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2. Summary

Natural Resources Wales (NRWOmmissionedCardiff Universitys Geoenvironmetal Research
Centre (GR@Gd carry out a investigationinto the potential for Coalbed Methan(CBM) production
in Wales Natural Resources Walesas interested irboth the potential for Coalbed Methane (CBM)
production in Wales, and the potential impact of the production on secioenomic, environmental

and publc health issues.

The study has been carried out usitite SerenSpatial Decision Support Systg®eren SD$S
developedby the GR@s apart of the ERDFunded Seren projectSeren SDSS has been developed
to support the decisionmaking needed to addresscomplex problems related to gesnergy
applicationssuch asSte Slection, Ste Ranking anddte Impact AssessmentSeren SDSS combines
different GIS, Atrtificial Intelligen@nd Multicriteria Decision Analysis techniguas well as enabling
spatial knowtdge discovery(Irfan, 2015 Irfan et al., 2017).This bespoke toobperatesin an
integrated manner, consideringnvironmental, soc-economic, public health and tecbreconomic

domains

For Ste Quitability and Ste Ranking contemporary qualitative andjuantitative spatial information
acrossall aforementioned domains has been analysed amderies of maps, graphs and textual

information produced.

The 8e Impact Assessment tool of th SERESDSS has been appliedthe sitesthat have been
grantedplanning permissiofor CBM developmentasprovidedby NRW.

This repot contains theobtainedmaps, indicators used for all four domairfgenvironmental, socio
economic, public health and techrezonomic)as well aghe relative weights tawvhich they have

been assignetbr analysis.



3. Introduction
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Resources Wales (NRW) to carry out an investigatitanthe potential for Coal Bed Methane (CMB)

production in Wales. fie full brief is reproduced below for completeness.

dNatural Resources Wales is looking to procure a short investigation into both the potential for
Coalbed Methane (CBM) production in Wales, and the potential impact of the production on socio
economic, avironmental and public health issues. The investigation should analyse contemporary
gualitative and gquantitative spatial information across economic, secamomic, environmental
and public health issues, thereby enabling policy makers to undertakef@mied consideration of

the potential impact of CBM production in Wales.

Natural Resources Wales is looking for a supplier that has access to a robust spatial decision support
tool, and the expertise to apply the tool to investigate the potential impauftCBM development in
Wales. The spatial decision support tool must be cable of providing visually intuitive representations
of the potential CBM reserves in Wales, and the potential impact of production (preferably via
shapefiles). The tool must alsdetermine the impact of any assumptions or weightings utilised by

its operator.
The investigation should consider:

1. Within the existing Welsh Petroleum Exploration and Development licensed areas, what
potential exists to extract Coal Bed Methane from sitet are likely:
a) to have minimum negative impact on the environment,
b) to have positive impact on the soegonomic conditions of the communities living
nearby,
c) to be located in areas where public health is not already under stress, and
d) to be economically and technically more viable than other potential areas?

2. For proposed developments that have existing planning consent and environmental permits
for Coal Bed Methane exploratory activities (i.e. the location is already fixed), what would be
the potential impact should the sites progress to production activities?

Performane expectations / outputs

The output of this study should be a series of shflgs that demonstrate the potential impact of
CBM production in Wales. It will also be necegda provide commentary on the findings of the

investigations and any assumptions made.



4. Approachand methodology

In order tomeet the specified tender requirementghe GRC utilised their thouse ERENSpatial
Decison Support System (SERENSS) anadopted methodology similar tahat presented inlrfan
(2015).

The system has been developed in order téacilitate decisiormaking regarding geenergy
developments- in particular problems related toSte Selection, Ste Ranking andSte Impact
Assessmat. SEREISDSS has different modulesither based on Multicriteria Decision Analysis

(MCDA) techniques or Artificial Neural Networks (Irfan et. al, 2017).

At the backend of the system, a comprehensive-databasehas been developed;ontainingkey
relevant indicators fromthe four domains:socioeconomic, environmental, public health and

techno-economic Some key indictors used in this study are shown below.

