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Abstract

theobjectiveofacid treatmentisto mitigatewell-sidedamageand

reinstatetheoriginalpermeabilityoftheformation.However,itwouldbe

erroneoustoassumethatinjectingacidintoasedimentarylayerinvariably

enhances production.Atpresent,a comprehensive acid performance

assessment is underway for WELL MDZ657, considering diverse

mineralogicalcompositions,toaddresswellboreobstructionissues.Atest

on this wellis devised to comprehend the phenomenon and forecast

production outcomes accurately. The ensuing recommendations

encompass well-specific strategies, subsequent acid stimulation

procedures,andbroaderimplicationsfortheHMDfield.

Keyaspectsacidizing,solventapplication,damageassessment,andskin

Factor,matrixstimulation.

Résumé
L’objectifdutraitementàl'acideestd'atténuerlesdommagescausésau

puitsetderétablirlaperméabilitéinitialedelaformation.Cependant,il

serait erroné de penser que l'injection d'acide dans une couche

sédimentaire améliore invariablementla production.Actuellement,une

évaluationcomplètedelaperformancedel'acideestencourspourlepuits

MDZ657,entenantcomptedediversescompositionsminéralogiques,afin

derésoudrelesproblèmesd'obstructiondupuits.Untestsurcepuitsest

conçu pourcomprendre le phénomène etprévoiravec précision les

résultats de la production.Les recommandations quien découlent

englobent des stratégies spécifiques au puits,des procédures de

stimulationacideultérieuresetdesimplicationspluslargespourlechamp

HMD.

Lesmotsclésl'acidification,l'applicationdesolvants,l'évaluationdes

dommagesetlefacteurcutané,lastimulationmatricielle.



صخلملا

ةيلص الأ ةيذافنلا ةداعإو رئبلا بناج ىلع ررضلا فيفخت وه ضمحلا ب ةجلا عملا نم فدهلا

جاتن الإ ززعي ةيبوسر ةقبط يف ضمحلا نقح نأ ضارتفا أطخلا نم نوكيس كلذ، عمو . نيوكتلل

WELLMDZ657 رئب يف ضمحلا لأءاد لماش مييقت حايًلا يرجي ، رضاحلا تقولا يف . تباث لكشب

عضو .مت رئبلا ةرفح دادسنا لكاشم ةجلا عمل ، ةعونتملا ةيندعملا تابيكرتلا رابتع يفالا ،عمالأذخ

كلذ نع ةجتانلا تايصوتلا لمشتو . ةقدب جاتن الإ جئاتنب ؤبنتلا و ةرهاظلا مهفل رئبلا اذه ىلع رابتخا

لقحل اقًاطن عسو الأ ةقح،والآراث لالا يضمحلا زيفحتلا تاءارجإو ، رئبلا ب ةصاخ تايجيتارتسا

HMD.

. ةفوفصم زيفحتو فلتلا مييقتو تابيذملا مادختساو ضيمحتلا ةيسيئرلا بناوجلا لمشت
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Algeria'shydrocarbonsectorplaysapivotalroleindrivingeconomicgrowth

anddevelopment,servingasthebackboneofthenation'seconomy.The

exploration and production of oiland gas contribute significantly to

governmentrevenue,foreign investment,and employmentopportunities.

