GIS based impact calculation tool

Introduction

Linear infrastructures pose a particular challenge to impact assessment studies, as they comprise project components with different impacts and span through areas with varying degrees of sensitivity. The amount of data to process is increasingly relevant and the representation of results complex. In 2014, Golder was involved in the EIA process of the Trans Anatolian Natural Gas Pipeline Project (TANAP) in Turkey, considering International Standards and best industry practices in natural gas pipelines for the environmental and social management of the project. 

The vast geographical extent of the project area and the seasonal constraints imposed on the project coverage area has driven a number of important choices in terms of sampling for field data collection and impact assessment techniques. 

An additional consideration that is typical of all linear infrastructure projects and particularly of the TANAP project, given its length (1.840 Km), is the fact that the project consists of several components, each with a specific set of potential environmental and social consequences that can be highly dependent on their location along the project corridor.
Impact Assessment Methodology

The impact assessment methodology adopted by the project is based on a semi-quantitative analysis of the impacts on the environmental and social components. The methodology uses GIS based workflows to identify the hot-spot areas, where there is the potential for significant impacts to occur. The methodology considers the elements represented in the following chart.
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Project Components

Project components have been identified for TANAP during the three stages of construction, operation and decommissioning, and for the onshore and offshore parts of the system. Some of these component categories, used within the GIS system for the Impact Assessment, include the pipeline onshore and offshore, the road crossing open cut and trenchless, compressor stations, camp sites, etc. The project components derive from existing project drawings and according to some assumptions related to the presence of potential impact factors during construction, operation or decommissioning phases of the project. Every project component is modelled in a vector environment and is represented as a polygon feature class. The project footprint is the geographic layer that collects all project components in a single feature class and is the basis for deriving the impact factor layers. Some examples of project components representation in the GIS system are shown in the following figures.
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Project actions

Each project component is characterized by a series of activities required for its construction, functioning/ operation or decommissioning which are all likely to cause an effect. These activities are called project actions and include, for example, vegetation clearing, soil removal and storage, trenching, pipe bending, stringing and welding, excavation, levelling, grading, hydrostatic testing, bio restoration works, etc. 
Impact factors

Impact Factors (IF) are a consequence of project actions needed for its construction, functioning or decommissioning. Impact factors are physical, chemical, biological and social stressors that the project is introducing in the environment as a consequence of different project actions, and that have the potential to trigger changes, both positive and negative, to the receiving environment. The impact factors identified for the TANAP project include emission of dust and particulate, gaseous pollutants, noise, vibration, changes of local morphology, reduction of topsoil quality or availability, site restoration, demand for freshwater, energy, increase of traffic, introduction of alien species, etc. In the GIS impact assessment tool, a set of tables relate project actions to impact factors intensity and to project components.

Impact factor intensity calculation

Within each factor and project phase, every project component may generate a specific level of impact intensity that is the combination of the following parameters:  direction (negative or positive impact), magnitude, reversibility, geographic extent, duration, frequency and probability of occurrence. The above assessment parameters are defined by specific features and a score is assigned with professional judgment for each active impact factor during a specific project phase. 

The quantification of the consequence of each impact factor is obtained by assigning a value to each feature of the assessment parameters on the basis of an expert opinion, according to the following scoring system.  
	Magnitude
	Reversibility
	Geographic extent
	Duration
	Frequency
	Probability of occurrence

	Low

5
	Short term reversible

1
	Local

0
	Short

0
	Rare

0
	Unlikely

0

	Medium

10
	Long term reversible

3
	Regional

1
	Medium

1
	Intermittent

+1
	Likely

1

	High

15
	Irreversible

5
	Beyond regional

2
	Long

2
	Continuous

+2
	Certain

2


Each impact factor intensity is calculated summing the value of the assessment criteria (magnitude, duration, etc.) and the value obtained is normalized, according to the difference between the highest and lowest value. Finally, the class of impact is assigned as follows: Low < 0.33, Medium 0.34 ÷ 0.66, High > 0.67. An example of a table used for the calculation of the specific impact factor intensity for a project component and for a given phase is shown below. 

	IF01 Emission of dust and particulate
	Phase: CONSTRUCTION

	Project component
	Direction
	Magnitude
	Reversibility
	Geographic extent
	Duration
	Frequency
	Probability of occurrence
	Impact intensity

	Pipeline onshore
	Negative
	15
	1
	0
	1
	1
	2
	20

	Pipeline offshore
	Negative
	5
	1
	0
	0
	2
	2
	10

	Road crossing open cut
	Negative
	10
	1
	0
	0
	1
	2
	14

	Road  crossing trenchless
	Negative
	5
	1
	0
	0
	1
	2
	9

	…….
	…
	…
	…
	…
	…
	…
	…
	…


Impact factor spatial extent

Every IF has a typical spatial extension that can vary in width from phase to phase. This spatial extension ranges from just the project footprint to a larger buffer, a polygon representing the region within a specified distance from the geographic object. For instance, during the construction phase, noise can impact a surface of 500 meters surrounding the pipeline footprint. The severity of the IF is considered constant – not varying in intensity - within the buffer region, adopting a precautionary approach. The intensity of an impact factor can therefore be limited to the project footprint or extend to a buffer around the project component generating the specific impact factor. The following table shows some examples of the spatial extent (in meters), per impact factor, for each project phase.
	Impact Factor
	Construction
	Operation
	Decommissioning

