
Risk Risk Mapping for the Protection Mapping for the Protection 
f C b (K )f C b (K ) A ifA ifof Carbonate (Karst) of Carbonate (Karst) AquifersAquifers

((RamallahRamallah Al Bireh District)Al Bireh District)((RamallahRamallah--Al Bireh District)Al Bireh District)

EE A j dA j d A iA iEng. Eng. AmjadAmjad AssiAssi

H f W t r d E ir tH f W t r d E ir tHouse of Water and EnvironmentHouse of Water and Environment

MM 20072007May, May, 2007 2007 



Hazard MappingHazard Mapping

InIn thethe originorigin--pathwaypathway--targettarget model,model, thethe riskrisk ofof contaminationcontamination
ofof groundwatergroundwater dependsdepends onon threethree elementselements::ofof groundwatergroundwater dependsdepends onon threethree elementselements::

•• TheThe hazardhazard posedposed byby aa potentiallypotentially pollutingpolluting activityactivity (equivalent(equivalent toto•• TheThe hazardhazard posedposed byby aa potentiallypotentially pollutingpolluting activityactivity (equivalent(equivalent toto
origin)origin)..

•• TheThe intrinsicintrinsic vulnerabilityvulnerability ofof groundwatergroundwater toto contaminationcontamination
(equivalent(equivalent toto pathway)pathway)..( q( q p y)p y)

•• TheThe potentialpotential consequencesconsequences ofof aa contaminationcontamination eventevent (the(the targettarget isispp qq (( gg
thethe groundwater)groundwater)..



Hazard MappingHazard Mapping

In a karst groundwater protection context, In a karst groundwater protection context, risk assessment risk assessment 
requires:requires:requires:requires:

IdentificationIdentification ofof potentialpotential hazardshazards.. ForFor existingexisting hazards,hazards, thisthis cancan bebede t cat ode t cat o oo pote t apote t a a a dsa a ds.. FoFo e st ge st g a a ds,a a ds, t st s caca bebe
achievedachieved byby hazardhazard mappingmapping..

AnalysisAnalysis ofof thethe potentialpotential impactimpact ofof hazardshazards onon groundwatergroundwater.. ThisThis requiresrequires
detailsdetails onon thethe contaminantcontaminant concentrationconcentration andand quantityquantity.. AA systemsystem forfor
ratingrating andand weightingweighting hazardshazards cancan assistassist thisthis processprocessratingrating andand weightingweighting hazardshazards cancan assistassist thisthis processprocess..

InformationInformation onon thethe hydrogeologicalhydrogeological characteristicscharacteristics ofof geologicalgeological materialsmaterialsInformationInformation onon thethe hydrogeologicalhydrogeological characteristicscharacteristics ofof geologicalgeological materialsmaterials
beneathbeneath hazardshazards,, whichwhich influenceinfluence contaminantcontaminant movementmovement andand
attenuationattenuation.. ThisThis isis shownshown byby thethe vulnerabilityvulnerability ofof thethe groundwater,groundwater, eithereither
byby meansmeans ofof vulnerabilityvulnerability mapsmaps oror vulnerabilityvulnerability
AssessmentsAssessments..



Rating and Weighting of HazardsRating and Weighting of Hazards

AccordingAccording toto COSTCOST ActionAction 620620 hazardshazards shouldshould bebe classifiedclassified
accordingaccording toto thethe typetype ofof landland useuse intointo threethree mainmain categoriescategoriesaccordingaccording toto thethe typetype ofof landland useuse intointo threethree mainmain categoriescategories
((Infrastructure,Infrastructure, IndustrialIndustrial andand AgriculturalAgricultural activitiesactivities)).. TheseThese mainmain
categoriescategories areare proposedproposed asas LevelLevel II CategoriesCategories ofof HazardsHazards inin thethe
HazardHazard InventoryInventory..

ForFor additionaladditional classification,classification, LevelLevel IIII CategoriesCategories waswas proposedproposed toto
distinguishdistinguish betweenbetween hazardshazards accordingaccording toto thethe mainmain sourcesource ((solidsolid oror
li idli id ii )) ff iblibl dd i ii iliquidliquid contaminantscontaminants)) ofof possiblepossible groundwatergroundwater contamination,contamination, oror
elseelse toto referrefer toto typestypes ofof industrialindustrial oror agriculturalagricultural activitiesactivities withwith theirtheir
correspondingcorresponding spectrumspectrum ofof possiblepossible pollutantspollutants AA furtherfurthercorrespondingcorresponding spectrumspectrum ofof possiblepossible pollutantspollutants.. AA furtherfurther
subdivisionsubdivision LevelLevel IIIIII CategoriesCategories waswas alsoalso proposedproposed forfor aa moremore
detaileddetailed classificationclassification ofof thethe HazardsHazards..