Moreover,Algeria's strategic location along the Mediterranean coast

facilitates the exportofhydrocarbons to internationalmarkets,further

enhancing its economic importance.The hydrocarbon industry notonly

supportsvarioussectorswithinthecountrybutalsopositionsAlgeriaasakey

playerintheglobalenergymarket.Thisdualimpactunderscoresthecritical

natureofeffectivemanagementandinnovationwithinthesectortomaintain

and enhance its contributions to the national economy. Extracting

hydrocarbonsfrom oilorgasfieldsinvolvescomplexprocessesofbringing

them from thereservoirto thesurface.Theseprocessesincludedrilling,

casing,andvariousmethodsofliftingthehydrocarbons.However,duringthe

lifespanofareservoir,wellproductivitytypicallydiminishesafteracertain

periodofproduction.Thisdeclinecanbeattributedtoeithernaturaldepletion

orpotentialdamagetothereservoirrock,whichcanbeassessedthroughwell

tests.Naturaldepletion occursasthe reservoirpressure dropswith the

extractionofhydrocarbons,whiledamagetothereservoirrockcanresultfrom

variousfactors,includingtheinvasionofdrillingfluidsandthedepositionof

solidswithintheporespaces.Stimulationreferstotheartificialcreationofa

zonenearthewell,facilitatingfluidflowbyeitherincreasingthepermeability

oftheformationorreducingtheviscosityofthefluids.Acidinjection,a

stimulationtechniqueemployedforoverfiftyyears,isfrequentlyusedto

enhancetheproductivityorinjectivityofwells.Theacidworksbydissolving

themineralsthatclogtheporespaces,therebyimprovingtheflow pathsfor

hydrocarbons.Thismethodisparticularlyeffectiveincarbonateformations,

wheretheacidcanreactwiththerocktocreatelargerchannelsforfluid

movement.Theprimaryobjectiveofacidtreatmentistoeliminateclogging

aroundwellsandrestorepermeability.However,it'simportanttonotethat

injecting acid into a sedimentary formation doesn't always guarantee

improvedproduction.Theeffectivenessofacidtreatmentcanbeinfluenced

byfactorssuchasthetypeofformation,thenatureofthedamage,andthe

specificconditionswithinthewell.Therefore,acomprehensiveapproachis
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necessarytooptimizetheresultsofsuchtreatments.Beforeacidtreatment,a

comprehensivestudyshouldbeconductedtoidentifythedamage,including

itsposition,type,and origin.Additionally,a thorough analysisshould be

carriedouttobetterselectthemostappropriatetreatmentmethod.This

involves evaluating the mineralogicalcomposition ofthe formation,the

propertiesofthefluidspresent,andtheoverallconditionofthewell.By

understanding thesefactors,engineerscan design a treatmentplan that

maximizesthechancesofsuccesswhileminimizingpotentialrisks.Forthis

purpose,thisworkissubdividedintofourparts,eachaddressingacritical

aspectofthetopic:

Chapter1HassiMessaoudFieldgeneralities–Thischapterprovidesan

overview ofone ofAlgeria’s mostsignificantoilfields,discussing its

geologicalcharacteristics,productionhistory,andeconomicimpact.

Chapter2OriginandMechanism ofDamageandtheConceptofSkin–This

chapterdelvesintothevariouscausesofformationdamage,themechanisms

throughwhichitoccurs,andtheconceptofskin,whichreferstotheadditional

pressuredropcausedbynear-wellboredamage.

Chapter3Matrixacidizingtheory–Thischapterexploresthetheoretical

underpinningsofmatrixacidizing,includingthechemicalreactionsinvolved,

the design of acid treatments,and the factors that influence their

effectiveness.

Chapter4CasestudyofwellMDZ657

–Thischapterpresentsadetailedcasestudyofaspecificwell,analyzing

the problems encountered,the acid treatmentapplied,and the results

obtained.Finally,the conclusion summarizes the findings and provides

recommendationsforfuturepracticesinwellstimulationandhydrocarbon

extraction.
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1.1 HistoricalBackgroundoftheHassiMessaoudField

TheHassiMessaoudoilfield,discoveredin1956byCFPAandSN.Répal,saw

significantdevelopmentfollowing CFPA'sdiscoveryofoil-bearing sandstonein

1957.Nationalizationin1971ledtoincreaseddrillingactivity,reachinganaverage

of34wellsperyearby1977.Developmentinitiallyfocusedonverticaldrilling,

transitioningtounconventionalmethodsfrom 1997toexploitstructurallycomplex

zones.Challengessuch assaltdepositsand gasbreakthroughsaccompanied

production.The field is divided into 25 production zones,but geological

complexitiessometimesobscurecommunicationbetweenwellswithinthesame

zone.

