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EXECUTIVE SUMMARY 

WP Technology Assessment and Risk (WP16) deals with a methodology to 

combine in a single tool the analysis of the potential risk associated to a 

Managed Aquifer Recharge facility based on a combination of all the potential 

hazards that could lead to failure of the facility.  

In this document, we start by updating the fault tree approach presented in the 

Deliverable 16.1. We extend the non-technical issues of the general fault tree 

and go in depth into the social and economic aspects involved in MAR facilities. 

These aspects are included in a label “non-technical aspects” and further 

divided into four categories: legal constraints, economic constraints, social 

unacceptance and governance. 

Legal restrictions can be separated into two main groups depending whether 

they are of a territorial nature, including regulations at the European, National, 

Regional or Local, or else based on scope (such as health related issues).   

Economic constraints are related to aquifer recharge being discontinued for 

economical reasons, either macroeconomics (global financial crises) or 

microeconomics. In the latter case three subevents can be defined, related to 

the need to prioritize water for different uses, limitations due to unacceptable 

costs of operation, or the impossibility of accessing public or private financing. 

Social unacceptance of MAR can be caused by bad perception of technology, 

that could improve by education and media impact. Different subevents are 

included here, these being perception of health risk, high cost, or lack of 

effectiveness, as well as behavioral requirements, children security, or lack of 

visibility.  

The last group of constraints, related to governance, involve the lack of 

interaction and decision-making among the stakeholders involved in MAR,  

In order to improve the implementation of the fault tree into the MAR facilities, 

we present different trees depending on the operational phases of a MAR 

project, these being either design/construction, or else full operation. The 
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design or construction phase is the one where decisions are being made, 

regarding location and construction alternatives (size, shape, type of water,…). 

The operation phase is related to the functionality of the MAR facility.  

The following step was adapting a survey as a simple way to incorporate input 

to fault trees. The aim is facilitating the analysis of risk in any given facility by 

visualizing all the potential hazards that could affect the operation of a MAR 

facility. The surveys should be filled by a user/manager of each MAR facility and 

the answers are related to the perception of risk associated to individual events.  

In such a survey, each individual potential hazard is first evaluated in a binary 

way, where there is a perception that this particular box in the tree (hazard) is 

considered relevant for a particular facility (YES/NO). In the case YES is 

selected, then it should be semi-quantified as LOW, MEDIUM or HIGH risk. As 

perception of risk is controlled by the operational stage of the facility, we 

developed two survey forms, one corresponding to the design and construction 

operational stage, and a second one applicable for fully operational facilities.  

Once the survey form is filled, it is directly transferable to the tree analysis, 

visually allowing for a complete, fast and clear visualization of the events having 

the higher risk perception. Afterwards the actual risk can be obtained following a 

two-step procedure: (1) assigning a value of probability for each individual 

event, (2) combining such probabilities using Boolean Algebra to provide an 

overall risk assessment of the MAR facility. This way, the events located in high 

perception of risk will be prioritized.  

The methodology was applied to the Sant Vicenç dels Horts facility, resulting in 

the following most critical events: cost of maintenance tasks, improvement of 

coordination among stakeholders, and bioclogging.  
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1 Introduction 

1.1 Objectives 

This is the third product (Deliverable 16.3) in the Work Package entitled 

Technology Assessment and Risk. It can be synthesized in one main 

objective: Applying the methodology of the fault tree (developed in Deliverable 

16.1) to the case study areas. This allows a direct comparison of the MARSOL 

DEMO case studies in a coherent way and a prioritization of potential events 

that can cause a failure in Managed Aquifer Recharge facilities.  

1.2    Outline 

In this document, we start by updating the fault tree approach presented in the 

Deliverable 16.1. We extend the non-technical issues of the general fault tree 

and go in depth into the social and economic aspects involved in MAR facilities. 

After that, we adapt the fault trees to different phases of a project: design (or 

pre-construction) and operation, the former being a simplified version that could 

be used for screening or pre-design.  