Rating and Weighting of HazardsRating and Weighting of Hazards

Moreover,Moreover, COSTCOST ActionAction 620620 hashas developeddeveloped aa criterioncriterion forfor
weightingweighting differentdifferent hazardshazards asas wellwell asas theirtheir propertiesproperties regardingregardingg gg g p pp p g gg g
solubilitysolubility andand mobilitymobility.. TheyThey determinedetermine thethe weightingweighting coefficientcoefficient oror
thethe "harmfulness"harmfulness ofof aa hazardhazard toto groundwatergroundwater (H(H)")".. HH valuevalue

ff 1010 (l(l h d)h d) 100100 (hi h(hi h h d)h d)rangesranges fromfrom 1010 (lowest(lowest hazard)hazard) toto 100100 (highest(highest hazard)hazard)..



Rating and Weighting of HazardsRating and Weighting of Hazards



Rating and Weighting of Hazards in Rating and Weighting of Hazards in 
R ll hR ll h Al Bi h Di t i tAl Bi h Di t i tRamallahRamallah--Al Bireh DistrictAl Bireh District

Number Level I Categories of Hazards Level II Categories of Hazards Level III Categories of 
Hazards

W t t

Urbanization (leaking sewer 
pipes and sewer systems)

Septic tank, cesspool, latrine
Discharge from an inferior 

1 Infrastructural Development

Wastewater g
treatment plant.

Surface impoundment for urban 
wastewater

Runoff from paved surfaces

Municipal Waste Garbage dump
Sanitary landfill

Fuels Gasoline Station
Transport and Traffics Road unsecured

Graveyard
Diverse Hazards

y
Military installation and 

dereliction

2 I d i l A i i i

Excavation Sites Quarry

Industrial Plants

Metal processing and finishing 
industry

Ch i l i d t2 Industrial Activities Chemical industry
Food industry

Diverting and Treatment of 
Wastewater

Surface impoundment for 
industrial wastewater

Livestock Factory farm (sloughing house)

3 Livestock and Agriculture
Agriculture

Intensive agriculture area (with 
high demand of fertilizers and 

pesticides)



Rating and Weighting of HazardsRating and Weighting of Hazards

However,However, thethe hazardoushazardous substancessubstances involvedinvolved withinwithin eacheach
individualindividual categorycategory areare moremore oror lessless thethe samesame oror cancan bebe consideredconsidered
toto bebe fromfrom thethe samesame groupgroup ThereforeTherefore thethe differencedifference inintoto bebe fromfrom thethe samesame groupgroup.. Therefore,Therefore, thethe differencedifference inin
harmfulnessharmfulness withinwithin eacheach hazardhazard categorycategory willwill bebe mainlymainly duedue toto
variablevariable quantityquantity ((hazardoushazardous rankingranking QQnn)) ofof harmfulharmful substances,substances,q yq y (( gg QQnn)) ,,
whichwhich cancan bebe releasedreleased andand furtherfurther seepseep intointo thethe undergroundunderground..
Hence,Hence, aa rankingranking valuevalue betweenbetween 00..88 andand 11..22 isis recommendedrecommended inin

dd bborderorder toto maintainmaintain aa fairfair balancebalance withwith thethe averageaverage weightingweighting valuesvalues..
DependingDepending onon thethe amountamount ofof thethe hazardhazard 00..88 isis forfor low,low, 11..00 forfor
mediummedium andand 11 22 forfor highhigh hazardshazardsmediummedium andand 11..22 forfor highhigh hazardshazards..



Rating and Weighting of HazardsRating and Weighting of Hazards

TheThe reductionreduction factorfactor ((RRff)) considersconsiders thethe probabilityprobability forfor aa
contaminationcontamination eventevent toto occuroccur.. TheThe reductionreduction factorfactor rangesranges fromfrom 11
toto 00 InIn aa situationsituation wherewhere thethe valuevalue isis setset toto zerozero itit followsfollows thatthattoto 00.. InIn aa situationsituation wherewhere thethe valuevalue isis setset toto zero,zero, itit followsfollows thatthat
therethere isis nono riskrisk ofof groundwatergroundwater contamination,contamination, whilewhile aa factorfactor ofof 11
indicatesindicates therethere areare nono reasonsreasons knownknown toto reducereduce thethe likelihoodlikelihood ofof
anan impactimpact toto thethe groundwatergroundwater accordingaccording toto thethe EuropeanEuropean
approachapproach.. ForFor mostmost ofof thethe hazardshazards inin RamallahRamallah--AlAl BirehBireh DistrictDistrict

bb ddnono informationinformation waswas availableavailable concerningconcerning theirtheir technicaltechnical statusstatus andand
levellevel ofof maintenancemaintenance andand thereforetherefore RRff waswas defineddefined asas 11 (no(no
reduction)reduction)reduction)reduction)..