1.2 Hassimessaoudlocation

HassiMessaoud,situated700km southeastofAlgiers,350km from theTunisian

border,and80km eastofOuargla,coversanexpansive2000km²areaandrisesto

an elevation of142 meters.Characterized bya desertclimate,temperatures

fluctuate between 0°C and 47°C on average.The region isoften buffeted by

sandstorms,withwindsgustingupto100km/h,primarilyfrom theNNEdirection

duringautumnandspring.RenownedasthelargestoilfieldwithinAlgeria'sTriassic

province,HassiMessaoudboastsvastreservesandexpansivecoverage,spanning

multiplesquarekilometers.(figure.1)



2 Chapter1HassimessaoudFieldgeneralities

6

FIGURE1GEOGRAPHICLOCATIONOFHMD([1])

1.3 GeologicalFramework

TheHMD fieldareaoccupiesacentralpositionwithintheTriassicprovince,

constitutingAlgeria'slargestoilfieldbothintermsofareaandreserves,covering

approximately2200km².Itisborderedbysignificantfeatures:tothenorthwestare

theOuarglafields,includingGellala,BenKahla,andHaoudBerkaoui,whiletheEl

Gassi,Zotti,andElAgrebformationslietothesouthwest.Inthesoutheast,one

findstheRhourdeElBaguelandMesdarfields.Geologically,itsboundariesare

definedbytheOuedM'yadepressiontothewest,theAmguidElBiodridgetothe

south,andtheDjammâa-Touggourtstructuretothenorth.Totheeast,itisflanked

bythehighlandsofDahar,RhourdeElBaguel,and theGhadamesDepression

(figure.2).(Horstdeleau)waterridge

FIGURE2GEOGRAPHICLOCATIONOFHMD[1]

1.4 ZonationandSpatialsubdivisionoftheHassiMessaoudfield

ThezonationandspatialsubdivisionoftheHassiMessaoudfieldinvolveintricate
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delineationsto optimizeoilproduction.Thefield issubdivided into numerous

productionzones,eachcharacterizedbydistinctgeologicalandreservoirproperties.

These zones are delimited by non-productive areas, facilitating efficient

managementanddevelopmentstrategies.However,communicationbetweenwells

withinthesamezonecanbeobscuredbyreservoirheterogeneityorstructural

compartmentalization induced byfaultblocks.Geologically,these zones often

correspond to separate structuralblocks separated by tectonic faults,with

boundariescontinuallyrevisedbasedonnewdataobtainedfrom theinstallationof

newwells.Thiszonationframeworkenablescomprehensivereservoirmanagement,

enhancingthefield'soverallproductivityandlongevity.Thezonationandspatial

subdivisionoftheHassiMessaoudfieldemployauniquealphanumericsystem for

precise identification. This system combines geographical numbering with

chronologicalnumbering,asillustrated).Forinstance,adesignationlike"Omn43"

followsthispattern:

-"O":RepresentstheuppercaseletterdenotingtheOuarglapermit.

-"m":Signifiesthelowercaseletterrepresentingthe1600km²block.

-"n":Denotesanotherlowercaseletterindicatingthe100km²square.

-"4"and"3":Correspondtotheabscissaandordinate,respectively,pinpointingthe

specificlocationwithinthedesignatedsquare.Thisalphanumericsystem allowsfor

systematicorganizationandefficientmanagementofthefield'sextensivespatial

layout, facilitating clear identification and communication across various

operationalaspects(Figure3).
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FIGURE3HASSIMESSAOUDFIELDZONES([1])

1.5Petroleum system

1.5.1Sourcerock

•Silurian:TheparentrockoftheentireSaharanplatform iscomposedofSilurian

clays.Theveryrich,black,carbonated,andradioactiveclaysrepresentthissource

material,whichisorganicandrangesfrom 20to70metersinthickness.The

organicmaterialisamorphous.ThepresenceofTasmanaceaeconfirmsthemarine

originofthissubstance,anditspetroleum contributionisevident.Currently,itcan

bestatedthatafterthemigrationofhydrocarbonsgeneratedinthePaleozoicera,

therewasasecondphaseofmoresignificantgeneration,whichceasedbytheend

oftheCretaceousduetodecreasedsubsidence.TheSilurianispreservedtothe

northoftheHassiMessaoudfieldandtothewest(intheOuedMyabasin).[2]

1.5.2Caprock

The coverage ofthe Ordovician reservoirs is provided respectively by the

outpouringoferuptiverocksaswellasbythethickseriesofevaporitesfrom the

TriassicorJurassicages.