	IF01
	200
	5000
	200

	IF02
	500
	5000
	500

	IF03
	footprint
	footprint
	footprint

	…..
	…..
	…..
	…..
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In the GIS analysis environment, each impact factor has been spatially represented using the above impact factor intensity and spatial extent tables. Where the impact extent is not limited to the project footprint, each feature class object of a project component has been buffered according to the impact factor spatial extent and the specific severity value has been assigned to the resulting polygon. Where the project component buffers overlap, the impact factor intensity cumulates to account for a concurrent, simultaneous and consequently higher potential impact. According to this additive rule and to the different spatial extents, each of the impact layers has a different range of values and a different area of influence. Each Impact factor is represented as a geographic layer, with the impact factor intensity varying across the geographic area surrounding the pipeline project. If the same impact factor exists in all three phases, three distinct layers exist for that specific impact factor. The map represents the overall gaseous emissions during the construction phase for a pipeline section.

Sensitivity and sensitivity level calculation

The sensitivity is the sum of the conditions that characterize the present quality and/or trends of specific environmental and social components and/or of their resources. The Valued Environmental and Social Components (VECs) are characterized by a sensitivity, or propensity to change, which is function of one or more intrinsic features of the components, like the presence of elements of particular value or vulnerability, or environmental degradation. The sensitivity of the VECs is evaluated on the basis of the presence/absence of some features called sensitivity elements which define both the current degree of quality and the component’s susceptibility to environmental changes. 

In the GIS impact assessment tool, a sensitivity layer is a geographic feature composed by one or more receptor types with a sensitivity value for every assessment endpoint. The values of sensitivity are classified in an ordinal scale of sensitivity units Low, Medium and High. Receptors can be modeled as polygons (e.g. settlements, archaeological sites, protected areas, habitats), lines (e.g. roads), or points (e.g. watercourses crossings, groundwater resources) according to the scale of the available data. 
The sensitivity value is assigned according to a simple reclassification or spatial rule and it is based on the discipline expert’s evaluation, is constant for the three phases and is not specific for the impact factor. For instance, the sensitivity layer for soil potential pollution is spatially defined according to Corine Landcover polygon patches. In the table below, a sensitivity of 1 (Low) is assigned to the Corine Landcover class industrial areas, a sensitivity of 2 (Medium) to urban areas, a sensitivity of 3 (High) to agricultural areas. 

	VALUED ENVIRO

NMENTAL COMPONENT (VEC)
	ASSESSMENT ENDPOINT

(AE)
	SENSITIVITY ELEMENT
	SENSITIVITY LEVEL

	
	
	
	LOW
	MEDIUM
	HIGH

	Soil
	Reduction/degradation of soil with high agricultural potential
	Soil agricultural potential
	soil capability (AKK VIII)
	soil capability classes (AKK V÷VII)
	soil capability classes (AKK I÷IV)

	
	Degradation of soil with high erosion potential
	Soil erosion potential
	None or very little (ERZ 1)
	Medium (ERZ 2)
	Severe and very severe (ERZ 3,4)

	
	Contamination of soils
	Soil pollution potential
	Corine Land Cover Industrial areas
	Corine Land Cover Urban areas
	Corine Land Cover Agricultural areas

	
	
	
	121
	(111, 112)
	(211, 212,213, 221, 222, 223, 231, 241,242, 243, 244)


Assessment endpoints and impacts calculation and representation

The impact layers are derived as a spatial overlay of impact factors and sensitivity layers. For every AE the impact level is calculated for each of the individual receptors identified; from a geographical standpoint these can be a point, a line or an area. From an environmental and social standpoint, receptors can be a settlement, a river, or a soil patch, ecosystem patch or a protected area. Different methods of assigning impact factor intensity to a receptor according to the feature type are used. 
The potential interactions between IF and sensitivity elements are defined for the three phases of construction, operation and decommissioning and for physical, biological and social environments. Each receptor can be affected by one or more impact factors, deriving from one or more project components. Each sensitivity element is assigned a value for each of the impact factors that apply to the specific assessment endpoint. The total impact is given by the sum of the intensity values of all the impact factors overlaying a receptor and multiplied by its intrinsic sensitivity. 
Conclusions

A GIS based system to calculate impacts was developed for the EIA report of the TANAP project in Turkey. The system is based on the definition of the impact factors for each project component, their quantification and spatialization, and the definition of the sensitivity of each environmental and social component according to IFC PS, including critical habitat. Impact factors layers consider the concurrent presence of multiple project components in the same areas and can include other projects to account for cumulative impacts. Impacts are automatically calculated through algorithms in the GIS system.

The GIS methodology has been designed to geographically identify potential areas of concern or hot-spots that are characterized by a specific sensitivity and by the presence of one or more project components that can generate a combination of environmental and social effects. This approach allows to focus the mitigation strategy in the more critical areas, optimizing the use of the project resources dedicated to environmental and social management activities.
