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ABSTRACT 

Geothermal energy is a renewable energy source that can be found in abundance on our planet. Only a small 

fraction of it is currently converted to electrical power, though in recent years installed geothermal capacity 

has increased considerably all over the world. In this research, we assumed a model for designing of 

Enhanced Geothermal System, EGS. We used Computer-Modeling Group, CMG reservoir simulation 

software to create the typical Hot Dry Rock, HDR reservoir. Two wells one injection of cold water and one 

production of hot water are installed in the model with three different surface water injection rates. There 

are some hydraulic fractures are created by the mentioned software. Three different hydraulic fracturing 

half-length are assumed. The different fracturing half-length and surface water injection rate considered in 

order to evaluate the sufficient energy production. As a result, the energy production rate, thermal 

breakthrough and hot water production rate are defined. The aforementioned results are illustrated by some 

graphs, charts and tables. In this research the production of energy is quantified in a period of 10 years. 
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INTRODUCTION

Enhanced geothermal systems (EGS) refer to methods of harvesting energy from Earth’s crust by 

passing fluid through a zone of enhanced permeability in rock at depth. The enhancements come from 

drilling to sufficient depths that high temperatures are reached; creating enough permeability that fluid 

can be flushed at significant rates through the hot rock deep in the crust, the objective being to transfer 

the thermal energy to the fluid without excessive loss of fluid into the rock; and extracting the energy 

from the fluid to produce useful effects, either in terms of electricity generation or heating operations 

Fig. 1. 

Increasing the supply of local and renewable energy has become a central issue across society, 

which highlights the necessity to re-evaluate all alternative energy sources [1]. Geothermal energy is a 

low-carbon and recyclable renewable energy, with the features of large reserves, wide distribution and 
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environmental friendliness. Compared to hydro-thermal geothermal resources, most of the geothermal 

energy is stored in hot crystalline rocks with no or little fluid in a depth range of about 3 to 10 km, at a 

temperature between 150 and 650 ℃ [2]. This is often called hot dry rock (HDR). 

The Enhanced Geothermal System (EGS) represents the key technology of the HDR heat 

development project, with a research history of more than 40 years [3]. It requires water to be circulated 

from injection well to production well, via an artificial thermal reservoir constructed by hydraulic 

fracturing [4]. In this paper, we assumed a model for designing of Enhanced Geothermal System, EGS. 

We used Computer-Modeling Group,  

CMG reservoir simulation software to create the typical Hot Dry Rock, HDR reservoir. Two 

wells one injection of cold water and one production of hot water are installed in the model with three 

different surface water injection rates. There are some hydraulic fractures are created by the mentioned 

software. Three different hydraulic fracturing half-length are assumed. The different fracturing half-

length and surface water injection rate considered in order to evaluate the sufficient energy production. 

As a result, the energy production rate, thermal breakthrough and hot water production rate are defined. 

The aforementioned results are illustrated by some graphs, charts and tables. In this research the 

production of energy is quantified in a period of 10 years. For EGS, the primary role of hydraulic 

fracturing is to establish a satisfactory fracture network between a production well and an injection well. 

Hydraulic fracturing has already been a valuable technique in several industries to stimulate reservoir 

rock, with the objective varying from increased oil and gas recovery in the petroleum business to 

establishing a circulation network in geothermal industry. There are, however, two main goals of 

fracturing that are common across industries. The first is to reach the desired volume of rock, and the 

second to ensure satisfactory connectivity within the fracture network. These two goals can at times be 

difficult to achieve, and doing so is an important challenge to better the understanding of how untouched 

rock mass behaves to stimulation. Hydraulic fracturing can be simplified into a process that happens 

when the fluid pressure at a given point in earth exceeds the least of the principal stresses [7]. 
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MATERIALS AND METHODS  

A fractured reservoir may contain millions of connected discrete fractures of limited length and 

millions of matrix blocks of finite dimensions and shapes. This fractured reservoir may be idealized by 

assuming linear or radial fluid flow in the network of uniform-aperture fractures, and a mixture of matrix 

blocks with regular shapes and different sizes in a representative elementary volume (REV) of the 

fractured medium. In this case, novel analytical solutions were developed to couple global heat 

convection - conduction in fractures with heat conduction in the rock matrix [3]. 

A conceptual geothermal reservoir, consisting of an injection and production well doublet in a 

homogenous porous media, is considered (Figure 1). The geothermal reservoir performance is described 

by two factors: the thermal performance of the reservoir (the time for thermal breakthrough at the 

production well), and the pressure profile in the reservoir (the pressure drive required to maintain a 

desired flow rate between the injection and production wells). As we know the EGS is a two-phase two-

component reservoir. The two phases are liquid and gas (vapor) phases, while the two components are 

air and water components. 

