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Extended abstract 

This report focuses on the monitoring and mitigation measures that are adopted, or have been 

tested and are under development, to reduce the probability of adverse effects and circumvent 

their consequences to the environment determined by the human activities during a 

geothermal project development. The impacts and risks related to health and safety of those 

working in geothermal facilities are not included in this analysis, since they are strictly regulated 

and prescribed by the health and safety management programs of geothermal projects.  

The environmental impacts and the associated potential risks considered of relevance for the 

geothermal project development refer to various impacting phenomena. 

§ Effects associated to surface operations: 

Ý Energy and water consumption and emissions to the environment  

Ý Waste production from surface operations 

Ý Surface disturbance, including vibration, noise, visual, land occupation and dust 

Ý Leaks due to surface installations and operations 

§ Effects associated to emission of underground material to the surface:  

Ý Liquid/solid effusions and waste  

Ý Degassing 

Ý Radioactivity 

Ý Blowout 

§ Effects associated to geomechanical changes:  

Ý Ground surface deformation 

Ý Seismicity 

§ Effects associated to underground physical and chemical modifications  

Ý Pressure and flow change 

Ý Interconnection of aquifers and disturbance of non-targeted aquifers 

Ý Thermal changes 

 

For each potential disturbing phenomenon, after a brief synopsis, the report describes the 

monitoring techniques and the technologies used for limiting its occurrence and the potential 

damage. The disturbing phenomena are all treated at the same level with no classification 

related to their probability of occurrence or gravity. The ñworst case scenarioò described in this 

report is intended as a broad base and a virtual reference case for the overview of mitigation 

technologies and for monitoring and mitigation planning, and is, however, far from representing 

a real case, as some impacts and risks are accidental or restricted to very defined geological 

condition or technologies.  
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Since the report details the remote sensing data that are used for monitoring, a brief overview 

of these data, their analysis and repositories available in Europe is provided in Appendix. 

This report complements the Deliverable D2.1 of the GEOENVI Project ñReport on 

Environmental concerns. Overall state of the art on deep geothermal environmental dataò, 

which analyses in more detail the origin and consequences of the potential risks and impacts 

of geothermal development.  
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Introduction 

In the past several years, some geothermal technologies have been found or suspected to 

cause health or environmental damage, drawing heightened public attention. Understanding 

the potential for producing damages and for limiting their occurrence and consequences is 

desirable for public authorities, industry, and the public at large. The purpose of this report is 

to provide accurate and current information about the current best practices and available 

technologies to avoid, whenever, possible, or otherwise minimise the unavoidable effects to 

the environment produced by geothermal development.  

Mitigation is an integral regulatory procedure in all international interpretations of 

environmental impact assessment (EIA). Following the European Environmental Impact 

Assessment Directive, ñMitigation measures provide for a system to reduce, avoid or offset the 

potential adverse environmental consequences of development activities. Their objective is to 

maximise project benefits and minimise undesirable impacts. Such mitigation measures can 

be in the form of preventive, corrective or compensatory measures. Prevention means that the 

potential impact is prevented or reduced before it occurs. Corrective measures reduce the 

impact to a level which is acceptable. If preventive or corrective measures fail, then 

compensatory measures are applied. They will compensate for the unavoidable impact.ò (from 

https://ec.europa.eu/environment/legal/law/2/module_3_10.htm. The EU directives on EIA are 

the 85/337/EEC and its later amendments, the last one being the Directive 2014/52/EU, as 

reported in https://ec.europa.eu/environment/eia/eia-legalcontext.htm).  

In this document we will focus on preventive and corrective mitigation measures for minimizing 

environmental consequences of geothermal development. They are, respectively, related to 

two main strategies:  

Å Avoidance, by considering potential effects in an early stage of the project design 

processes and avoiding them using alternatives; 

Å Reduction, which is the common strategy to deal with unavoidable effects. The 

measure can focus on reducing the effect itself and/or the exposure to the effect. The 

measures to reduce the effects include their monitoring, and their control so that 

acceptable standards are not exceeded (e.g. noise attenuation). When effects occur 

over an extensive, often unidentified area, the mitigation may reduce the exposure by 

installing filters between the effectôs source and location of potential receptors (e.g. 

noise barriers). 

 

https://ec.europa.eu/environment/legal/law/2/module_3_10.htm
https://ec.europa.eu/environment/eia/eia-legalcontext.htm
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Mitigation is practiced within or in the surrounding of the site of development. It affects the 

development, its construction and operation, and, in specific cases, its products and 

processes. 

All phases of a geothermal project (synthetically represented in Figure 1) can potentially have 

an environmental implication, which requires to be accounted.  

