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Extended Abstract

Stimulation strategies
Stimulations are carried out in HDR/EGS systems so that the permeability between the wells can be enhanced to allow fluid circulation to place to extract the heat energy from the rock mass and transport it to the surface for power generation. This is done to meet certain economic targets and therefore has to attain right characteristics to minimize the parasitic losses during the circulation of fluid between the wells and yet the system be large enough to support up to 70-100 l/s for approximately 20 years.  

Although one states that a stimulation is required to enhance permeability between the wells (ie an injector and a producer), in actual fact there two distinct zones which need to be addressed. The first one is near (the bottom) of the well and the second is between the two wells.

The enhancement of permeability near the well is carried out to reduce the friction losses between the well and the formation. This is of particular importance for production wells, as experience has shown that the permeability of the injector will always improve during the circulation due to thermal contraction and the higher pressure. On the other hand improvement of permeability between the wells with larger separations has always been a problem until recently, when this was successfully achieved at Soultz. 

 The enhancement of permeability near a well- bore can be increased by applying high pressure for a short period. Pressures can reach above the minimum earths stress and this helps to shear all joints from critically aligned to the direction of maximum earths stress. Methods used for achieving this varies from using low viscosity fluid such as fresh water to high viscosity jells. The flow rate and volume varies from 50-200 l/s and few hundred to a thousand m3 respectively.

The enhancement of permeability between the wells has been a complex and difficult to implement. For example, wells with separation of 600 m would mean that one would have to deliver pressure well above that required for shearing at a distance greater than 300 m from the injection point between the wells. The shearing pressure will depend on values of the in-situ stresses, joint orientation and the overall permeability of the system (relatively open or closed system). 

Shut-in curves from hydraulic tests carried out at around 3550 m and 5000m in Soultz show that the shallower system is relatively open but the deeper system is relatively tight. 

The four months circulation test carried out in the shallower system in 1997 showed that the overall system impedance to circulate ~ 22 kg/s with a well separation of 450 m was 0.22 MPa/l/s. The tracer breakthrough was around 4.5 days. The result shows that good connectivity had been established between the wells. The impedance achieved was the best obtained anywhere in the world at that time and even more important; the value of the impedance was within the economic target required for this technology to be viable. The view was that with a three well system, the impedance will half and will be close to the economic target of 0.1 MPa/l/s.

Subsequently GPK2 was extended to 5000 m depth, stimulated twice, new well GPK3 was drilled in to the target zone defined by the microseismicity, in-situ stress and joint direction. The separation for the wells at the bottom was increased to ~ 600 m. During the stimulation of GPK3, a new technique was tried to improve the efficiency of stimulation technique, in conjunction with existing techniques. This was called focused stimulation and consisted of stimulating the two wells simultaneously. Following the stimulation of GPK3, a short circulation test was carried out showed that impedance between GPK3 & GPK2 was ~ 0.29 MPa/l/s. The separation between the wells had been increased by 150 m compared to the shallow system but the impedance had only increased by 0.07 MPa/l/s. Again, it was anticipated that with a three well system, and following a prolonged circulation, the impedance would have fallen to the economic target of ~ 0.1 MPa/l/s.

The effectiveness of the focused stimulation was explained by numerical modeling which shows that a significant enhancement of the permeability can be achieved by a smaller volume and shorter period of stimulation, thus reducing the cost and risk of generating larger microseismic events.

Subsequently, the third well GPK4 was drilled in to the target zone defined by the microseismicity, in-situ stress and joint direction as before. GPK4 was stimulated twice using conventional technique with smaller volumes of fluid, and in both occasions poor connectivity was achieved between GPK3 & GPK4.

 Focused stimulation technique was not used during these two stimulations of GPK4. Microseismic and other data indicate that here is a hydraulic barrier between the wells and this does not allow the pressure to buildup and shear the joints between the wells. Tracer test showed a breakthrough period of ~ 4 weeks, which is excessively longer than one would have expected. There are possible two methods to improve the connectivity between GPK3 and GPK4. A sustained high flow rate (70  -100l/s) injection in GPK4 with volume in the range of 30,000m3, or a focused stimulation using around 30-50 l/s in each well for around a period of 24 –36 hours.