Socio-Economic Domain Environmental Domain \
- Social acceptance - Physical environment
- Social capital - Protected sites (constraints)
- Welsh Index of Multiple - Visual and sensory
Deprivation
Geodatabase
Techno-Economics Domain Public Health Domain
- CBM resource - Mortality rate
- Site economic parameters - Hospital admission rate
\ - Geotechnical parameters - General health /

Decisioamakers can assign different weights to these indicators based on their relative imperta

For thisinvestigation the selection of indicators and their relative weightsre agreed upon during
a consultative meeting betweethe GRGind NRW. In order to provide a balanced regime, it was

decided that equal weigktwould be given to all four domains



b-weightingswere applied to individual indicator&ithin each domain, based on the outcome of
the consultation meeting mentioned abovEach is listed below in Tables 1, 2, 3 and 4, in sections
5.1, 5.2, 5.3 and 5.4 respectively.

Artificial Neural Networks find natural clusters in the data and assigns ranks to them based on these
indicators. The impact assessment modules also considesedhindicators while assessing the

existing conditions in the neighbourhood of the proposed sites.

After indicators were selectednd their relativeweights assignedhe onshore coal bearing areas of
Waleswere divided into 500r cells and populated withthe chosenindicators Following that,
SEREMDSS was applied in a stepwise manner in order to carry o@téh&uitability, Ste Ranking

and Ste ImpactAssessment.

uSite SuitabilityAnalysiausingthe AnalyticalHeirarchyProcesgAHP) basedon
the site selectionmodule of the SEREM$DSSIsingthe key indicatorsof the

. o four domains Environmental,Public Health, SocieEconomicand Techne
Site Suitabilit =y

uSite Rankingusing SelfOrganisingMaps (SOM),based on the site ranking

_ _ moduleof the SEREI$DS8singthe resultantmapsof abovedomains
Site Ranking

uSite Impact assessmenusing the Rapid Impact AssessmentMatrix (RIAM
module of the system, using Physical/Chemical,Biological/Ecological,
Social/Culturaind Economics/Operationampacts

Site Impact
Assessment

TheSte Quitability assessmentvasundertaken in theirst step The AHP resultgenerated from this
stepprovided numerical values to indicate the suitability of each cell with regard to each of the four
domains (environment, socieconomic, public health and techrezonomic) these values were
used to create suitability maps (See 8et5). Afterthe Ste Suitability step, a filtration processwas
applied in order to remove all the sites intersecting with constraint maps, SngrceProtection
Zones. After the filtration procesthe Ste Rankingstep was carried out taank sites acording to
their suitability in termsof the AHPscore fromthe four domains.Maps of best ranked sites are

presented in Sectiof.




For the second part of the brief, namely the assessment of all sites already possessing permits from
NRW, be Site Impact Assessmentstep was carried outusinga Rapid Impact Assessment Matrix
(RIAM)tool. The RIAM approach accounts for the existing condition of key parameters in the

surrounding areas of the proposed sites.



5. Site SuitabilityMaps

Site Quitability has beercarried out using theAHRbased site selection module of SEREDES. The

tool scalesall participatingindicators between 0 and 1 in order twormalise them appropriately
(gaining objectivity tandividualunits/currency) Scaling wasarried outbased ornthe nature of the
indicatorsi.e. whether a particular indicator is benefit (higher value indicating a better site) or cost
(lower value indicating a better siteJhis ensures that the contribution of each indicator and its-sub
indicatorsto the site suiability analysis is realisticMaps produced from these resulteave been
populated using colour schemeanging fromred (indicating that the site ison a relative basisery
unsuitable)to green(indicating that the site ison a relative basisery suitable) It is important to
emphasisethat this colour scheme(as used in Figures-8) provides an indication ofelative
suitabilityi.e. a green region is considered very suitable in comparison to the other areas considered

in the analysis; it is n@n absolute measure that is definitively suitable.

The indicators used in the analysis under all four domains are prouidéa@ following (Tables-4)
along withthe producedmaps(Figures #4). The sim ofthe relative weights othe indicators at each
level of the decision hierarchy ithe AHP is equal to 1 (100%)he relative weight of a given
indicator is subdivided into its stibdicators based oiits relative importance. Details of the AHP
tool can be found in Irfan (2015) and Irfan et al. (2017).