 

 

Figure 1: Phases of a geothermal project  

 

The environmental footprint of geothermal start-up and exploration - excluding exploratory 

wells - is very minor. In the other phases of a geothermal project, the main activities affecting 

the environment can be roughly synthetized as:  

¶ Site preparation including construction of access roads and drilling pads;  

¶ Well site and reservoir development including drilling, testing and stimulation 

(hydraulic, thermal and chemical enhancement of wells connection with the reservoir); 

¶ Plant and facilitiesô installation, including laying of pipelines, power unit and electric grid 

connection, installation of equipment, and plant commissioning; 

¶ Plant operation and management; 

¶ Decommissioning and abandonment of facilities. 

 

The environmental effects from geothermal development have been categorized in various 

ways in literature. In this report, and in general for the GEOENVI project, they have been 

categorized based on safeguard subjects, i.e., endpoint indicators, emphasizing environmental 

burdens.  

In the following chapters, we briefly review the range of environmental burdens associated to 

the different phenomena, and then describe the tools that are used to mitigate their potential 
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threats. Measures related to the safety procedures for people working in geothermal facilities 

are strictly regulated by European and national laws, and prescribed by the health and safety 

management program of geothermal projects. Therefore, the specific procedures established 

to minimize the risks of injuries to workers are not mentioned here. 

The benefits that the geothermal development brings in itself, first of all by producing energy 

from a renewable source, are not taken into account here. The ñworst case scenarioò described 

in this report is intended as a broad base and a virtual reference case for the overview of 

mitigation technologies and monitoring and mitigation planning. It is, however, far from 

representing a real case; some of the described adverse environmental effects are important 

only at some locations, depending on local geological conditions, land uses in the vicinity of 

the plants and technological constraint, while some are very common and mitigation measures 

are recurrent practice, and it is also common to apply measures to prevent accidents.   

Each chapter includes a section dedicated to monitoring, which is used to check that 

anticipated effects are óas predictedô. Monitored data are necessary for proving that geothermal 

operations and, where applicable, mitigation measures have produced effects to óless than 

significantô level, i.e. compliant with environmental standards, and for facilitating any project 

design or operational changes that are needed. When unforeseen problems occur, they can 

require corrective action to keep them within acceptable levels, thereby changing the adopted 

mitigation measures. Components within the broad definition of environmental monitoring 

include: planning the collection of environmental data to meet specific objectives and 

environmental information needs; designing monitoring systems and studies; selecting 

sampling sites; collecting and handling samples; conducting laboratory analysis; reporting and 

storing data; assuring the quality of the data; analysing and interpreting data and making it 

available for use in decision making (Hunt, 2000). 

 

For further details about the origin and consequences of the potential risks and impacts of 

geothermal development refer to Deliverable D2.1 of the GEOENVI Project ñReport on 

Environmental concerns. Overall state of the art on deep geothermal environmental dataò. 

Bibliography 
Hunt, T., 2000. Five lectures of environmental effects of geothermal utilization. Reports 2000, 

1, UNU Geothermal Training Programme, Iceland. Available at: 

https://orkustofnun.is/gogn/unu-gtp-report/UNU-GTP-2000-01.pdf 
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Part I ς Effects associated to surface operations   

1. ENERGY AND WATER CONSUMPTION AND EMISSIONS TO 

THE ENVIRONMENT  

Synopsis 
During surface operations, energy consumption results from the use of engines, and emissions 

in the atmosphere are caused by the fuels that they burn: vehicular traffic for everyday 

business, machines used during the plant operation or decommissioning phases, and in 

particular those associated to the drilling phase for drill pad construction, for operating the drill 

bit, for road making. Water is consumed in the drilling phase, to produce the mud and, to a 

minor extent, the cement. During the plant operation, small amounts of water are consumed 

to minimize scaling. Water is also required by those power plants using the wet (water) cooling 

towers. 

The use of engines and water is inevitable, and these adverse effects, which are not specific 

to geothermal operations and can be encountered in many diverse industries, are very minor 

(Bayer et al., 2013; Tomasini-Montenegro et al., 2017).  

This chapter concerns only chronic emissions related to surface operations. The potential 

emissions of geothermal gases are dealt with in Chapter 6 ñDegassingò, and accidental 

emissions due to blowouts are described in Chapter 8 ñBlowoutò. 

Monitoring  
Energy use and losses and water consumption are recorded by operators and used to compute 

the periodical sustainability balance.  

Prevention & Mitigation 
Measures to reduce the effects on human health and environment should be taken since the 

design of the plant. Although it is not possible to reduce the effect indirectly generated by the 

making of construction material, it is possible to contain energy and water use as well as 

emissions to the atmosphere. 

The consumption of energy related to surface operations is usually contained within the life 

cycle of a geothermal plant and is limited in time during the development phase of a project. 