I.5.3Traps

Traps refer to areas most favorable for the presence of hydrocarbon

accumulations,characterized bylowerpressure and temperature than thatof
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sourcerocks,andbyabarrierthatforceshydrocarbonstoaccumulate.[3]

Therearethreetypesoftraps:

•Structuraltraps

Thesetrapsresultfrom tectonicmovementssuchasanticlinesorfaulttraps.

•Stratigraphictraps

Thisinvolvesthecombinationoftwodifferentenvironmentscorrespondingtothe

transitionfrom apermeablemedium toanimpermeableone,suchassandylenses,

beveledsurfaces,etc...

•Mixed traps:These traps exhibitcharacteristics ofboth structuraland

stratigraphic origins,such as the HMD structure (anticlinaltruncated by the

Hercynian unconformity).In the Oued Mya basin and the northeastofHassi

Messaoud,the recognized traps so farare ofmixed type,combining both

stratigraphicandstructuralfeatures.[1]

1.5.4ReservoirDescription

Thereservoirissubdividedintothreezonesbasedongrainsizecriteria:

 Lowercoarsezone(LowerRa)

 Middlefinezone(MiddleRa)

 Uppercoarsezone(UpperRa)

ThebaseofRaisdelineatedasalowercoarsezonewherethreedrainsdevelop,

distinguishedbytheirgrainsizeparameters.[1]Thisdivisioncanalsobevalidated

bythefollowingcharacteristics:

 D1:Coarsesandstoneswithdominantarcuateobliquestratifications,well-defined

andoftenmicro-conglomerate-based,withabsenceoftigillites.

 ID:Thinnerlevelsandhigherfrequencyofsiltylevels,withlocalpresenceoftigillites.

ItmarksaverygradualtransitionbetweenD1andD2.

 D2:Coarsebutwell-sortedsandstoneswithdominanttabularobliquestratifications

formingmega-ridges,withsomeintercalationsofsiltylevelswithfinebioturbations.

 ForthislowerpartofRacontainingthebestreservoirlevels,itisnoteworthythe

progressiveextensionoferosionzonestowardsthecentralfieldarea.

 D3:Correspondstothemiddlefinezone(lowergrainsize).Themaincharacteristic
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ofthisdrainistheabundanceofsiltyinterbedsandfinesandstoneswithverystrong

bioturbations(especiallytigillites).

Themarinecharacterofthisdrainiswell-marked.Itcouldcorrespondtoaninfra-

littoralplatform environment,composedofbioturbatedclay-siltlevelswheretidalor

storm-influencedmarinebarsdevelop.Insuchanenvironment,theexistenceof

kilometer-scalepermeabilitybarriersishighlyprobable.[4]

 D4:Correspondstotheuppercoarsezone.Thesearesandstoneswithfrequent

tabularobliquestratificationsformingmega-ridgesrangingfrom onetoovertwo

metersinthickness.[2]

Torecognizeandtrackthereservoirsinanylocationwithinthefield,ithasbeen

subdividedintopackagesorslicesusingthevarioussedimentologicalparameters

mentionedearlier,aswellastheirwirelinelogandpetrophysicalproperties.

1.5.5.CharacteristicsoftheReservoir:

 Accordingtotheirclassification,degreeofquartzification,andclaycontent,the

characteristicsofthereservoirrockvaryconsiderably.[4]Somepointstonoteare:

 Significantverticaldiversityexists.

 Porosityrangesbetween5and10%.

 Permeabilityaveragesbetween0.1to200millidarcies.

 Dueto itslightness,theoilhasan averagesurfacedensityof0.8 (45 °API),

enhancingrecoveryratesbyreintegratinggases.

 Viscositystandsatapproximately0.2centipoisesatsaturation.

 Thebottom volumecoefficientBois1.7m3/stdm3.

 Theaveragetotalcompressibilityoftheoil(oil+water+rock)is3.63x10̂4(kg/cm2)

-1.

 Initialoilcontentrangesfrom 80%toamaximum of90%.
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2.1 INTRODUCTION

Theidentificationofdamagebecomesapparentthroughtheobservationofa

declineinwellflowrate,typicallymanifestedbyareductioninproductivityindexand

thepresenceofpositiveskin(damagecoefficient).Theobjectiveofthischapteris

to provideguidanceto techniciansengagedinwelloperations,aidingthem in

makinginformeddecisionsregardingtheselectionofchemicalproductsnecessary

forthedevelopmentofwellinterventionstrategies.

