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Mexican legislation specifically establishes very particular measures in order to 
prevent andlor to mitigate the potential environmental impacts produced by 
geothermic exploratory drilling. During 199 1, we developed an environmental 
impact assessment study to evaluate the possible environmental impacts 
produced by the exploratory drilling at the Las Tres Vírgenes Geothermic field. 
We determined that the geothermic electrical project activities analysed have 
observed most of the official recommendations. As a result, al1 the potential 
environmental impacts are local, restricted in extent and time, and mitigated or 
reversed. 
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1. Introduction 

Most of the electric energy generated in Mexico is produced by thermoelectric plants 
(76%), although 19.6% is generated by hydroelectric plants and only 4.4% is generated 
by geothermoelectric plants (Gutiérrez-Negrín, 1987). In Baja California Sur, there 
exist the favourable geological, geophysical and geochemical conditions for the existente 
of a profitable commercial geothermic resource, specifically at the Las Tres Vírgenes 
geothermic field (CFE, 1989). In order to verify the profitability of the geothermic 
resource, it was necessary to do exploratory drilling. 

As a national strategy for Mexico, it is very important to search and assess potential 
geothermic resources to reduce dependence on fossil fuels (Gutiérrez-Negrín, 1991). In 
Baja California Sur, this search is even more important because of its geographic 
isolation and its lack of surface hydraulic resources. There is only one thermoelectric 
plant in addition to a turbogas plant with a total production of 184 megawatts. Baja 
California Sur is the only Mexican state with no connection to the national electricity 
distribution network (CFE, 1990). 

Geothermal project activities at Las Tres Vírgenes consist of the drilling of ex- 
ploratory wells, to a depth of 1500 m over 13 months. Before starting this project, and 
to meet the requirements of Mexican legislation, it was necessary to develop an 
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Figure 1. Location of the Las Tres Vírgenes geothermoelectrical project. The placement of the proposed 
exploratory wells is shown. 

environmental impact assessment study, (Diario Oficial de la Federación, 1988). We 
analyse the results of the environmental study and emphasize the congruency of the 
activities projected for the exploratory drilling with the specific rules established in the 
Mexican legislation for such kinds of exploratory activities (Diario Oficial, 1989). 

The Las Tres Vírgenes geothermic field is located in the buffer zone of the Vizcaíno 
Biosphere Reserve (Figure 1). This Biosphere Reserve was decreed during 1988 and 
includes 2 540 790 ha (Ortega and Arriaga, 1991). Because of the location, we believe 
it important to assess the potential environmental impacts produced by the geothermic 
exploratory activities developed in the area. 
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2. Material and methods 

We developed our assessment study during the first half of 1991. Through intense and 
extensive field and bibliographical studies, we established the principal characteristics 
of the natural and socio~conomic environment surrounding the Project (Ortega et al., 
1991). 

We described and analysed the physical aspects of the main geological, geomorphic, 
climatological, hydrological and edaphic characteristics (Ortega et al., 1991). We 
determined the main physiognomic-floristic associations of the area and we established 
the taxonomic composition of the fauna (Ortega et al., 1991). In both cases, we analyse 
with special emphasis the species which are hunted, have commercial importance and 
are endemic or endangered (Ortega et al., 1991). 

For the socio~conomic characteristics of the area, we determined the main aspects 
of the economy and demography of the towns and cities in the influence zone of the 
Project (Ortega et al., 1991). We analysed the leve1 and degree of the main economic 
activities; fisheries, agriculture, livestock, forestry, and industry (Ortega et al., 1991). 
We also determined the characteristics of the population, such as class groups, including 
active economic groups and per capita income, and studied public services and home 
characteristics (Ortega et al., 1991). 

We accurately established al1 the characteristics of each of the project activities 
programmed during each phase: the preparation of the terrain, the construction and 
the operation (Ortega et al., 1991). For each phase of the project activities, we analysed 
the work program, the main implied activities, the affected area, the machinery and 
materials used, the kind and quantity of personnel and energy used, the nature and 
quantity of generated residues and the emergency and security measures (Ortega et al., 
1991). 

Our interdisciplinary team analysed, using qualitative and semiquantitative methods 
(Bojorquez and Ortega, 1988, 1989), al1 the information gathered, and interactions of 
al1 activities. Special emphasis was given to identifying the potential impacts produced 
by every activity of the project (Ortega et al., 1991). 

3. Results and discussion 

Table 1 shows the main identified potential impacts produced by every activity of the 
project. The expected potential environmental impacts for this project could be grouped 
into two aspects: physical and chemical (Ortega et al., 1991). Expected physical impacts 
could be associated with road building and construction of dams and platforms. These 
activities could result in destruction of vegetation and alteration of natural drainages, 
both of which could increase the soil erosion (Ortega et al., 1991). 

Chemical impacts would be produced by the condensation of the discharged gases. 
These gases contain a total of 3500 ppm of dissolved solids, which includes 128 ppm 
of boron, 16 ppm of arsenic, 1200 ppm of chlorides and non-condensable gases, mainly 
sulfuric acid (Ortega et al., 1991). 

Theoretically, the discharged gases, in the absence of strong winds, could leave a salt 
deposit 100 m around every well (Ortega et al., 1991). These salt deposits would kill 
al1 vegetation in the affected area. 

Comparing our research results and analysis with the project's established program 
and the measures to prevent potential impacts (Ortega et al., 1991), we found each 
project activity was equal to the adequate and official measures programmed to preclude, 
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TABLE 1. Main identified environmental impacts potentially produced by the project activities. 

minimize, or mitigate such impacts (Ortega et al., 1991). The project program includes 
al1 the equipment, systems, actions, and measures necessary to comply with the official 
recommendations of the Mexican legislation (Diario Oficial, 1989). 