Also, emissions from fossil-fuelled engines, which is regulated by European Directives, is 

strictly controlled and monitored over the sites. Use of local electricity generation to power 

engines during construction and operation of the power plant is common practice, but 

alternative power supply (e.g. fed with locally produced renewable electricity such as wind, 
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photovoltaic, hydro) during drilling phase improves the environmental performances of the 

geothermal system. Electrical grid connection, wherever possible, represents alternative 

solutions (Lacirignola and Blanc, 2013).  

A common way to successfully reduce the amount of water to be used during drilling is the 

recirculation of drilling mud (described in detail in Chapter 5 ñLiquid/solid effusions and wasteò), 

and the quick plugging of mud losses zones. The freshwater consumption is reduced by using 

meteoric water collected and stored in containers, as in Italy, for the preparation of mud and 

cement slurry during drilling phase. Discharged geothermal fluids or low-quality water are used 

to support cooling and/or as make-up fluid (Bayer et al., 2013). In some project, surface water, 

e.g. canal water, is used for drilling purposes, after checking its quality to avoid the risk of 

polluting drinking water aquifers (i.e. by the presence of some bacteria). 

Bibliography 
Bayer, P., Rybach, L., Blum, P., Brauchler, R., 2013. Review on life cycle environmental effects 

of geothermal power generation. Renewable & Sustainable Energy Review 26, 446-463. 

Lacirignola, M., Blanc, I., 2013. Environmental analysis of practical design options for 

enhanced geothermal systems (EGS) through life-cycle assessment. Renew. Energy 50, 

901ï914.  

Tomasini-Montenegro, C., Santoyo-Castelazo, E., Gujba, H., Romero, R.J., Santoyo, E., 2017. 

Life cycle assessment of geothermal power generation technologies: An updated review. 

Appl. Therm. Eng. 114, 1119ï1136. 

  



                                 11 | D 2.2 REPORT ON MITIGATION MEASURES 

 

 

2. WASTE PRODUCTION FROM SURFACE OPERATIONS 

Synopsis 
Geothermal plants produce both liquid and solid waste, resulting from the construction, 

operation and maintenance of the plant, as well as urban waste from the personnel. The nature 

of waste is very diverse, it ranges from household waste (paper, garbage, etc.), plastics from 

packaging, fuel and lubricant used for engines, steel, copper and scrap metals or hazardous 

waste from pipes, filters and other tools disposed from sites, chemical waste, unused material 

for building or road construction and waste-water, excavated earth and rocks resulting from 

the plant construction, waste timber, rubbery materials, filters and materials contaminated with 

lubricating oil.  

The adverse environmental effects of surface waste production, which can be encountered in 

any other industrial activities, are regulated by a European Directive and national legislation. 

Waste being evacuated and recycled or treated, the direct consequences on humans, 

ecosystems and the atmosphere are almost inexistent. Research and innovation efforts are 

also improving applicability and use of recycled/secondary materials/waste in geothermal 

plants, favouring the integration of geothermal into the circular economy. 

Only waste produced by surface operations are treated in this chapter. See Chapter 5 ñLiquid 

and solid effusions on surfaceò for waste of material from underground, such as drilling mud, 

cuttings, geothermal fluid waste. 

Monitoring 
Following European and national regulations, as for any industrial facility that produces waste, 

the plant operator has to keep an official log of waste production and periodically report to the 

regulating authority the amount of hazardous and non-hazardous waste produced. Waste 

deposits inside the facility are regularly inspected and characterised, to check for proper 

management and for the regular functioning of containment basins. 

Geothermal operators also apply a very detailed health, safety and environment (HSE) 

program related to waste during the entire life of the project, for example according to ISO 

certification 14001.  

 

 

Prevention & Mitigation 
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The main measure adopted to minimize the waste amount from geothermal plants is achieved 

by careful design to minimise the waste and treatment of unavoidable waste during the 

operations.  

According to European Directives, waste producers have the responsibility of their own waste 

from production to recycling/disposal, and must ensure that the contractor for cleaning and 

waste disposal is certified and able to do the job.  

To ensure hygiene and cleanliness of the site, waste is collected and temporarily stored in 

proper tanks, basins and areas, segregated from other materials and equipment. Selective 

collection is mandatory in several countries of Europe for industrial working sites. The storage 

units are labelled in accordance and placed over containment basins or slabs before being 

frequently disposed from the site to avoid leakage and contamination of soil. Depending on 

waste type (e.g. packaging, rubber, lubricant oil, chemicals, scrap metal, timber), the site 

contractor will manage waste recycling or disposal toward the appropriate treatment plant to 

limit the impact on the environment and on humans. Waste-water is either collected or 

connected to sewage to avoid dumping into natural environment. Waste (inert, wood, metal, 

cartons, plastic, etc.) is placed in appropriate containers and/or bins. Hazardous waste (such 

as oils and batteries) is stored in segregated and labelled containers. There is a specific 

storage area at the plants, and licensed waste management plants and carriers are appointed. 

