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    Abstract

        
            The Cerro Prieto case study demonstrated the value of a multidisciplinary effort for exploring and developing a geothermal field. There was no problem in recognizing the geothermal potential of the Cerro Prieto area because of the many obvious surface manifestations. However, the delineation of the geothermal reservoir at depth was not so straightforward. Wells drilled near the abundant surface manifestations only produced fluids of relatively low enthalpy. Later it was determined that these zones of high heat loss corresponded to discharge areas where faults and fractures allowed thermal fluids to leak to the surface, and not to the main geothermal reservoir. The early gravity and seismic refraction surveys provided important information on the general structure of the area. Unaware of the existence of a higher density zone of hydrothermally altered sediments capping the geothermal reservoir, CFE interpreted a basement horst in the western part of the field and hypothesized that the bounding faults were controlling the upward flow of thermal fluids. Attempting to penetrate the sedimentary column to reach the ''basement horst'', CFE discovered the {alpha} geothermal reservoir (in well M-5). The continuation of the geothermal aquifer (actually the {beta} reservoir) east of the original well field was later confirmedmore » by a deep exploration well (M-53). The experience of Cerro Prieto showed the importance of chemical ratios, and geothermometers in general, in establishing the subsurface temperatures and fluid flow patterns. Fluid chemical and isotopic compositions have also been helpful to determine the origin of the fluids, fluid-production mechanisms and production induced effects on the reservoir.« less
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                    ANALYSIS OF RECHARGE COOLDOWN AT THE WESTERN BOUNDARY OF CERRO PRIETO I GEOTHERMAL FIELD

                    
                        Conference
                            Kruger, P; Lam, S; Hunsbedt, A; ... 
                            

                    Extensive study of the Cerro Prieto geothermal field has provided much geologic and thermodynamic data of its structurally-complex, liquid-dominated reservoir. Several of the studies investigated the resource characteristics of fluid and energy flow. An early report by Mercado (1975) showed that the heat source for the part of the reservoir under development, now called Cerro Prieto I (CPI), originated in the eastern part of the field. Subsequent studies confirmed the flow of hot water from the east. A summary of several experimental and numerical studies of fluid and energy transport in the field was given by Lippmann and Bodvarsson (1983).more » The hydrogeologic model of Halfman et al. (1982) shows hot-water flow from the east divided into a shallow (alpha) aquifer at about 120Om and a deeper (beta) aquifer at about 170Om depth. A cross section along an east-west direction shows a central upflow to the two aquifers and uncertain geology beyond the western border of the field near well M-9. It also shows a fault dividing the line of border wells at M-29 from the inner wells at M-25 to the east. The hydrogeology of the field was described by Sanchez and de la Pena (1981) as an alluvial unit from the surface to about 700 m over the production zone and a shale-sandstone unit comprising an upper, shallow (alpha) aquifer bounded below by a basement horst overlying a deeper (beta) aquifer. To date, much of the cumulative production at Cerro Prieto I has been from the alpha aquifer. Piezometric level measurements over the first 5 years of operation showed a decline in the western zone beyond the production wells. Over the 10-year period of continuous production, a significant temperature decline has been observed along the westernmost line of wells. Several investigations of the recharge characteristics of the field have been reported. Mercado (1975) and Elders et al. (1984) indicated a flow of cold groundwater from the east. Mercado also noted that cold water was entering the reservoir from the west. In studying the expectations of field deliverability, reservoir life, and ultimate recovery of the resource, Castaceda et al. (1983) from a reservoir simulation model indicated a major degree of cold-water recharge into CPI from the west and north sides of the field. From reported chemical and thermal changes with production, Grant and O'Sullivan (1982) considered the reservoir as a leaky aquifer rather than confined, and attributed one quarter to one half of the recharge to percolation of fresh water from cooler rocks above the reservoir. From the accumulated chemical and production database, Grant, Truesdell, and Macon (1984) suggested that the western part of the alpha aquifer was essentially unbounded and that mixing with colder water by dilution rather than by boiling is the reservoir's response to continued extraction. They suggested that local boiling occurs in most of the wells as pressure decreases but that no general vapor zone has developed.« less
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                    Exploration and development of the Cerro Prieto geothermal field

                    
                        Conference
                            Lippmann, M; Goldstein, N; Halfman, S; ...  - Soc. Pet. Eng. AIME, Pap.; (United States)
                            