The second point in this deliverable is the transformation of the fault trees into 

surveys and its implementation to different demo sites (Section 2). Finally, we 

present an example of implementation into the Sant Vicenç dels Horts 

(Llobregat River) site (Section 3). 
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2 Implementation of the fault trees into demo sites 

In this chapter we analyse the implementation of the fault trees developed in the 

Deliverable 16.1 into the different field sites of the MARSOL project. This 

implementation was divided in the following steps: 1) extension of the fault tree 

to socio-economics aspects; 2) adaptation of the fault trees to the phase of the 

MAR facility; 3) transformation of the fault trees into surveys; 4) implementation 

to different demo sites.  

 

2.1 Motivation 

MAR deals with very complex and multidisplicinar problems, obviously involving 

technical as well as non-technical (social, legal and economic) issues. Despite 

of this, we need to give a homogenized methodology to assess the suitability of 

a site to locate a MAR facility. 

A risk evaluation involves accounting for a large number of hazards. Yet, there 

is a strong degree of uncertainty linked to the probability that each individual 

hazard occurs, and also to assign the potential effect on a given facility of a 

given hazard taking place. Some uncertainties are unknown for lack of 

knowledge of processes or insufficient information (epistemic or systematic 

uncertainty). On the other hand, random or aleatoric uncertainty involve 

variables that differ every time an experiment is run or a measurement taken, or 

else variables that are not in our hands (political changes). 

A potential solution is to split the overall very complicated problems into a 

number of smaller (and also simpler) problems, and then integrate them 

properly (procedural and mathematically) speaking. 

In this chapter we analyse the implementation of the fault trees developed in the 

Deliverable 16.1 into the different field sites of the MARSOL project. This 

implementation was divided in the following steps: 1) extension of the fault tree 

to socio-economics aspects; 2) adaptation of the fault trees to the phase of the 
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MAR facility; 3) transformation of the fault trees into surveys; 4) implementation 

to MAR demo sites.  

 

2.2 Extension of the fault trees: socio-economic aspects 

In order to cover all the potential impacts of a MAR facility, we extend the fault 

trees developed in Deliverable 16.1 to implement socio-economics aspects. 

These aspects are included in a label “non-technical aspects” and further 

divided into four categories: legal constraints, economic constraints, social 

unacceptance and governance.  

The full socio-economic extension of the fault-tree is attached as Appendix 1. 

The actual main branches of the “non-technical constraints” box are developed 

in Figure 1. Notice that the Boolean symbol implies that any of these constraints 

can independently lead the facility to failure, in this case implying the 

impossibility of putting the facility into operation. 

The complete fault tree corresponding to the technical issues is not presented 

here, as it was already part of Deliverable 16.1.  

 

 

Figure 1: Main fault-tree to include non-technical constraints 
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In the sequel we expand and explain each of the constraints represented in 

Figure 1. 

 

Legal constraints  

The first box implies all legal restrictions. They can be separated into two main 

groups depending whether the restrictions are of a territorial nature or based on 

scope (Figure 2). Regarding the former, we can include regulations or 

legislation at the European (or in other continents, supranational), National or 

Local/Regional. The limitations based on scope can consider health issues or 

others.  

 

 

Figure 2. Extended fault tree of legal constraints 

 

Economic constraints 

These constraints are related to aquifer recharge being discontinued for 

economical reasons. First, these reasons can be related to macroeconomics or 

to microeconomics (see Figure 3). Regarding the former we have had recent 

experiences in Europe and worldwide of global financial crises forcing full 

countries (or regions) to reduce inversions. In some cases, this implies reducing 

the budget related to environmental infrastructures. A recent example in 

Catalonia (Spain) implied the closing of a full MAR facility dealing with seawater 

intrusion in the Llobregat Delta, near Barcelona, and just a few kilometers 

Southeast of the Sant Vicenç dels Horts facility. This decision was based just on 

Legal 
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European National
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the impossibility of maintaining the facility due to a huge reduction in the overall 

budget of the Water Catalan Agency leading to a large number of projects being 

either discontinued or just never put into production.  