Depending on waste type (solid, chemicals, scrap metal etc.), the coordinator of site will 

manage waste distribution toward the appropriate dumping sites.  
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3. SURFACE DISTURBANCE: LAND OCCUPATION, VISUAL, 

NOISE, VIBRATION, DUST, SMELL  

Synopsis   
The development of a geothermal field inevitably involves the presence of structures and 

components that produce surface disturbances. They are generally encountered during plant 

construction and equipment installation, drilling and testing phases and also during operation.   

Surface disturbances include effects on landscape (deforestation; deviation of rivers; visible 

industrial infrastructures, roads, derrick and vapour plumes), land occupation (construction of 

roads and plants, drill pad and other infrastructures on site, etc.), or disturbances associated 

to increase in road traffic and dust production. The effect on landscape is a key factor 

especially in areas that are of touristic and cultural interest or in residential sites. Land use, 

which is limited with respect to other energy sectors, refers to the drilling pads (often 

temporary) and well-heads, plant facilities, the pipelines for the transport of the fluid and the 

transmission lines of the electric current.  

The nuisances might also come from noise and vibration generated by a variety of activities. 

Drilling activities, passage of trucks and other vehicles during the different stages of the 

geothermal project, engines and pumps during the plant operations may be sources of 

vibration, which is, however, hardly perceived at few tens of meters from the source. Noise is 

produced from the three main sections of a geothermal production system: production and 

reinjection wells, pipelines to plant and geothermal plants themselves. In production and 

reinjection wells, noise is produced during the initial setup and construction of drilling site due 

to truck traffic, by drilling operations and by well tests after drilling. Noise diminishes with 

distance (by about 6 dB every time the distance is doubled), although lower frequencies (e.g. 

noise from drill rigs) are attenuated less than higher frequencies (e.g. steam discharge noises); 

wind may also influence the transmission of the acoustic noise.  

In the rare case of strong degassing from the wells and plants or of liquid and solid effusions, 

smell might also be triggered (the other effects of gas effusions are described in Chapter 6 

ñDegassingò and Chapter 8 ñBlowoutò). 

The development and operation of a geothermal field inevitably involves the presence of 

structures and components. The corresponding disturbances at surface, which have variable 

duration, are inherent to all geothermal projects and, more broadly, to all industrial 

activities. Being considered in the EIA, they must be taken into account early on by project 

owners, from design and conception phases, to prevent unnecessary and unwanted adverse 

effects.   
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Monitoring  
Prior to any operation, baseline data collection is carried out to predict and evaluate adverse 

environmental effects, including surface disturbance. The objective of this enquiry is to observe 

the existing environment and estimate the changes that might occur as a result of a geothermal 

plant development.  

Monitoring of vibration and noise  
Vibration monitoring is performed with seismic sensors located around the explored area, or 

surrounding drilling sites, to ensure that the vibration does not exceed the safety standard. 

Noise is recorded at chosen receptors, whose location is defined during monitoring planning, 

and with instruments capable of recording the reference frequencies. Monitoring requires:  

¶ acoustic characterization of the pre-operation situation, based on the data deriving from 

campaigns to measure the noise level of the concerned area and taking into account 

its acoustic classification; 

¶ control of noise pollution during work and post-work. 

The measures, beside to giving indications on the respect of the limits of the law in the drilling 

phase, during construction of sites and facilities, including the traffic and handling of materials 

and of operation of the plant, also provide information about: 

- the actual distances of acoustic impact; 

- the perception of the disturbance associated with certain levels of measured noise; 

- the evolution of the noise over time in relation to the other sources present and, therefore, to 

its actual relevance with respect to the background noise of the environment interested. 

To estimate peak noise disturbances generated from drilling machines, a noise rose is created 

(Figure 2). This rose translates the noise generated in the vicinity of the drill pad in a context 

that is however not representative of the site but only of the drilling machine. Indeed, it does 

not account for topography, urban constraints, etc. Nevertheless, it provides a view of the noise 

level generated directly near the site. The example given in Figure 2 shows an estimated noise 

of 65 dB (A) near the drill pad, an amount comparable to the one generated in a large business 

office.  

Depending on the building found in the different (red or green) zone of the rose, specific 

mitigation measures are adopted to lower the disturbance on dwellings. 
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Figure 2: Noise rose of drill pad from a geothermal drilling site in France (BRGM)  

Monitoring of the ecosystems 
Before geothermal development, an environmental review may be required to categorize 

potential effects upon plants and animals, for example, by an inventory of vegetation and 

species in a biological study area beyond the perimeter of the project wellfield and plant, noting 

of habitat requirements and suitability. Biodiversity monitoring around the geothermal power 

plants (up to 500 m distance) is required in the Italian geothermal plants since 2000. The 

monitoring involves the soil, the trees and the surface waters, and focus particularly on 

epiphytic lichens that are very sensitive to environmental variations. 