Other techniques to improve permeability are available from oil and gas, and mining  industry. This includes chemical dissolution using acids, jell with proppants etc. One has to be exceedingly careful when using chemical treatment as very limited experience exists in igneous rocks and it is very likely to cause damage to the casing, cement and the asperities, which support the joint aperture and thus fluid transport. 

Three examples are presented here one from Rosemanowes project and two from the Soultz site. 

At Rosemanowes, circulations tests were carried out continuously for over five years. During this period, the produced hot water (~60ºC) was cooled using a cascade without realizing the effect this would have on the casing. The bottom of the injection well RH12 suffered a reduction of the cross-section of the casing by 60%. This was caused by the absorption of oxygen at the surface while exposed to the atmosphere when flowing over the cascade.

At the Soultz site, during the 4 months of circulation test in 1997, the injection well did not show the reduction of injection pressure, which was anticipated and observed in other HDR/EGS sites. Aquaprox, a chemical flocculants was added to the produced brine from GPK2 in an anticipation that this will help to coagulate very fine particle and these will trapped in the sock filters before the brine is injected in GPK1. The manufacturer of these chemicals had assured that this would have no effect on the injection well, although they had no experience with such a system. After two months of circulation, and comparing results from other HDR/EGS sites and observing the behavior of the flocculent in the sock filters by Terry Gandy, it was decided to stop injecting Aquaprox for two weeks. Within few hours, the injection pressure in GPK1 started to drop and with few days the injection pressure had halved from ~40 bars to ~20 bars. This is a clear example of how inexperienced use of chemicals can hinder a system rather than enhance the permeability.

The second example is during the injection test in GPK4 (2004) to evaluate the effectiveness of acid for improving the injectivity. The evaluation consisted of injecting a fresh water pulse, followed buy an acid pulse and this was followed by another fresh water pulse similar to the first one. The comparison between the first and the second fresh water pulse would indicate if there was any improvement in the injectivity. The initial look at the data suggested that there was an improvement but a flow log carried out during the this test showed that the acid had cause a leak in the casing (70 m above the casing shoe) and when this was accommodated in the calculation, the apparent improvement disappeared, leaving a hole in the casing.

Although acids are used to improve near well bore impedance in oil and gas industry and even in some geothermal industry, the delivery of the acid is normally done using tubing in the open hole to protect the casing and the cement. Again, inexperienced use of chemical can irreversibly damage rather than improve a system.

Microseismicity

The generation of microseismicity can explained by the shearing of existing joints when the pore is increased until the normal stress goes to zero causing the joint to fail. Although the generation of microseismicity can only be associated with pressure increase in joints, there are ample observations that indicate that flow channels do exist within the seismic clouds. 

Microseismicity can be regarded as the result of a disturbance in the equilibrium of mechanical forces by the energy input in this system. Some of the input strain energy is absorbed and stored by the elastic readjustment of rock mass and some will be released as a seismic energy. The implication of his is that the large volume one injects, the more strain energy is imposed on the rock mass and thus increasing the possibility of larger events.

On the other hand it has to be recognized that critically oriented joints require significantly less pressure or the reduction of friction to slip and fail. Joints are held in place by the friction of the asperities and the use of chemicals to improve permeability may be counterproductive if the friction coefficient is reduced, etching away the fine undulations and thus reducing the effective aperture required to transport the fluid between the wells.  The technique used for improving the near well-bore impedance may have slightly different mechanism as the thermal cooling takes place of the well-bore, it makes it possible for the fluid with acid to access virtually all orientation of joints. The dilated joints do not go very far in the formation and therefore they do not pose any threat to the stability of the aperture.                                                                                                                         

The understanding and the use microseismicity is a large topic and examples will be presented to demonstrate some of it’s use. 
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