A wide group of hazards can better be associated to microeconomic 

restrictions. We have identified at this level a total of three (Figure 3, right 

branch). The first one would be the excess in demand of water in the territory 

leading to the prioritization of water for other uses above recharge (e.g. 

domestic, industrial or agriculture sectors, or even tourism or recreational 

activities). Second, limitations associated to cost restrictions resulting in a 

completely unacceptable costs of operation. Actually this cost restriction would 

be produced by a combination of installation or maintenance costs as well as an 

improper selling price so that producing water becomes more expensive than 

the actual cost the users are willing to pay. Last, the MAR facility could be 

potentially viable in economical terms, but there is the possibility that no public 

or private financing is available (i.e., investors are not interested and prefer to 

place their money elsewhere). 

 

 
Figure 3. Extended fault tree for economic issues. 
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Social unacceptance 

The third group of constraints is related to the social unacceptance of managed 

aquifer recharge caused by bad perceptions of the technology (health risk, high 

cost, lack of effectiveness). It must be noted that social rejection is a difficult 

topic that can be changed by media and can be reduced by education. A way to 

reduce unacceptance by population is to provide full transparency in the 

activities, allowing children and seniors to get involved (presentations in schools 

and site visits). 

Up to six different issues should be accounted for (see Figure 4) in this branch 

of the tree. The first one is related to health risk perception by the population 

based on the use of reclaimed water; people could be sensitive to knowing that 

this water may eventually reach the production wells without understanding the 

effect of the aquifer itself to improve the water quality. A second point of 

conflicts could be the perception that the facility is actually costly and that the 

overall cost would be transferred to their water bills.  

A third point of concern is related to behavioral requirements. This involves 

understanding the territory and the society in the area where the facility is (or 

will be) located. We could consider here issues such as vandalism. The facility 

involves the presence of a pool of water, so people could (and should) be 

concerned with children security, particularly regarding the possibility of 

drowning; obviously facilities should be surrounded with a fence and doors 

should be locked at all times, but here we talk about perception of risk, not 

about real risk.  

A fifth point of consideration in Figure 4 involves the potential of people to 

consider that water should be used for other purposes, as aquifer recharge 

means that water “disappears” from sight. Last, we could consider the 

perception of how effective is the method; that is, where does this water go to 

and why and how much we actually recover.  and the children surveillance play 

a critical role in social acceptance of the technology. Finally, the fair distribution 

of treated water (or at least its social perception) is also an important aspect to 

minimize social unacceptance. 
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Figure 4. Extended fault tree of social unacceptance. 

 

Governance 

The last group of constraints relates to the lack of interaction and decision-

making among the stakeholders involved in MAR (see Figure 5). 

 

 
Figure 5. Extended fault tree of governance issues 

 

When all the branches are compiled in a single tree we can see a full overview 

of all the non-technical points to be considered as potential hazards for failure of 

a MAR facility. Such tree has been reproduced in Appendix 1. 
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possible to extend this work in the future to discriminate between these two 

phases.  

We understand the design/construction phase as that where decisions are 

being made. For example, it is a phase where the site of the MAR is decided, 

and different construction alternatives (size, shape, type of water,…) are 

considered. Thus, screening is important and the tree must be evaluated 

several times, implying the need for some simplifications whenever possible. 

On the other hand, the operation phase is related to the functionality of the MAR 

facility. At this point, all elements should be treated as relevant and therefore 

fully considered.  

Table 1 summarizes all the points that are included in our analysis of a facility at 

the design and construction stage.  

 

Table 1. Aspects and sub-aspects considered during the design or construction 
stages of a MAR facility 

 
Design/Construction 

N
on

-te
ch

ni
ca

l 

Legal constraints 
Territorial constraints 
Scope of legislation 

Economic 
constraints 

Macroeconomic constraints 
Microeconomic constraints 

Social 
unacceptance 

Health risk perception 
High cost perception 

Behavioral requirements 
Children surveillance 

Fair distribution of treated water 
Perception of effectiveness 

Governance Lack of coordination among stakeholders 
Non-technical knowledge 

Te
ch

ni
ca

l 

Source water 
availability and right 

of access 

Low quality input water 
Water scarcity 
Right of access 

Hydrogeological 
assessment 

Hydraulic properties 
High thickness and not shallow aquifer 

Regional hydrogeology 
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Lack of 
infrastructures 

Lack of potential available land 
Lack of structure for capturing the water 

Lack of water pre-treatment infrastructures 

 

In a similar way, Table 2 summarizes all the points that are included in our 

analysis of a facility at the operational stage.  