Monitoring of smell 
The assessment of the odour annoyance is quite difficult for several reasons: i) because odour 

perception is subjective; ii) because of the causal relationship between odour events and odour 

sources and iii) because of the complex interaction of odorant gases in a mixture (depending 

on the concentration of individual odorants, on interaction effects, and on individual-specific 

factors of the exposed subject) (Blanes-Vidal et al., 2009, 2012). Moreover, it is very difficult 

to distinguish the smell caused by natural emissions (soil degassing, natural manifestations) 

from the smell caused by geothermal plants, when the interested areas are the same. 

A common methodology for odour emission assessment is dynamic olfactometry (electronic 

noses) that measures odour concentrations, but it does not discriminate each odour-active 

compound and the relative contribution to the overall odour concentration. Moreover, due to 

high temporal variability of odour emissions, the air samples collected for olfactometric analysis 

could not be representative of real annoyance perceived by citizens because they are often 

collected only after citizen alerts and complaints. 

These limits are overcome by modern systems, such as the one developed to quantify the 

olfactory impact near an oil treatment plant, which comprises a weather station and an 
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innovative odour monitoring and sampling system based on population reports (Di Gilio et al., 

2018). By integrating real time quantitative indications of the pollution events determined by 

the industrial source and the reports of the population, the system provides a level of impact 

on the urban settlement. 

Prevention & Mitigation  
Careful siting and project design, where sensitive resources are identified, decreases 

significantly the cost and extent of surface disturbance in the preparation and operational 

phases of geothermal development. Specific technologies are described below. 

During the last phase of the reclamation and abandonment, it is expected that power plant 

removal, well plugging, capping and reclamation, and site and access road re-grading facilitate 

natural restoration. 

Visual effects, landscape and land occupation  
Visual disturbances are most pronounced during the drilling and site construction, for instance 

when tall drill rigs are onsite. Landscape planning reduces adverse visual effects of geothermal 

plants. Facilities, such as buildings and pipelines used during the operation are painted to 

blend in with the neighbouring environment, and pipes are buried where possible (outside 

forest zone for example) (Figure 3). High fences are installed during the construction work and 

through drilling phases to minimise visual effects.  

The best solution to avoid the effects produced by constructing of the roads for drilling sites 

and power plants is to choose the existing roads, and performing some modifications (e.g. 

enlargements and strengthening). This is also an economical good solution to reduce 

permanent effects. The visual and geological problems related to road constructions and civil 

works require carefully planning to minimize the adverse effects and, in particular, to avoid 

accelerated erosion and landslide risks, e.g. by reducing the number of steeply-sloping 

exposed banks or planting fast-growing trees which bind the soil.  

 

  

Figure 3: Examples from Italy. Left: Bagnore 3 power plant in Italy, planted trees to reduce visibility of 

infrastructures. Right: trench for pipeline. Photo: Enel Green Power. 
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Pipes close to the existing roads produce a minor effect. Linear pipelines have less adverse 

visual effect, and the more expensive bellows-type expansion compensators help to build the 

straight tracts. In some areas, however, the network of pipelines crisscrossing the countryside 

and the power-plant cooling towers have become an integral part of the panorama and are 

indeed a famous tourist attraction, like in Italy and Iceland (Figure 4).  

 

Figure 4: Pipes and natural manifestation in the geothermal area of Tuscany, Italy. Photo: Enel Green Power. 

As it regards the reduction of the visual impact and the land use of the drillings, many 

companies all over the world utilize the same drilling site for several deviated wells and it is 

also desirable that the drilling sites are as close as possible to the power plant. The choice of 

drilling rig, e.g. the hydraulic telescopic rigs instead of the traditional mast-type ones, may help 

in reducing the height of the rig and the padôs occupied land. It is also to consider the reduction 

of the light brightness of the site during the night, choosing the type, direction and location of 

lamps to guarantee the safety, but projecting less light outside the plant or drilling sites, or by 

temporary screens around the drilling sites. To reduce the visual impact of the wellheads (the 

so-called ñChristmas treesò) they are masked through a cover (e.g. small buildings) with a 

suitable design with respect to the natural surroundings, that also allows a better maintenance 

and provides security of the structure (Figure 5). 
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Figure 5: Left: a wellhead in Italy. Right: Enclosed wellhead (left) at Hellisheidi power plant in Iceland, 

connected to a muffler (right). Photo: A. Manzella (left), Mannvit, 2013 (right). 

The cooling towers of the power plants have been one of the most visible elements in 

geothermal development, due to their height and the release of white clouds of water vapour. 

The forced-type cooling towers in the new flash plants reduce significantly these effects, and 

steam plumes are absent with dry-cooling towers and total re-injection of fluids.   