Hazard Index (HI)Hazard Index (HI)

Finally,Finally, HazardHazard IndexIndex (HI(HI)) isis calculatedcalculated basedbased onon thethe consideredconsidered
factorsfactors.. ItIt describesdescribes thethe degreedegree ofof thethe harmfulnessharmfulness ofof thethe
substancessubstances TheThe possibilitypossibility ofof thethe hazardhazard indexindex HIHI isis scoredscored fromfromsubstancessubstances.. TheThe possibilitypossibility ofof thethe hazardhazard indexindex HIHI isis scoredscored fromfrom
00 toto 120120.. HIHI isis calculatedcalculated asas followsfollows::



Hazard Index (HI) in Hazard Index (HI) in 
R ll hR ll h Al Bi h Di t i tAl Bi h Di t i tRamallahRamallah--Al Bireh DistrictAl Bireh District

Code Hazard Examples from the study area HI
Infrastructure Development

1.1.1 Urbanization (leaking sewer pipes and sewer systems) Ramallah, Al-Bireh, Bitunia cities 35

1.1.4 Septic tank, cesspool latrine Most community in the study area 19-54

1.1.6 Discharge from an inferior treatment plant Al Bireh wastewater treatment plant 351.1.6 Discharge from an inferior treatment plant Al Bireh wastewater treatment plant 35

1.1.7 Surface impoundment for urban wastewater Ramallah wastewater treatment plant 60

1.1.8 Runoff from paved surfaces All communities in the district 25
1.2.1 Garbage dump In each community in the district 20-60
1 2 3 S it l dfill I t it i th di t i t 25 501.2.3 Sanitary landfill In most community in the district 25-50
1.3.6 Gasoline Station There are 26 gasoline station 24
1.4.1 Road unsecured 40
1.6.1 Graveyard Each community has its own graveyard 25-30
1.6.5 Military installed and dereliction All Israeli settlements 35

I d t i l A ti itIndustrial Activity
2.2.3 Quarry There are 6 main quarries in the district 25
2.4.3 Metal processing and finishing industry Plastic pipes and tiles factories 40
2.4.6 Chemical industry Detergents factory 65

2.4.10 Food industry Sinnuqrot factory, Coca cola, dairy products 45y q y y p

2.7.2 Surface impoundment for industrial wastewater Ramallah wastewater treatment plant 65

Livestock and Agriculture
3.1.3 Factory farm (sloughing house) Ramallah and Al 30

Intensive agriculture area with high demand of fertilizers and3.2.4 Intensive agriculture area with high demand of fertilizers and 
pesticides) - 30



Hazard MappingHazard Mapping

TheThe hazardhazard mapmap showsshows thethe distributiondistribution andand locationlocation ofof differentdifferentpp
kindskinds ofof hazardshazards withwith aa commoncommon defineddefined attributeattribute.. TheThe hazardshazards
areare representedrepresented onon thethe mapmap byby meansmeans ofof symbolssymbols oror signaturessignatures ofof
differentdifferent colorcolor toto indicateindicate theirtheir potentialpotential degreedegree ofof harmfulnessharmfulness asas
derivedderived fromfrom thethe calculationcalculation ofof aa HazardHazard IndexIndex..



Unclassified Hazard Index MapUnclassified Hazard Index Map



Classified Hazard Index MapClassified Hazard Index Map



Risk MapRisk Map

AfterAfter preparingpreparing thethe hazardhazard mapmap andand thethe vulnerabilityvulnerability mapmap oneone cancan
dd hh llll kk bb kkpredictpredict thethe pollutionpollution riskrisk byby preparingpreparing aa riskrisk assessmentassessment mapmap..

TheThe riskrisk assessmentassessment isis basedbased onon thethe intrinsicintrinsic vulnerabilityvulnerability mapmap
constructedconstructed usingusing thethe PIPI methodmethod andand thethe hazardhazard mapmap andand focusesfocuses
onon riskrisk assessmentassessment forfor thethe groundwatergroundwater resourceresource ByBy overlayingoverlayingonon riskrisk assessmentassessment forfor thethe groundwatergroundwater resourceresource.. ByBy overlayingoverlaying
thethe vulnerabilityvulnerability andand hazardhazard mapsmaps andand multiplyingmultiplying thethe specificspecific
assessmentassessment valuevalue ofof thethe vulnerabilityvulnerability byby thethe assessedassessed valuevalue ofof thetheyy yy
hazardhazard aa newnew valuevalue isis calculatedcalculated.. ThisThis newnew valuevalue describesdescribes thethe riskrisk
ofof groundwatergroundwater contaminationcontamination dependentdependent uponupon thethe hazardhazard
characteristicscharacteristics andand thethe naturenature ofof thethe pathwaypathway toto thethe groundwatergroundwater
thatthat isis givengiven byby thethe vulnerabilityvulnerability mapmap..



Risk MapRisk Map



Risk MapRisk Map
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