 

Table 2. Aspects and sub-aspects considered during operation phase of MAR 
facility 

 
Operation 

N
on

-te
ch

ni
ca

l 

Legal constraints Territorial constraints 
Scope of legislation 

Economic constraints Macroeconomic constraints 
Microeconomic constraints 

Social unacceptance 

Health risk perception 
High cost perception 

Behavioral requirements 
Children surveillance 

Fair distribution of treated water 
Perception of effectiveness 

Governance Lack of coordination among stakeholders 
Non-technical knowledge  

Te
ch

ni
ca

l 

Structural damage 

Flooding 
Natural hazards 

Terrorism activities/vandalism 
Civil work failures 

Not enough water 
recharged 

Low quality input water 
Water scarcity 

Clogging 
 

Unacceptable quality 
of water at sensitive 

location 

Inefficient natural attenuation 
Generation of metabolites 

Mobilization 

Specific targets 
Seawater barriers 

Protected water bodies 
Water levels 
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As a result, the corresponding fault trees are operational stage dependent. For 

the sake of completeness we have fully expanded such trees, and we present 

them in Appendix 2 (design/construction), and Appendix 3 (operation).  
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3 Transformation of fault trees into surveys  

3.1 Surveys and integration into fault trees 

Once the fault trees for each phase were defined, the following step was 

adapting a survey as a simple way to incorporate input to those trees. This is a 

simple step to facilitate the analysis of risk in any given facility. The surveys 

should be filled by a user/manager of each MAR facility and the answers are 

related to the perception of risk associated to each individual event in the fault 

tree.  

Each individual potential hazard is first evaluated in a binary way, where there is 

a perception that this particular box in the tree (hazard) is considered relevant 

for a particular facility (YES/NO). In the case that the YES box is ticked, 

indicating that a perception of risk exists, then it should be semi-quantified as 

LOW, MEDIUM or HIGH risk. We have also allowed answering as UNKNOWN 

RISK. As perception of risk is definitely controlled by the operational stage of 

the facility, we developed two survey forms, one corresponding to the design 

and construction operational stage, and available as Appendix 4, and a second 

one applicable for fully operational facilities, in Appendix 5.  

Note that during the filling of the surveys, the user/manager should know the 

threshold at which risk exists. In the case of non-technical aspects (like social 

unacceptance) the threshold of risk is quite subjective, whereas in the technical 

one (like pollution risk), the thresholds are clearer and they are quantifiable (e.g. 

water standards listed in water legislation). These thresholds should be adapted 

at the different sites attending its reality.  

Once the survey form is filled, it is directly transferable to the tree analysis, 

visually allowing for a complete, fast and clear visualization of the events having 

the higher risk perception. Note that at this point, we are evaluating the risk 

perception and not the actual risk defined in probability terms. Nevertheless, 

since determining the probability of an event is usually expensive and complex, 

this tool will facilitate a preliminary screening, allowing for a prioritization of 

events in terms of potential actions to be performed to minimize the overall risk. 
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Or in other words, where should one invest to minimize risk for a given budget.  

Figure 6 shows an example of the approach based on the analysis of a number 

of individual events (potential hazards) that are classified as NO RISK / RISK 

and in the latter group events are discriminated depending on whether the 

perception of risk is HIGH, MEDIUM or LOW. This classification of events is 

summarized in Table 3.   

 

Table 3. Prioritization of the events. 

HIGH 
PERCEPTION 

OF RISK 

MEDIUM 
PERCEPTION 

OF RISK 

LOW 
PERCEPTION 

OF RISK 
NO RISK 

Event 1.1.3 
Event 1.1.5 
Event 1.2.2 
Event 1.3.3 

Event 1.1.4.1 
Event 1.1.4.2 
Event 1.2.3 
Event 1.3.1 
Event 1.3.3 

Event 1.1.4.3 
Event 1.2.1 
Event 1.3.2 

Event 1.1.1 
Event 1.1.2 

 

Once the prioritization is stablished and translated into the tree, the actual risk 

can be obtained following a two-step procedure: 