Nowadays, geothermal power plants are temporary constructions, mostly prefabricated, and 

can be moved in other places within the geothermal field after the end of development of the 

sites, which is environmentally restored and masked (e.g. through a replanting program).  

Since geothermal plants must be located at the site where the resource is assessed, the best 

technological and architectural solutions are adopted in order to optimize their integration in 

the local environment.   

In volcanic and magmatic areas, geothermal development may also compete with natural 

manifestation (hot or steaming ground, hot springs and pools, mud pools, fumaroles, geysers 

and deposits of sinter, sulphur or other minerals). Care is usually taken to preserve these 

natural geothermal features when they also serve as tourist attractions or competitive 

economics, or cultural uses. The best mitigation option, in this case, is to create new features 

of high touristic value, as is the case of Blue Lagoon, in Iceland. Power plants are designed 

with care to their integration into the surrounding landscape, as in some Italian areas, or are 

partially hidden by vegetation (usually outside the facility to ease its maintenance) (Figure 6). 
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Figure 6: Example of landscape planning in Italy. Left: Bagnore4 power plant, designed for an improved 

blending in the scenery. Right: planted trees and bushes, and tourist tracks around the geothermal power 

plant. Photo: Enel Green Power. 

Noise 
Unwanted noise can be a nuisance or a health concern, and its monitoring and control is 

required by European Directives. Public health codes in European countries regulate the 

threshold of noise level to be respected within the neighbourhood of the project. Any activity 

that is forecasted as noisy must be authorized, and provide a specific noise impact 

assessment, with an estimation of sound levels during its realization and after the works have 

been completed (post-work situation). Monitoring, as defined in the previous section, is 

required and enforced. In order to meet requirement in term of environmental protection and 

human health, precautionary measures are adopted to guarantee safe noise level around the 

geothermal plant and during drilling operation, i.e. within the limits fixed by authorities. The 

level of allowed noise is regulated according to the local area and its acoustic level, and 

different levels are usually set for night-time and day-time and for Sundays and public holidays. 

An element of fundamental importance is the concept of differential limit, which indicates that 

the difference between noise produced from a given source and the residual noise 

(background) must not exceed a certain threshold. The limit values are strictly required for 

permanent installations, such as geothermal power plants. Authorizations for temporary 

activities, such as drilling, that overcome the noise limits are requested, usually from local 

authorities, and mitigation measures are taken for remediation. 

For unavoidable noises, major mitigation measures to reduce their adverse effects on 

population and ecosystems may be synthetized as follows (Webb et al., 1984):  

¶ use of muffled or sound absorption panels around motors, drill pads, vents and pumps;   

¶ use the hydraulic rigs that produce less noise respect to the traditional mast-type ones; 

¶ perform good design and layout of facilities and locate noisy engines in soundproof 

buildings or choose optimal implantation of engines as far as possible from dwellings;   
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¶ restrict noisy activities to day-time (e.g. casing installation, waste disposal, etc.), unless 

required by safety constrains;   

¶ select site location, when possible, distant from sensitive receptors (i.e. population, 

human activities, natural parks, ecologically sensitive zone, etc.) and where visual 

impact is minimum (tall tree around, etc.);   

¶ use electrically driven instead of diesel engines in drilling operations;  

¶ monitor noise and sound emergences continuously during work by authorized 

inspection body;   

¶ communicate and perform prevention work with population on the project and adopt 

compensatory measures if needed. 

A noise impact study is carried out for the selection of low noise emission equipment, and for 

proper positioning of the equipment on the power plantôs platform.   

When the plant is in operation, substantial noise reduction is obtained by the thermal insulation 

of turbine and the soundproof cages around the turbines and alternators in power production 

plants, or by soundproof wall (Figure 7). The use of carpets, wood for construction, and 

soundproofing fan motors, have sensibly reduced the noise of geothermal plants in Italy, so 

that the geothermal power plantsô performance is compliant with the most restrictive noise 

emission levels (Manzella et al., 2018). 

 

 

Figure 7: Noise wall at the Insheim geothermal plant, Germany 

Special rigs and equipment (low power rigs) are used to work in urban environment and electric 

power engines reduce the surface effects. Sound barriers, sound shields on engines, and low 

noise equipment for well testing reduce the external noise during the drilling and well testing 

phases of the geothermal project. Depending on the building found in the different red or green 

zone of the rose in Figure 2, specific mitigation measures are adopted to lower the disturbance 

on dwellings. 

Vibration 
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During seismic data acquisition in exploratory surveys, vibroseismic trucks and related working 

forces are kept at the minimum possible number, in particular in urban areas, to avoid 

disturbances while guaranteeing to image the subsoil and the success of the exploration target. 