5.1 Environmentl Domain

As listed in Table 1he indicatorsused for theenvironmental domaincan be grouped into the

following categories.

i) Physical Environmen. The physical environment indicators used in the construction of
environmental deprivation rankén the Welsh Index of Multiple Deprivation (WIMD) were
acquired at the.ower Quper Cutput Area (LSOA) level (Welsh Government, 2014).

i) Proximity to CCW Protected Sit@ke impact on protected areas is an important consideration
for the expbitation of Geomergy resourcesTherefore the distance from the boundaries of
protected sites \ere calculated.

iii) CCW visual and sensory indexXésual and sensory indicators represent the landscape, scenic
beauty, and aesthetics of an area. This includes the Intrinsic Evaluation Matrix, which records
information about the ecological, visual, historical and cultural landscapes of Wales. Thédntrins
Evaluation Matrix consists of indicatoo$ the scenic quality, integrity, character, and rarity of
GKS fFyRaoOFLSz a ¢Sttt a Ly 2@SNIfft AyRSE Of
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2017).

iv) Ambient Air Quality. Modelled ambient air quality maps were acquired at fkesolution. Each

map models the annual meanpd dzi | yi O2 y OSwith tN& esickpion of CQ, which Y

Gaz2RSNI US¢E

is modelled in mgm (DEFRA, 2017).
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comprised of slope and elevation, was also included within the visual sensory indicators (NRW,

Table 1. Environmentl Indicators used in theSte Suitability Assessment
Indicator Weight
Physical
Environment 0.25
WIMD-2014 Indicator of AiQuality
(Emissions) 0.25
WIMD-2014 Indicator of Air Qualit)
(Concentrations) 0.25
Flood Risk 2014 0.25
Proximity to waste disposal an
industrial sites 2014 0.25
CCW Protected
Sites 0.25
Distance from - Site of Specia
Scientific Interes{SSSI) 0.0833
Distance from- Special Areas @
Conservation (SAC) 0.0833
Distance from- Special Protectiof
Areas (SPA) 0.0833
Distance from - Wetlands of
International Importance (Ramsg
Sites) 0.0833
Distance from- National Nature
ReservegNNR) 0.0833
Distance from - Marine Nature
Reserves (MNR) 0.0833
Distance from - Areas of
Outstanding Natural Beauty (AONI  0.0833
Distance from Heritage Coasts 0.0833

Ay



Distance from Biospheric Reserve; 0.0833
Distance from BiogenetidReserves| 0.0833
Distance from - Local Nature
Reserves (LNR) 0.0833
Distance from- Source Protectior
Zones (SPZ2) 0.0833
CCW Visual Senso 0.25

Intrinsic Evaluation

Matrix 0.5
Scenic Quality 0.2
Integrity 0.2
Character 0.2
Rarity 0.2
Overall Evaluation 0.2

Land Form 0.5

Ambient Air Quality 0.25

Benzene (Ambient) 0.125
CO (Ambient) 0.125
NO2 (Ambient) 0.125
NOX (Ambient) 0.125
PM2.5 (Ambient) 0.125
PM10 (Ambient) 0.125
SO2 (Ambient) 0.125
Ozone(Ambient) 0.125
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Figure 1. Site suitability based on the Environmentdbmain Only

As shown in Figure 1abed on these indicatorgshe most suitable areas were found in ti@uth
Wales valleys, within the county boroughs of Neath Port Talbot, Bridgend, Rhondda Taffjon
Merthyr, Caerphilly, Gwent, and Torfaen, as well as the seast of Wrexham, and central

Denbighshire. The least suitable areas were found around SwalaseanB along the Destuary in
Flintshire.
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5.2 Public HealthDomalin

Public health indicator®btained fromthe NHS Wales Informatics Servi(2017) were used to
identify sites with the least impact on public healtks listed in Tabl@, the indicators usedor the

public health domain can be grouped into the following categories.

Mortality Rates Thesewere obtained forthe WHll-caus€Xxase,as well agnortality rates specific

to cardiovasculadisease andtancer All data was obtainedt the Middle Layer Super Qutput
(MSOA level.