Our only emphatic recommendation (Ortega et al., 1991), was the establishment of 
a verification program to certify the implementation of these official regulations. 

We believe it valuable to analyse the main official regulations (Diario Oficial, 1989) 
and the agreement of the project activities with such recommendations (Ortega et al., 
1991), to show how great a priority is environmental protection in Mexico. 

Geothermoelectric plants must be preferably located outside natural protected areas 
(Diario Oficial, 1989) 

The selection for geothermoelectric plants must be determined by the availability of 
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geothermic fields. In this case, the geothermic field is located in the influence zone of 
the Vizcaíno Desert Biosphere Reserve (Ortega and Arriaga, 1991). The management 
plan of the Vizcaíno Biosphere Reserve (Ortega et al., 1988; 1992) establishes that 
outside of the core area, in the influence zone, it is possible to develop productive 
activities, if such activities do not affect the natural resources of the zone and the 
ecological equilibrium. 

Geothermoelectric plants must be located outside zones with endemic or endangered 
species (Diario OJicial, 1989) 

In the area surrounding the project, there exist endemic and endangered species (Ortega 
et al., 1991). However, the distribution of these species is far more extensive than the 
relatively small area surrounding the project (Ortega and Arriaga, 1991). Because of 
this wide distribution and because of the characteristics of the project, the effect on the 
endemic and endangered species is small (Ortega et al., 1991). 

Geothermoelectric projects must be located outside tourist, archaeological, and 
historic areas, and areas with tourism potential (Diario OJicial, 1989) 

The Tres Vírgenes exploratory wells are located outside of any such zone (Ortega et 
al., 1991). The infrastructure of the exploratory wells is so small that the impact on 
any possible future tourist activities would be minimal. 

Exploratory wells must be planned to preclude great soil movements and instability 
of the terrain which could cause landslides and future erosion problems 
(Diario OJicial, 1989) 

The Las Tres Vírgenes exploratory wells are located in the optimal places where their 
effects on soil stability and movements are minimal (Ortega et al., 1991). The placement 
of every well in this project was determined by the accessibility, and topography of the 
terrain (Ortega et al., 1991). 

It is mandatory to make access roads as narrow and short as possible. It is 
necessary to use, for levelling purposes, the materials produced during the 
platform and road construction. (Diario OJicial, 1989) 

The access road construction for the Las Tres Vírgenes project was planned and strictly 
followed al1 the recommendations of the Diario Oficial of 1989 (Ortega et al., 1991). 

The area of the exploratory drilling platjiorms must be as small as possible. 
It must have a mud-dam to contain any residues produced by the drilling 
(Diario Oficial, 1989) 

After analysis of the platform construction plan and activities (Ortega et al., 1991), we 
conclude al1 were in accordance with the oficial regulations. Platforms are small 
(3200m2) and allow only necessary human and machinery operation. Each one has 
(650 m3) mud-dam (Ortega et al., 1991). 
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Al1 mud-dams must be on stable terrain, and large enough to contain al1 produced 
residues, the dams must be impermeable (Diario Oficial, 1989) 

At Las Tres Vírgenes project, each of the mud-dams was designed to fulfill each of the 
requirements. The dams are located on stable terrain, have enough capacity, and are 
impermeable (Ortega et al., 1991). 

During the well evaluation tests, it is mandatory to use adequate equipment to 
condense al1 the steam produced (Diario Oficial, 1989) 

At the Las Tres Vírgenes Project, condensation equipment was planned for (Ortega et 
al., 1991) to preclude any steam vapour escape to the atmosphere. 

During the well evaluation tests, it is mandatory to re-inject, to the sume well, al1 
the water produced by the steam separation equipment (Diario Oficial, 1989) 

For the Las Tres Vírgenes well evaluation test program, this requirement was planned 
(Ortega et al., 1991). In case the water was more than could be re-injected, the excess 
water was to be put behind the mud-dams (Ortega et al., 1991). At the mud-dams, 
after the water evaporated, the mud left could also be reinjected (Ortega et al., 1991). 

After the exploratory activities, a restoration and a monitoring program must be 
established at the area (Diario Oficial, 1989) 

The Las Tres Vírgenes project program includes a reforestation program for the support 
of temporary constructions, such as access roads, camp sites, and storage buildings 
(Ortega et al., 1991). The project management proposed, and had accepted, an en- 
vironmental monitoring program to verify the use of the official measures and to 
quantify any toxic product liberated to the environment during the drilling (Ortega et 
al., 1991). 

4. Conclusions 

From our analysis of the key environmental factors at the project, weighing the proposed 
project activities and using the results of our environmental irnpact assessment, we 
conclude: 

1. Project managers in charge of the project construction and operation have strictly 
followed al1 of the official recommendations for this kind of project. 

2. Al1 the identified environmental impacts would be restricted in the area, with most 
of them temporary. Al1 identified impacts would be mitigated or reversed. 

3. According to the Urban Development Plan for Baja California Sur (Dirección de 
Planeación, Programación y Evaluación, 1990), the opening of new employment 
is a key necessity for the region. To support the productive development of 
the State, electricity generation must be increased (Dirección de Planeación, 
Programación y Evaluación, 1990). 

4. Socio-economically, the impact of the project is very positive. 
5. If the project activities strictly follow al1 of the Mexican recommendations for 

this kind of project (Diario Oficial, 1989), the socio~conomic positive impacts 
are more important than the sum of negative environmental impacts. 
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