- Assign a value of probability for each individual event 

 
Figure 6. Integration of the results within the fault tree 
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-  Combine such probabilities using Boolean Algebra to provide an overall 

risk assessment of the MAR facility 

Of course, the events located in high perception of risk will be prioritized in front 

of the others. In general, the methodologies used in the evaluation of 

probabilities for the technical events will combine heavy modelling, simplified 

calculations and expert opinion depending on available data, experience on the 

topic, and interest (i.e., if risk is low there is no need to spend resources in 

calculating such event with a high degree of accuracy). In the case of the non-

technical events, probabilities will be mostly based on expert opinions, in the 

reviewing of existing literature and the analysing of the previous experiences in 

the site. 

3.2 Implementation of surveys in different sites 

The implementation of the survey form in each site of MARSOL project is 

attached as appendices 4 and 5 depending of the operational phase. Table 4 

summarizes at which phase is each site. 

Table 4. Phases of different sites of MARSOL project 

DESIGN 
Lavrion (Greece) 

Serchio (Italy) 
South Malta (Malta) 

OPERATION 

Algarve (Portugal) 
Arenales (Spain) 
Llobregat (Spain) 

Brenta (Italy) 
Menashe (Israel) 
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4 Example of application: the Llobregat site (Spain)  

The Sant Vicenç dels Horts (Llobregat River) Demo Site is based on river water 

infiltration to increase the water resources and rise groundwater levels. The 

MAR facility has been in operation since 2008, but with frequent periods of 

absence of operation.   

The survey/forms were filled by a technician who works in the MAR facility and 

she is familiar with the site infrastructure and with the monitoring of activities.  

The filled survey form was re-transformed into the fault tree with the different 

categories (Appendix 6) and we constructed a table with the prioritization of the 

different events (Table 5).  

Following the results of Table 5, the events that should be prioritized are the 

events related to 1) the cost of maintenance tasks, 2) the improvement of 

coordination among stakeholders, and 3) the aspects related to the physical 

clogging and bioclogging.  

Different tools could be applied to calculate the real probability of the different 

events. The computation of the probability of the events 1 and 2 should be 

related to an expert opinion or to reviewing of the past experience in these 

events. On the other hand, the evaluation of the risk of clogging and bioclogging 

could be evaluated through a mathematical model which should reproduce the 

behaviour of the MAR facility.   
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Table 5. Summary of the perception of the risk in different potential event of Llobregat facility during operation 
phase.  

 HIGH PERCEPTION OF 
RISK 

MEDIUM PERCEPTION 
OF RISK LOW PERCEPTION OF RISK NO RISK 

N
on

-te
ch

ni
ca

l  High maintenance 
cost/maintenance 

requirements 
 

 Lack of 
coordination among 

stakeholders 

 Industrial use of water 
by micro-economical 
constraints 
 Agricultural use of 
water by micro-
economical constraints 
 Industrial use of water 
by micro-economical 
constraints 
 Lack of funding 
public/private 
 Children surveillance 
 Fair distribution of 
treated water 

 Legal constraints by 
European changes in 
legislation 

 Legal constraints by national 
changes in legislation 

 Legal constraints by regional 
changes in legislation 

 Legal constraints by health 
legislation 

 Legal constraints by other 
types of legislation 

 Macroeconomic constraints 
 Domestic use of water by 

micro-economical 
constraints 

 High cost perception 
 Behavioral requirements 
 Perception of effectiveness 

 Low water price 
 
 Health risk 

perception 
 
 Non-technical 

knowledge 
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Table 5. Summary of the perception of the risk in different potential event of Llobregat facility during operation 
phase.  