Hospital AdmissionRates Thesewere also obtained at MSOA level, for cancer, cardiovascular
and respiratory releed admissions. The data is agiandardised as different age groups have
different death rates.

Health per 100,000 mple. Health indicatorsrbm the WIMD(Welsh Government, 2014 the

LSOA level were also included in order to provide a finer level of detail.

Table 2. Public Health Indicatorsisedin the Ste Quitability Assessment

Indicator Weight

Mortality 0.4

Mortality All Cause Death Rates (AgBtandardised) pe
100,000 population(2010) 0.1111

Mortality All Cause Death Rates (AgBtandardised) pe
100,000 population, Females(2010) 0.1111

Mortality All Cause Death Rates (Agé&tandardised) pe
100,000 population, Males(2010) 0.1111

Mortality All Cause- Death Rates (Ag8tandardised) pe
100,000 population <75 yr Yr Range(2062010) 0.1111

Mortality All Cause Death Rates (AgBtandardised) pe
100,000 population, Females <75 w2 Yr Range(200¢
2010) 0.1111

Mortality All Cause- Death Rates (Ag8tandardised) pe
100,000 population, Males <75 w8 Yr Range(2002010) | 0.1111

Cancer Mortality - Death Rates (Ag8tandardised) pe
100,000 population(2015) 0.1111

Cancer Mortality- Death Rates (Ag8tandardised) pe
100,000 population <75 yr22 Yr Range(2062010) 0.1111

Cardiovascular Mortality Death Rates (AgBtandardised] 0.1111




per 100,000 population 2 Yr Range(2062010)

Hospital Admission Rates 0.2
Cancer Related Admission Rates (Ad¢gtandardised) pe
100,000 population(FY 15/16) 0.1
Cancer Related Admission Rates (Adgtandardised) pe
100,000 population, Females Yr Range (FY 13/145/16) 0.1
Cancer Related Admission Rates (Adgtandardised) pe
100,000 population, Males3 Yr Range (FY 13/145/16) 0.1
Cardiovascular Related - Admission Rates (Ags
Standardised) per 100,000 population(FY 15/16) 0.1
Cardiovascular Related- Admission Rates (Ag¢
Standardised) per 100,000 population, Females(FY 15/1) 0.1
Cardiovascular Related- Admission Rates (Ags
Standardised) pet00,000 population, Males(FY 15/16) 0.1
Cardiovascular Related -Coronary Heart Disease
Admission Rates (Ag&tandardised) per 100,00
population(FY 10/11) 0.1
Respiratory Related Emergency Admission Rates (A
Standardised) per 100,000 populatiéi{ 15/16) 0.1
Respiratory Related Emergency Admission Rates (A
Standardised) per 100,000 population, Females(FY 15/1] 0.1
Respiratory Related Emergency Admission Rates (A
Standardised) per 100,000 population, Males(FY 15/16)| 0.1

Health per100,000 people

(WIMD-2016 Indicators) 0.2
Rate of alicause death per 100,000 population(2016) 0.3333
Rate of cancer incidence per 100,000 population(2016) | 0.3333
Rate of limiting long term illness per 100,0
population(2016) (WIMD Indicator) 0.3333

% of births that are

singleton low birth

weights(2016) 0.2
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Figure 2. Site Quitability based on the Public Health domaionly

From Figure 2 it is evident that theredshigh degree of spatial variation in public health indicators,

resulting in every county borough having a mihighlysuitable anchighly ursuitable areas.
5.3 SocieEconomidDomain

As listed in Table 3, the indicators used for the segonomic domain caibe grouped into the

following categories.
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Social Acceptancéirstly, he dstance between the proposed site and any residential aveas

used as &ocial acceptancmdicatorsince communities closer to the site are more likely to have
concernsrelating to environmenal, health, safety, and socieconomic impactsSecondly, le

