the current work, but 

is something that needs to be developed by CREG using this report as a preamble. 

 

GRUPO DEWHURST, SAS.  

By:    

Name  Warren T. Dewhurst   

Title Managing Member/CEO  
 