Each of the two components can exist in either of the two phases. Basically, the governing 

equations are build based on the mass conservation of components, and the flux term is calculated from 

phase flow by Darcy’s law. In EGS the governing equations of mass and heat flow are both in general 

conservation form, as follows: 

 

 

Figure 1. A typical HDR reservoir with an injection and production well. 
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In the above equation, k refers to mass component or heat. In our simulator, by integrating the 

above equation on a representative element volume (REV), we can get the following integrated 

governing equation: 

 

 

 

In the above equation, n is the normal vector on the surface Γn, pointing inward to the REV. On 

the left side of the above equation, the accumulation term of the fluid equation is 

 

 

 

The accumulation term of heat equation can be written in a similar way as follows 

 

 

The accumulation of heat contains two terms. The first term (1 − ∅) is the energy stored by rock 

while the second term is the energy stored by fluid. On the right side of Equation (2-1), the mass flux of 

liquids consists of advection and diffusion, as shown in Equation (2-5) 
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RESERVOIR SIMULATION 

We used computer modeling group, CMG – IMEX, reservoir simulation software to create the 

typical Hydrothermal Dry Rock, HDR reservoir Fig. 2. with the idea to generate hydraulic fractures and 

thermal energy. The IMEX model converted to STARS in order to reproduce the effects of heat transfer 

and quantify the amount of energy produced from the reservoir. The reservoir model is designed using 

an orthogonal corner point grid with a resolution of 20 (I-direction) × 10 (J-direction) × 10 (K-direction) 

meters, with ten layers. The areal grid size of 500×100 meters were verified to have an acceptable 

approximation to the solution of an analytic model. It is assumed that the reservoir permeability is equal 

in all directions (I, J and K) within each grid block. The thermal properties of water i.e., heat capacity 

and thermal conductivity are constant. The properties of HDR reservoir and water used in this study are 

shown in table 1.  
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Table 1. Data of reservoir and water used in CMG numerical analysis 
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The initial reservoir temperature is 160 ℃ and water injection temperature is 80 ℃. The 

maximum injection well bottom hole pressure of 35,300 kPa was used as a well constraint, to maintain 

injection pressure below the typical fracture gradient (0.60 psi/ft). The minimum production well bottom 

hole pressure was set to 21,300 kPa, to prevent produced hot water from flashing into vapor. Two wells 

are included in the model, one injector of cold water and one producer of hot water, the energy produced 

will be quantified in a period of 10 years. In this paper Three different hydraulic fracturing half-length 

100m, 150m and 200m with three different surface water injection rates are assumed, Fig. 2. The surface 

water injection rates are constant and it is 50m3/day, 100m3/day and 150m3/day. The data shown in table 

1, is used in CMG calculation. 

In this study we create a set of relative permeability curves (figure 4) in order to mimic the flow 

of cold and hot water. Table 1 are parameters for the analytical relative permeability curves. The relative 

permeability data is taken from CMG tutorial. This HDR reservoirs commonly is tight and the wells 

require hydraulic fracturing to inject and produce the water. The Hydraulically Fractured Wells wizard 

performs Local Grid Refinement to bring the grid-block size close to the actual fracture width, to model 

the fracture more explicitly than using the skin factor. Fig. 3-4 shows the hydraulic fractures are created 

in order to inject cold water and produce hot water. The properties of hydraulic fracturing are used in this 

study is shown in table 2. Fig. 3 shows the flow from injection well to production well through the 

fractures made by CMG numerical simulation. Fig. 5a shows the water saturation in the reservoir and the 

cold-water flow from the injection well to the production well. Fig. 5b shows the reservoir temperature 

which is 160c and heat flow that transferred by water to the production well. 

Figure 2. Typical HDR reservoir model created 152 by CMG. 
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Figure 3. HDR reservoir model with different 179 hydraulic fracture half-length 

distance 
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RESULTS AND DISCUSSION 

In order to model the conditions of a hot dry rock with negligible amounts of fluids, the model is 

initialized with immobile water and gas with low mobility according with the relative permeability curve 

defined in Fig. 4. Here are the aforementioned three models with different surface water pumping rate 

and fracturing half length. Through the CMG – Star the energy production and thermal breakthrough are 

evaluated as follows: 

HDR MODEL WITH WELL DISTANCE OF 100M 

In this reservoir the hydraulic half-length is designed to be 50m. Three different surface water 

injection rate 50m3/day, 100m3/day and 150m3/day are pumped in to the reservoir. Fig. 6 shows the 

injection and production of water. It seems from the figure, when the pumping rate is 50 m3/day the 

production rate in the 4th years is 25m3/day however at the 10th years, which is the last year of operation, 

it is 42m3/day. When the pumping rate is 100m3/day the production rate in the 4th years of operation is 

45m3/day and at the 10th years it is 75m3/day. When the pumping rate is 150m3/day the production rate 

in the 4th years of operation is 76m3/day and at the 10th years, which is the last year of the operation, it 

is 108m3/day. 