                    A multidisciplinary effort to locate, delineate, and characterize the geothermal system at Cerro Prieto, Baja California, Mexico, began about 25 years ago. It led to the identification of an important high-temperature, liquid-dominated geothermal system which went into production in 1973. Initially, the effort was undertaken principally by the Mexican electric power agency, the Comision Federal de Electricidad (CFE). Starting in 1977 a group of U.S. organizations sponsored by the U.S. Department of Energy, joined CFE in this endeavor. An evaluation of the different studies carried out at Cerro Prieto has shown that: surface electrical resistivity and seismic reflection surveys aremore » useful in defining targets for exploratory drilling; the mineralogical studies of cores and cuttings and the analysis of well logs are important in designing the completion of wells, identifying geological controls on fluid movement, determining thermal effects and inferring the thermal history of the field; geochemical surveys help to define zones of recharge and paths of fluid migration; and reservoir engineering studies are necessary in establishing the characteristics of the reservoir and in predicting its response to fluid production.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Exploration and development of the Cerro Prieto geothermal field

                    
                        Conference
                            Lippmann, M; Goldstein, N; Halfman, S; ... 
                            

                    A multidisciplinary effort to locate, delineate, and characterize the geothermal system at Cerro Prieto, Baja California, Mexico, began about 25 years ago. It led to the identification of an important high-temperature, liquid-dominated geothermal system which went into production in 1973. Initially, the effort was undertaken principally by the Mexican electric power agency, the Comision Federal de Electricidad (CFE). Starting in 1977 a group of US organizations sponsored by the US Department of Energy, joined CFE in this endeavor. An evaluation of the different studies carried out at Cerro Prieto has shown that: (1) surface electrical resistivity and seismic reflection surveysmore » are useful in defining targets for exploratory drilling; (2) the mineralogical studies of cores and cuttings and the analysis of well logs are important in designing the completion of wells, identifying geological controls on fluid movement, determining thermal effects and inferring the thermal history of the field; (3) geochemical surveys help to define zones of recharge and paths of fluid migration; and (4) reservoir engineering studies are necessary in establishing the characteristics of the reservoir and in predicting its response to fluid production.« less
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                    Reservoir simulation and geochemical study of Cerro Prieto I wells

                    
                        Conference
                            Lippmann, M; Truesdell, A
                            

                    Combined reservoir simulation and geochemical data analysis are used to investigate the effects of recharge and other reservoir processes occurring in the western part of the Cerro Prieto, Mexico, geothermal field (i.e., Cerro Prieto I area). Enthalpy-based temperatures and bottomhole temperatures are calculated based on simplified models of the system, considering different reservoir boundary conditions and zones of contrasting initial temperatures and reservoir properties. By matching the computed trends with geothermometer-based temperature and enthalpy histories of producing wells, the main processes active in the western area of Cerro Prieto are identified. This part of the geothermal system is strongly influencedmore » by nearby groundwater aquifers; cooler waters readily recharge the reservoirs. In response to exploitation, the natural influx of cold water into the shallower alpha reservoir is mainly from the west and down Fault L, while the recharge to the deeper beta reservoir in this part of the field, seems to be only lateral, from the west and possibly south. 11 refs., 12 figs.« less
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                    Cerro Prieto case history: Use of wireline logs to characterize a geothermal reservoir

                    
                        Conference
                            Halfman, S; Gilreath, J; Lippmann, M - Soc. Pet. Eng. AIME, Pap.; (United States)
                            

                    The Cerro Prieto field, Baja California, Mexico, is located about 30 km south of the U.S. border in the Salton Trough, an actively developing structural depression filled mainly with Colorado River sediments. As part of a multidisciplinary study of this geothermal system, a comprehensive analysis of the available wireline logs was undertaken. It established the physical properties of the various sedimentary units; their depositional environment; their hydrothermal alteration; the location, attitude, and displacement of faults; and the circulation of the geothermal fluids in the field. Resistivity, density, sonic, gamma-ray, and spontaneous potential logs were used to develop the geologic modelmore » of the field and to determine the porosity, permeability, alteration, and lateral and vertical continuity of the sedimentary layers. Dipmeter logs were used mainly to establish the depositional environment of the different units. This log-derived information, combined with temperature and well completion data, allowed us to establish the circulation of geothermal fluids through the system. The accuracy of the characterization of the Cerro Prieto geothermal reservoir has been confirmed by the results of recently completed wells. The methodology used and the application of the results to further exploration and development of this high-temperature geothermal resource are discussed.« less
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