Total EconomicValue (TEV)of landwas considered as it may be more difficult to acquire social
acceptance in regions of hightatal economic valuandit mayincrease the costfahe project

and therefore bdinancially less viable. TEV covers all the factors governing the market and non
market value of the area (van der Horst 2007) and is a complex indicator; for simplicity, the
average household income is used as an indicafomrBVhere, usingthe Experian average
household income data acquired at the LSOA level (Experian 204aRdlly, he potential
recreational value of landias considered since potentisites in areas of high recreational value
are less likely to get appval by authorities omttain socialacceptancefrom the public. The
proximity of the siteto national parks, woodlands, recreational areas, leisure facilities, and
RAMSAR sitewas used as an indicatoFourthly, proximity to eisting industrial or mining
activity has been considered, since communities in the vicinity of prior industrial or mining
industry may be more likely to accept similar projects due to benefits of job and business
generation (this is somewhat offset by the potential fenvironmental degradation and
subsequentjob creation from other sectorgHorst, 2007). Fifthly, he income level of the
community was considered sinceow and medium income communities are more likely to
accept unconventional gatevelopments, as they can create opportunities to uplift their socio
economic conditions (Garrone & Groppi, 2012): G ¢l a 2060l AySR dzaAy3a Wt
by CACI; the figures obtained account for investments, welfare support and income
supplements

Social Capital A range of indicators were used to assess the levedoofal capital whether
positive or negative (Foxton & Jones, 20X diyic participation was measured by voter turnout
data (Plymouth University, 2018hd crime data was obtained frothe Welsh Index of Multiple
deprivation Crime indexThe other indicators were obtained from surveys (British Household
Panel Survey and the National Survey of Wales).

Social Disadvantagéndicators of social disadvantage are used to identify areas ofivigjon
where new unconventional energy resources can supfiogt local economy, creatjobsand

build infrastructure and so alleviate deprivatiomhe Welsh Indicator of Multiple Deprivation
(WIMD)wasused as a measure of social disadvantage (Welskr@Gment, 2015).
Population.Population data from the 2011 census (Office for National Statistics, 2017) is used to

help with infrastructure and contingency planning.



Labour MarketLabour market statistics are used to identify areas where a pool of skilbedir

is available and also areas with high unemployment

Table 3. SocieEconomic Indicators used in thaéte Suitability Assessment
Indicator Weight
Social
acceptance 0.25
Distance from siting 0.2
Total economic value of the land 0.2
Potential recreational value 0.2
Distance from existing industrial and mini
activities 0.3
Income level of the community 0.1
Social capital 0.25
Civic
participation 0.1667
Crime 0.1667
Rate of recorded criminal damage per 100 peo
(day-time population)(2016) 0.5
Rate of adult offenders per 100 people (ad
population)(20082010) 0.5
Social
participation 0.1667
BHPSAttends religious services 0.333
BHPSAttend local group/voluntary organisation | 0.333
BHPSDounpaid voluntary work 0.333
Views of the
local area 0.1667
NSW Belonging to local area? 0.333
NSW Safety at home after dark 0.333
NSW Safety walking in local area after dark 0.333
Reciprocity
and Trust 0.1667
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NSW Trusting people ithe neighbourhood 0.25
NSW Safe for children to play outside 0.25
NSW People from different backgrounds get ¢
well together 0.25
NSW People treating each other with respect a
consideration 0.25
Welsh language skills by LSOA. 2011 Census 0.1667
Social
Disadvantage 0.25
WIMD Income 0.25
WIMD Employment 0.25
WIMD Health 0.25
WIMD Physical Environment 0.25
Population 0.1
Totalpopulation 0.6
Occupied Houses 0.4
Labour
Market 0.15
Employment
by industry 0.6
Manufacturing 0.1
Construction 0.6
Accommodation and food service activities 0.1
Administrative and support service activities 0.1
Professional, scientific and technical activities 0.1
Economic
Activity 0.4
Economically activéJnemployed 1
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Figure 3. Site Quitability based on the SockEconomic domaimnly

From Figure 3 it is evident thalhé most suitable areas according to seemnomic indicators can
be found in the northern parts of th&uth Wales valleys. The least slite areas are found in the

most southern part of thesouth Wales valleysand alsoaround Swansea Bay, and in Wrexham and

Flintshire.





































