This measure is required by law in some country. In France, for instance, prior to the seismic 

survey itself, a study of the generated vibrations is mandatory to evaluate their impact on 

constructions, especially in urban areas (Richard et al., 2016). This study has to cover a large 

frequency and peak-force range. Furthermore, during a recent 3D seismic survey in Northern 

Alsace, France (Richard et al., 2020), real-time vibration measurements were performed on 

buildings during acquisition, allowing the operators to immediately stop the vibrotruck, if the 

measured vibration exceeded a defined threshold, in order to avoid damages. Vibration 

measurements are taken at the buildings nearest to the vibrotrucks and exceedance limit of 

vibrations is applied by local regulation (e.g. in Germany, Belgium) to prevent damage to 

buildings/installations. The nuisance of vibration caused by drilling activities, well development 

(stimulation) and production in most cases is prevented by careful siting. Mitigation measures 

of unavoidable vibration, if present, are those of induced microseismic activity, described in 

Chapter 10 dedicated to ñSeismicityò. 

Road traffic and dust production  
To prevent dust dispersion in the air, trucks displacing soil from the site for the plant installation 

are covered and cleaned before leaving the working site. Roads are also cleaned up after the 

passage of trucks.  The work sites and roads are sprayed with water during dry weather to 

reduce dust production from engines and truck circulating in the zone and to prevent its 

formation. Contractors also ensure that work does not impede the road traffic. Any roadway 

modification is signalled and work site access is indicated with specific panels.  

In the siting of a geothermal plant, one could also look at the vicinity of rivers and large 

channels allowing the transport of materials over water as a mitigation measure. 

Disturbance of ecosystems 
While any disruption of land that results from geothermal development has the potential to 

disturb habitat, geothermal plants, like any type of industrial plant, must comply with a host of 

regulations that protect the areas set for development. An environmental study before the 

project development allow to define the background level and to establish the amount of 

impact. Many disturbances are unavoidable effects, which are mitigated by proper planning 

and restoration of areas. A special care is addressed to the birds and invertebrates (often 

linked to the vegetation). In the case of pipelines, their thermal insulation prevents thermal 

losses in the surroundings that could interact with the biodiversity associations. Particular care 

is taken when the geothermal development areas include woods, meadowland or environment 
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with natural foliage. Starting from the preparation of the drilling sites up to the operation and 

decommissioning of the production plant, the industrial development produces unavoidably 

some damages in the natural landscape due to the preparation of roads, well pads, pipe routes, 

separator stations, holding ponds, the power house and its associated facilities. So, when the 

construction of the plant is completed, an appropriate replanting program of native trees and 

vegetation restores the original natural appearance and improve the repopulation of local flora 

and fauna. 

Smell 
Since it happens only in case of smelly gas emissions, mitigation measures are those related 

to degassing, and are described in Chapter 6. 
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4. LEAKS DUE TO SURFACE INSTALLATIONS AND OPERATIONS  

Synopsis 
Leak due to surface installation is a typical risk of any operation of civil engineering and 

industrial activity, and consists of an accidental escape of fluids from tanks temporary storing 

waste or from a hole or crack in the surface pipe circuits. The peculiarity of geothermal 

operation is the characteristics of the fluids encountered, since geothermal fluids can be highly 

mineralized, and of the produced material (cuttings, additives) (Gombert et al., 2017). A special 

case is the leak from the circuit of secondary fluids of binary geothermal plants, in case these 

fluids have a toxic composition or may be explosive. 

Temporary storage of waste and circulation of fluids are unavoidable in the geothermal surface 

operation, and EIA enforces proper management to prevent and mitigate environmental 

adverse effects due to leaks.  

Other accidental discharges at surface of fluids and solids beside leaks from tanks and pipes 

and a more detailed description of geothermal brine composition are described in Chapter 5 

ñLiquid and solid effusions on surfaceò.  

Monitoring  
Pipes and tanks are inspected periodically (e.g. by acoustic emission testing, as in the Bavaria 

plants), according to a program whose purpose is to check tank conditions and the thickness 

of the pipes at representative and specific points. Welds and sensitive metallic equipment are 

often controlled by gamma radiography to detect any potential invisible defect. Evolution of 

corrosion and scaling is monitored to prevent the risk of a leak. In France, following feedback 

over geothermal operations (producing in the Dogger limestone of the Paris basin) and the 

widespread use of anti-corrosion treatments, the concession license imposes to monitor the 

use of anti-corrosion products and their efficiency over the installation (e.g. to measure the 

kinetic of corrosion, the frequency of well and exchanger cleaning, the presence of deposit). 

Prevention & Mitigation  
Some simple and common measures, i.e. by dimensioning the tanks big enough to avoid 

overflow and positioning tanks over concrete slab to avoid direct contact with soil, prevent 

related risks. 