  

Figure 4. Relative permeability curves. 

Figure 5. a) Water produced b) Thermal energy 185 produced comes from the injector well 
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Figure 7 shows the energy rate extracted from the production well with different injection pumping rate. 

It shows from the figure that the highest energy rate comes from injection pumping rate of 150m3/day 

however the latter in years 7 and 8 there are no sufficient energy produces from the reservoir and the 

energy breakthrough accrues. There is some stable energy produced from pumping rate of 50m3/day. 

HDR MODEL WITH WELL DISTANCE OF 150M 

In this reservoir, the well distance is designed to be 150m. Three different surface water injection 

rate 50m3/day, 100m3/day and 150m3/day are conducted. The half-length of the fractures are assumed to 

be 75m. Fig. 3.8 shows the injection and production rate. As shows in the figure, When the pumping rate 

is 50 m3/day the production rate seems stable and it is close to injection rate. When the pumping rate is 

100 m3/day the production rate in the 4th years of operation is 92m3/day and at the 10th years is 96m3/day. 

When the pumping rate is 150 m3/day the production rate in the 4th years of operation is 128m3/day and 

at the 10th years, which is the last year of operation, is 138m3/day. 

  

Figure 6. Injection and production rate of 

water 

Figure 7. Energy rates from production well 

with different surface water pumping rate 
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Figure 8. Energy rates from production 

Figure 8 shows the energy rate extracted from the production. It shows from the figure that the 

highest energy rate comes from injection pumping rate of 150 m3/day however the energy drops down 

soon. It seems from the figure that energy comes from pumping water rate of 100m3/day and 50m3/day 

is more stable but the energy is less than the pumping rate of 150 m3/day. 

 

HDR MODEL WITH WELL DISTANCE OF 200M 

In this reservoir the well distance is designed to be 200m. Three different surface water injection 

rate 50 m3/day, 100m3/day and 150m3/day of cold water are pumped into the reservoir. The half-length 

of the fractures are assumed to be 100m. It seems from Fig. 9, when the pumping rate is 50 m3/day the 

production rate in the 4th years is 21 m3/day however at the 10th years, which is the last year of operation, 

is 48m3/day. When the pumping rate is 100 m3/day the production rate in the 4th years of operation is 

50m3/day and at the 10th years is 88m3/day. When the pumping rate is 150m3/day the production rate 

in the 4th years of operation is 79m3/day and at the 10th years, which is last year of operation, is 

120m3/day. 

Figure 10 shows the energy rate extracted from the production well with different injection 

pumping rate. It shows from the figure that the highest energy rate comes from injection pumping rate 

of 150m3/day and the energy is getting high rate in the next years. It seems from the figure that energies 

come from pumping rate of 100 and 50m3/day are getting high but the energy is less than the pumping 

rate of 150m3/day. 
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Figure 9. Injection and production rate of water 

Figure 10. Energy rates from production 
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CONCLUSIONS 

The Enhance Geothermal System, EGS is studied by designing a typical HDR reservoir through 

CMG reservoir simulation software. The generating of hydraulic fractures in the HDR reservoir, surface 

water injection and success of hot water thermal energy are analyzed. The main conclusions are obtained 

from this research is as follows:  

1. A typical HDR reservoir with low porosity and permeability created in computer modeling group 

(CMG-IMEX) with the idea to generate hydraulic fractures. The IMEX model converted to STARS in 

order to reproduce the effects of heat transfer and quantify the amount of energy produced from the 

reservoir. 

2. Two wells are included in the model, one surface water injector and one producer of hot water. The 

different fracturing half-length and surface water injection rate considered in order to evaluate the 

sufficient energy production. the energy produced will be quantified in a period of 10 years.  

3. The results show that the gas produced from the HDR is negligible and the water production comes 

from the injector well as it is expected due to the presence of hydraulic fractures generated in these two 

wells. and can be observed that as more water is injected the energy produced is became less. 
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