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ABSTRACT

Geothermal drilling is one of the most important activities in the geothermal
development. For that reason the evaluation of the impacts during this process is
important in order to obtain an environmental friendly geothermal project. This
report analyzes the different environmental aspects related with geothermal
drilling, the environmental legislation regarding the construction of a geothermal
well, and the geothermal field development process. A model of the geothermal
well construction process which adheres to the concept of environmental
sustainability is achieved. The results show the feasibility of the construction
under the sustainability concept not only as a tool for the protection and
conservation of the environment but also as an improvement of the construction
process in terms of competitiveness.

1. INTRODUCTION

The Miravalles Geothermal Field is located at the Miravalles Volcano in Bagaces, Guanacaste,
between the Blanco and Cuipilapa rivers basins. The Miravalles | and Miravalles 1l power plants are
located at the coordinates 298 000 N-405 700 E at 610 m a.s.l and the Miravalles Il power plant at the
coordinates 300 150 N-407 050 (Vallejos, 1996).

The Miravalles Environmental Impact Assessment (EIA) was done in 1988. Since it was the first EIA
ever done in Costa Rica it changed the way of creating models for future large projects. However, this
study includes all the environmental aspects considered in the modern methodology for the EIA, even
the social aspects.

In Costa Rica the laws clearly protect the environment but also the right of the inhabitants to well-
being.

The National Constitution indicates that “All the people have the right to enjoy a healthy and
ecologically balanced environment” and also the government has the responsibility to ensure this right.

The most important environmental law (1995) indicates that:

e The environment is national heritage for all of its inhabitants. This implies the obligation
to protect it but also the right to use it in order to provide well-being.
e The government has to ensure the sustainable use of the natural resources.
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e The damage to the environment is a social, economic and cultural offense.

All the projects in Costa Rica need to obtain permission from the Ministry of Environment and Energy
(maximum environmental authority). The methodology to evaluate the impacts are established in the
legislation DE-31849 “Reglamento General sobre los Procedimientos de Evaluacion de Impacto
Ambiental” (General Regulations on the Procedures for Environmental Impact Assessment). Before
any development is done an organization needs to present a preliminary environmental study that is a
detailed description of the project and the environment where the project will be inserted. Based on
this information the authority decides the environmental impact significance of the project and then if
the EIA is necessary.

There are three significance categories:

e Low environmental impact significance;
e Moderate environmental impact significance; and
e High environmental impact significance.

If the impacts are considered as low significance the developer only needs to present an environmental
declaration. If the significance are moderated the developer need to present a environmental
management program, and if the significance is high, depending on the importance of the impacts the
authority could require a partial or full EIA, and it is necessary to make a money deposit as a
guarantee in case of non-conformance. If any non-compliance occurs the company can lose its
money. And if the impacts are considered to be extensive, the project can be stopped.

2. THE GEOTHERMAL ENVIRONMENTAL MANAGEMENT IN COSTA RICA

The environmental geothermal management is focused in the EIA requirements. One important tool
to ensure a systematic way to accomplish the EIA requirements is using an Environmental
Management System. The ISO 14001 Environmental Management System implementation at
geothermal projects in Cost Rica began in 2002, due to the new ICE environmental policies. Before
2002 Miravalles has an environmental monitoring system, it was mainly focused in the monitoring of
different environmental parameters established at the Environmental Impact Assessment, and does not
include the management system of the ISO 14001.

In March 2002, the ICE directive council established the environmental policy for the organization
and ten principles to define it. The ICE policy is as follows: The Instituto Costarricense de
Electricidad (ICE) plans and develops its activities with the principle of sustainable development; the
management is done according with the attitude of ENVIRONMENT AT MANAGEMENT SYSTEM
conservation, protection, recovering and adequate - -

use of the environment. ~ DSGA “ )

In Miravalles, the Environmental Management
System is used as a tool of continual improvement  :

to administrate environmental issues and can be
used successfully to ensure the EIA requirements.
The  Environmental  Management  System
improves the EIA programs because ensure the
continual actions’ reviewing, and allow the
detection of new impacts. The Environmental
Management System that has been used in
Miravalles (Figure 1) has eight main topics to
ensure adequate environmental management and ~ FIGURE 1: Environmental management system
additional procedures to control the system.