 HIGH PERCEPTION OF 
RISK 

MEDIUM PERCEPTION 
OF RISK LOW PERCEPTION OF RISK NO RISK 

Te
ch

ni
ca

l 

 Physical restrictions in 
water quality 
 Failure deposition pond 
 Source of fine particles 
 Changes in 
deposition/erosion 
process due to 
physical clogging 
 Bioclogging 

 Chemical restrictions 
in water quality 
 Compaction 

 Flooding 
 Terrorism activity 
 Civil work failures 
 Droughts and change in 
precipitation events 
 Chemical clogging due to 
evaporation 
 Chemical clogging due to water 
mixtures 
 Chemical clogging die to 
microbial population catalysis 
 Clogging due to gas generation 
 Emerging organic compounds 
presence due to inefficient 
attenuation 
 Metabolite generation (from 
nitrogen and sulfur compounds, 
EOCs) 
 Mobilization of metals 

 Natural hazards 
 Aquifer dissolution 
 Sanitary/biological 
restructions 
 River regulation 
 WWT failure 
 Land use 
 Pipe Filter fails 
 Inefficient 
attenuation of 
organic matter 
 Inefficient 
attenuation of 
nutrients 
 Seawater barrier 
 Protected water 
body 
 Water levels 
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APPENDIX 1. EXTENDED FAULT TREE FOR NON-TECHNICAL CONSTRAINTS 
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APPENDIX 2. COMPLETE FAULT TREE FOR DESIGN PHASE OF A MAR FACILITY 
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APPENDIX 3. COMPLETE FAULT TREE FOR DESIGN OPERATION PHASE OF A MAR FACILITY 
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APPENDIX 4. SURVEY FORM FOR DESING AND 
CONSTRUCTION PHASE OF A MAR FACILITY 

I. DESIGN AND CONSTRUCTION 
Please, answer the questions asking yourself if in your MAR facilities exists these types 
of risk. If YES, try to quantify as high, medium or low risk. If you do not know the risk, 
mark unknown. HI

GH
 

M
ED

IU
M

 

LO
W

 

U
N

KN
O

W
N

 

1 NON-TECHNICAL CONSTRAINTS  
    

1.1 Legal constraints  Y / N     

1.1.1 Territorial constraints Y / N     

1.1.1.1 European Y / N     
1.1.1.2 National Y / N     

1.1.1.3 Regional/Local Y / N     

1.1.2 Scope of legislation Y / N     

1.1.2.1 Health legislation Y / N     

1.1.2.2 Others Y / N     

1.2 Economic constraints Y / N     

1.2.1 Macroeconomic constraints Y / N     

1.2.2 Microeconomic constraints Y / N     

1.2.2.1 Not enough water to recharge due to other 
economical uses 

Y / N     

1.2.2.1.1 Industrial use Y / N     
1.2.2.1.2 Agricultural use Y / N     
1.2.2.1.3 Domestic use Y / N     

1.2.2.2 Cost restriction Y / N     
1.2.2.2.1 Low price of water Y / N     
1.2.2.2.2 High installation cost Y / N     
1.2.2.2.3 High maintenance cost/maintenance requirements Y / N     

1.2.2.3 Lack of private/public funding Y / N        
1.3 Social unacceptance Y / N     

1.3.1 Health risk perception Y / N     

1.3.2 High cost perception Y / N     

1.3.3 Behavioral requirements Y / N     
1.3.4 Children surveillance Y / N     

1.3.5 Fair distribution of treated water Y / N     

1.3.6 Perception of effectiveness Y / N     

1.4 Governance Y / N     

1.4.1 Lack of coordination Y / N     



MARSOL  Deliverable D16.3  
 

 
  26 

 

I. DESIGN AND CONSTRUCTION 
Please, answer the questions asking yourself if in your MAR facilities exists these types 
of risk. If YES, try to quantify as high, medium or low risk. If you do not know the risk, 
mark unknown. HI

GH
 

M
ED

IU
M

 

LO
W

 

U
N

KN
O

W
N

 

1.4.2 Non-technical knowledge Y / N     

2 TECHNICAL CONSTRAINTS  
    

2.1 Source water availability and right of access (if YES continue) Y / N     

2.1.1 Low quality input water (if YES continue) Y / N     

2.1.1.1 Sanitary/biological restrictions (e.g. due to 
pathogens) 

Y / N     

2.1.1.2 Physical restrictions (if YES continue) Y / N     
2.1.1.2.1 Turbidity/particles  Y / N     

2.1.1.3 Chemical restrictions (if YES continue) Y / N     
2.1.1.3.1 Metals (e.g. arsenic, manganese) Y / N     
2.1.1.3.2 Salinity and sodicity Y / N     
2.1.1.3.3 Nutrients (nitrogen, phosphorous) Y / N     
2.1.1.3.4 Organic chemicals (pollutants, EOCs) Y / N     
2.1.1.3.5 Radionuclides Y / N     