Alldeposits,whethermineralororganicinnature,havethepotentialtodisrupt

thenaturalpermeabilityofareservoirbymigratingwithinitorbyobstructingthe

wellboreperforations.Thisimpairmentcanmanifestindifferentsegmentsalong

theflowpathoftheeffluent,rangingfrom thereservoiritselftothesurfacefacilities.

2.2 LocalizationofDamage

2.2.1 Atthebottom ofthewell

Asageneralrule,depositstypicallyconsistofvarioustypesofsediments

(particlesfrom theformation,corrosionproductsfrom equipment)orprecipitates

(salts,paraffin,asphaltenes).

2.2.2 Atthewallofthewell

 (Cakeexterne(zone1))

Theexternalcakeiscomposedofsolidmineralororganicparticlesthatmove

alongtheboreholewallduringdrilling,consolidatingthewellborewallsandlimiting

mudinfiltrationintotheformation.

2.2.3 Atthevicinityofthewells

 cakeinterne(zone2)

Theinternalcakeiscomposedoffinesolidparticlesfrom mud,cement,and

completionfluids,formingaverythinlayernearthewellbore,whichimpedesthe

permeabilityoftheformation.

 Theinvadedzone(zone3)
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Thezoneinvadedbymudandcementfiltratesislocatedbeyondtheinternalcake,

whichwillalterthenaturalenvironmentoftheporousmedium.

2.3 Particleaccumulations

Differenttypesoforganicparticlescancausereservoirpluggingduetochanges

inthermodynamicconditionsassociatedwithproduction.(figure.4).

FIGURE4:LOCALIZATIONOFDAMAGES.[5]
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2.4 Damagemechanisms:

seethetablebelow

TABLE1:REPRéSENTATIONDESMéCANISMESDEL'ENDOMMAGEMENT.[5]

Typeofprocess Physicalreductioninporesize
Relativepermeability

decrease

fluid-rock

interaction

 Migrationdesfines.

 Gonflementdesargiles.

 Invasiondesolides.

 Absorption/précipitation

degrossesmolecules

(polymers).

 Modification

ofwettabilitydueto

the absorption of

surfactants.

fluid-fluid

interaction

 deposit

 Emulsion

 Sludge

 Modificationoffluid

saturation.

 Fluidblocking

(waterblocking,gas

blocking)

pressure-

temperature

interaction

 Deposits  Gasbreakthrough

 Condensate

deposits

 Waterconing

mechanical

process

(inducedby

stress)

 Decreaseinpermeability

 Pluggingofperforations
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2.4.1 DrillingDamage:

a)Mudcake

Themudcakeprovidesaphysicalbarriertopreventthepenetrationandlossof

drillingfluid,aswellassubsequentfluidlosses,intoapermeableformation.\

b)Cementation:

 Washoutplugs&spacers

 Destructivetothemudcake.

 Dispersantadditives,surfactants.

 Invasionoffiltrate...afewinches.

 Slag

 HighpH.

 PrecipitationofCaCO3.

 FreeH2O......waterblock.

 Squeeze

 Formationdamage,potentiallyfracturing(Limitedinvasionduetovolumes

andfluidcomposition).

2.4.2 ActualDamages(Formationdamage)

Itisaterm thatdescribesanyreductioninnaturalpermeabilityinthevicinityof

thewell(thecriticalzone).Thisreductioniscausedby:

-Any contactbetween the formation and an externalfluid (drilling fluid,

completionfluid,stimulationfluid,etc.).

-The reservoirfluid itself,because this fluid has a certain thermodynamic

equilibrium (P,T),butduringproduction,therewillbeachangeinitsparameters,
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whichcanresultinsolidprecipitation.[5]

2.4.2.1 Damageduetofluidsusedduringoperations

Foradherencetosafetystandards,drilling,work-over,andsometimessnubbing

operationsinvolvewellkilling.Damagesresultingfrom operationalfluidsinclude:

-PerforationPlugging

-WettabilityChange

Solventsandsurfactants,particularlypresentinthefiltrateofinverseemulsion

muds(utilizedforpreventingsludgeoremulsionformation).