Systematic implementation
of the EIA programs
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With the Environmental Management System it is
possible to systemize and improve the control of EIA II:> EMS
impacts in a continuous way (continuous
improvement).  Figure 2 shows the model of
continuous improvement in the geothermal
environmental management. It is necessary
because the process changes as well as the
organization, the environmental conditions and
legal requirements change. And this means that the
environmental programs and the actions also need
to change continually.

Continual Improvemen

The main objective of any Environmental

Management System is to improve the

environmental performance of the organizations to FIGURE 2: Environmental Management
protect the environment, improve their public image System and continual improvement
and reduce costs.

The main purpose of the Environmental Management System is to prevent all kind of negative
impacts. If it is not possible it will try to reduce the negative impacts and if any of these solutions are
possible, then it will focus on to mitigate the impacts. But as is shown in Figure 3, there are other
aspects associated with the implementation of the Environmental Management System. The
organization can reduce the costs if it teaches the people about the importance of reduce the
unnecessary use of material, electricity, water, paper, etc. It will represent a high efficiency and less
production costs.

The actual laws in Costa Rica and in most of the other countries penalize environmental pollution, in
most of the cases it means high quantities of money to pay and use of time and resources reversing the

damage. All these problems can be prevented if the ;

organization implements an adequate Environmental Systemize and improve

Management System. Finally, it has to be taken into
account that the communities have a lot of power. If
they are against the project it will mean a lot of
problems that can be prevented and solved by a
correct  Environmental Management  System
implementation.

[ Impacts Identification ]

[ Environmental programs ]

EMS

Continual Improvement

[ Public relations ]
[ Legalaccomplish |

[ Environment perl‘ormance]

The Environmental Management System also

increases the sense of responsibility with nature and FIGURE 3: Environmental Management
thereby improves the personal satisfaction among all ~ System helps to improve the environment’s
of the members of the organizations. protection

The environmental management in the geothermal projects in Costa Rica is focused on six main
aspects: air and water quality, evolution of the rainwater pH, environmental education, field
management and communities’ relationships. The monitoring is done using a system of control
stations located around all the influenced area. Also the meteorological conditions have been
monitored.

3. ENVIRONMENTAL MANAGEMENT DURING GEOTHERMAL DRILLING

Figure 4 shows the main activities during the geothermal drilling and the main monitoring activities to
control the possible environmental impacts.
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DESITION PROCCES AND ACTIONS

tions for geoth. drilling
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Due to the Environmental Management System
requirements it is necessary to analyze all the
project activities to determinate possible
changes in the environmental conditions that
can produce new environmental impacts. To
monitor the changes the matrix shown in Figure
5 is used. The matrix considers different
environmental parameters, the legal aspects and
the frequency of the activities monitored.

Continuous studies are quite important because
they involve the persons working directly at the
project activities. It means that the analyses
will considerer all the small details, potential
problems probably not detected during the EIA
process. This detailed analysis allows
reviewing and valorised the process and then
classify the impacts by relevance as is shown on
the left in Figure 6 and also what environmental
parameters are the most affected by the different
processes as is shown on the right.

Potential Impacts
Flora y Fauna Atmosphere | Water Land Uses Comunities
! | | | !
| 0 0|
i [ | K] | @ |
b ‘ g I -
[ | 2 | [
N HE Do, 2
(=% = ol € | 2 ol ¢
9 ! 8 = || | o S| g
3 R A s2]g I |813)¢
=2 = AR I T2 5
E ! 8 |5 s 3o | 218
= < - o | oo Tl o
> 1S e | e ol g | R
2 cI®8' S |£'6§/¢8|s|elc]c | s T
2 Sig' 5 |2 2,8i5|l21e[8)o ! c, Q]9
S 2,21 2 (e 228|985 I>|®1213
< T, 3 2 olo|3|2|E[=1D)c E|o'S
> 0= © a4 ol E|Q S Blero| &
) Sl e, 8 2 [a'eg 82|81 &|22l3!12|8 210
7] cls'e, © ciglzslolg)E(=1513 18|80 0o
a ol L1 2 (] 2110 S|o |82 n|&, =
9] S|l o, 81 = LiolEjs|@|o|ln|dWd!lg |l (G}
S glo!T w (Wyz!5|wlUjo| ! 18| wlg
9 E L I . S e . . - . Ol | N | © < | i ©
o w - | N i o™ < | n, o ~ [l ) — — — e —
[ 1 1 T
T i T | T T
4 ,,,|,777L7<j,,7,r,\> S U S -
] I I I
T 1 T T T T T
| ! i L | L
] | —’ | I ]
R The activities cause environment impacts
1: Intensity = Average (Temporality + Extension)
2: There are legal requirements (y = yes, n = No)
3: Severity = very high, high, Moderate,

low, very low, Null
4: Impact value

FIGURE 5: Matrix of identifying
environmental impacts
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FIGURE 7: Impacts at the productive

process

Impacts at the productive process

This information allows attending first to the impacts
with more significance and then reduces the negative
impacts of the projects. It is showed that the build of
roads and the well site produce the main impacts. And
also noise, soil and water pollution are the main
potential impacts over the environment.
reason the environmental
geothermal drilling include mainly these aspects.