2.1.2 Water scarcity (if YES continue) Y / N     

2.1.2.1 River regulation Y / N     

2.1.2.2 Climate (if YES continue) Y / N     
2.1.2.2.1 Droughts  Y / N     

2.1.2.3 Availability of water from waste water treatment 
plant  

Y / N     

2.1.2.4 Availability of water from desalination plant Y / N     

2.1.3 Right of access Y / N     

2.2 Hydrogeological assessment (if YES continue) Y / N     

2.2.1 Hydraulic properties Y / N     

2.2.1.1 Risk of clogging Y / N     

2.2.1.2 Risk of low water storage Y / N     

2.2.1.3 Risk of low infiltration rate Y / N     

2.2.2 High thickness and not shallow aquifer Y / N     

2.2.3 Regional hydrogeology (does the regional balance allow 
the MAR facility?) 

Y / N     

2.3 Lack of infrastructures Y / N     

2.3.1 Lack of potential available land Y / N     

2.3.2 Lack of structure for capturing the water Y / N     

2.3.3 Lack of water pre-treatment infrastructures Y / N     
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Do you miss something important that would apply to your MAR facility? 

---------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------- 
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APPENDIX 5. SURVEY FORM FOR OPERATION 
PHASE OF A MAR FACILITY 

II. OPERATIONAL PROCESSES 
Please, answer the questions asking yourself if in your MAR facilities exists these types 
of risk.  If YES, try to quantify as high, medium or low risk. If you do not know the risk, 
mark unknown. 
 

HI
GH

 

M
ED

IU
M

 

LO
W

 

U
N

KN
O

W
N

 

1 NON-TECHNICAL CONSTRAINTS  
    

1.1 Legal constraints  Y / N     

1.1.1 Territorial constraints Y / N     

1.1.1.1 European Y / N     

1.1.1.2 National Y / N     

1.1.1.3 Regional/Local Y / N     

1.1.2 Scope of legislation Y / N     
1.1.2.1 Health legislation Y / N     

1.1.2.2 Others Y / N     

1.2 Economic constraints Y / N     

1.2.1 Macroeconomic constraints Y / N     

1.2.2 Microeconomic constraints Y / N     

1.2.2.1 Not enough water to recharge due to other economical 
uses 

Y / N     

1.2.2.1.1 Industrial use Y / N     
1.2.2.1.2 Agricultural use Y / N     
1.2.2.1.3 Domestic use Y / N     

1.2.2.2 Cost restriction Y / N     
1.2.2.2.1 Low price of water Y / N     
1.2.2.2.2 High installation cost Y / N     
1.2.2.2.3 High maintenance cost/maintenance requirements Y / N     

1.3 Social unacceptance Y / N     

1.3.1 Health risk perception Y / N     

1.3.2 High cost perception Y / N     

1.3.3 Behavioral requirements Y / N     

1.3.4 Children surveillance Y / N     

1.3.5 Fair distribution of treated water Y / N     

1.3.6 Perception of effectiveness Y / N     

1.4 Governance Y / N     

1.5 Lack of coordination among stakeholders involved in MAR Y / N     

1.5.1 Lack of coordination Y / N     
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II. OPERATIONAL PROCESSES 
Please, answer the questions asking yourself if in your MAR facilities exists these types 
of risk.  If YES, try to quantify as high, medium or low risk. If you do not know the risk, 
mark unknown. 
 