-WaterBlock:

Thisissueisprevalentingasandlow-pressurereservoirs.Indicationsinclude:

•Lackofreturnduringstimulationoperations.

•Emergenceofwaterproduction.

•Productiondeclinepost-useofwater-basedmuds.

Theremedyinvolvesemployingasurfactant,actingasanemulsifiertoenhanceoil

mobility.

-EmulsionFormation

Characterized by high viscosity,emulsions can significantly diminish well

productivity,inverselyrelated to viscosity.Theycan be dispersed byinjecting

surfactantstoreduceinterfacialtensionandbreakthem apart.

 FormationofSludges(Emulsion(Sludges))

Itgenerallyformsduetotheincompatibilitybetweenheavyoilandmineralacid

duringamatrixtreatmentoperation.

2.4.2.2 Damageduetoproduction:

 MineralDeposits(ScaleDeposits):
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Changesintemperatureandpressureassociatedwithproductionresultinthe

precipitationofsaltfrom fluids,sulfatedeposition,carbonatedeposition,andiron

deposition.

 OrgÉnicDeposits(asphaltenesandparaffin):

Theprecipitationofkindsofparaffinoccurswhenthereisadecreasein

pressureandtemperatureduringproduction(figure.5)

FIGURE5:ORGANICSDéPOSITS(PARAFFINES)[5]

2.4.2.3 Damageduetothepresenceofclaysinthereservoir:

 FinesMigration:

High-rateproductionfrom awellcreatesturbulenceintheflow,causing the

migrationoffineparticles(clays,sands...).

 SwellingClays:

Thereisatypeofclayintheform ofsheets(Smectite),whichswellswhenit

absorbswater(itcanswelluptosixtimesitsinitialvolume).
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2.4.3 Pseudodamages(Pseudodamage):

2.4.3.1 Damageduetowellboregeometry:

Inthisdamage,twosituationsarefound:

 PartialPenetration:

Partialperforationcreatesconvergencebetweenflowlinesastheyapproachthe

well,reducingflowrate.

 WellDeviation:

Whenthewellisdeviatedatacertainangle,itincreasesthecontactsurfacearea

betweenthewellandthereservoir,thusaidingproduction.

2.4.3.2 Damageduetocompletion

Inthispart,threeelementsaffectthisdamage:

 Perforation:

Flowlinesbegintoconvergetoentertheperforations,causingapositiveskineffect,

whichissignificantwhenverticalpermeabilityislow.Parametersofperforations

thatcaninfluencethisskineffectinclude:

 Perforationdensity.

 Phasedifferencebetweenperforations.

 Gravelpack.

 Crushedzone.

2.4.3.3 Damageduetoturbulenceduringproduction:

Generally,turbulenceoccurswhenawellisputintoproductionatahighrateormay

alsobecausedbyvariouspseudodamagesaswellaspluggingattheperforation

level,thusmodifyingtheflowregimefrom aDarcyregime(laminar)toanon-Darcy

regime.
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2.4.4 Damageduetoperforations

Mostperforationoperationsareperformedinanoverbalancedcondition,leadingto

theformationofacakefiltrateintheperforationtunnels,causingskinandpressure

droparoundthewellbore.

2.4.4.1 Filtrateinvasionduringcementing

Duringlinercementing,cementfiltratecaninvadethematrix,causingdamage.

2.4.5 Stimulationdamage.

Inthecaseofacidizing,damageiscausedbysecondaryreactionsiftheacidusedis

notsuitable.Afterhydraulicfracturing,theproppedfracturecanbepartiallyplugged

bythefluidcarryingtheproppants(fracgel).

2.4.6 Damageduetowaterinjection.

 Watersaturationaroundthewellboreiftheinjectionrateisnotproperly

controlled(waterblock).

 Blockingbysulfatedeposits(scale)duetotheincompatibilityofinjected

waterandformationwater.

Non-filtrationofinjectedwater.

 Bacteriaaction:Anaerobicbacteriacandevelopininjectionwellsinthe

absenceofoxygen,leadingto...