For these
monitoring during the

Figure 7 shows an example of a simple tool to follow
some environmental aspect during the drilling, the
monitoring include the main environmental aspects and
try to control them.

As is shown in Figure 8 during the drilling and
production well tests the noise and the air pollution are
monitored, there are no impacts in the air quality; the
only concerns are the noise during the production test,

the sound level can be over the 85 dBA and this
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PRUEBAS DE POZOS Co, H,S Hg Ruido
POZO FECHA |MEDICION| A (B[ C| D] A B C D A B C D A B C D
1 300|290(280]290/0.004]0.004|0.003|0.004]0.000{0.000|0.000{0.000f 77.2 | 71.8 | 75.1 | 73.9
2 290|310{300]320/0.004]0.004|0.004|0.004]0.000{0.000|0.000{0.000f 77.1 | 70.1 | 74.4 | 73.3
3 280(300|290{300]0.003[{0.004|0.004|0.004{0.000|0.000{0.000|0.000| 77.3 | 71.3 | 74.7 [ 73.6
4 290(280]290{300]0.004{0.005|0.003{0.004{0.000|0.000{0.000)0.000} 76.9 | 70.8 | 75.5 [ 74.1

FIGURE 8: Air quality monitoring

PGP-24 22-ene-10

problem is worst when the geothermal well are near to populated areas where the maximum levels are
60 dBA during the day and 40 dBA in night times.

One of the most important activities is the environmental education (Figure 9). The change of the
environmental culture is quite difficult and only with constancy is possible to obtain positive result,
but it is necessary to be patient.

FIGURE 9: Environmental education

There are simple actions that can prevent large environmental problems, but if the people are not
compromised and not take the prevention to reduce the impact, a simple bottle with small residues of
dangerous chemicals or fuel can become a big problem and can mean large impacts in the company
image. If the people in clear about it they will easily prevent potential problems.

During the last two years the ICE’s
environmental group has been working in
environmental education and has been
implementing a solid waste management
program to control the way to process
mainly the hazardous waste produced in the
geothermal field.
The mana : : . 2  Perforadora
gement is focused in this aspect . Cardell
because the potential pollution over the soil KB- 700
and water that can be generated due to leaks j
or bad management of hazardous products; it S '
means that if you can control in an adequate
way the dangerous material, so the risks of
environmental impacts are also controlled.

The main idea of the program is to show to
the people the importance of a good
management of the hazardous materials and
also the importance of separate the waste
and recover or recycle part of it (Figure 10).

Residv®
Especiol

The obtained results are impressive and
evident, the amount of the recover materials A >~ -

is big and the aspect of the work sites is

better. FIGURE 10: Environmental waste management
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Figures 11 and 12 compare the working site condition before the program start and after working for
two years in these programs. Also shows the conditions in two different drilling sites, geothermal
drilling and superficial drilling for gradients wells.

FIGURE 12: Management after environmental education and monitoring
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4. CONCLUSIONS

e The Environmental Management System allows systemisation and improvement of control of
impacts in a continuous way over time. It also improves the EIA programs in itself because it
ensures continuous reviewing and allows the detection of new or non-considered impacts.

e Due to the environmentally friendly of the geothermal energy, is during the complex drill
activities where the main impacts can occur and this is because the equipment is in constant
movement and there are more probabilities of accident and it’s more difficult to control other
impacts like noise, dust and visual impacts.

e The main impacts during the geothermal well drilling are the noise and the risk of soil and
water pollution due to leaks of hazardous materials like oil gas or chemical products. But all
these impacts can be controlled in an easy way wit the adequate people’s training and
activities monitoring.

e The adequate waste management is important to prevent potential pollution over the
environment. Impacts over the soil, water and air can be controlled using and efficient control
of the ordinary and hazardous waste.