HI
GH

 

M
ED

IU
M

 

LO
W

 

U
N

KN
O

W
N

 

1.5.2 Non-technical knowledge Y / N     

2 TECHNICAL CONSTRAINTS  
    

2.1 Structural Damages (if YES continue) Y / N     
2.1.1 Flooding Y / N     

2.1.2 Natural hazards (e.g. earthquake) Y / N     

2.1.3 Terrorism activities/Vandalism Y / N     

2.1.4 Civil work failures (if YES continue) Y / N     

2.1.4.1 Slope stability Y / N     
2.1.4.2 Pipe breakage Y / N     

2.1.4.3 Others Y / N     

2.1.5 Aquifer dissolution (e.g. in karstic aquifer) Y / N     

2.2 Not enough water recharged (if YES continue) Y / N     

2.2.1 Low quality input water (if YES continue) Y / N     

2.2.1.1 Sanitary/biological restrictions (e.g. due to pathogens) Y / N     

2.2.1.2 Physical restrictions (if YES continue) Y / N     
2.2.1.2.1 Turbidity/particles  Y / N     

2.2.1.3 Chemical restrictions (if YES continue) Y / N     
2.2.1.3.1 Metals (e.g. arsenic, manganese) Y / N     
2.2.1.3.2 Salinity and sodicity (e.g. chloride, high conductivity) Y / N     
2.2.1.3.3 Nutrients (e.g. nitrogen, phosphorous) Y / N     
2.2.1.3.4 Organic chemicals (e.g. pollutants, EOCs) Y / N     
2.2.1.3.5 Radionuclides Y / N     

2.2.2 Water scarcity (if YES continue) Y / N     

2.2.2.1 Climate (if YES continue) Y / N     
2.2.2.1.1 Droughts  Y / N     
2.2.2.1.2 Rainfall event periodicity Y / N     

2.2.2.2 Waste water treatment plant failure Y / N     

2.2.2.3 Desalination treatment plant failure Y / N     

2.2.2.4 Land use Y / N     

2.2.3 Clogging (if YES continue)  Y / N     

2.2.3.1 Physical clogging (if YES continue) Y / N     
2.2.3.1.1 Failure deposition pond (particles from diverted water)   Y / N     
2.2.3.1.2 Source fine particles (generation inside MAR facility) Y / N     
2.2.3.1.3 Transport sedimentation (erosion or deposition from Y / N     
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II. OPERATIONAL PROCESSES 
Please, answer the questions asking yourself if in your MAR facilities exists these types 
of risk.  If YES, try to quantify as high, medium or low risk. If you do not know the risk, 
mark unknown. 
 

HI
GH

 

M
ED

IU
M

 

LO
W

 

U
N

KN
O

W
N

 

recharge pond) 

2.2.3.2 Bioclogging Y / N     

2.2.3.3 Chemical clogging (if YES continue) Y / N     
2.2.3.3.1 Evaporation (excess)  Y / N     
2.2.3.3.2 Water mixtures Y / N     
2.2.3.3.3 Microbial population catalysis  Y / N     

2.2.3.4 Compaction Y / N     

2.2.3.5 Generation of gas (e.g. bubble formation) (if YES 
continue) 

Y / N     

2.2.3.5.1 Physical Motives  Y / N     
2.2.3.5.2 Bacterial processes Y / N     
2.2.3.5.3 Inappropriate design  Y / N     

2.3 Unacceptable quality of water at sensitive location (if YES 
continue) 

Y / N 
    

2.3.1 Inefficient natural attenuation (if YES continue) Y / N     

2.3.1.1 Organic matter Y / N     

2.3.1.2 Emerging organic compounds Y / N     

2.3.1.3 Nutrients Y / N     

2.3.2 Generation of metabolites (if YES continue) Y / N     

2.3.2.1 Nitrogen cycle (NO2
-, N2O…) Y / N     

2.3.2.2 Emerging organic compounds Y / N     

2.3.2.3 Other nutrient cycles (H2S) Y / N     

2.3.3 Mobilization (if YES continue) Y / N     

2.3.3.1 Metals Y / N     

2.4 Specific targets (is it important to you?) Y / N     

2.4.1 Seawater barriers Y / N     
2.4.2 Protected water body Y / N     

2.4.3 Water levels (if YES continue) Y / N     

2.4.3.1 River Y / N     

2.4.3.2 Spring Y / N     

2.4.3.3 Wetland Y / N     

 

Do you miss something important that applies to your MAR facility? 
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---------------------------------------------------------------------------------------------------
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APPENDIX 6. RESULTS OF THE PRIORITIZATION OF EVENTS IN THE LLOBREGAT SITE 
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