To avoid a leak due to corrosion, the material of the pipes and tanks is chosen from the 

conception and design phases to account for stored fluid composition and requirement. 

Corrosion resistant alloys, corrosion resistant coating and anti-corrosion treatment applied to 

the pipes (Finster et al., 2015), as well as passive or active electrodes are corrosion protection 
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technologies, and research is on-going for cost-effective materials and solutions. It is common 

practice to avoid steel for underground storage tanks, to avoid the risk of galvanic currents. If 

corrosive elements are present in a fluid, they are treated using reducing agents.  

Chemicals are stored in segregated areas with containment basins, in areas where there is no 

risk of flooding and where spillage, if any, can be contained quickly and limited to small areas 

(Dickson and Fanelli, 2003). Neutralization products able to hold chemical propagation are 

stored nearby these chemicals.  

The secondary fluid used in binary plants is chosen also in view of its environmental 

friendliness, ozone depletion potential (ODP) and global warming potential (GWP), to prevent 

and mitigate the damage in case of leak. 

Training programs for workers are also essential to reduce the risk of leakage when 

transporting or manipulating fluids and pipes at surface.  
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Part II ς Effects associated to emission of underground 

material to the surface 

5. LIQUID AND SOLID EFFUSIONS ON SURFACE 

Synopsis 
As for other industrial operation, the geothermal development involves the risk of spills, flow of 

fluids from broken tools, or discharge of waste material, and the prevention of these risks is 

considered in the EIA and the diverse regulations for the protection of the environment. 

Geothermal power plants produce at surface both liquid and solid underground materials, 

resulting from drilling wells and the construction, operation and maintenance of the plant, which 

may accidentally effuse in the environment. The main fluids produced at surface during drilling 

are drilling mud and other drilling fluid additives like cement slurry, diesel and lubricant, 

cleaning fluid waste and geothermal brine. The main solid materials produced during drilling 

are cuttings, excavated earth and rocks. During plant operation the risk of effusion regards the 

geothermal brine, possibly enriched by chemicals for preventing scaling and corrosion, and 

thus increasing the risk of pollution if liquids are dispersed at the surface. If the geothermal 

fluids are not totally reinjected, they become a waste that should be decontaminated before 

discharge. The abatement and gas treatment create a waste effluent (either liquid or a solid 

waste) that need to be disposed of. 

Prevention for the escape of fluids from pipes and tanks is described in Chapter 4 ñLeaks due 

to surface installations and operationsò. Accidental effusions related to blowout are treated in 

Chapter 8 ñBlowoutò, and prevention of underground effusions due to flow of fluids from wells 

is described in Chapter 12 ñInterconnection of aquifers and disturbance of non-targeted 

aquifersò. 

Monitoring 
Monitoring includes sampling and analysis for target contaminants as a part of exploration or 

operation permit conditions. The frequency of monitoring reflects both the demands from the 

permit as well as the character of the development, the geothermal system and the discharge. 

Monitoring the effect of liquid and solid waste includes groundwater monitoring where chemical 

and thermal pollution is of the main concern. For liquid discharges, the determinations include 

suspended solids, pH, temperature, content in hydrocarbon material. Monitoring of surface 

waste-water is conducted at each intermittent as well as continuous discharge points. These 

include wellheads, vents, and separators, cooling towers and spent liquid drains.  
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Control of site condition as regards the safety conditions of pools, waste ponds, slurry etc. is 

required by regulation in all countries, and is part of the EIA. Waste monitoring consists of a 

frequent periodical chemical and chemical-physical characterization and visual control of the 

tanks and other services, in order to identify any accidental losses. Each check must be noted 

on a worksite register, available to the Mining Authority. 

Prevention & Mitigation 
Prevention and mitigation of the environmental effects of solid and liquid waste are generally 

addressed by clear regulations and enforcement, and developers are required to collect and 

dispose of any material produced from drilling. This involves drill cuttings as well as any fluid 

that has been used for the drilling or the geothermal fluid that is brought to the surface through 

the well. 

During all phases of geothermal development, drilling and testing of wells as well as power 

plant operation, any short-term and/or emergency liquid releases are accommodated in a 

special holding tank or a holding pond (Figure 8).  

 

 

Figure 8: Drillrig Sleipnir from Iceland drilling during drilling of well WW-3 at Laudat Dominica in 2012. The 

photo shows a 1300 m3 άǎǳƳǇέ ǎȅǎǘŜƳ ƛƴ ǘƘŜ ŦƻǊŜƎǊƻǳƴŘΦ tƘƻǘƻΥ {ƛƎǳǊśǳǊ {Φ WƽƴǎǎƻƴΣ N{hwΦ 

As a result, all waste from drilling activities, mud, and cuttings, is stored in what are known as 

"sumps" for disposal. Sumps provide secure storage for drilling mud and cuttings. They are 
























































