2.5 Damagedetection

Anumberofwidely-usedmethodsareavailable,includingthefollowing:

 Samplingandlaboratoryanalysis.

 Completewellhistory.

 Welltesting.

 Productionsystem analysis.

 Productionlogging(PLT...).[6]
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2.5.1 Samplingandlaboratoryanalysis

Samplingandanalysisofreservoirfluidsandeveninjectedfluidstoknow the

componentsandconcentrationofeachcomponent(minerals),allofwhichwillhelp

determinethesolubilityindex(Ks)andatwhatconcentrationprecipitationwillbegin.

2.5.2 Welltests

Welltests with good pressure buildup are a privileged means ofgathering

informationtoassesswhetherreservoirproductionisdeclining.Wehowever,that

the totalskin "S"includesparasiticfactors(pseudo skins)which mustbe to

determinewhetherrealcloggingexists.Welltestingalsoprovidesotherinformation

ofvitalimportance:changesin staticlayerpressurepermeabilityin downhole

conditions,which maydiffersignificantlyfrom surface measurements surface

measurements,productivityindexandflowefficiency.[6]

2.5.3 Completewellhistory

Thewellhistoryisaveryinterestingsource,asitcontainsalltheinformationon

thevariousphasesofdrilling,completionandalsoallthatconcernsproduction

profilesthevariousoperations(Snubbing,Workover,Stimulation...etc.)thathave

alreadybeencarriedoutonthewell.Thehistorycanbeusedtodetectanycauseof

damage.

2.5.4 Productionlogs(PLT,...)

Productionlogsplayaveryimportantroleindamagedetection.damage.ThePLT,

example,shows the contribution ofeach perforated bank to the well's total

production.perforatedbankstothewell'stotalproduction,andthusprovidesa

goodindicationofthelocationofdamage.

2.5.5 Analysedusystèmedeproduction

Lorsqu’onremarqueunebaissedansledébitdeproductiond’unpuits,onvafaire

uneanalysesurlesystèmedeproduction,onutilisepourcalalaméthodede

l’analysenodal(NodalAnalysis),donconcommenceduréservoirverslefonddu

puits(Inflow),elleestreprésentéeparlacourbeIPR(PWF=F(Q)),puisonpassevers

ladeuxièmepartiedusystème,lefonddupuitsjusqu’ausurface(Outflow),elleest
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aussireprésentéeparlacourbeVLP(PWF=F(Q)),cequinouspermetdedéfinir

l’endroitdul’endommagement.[6]

2.6 Notionofskin(damagecoefficient)

Skinisdefinedbyadimensionlessfactordeterminedbywelltests.

Itrepresentsthetotaldegreeofdamagetoawell,withoutdifferentiatingbetween

matrixdamage(forwhichacidificationmaybeasolution)from secondarydamage

secondarydamagecausedbythewellconfiguration:thePseudo-Skin(figure.6).

FIGURE6PRESSUREPROFILEINTHENEARWELLBOREFORAWELLWITH

FORMATIONDAMAGE[7]

2.6.1 Skinorigin

2.6.1.1 Perforations:

Theidealwellmodelassumesthatitscontactwiththeformationextendsover

360º,butwithperforations,itisquiteconceivablethatproductionisforcedthrough

theopeningsalone.ThisresultsinalossofheadexpressedbytheskinSp,called

theparietaleffectcoefficientwhichisafunctionofthenumberofperforations,their

distributionandpenetrationpower.

2.6.1.2 Partialpenetration:

Perforationofonlypartofthewell'sheightrestrictstheflow linesflow lines

aroundthewell.Thiscontributestotheexistenceofapositiveskin(pseudoskinSc)
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whichvarieswithformationthickness,welldiameterandperforatedheight.

2.6.1.3 Wellinclination

Wellinclinationimprovesflow aroundthewell,andcontributestonegativeskin

negativeskin.

2.6.1.4 HydraulicfracturingHydraulic

fracturingconsiderablyimprovesflowaroundthewell,itleadstoanegativeskin.

2.6.1.5 Horizontalwells

Undercertainconditions,ahorizontalwellcanbetreatedinthesamewayasa

verticalwell.anegativeskinduetotheimprovedflow.

2.6.1.6 Gaswellsdeviationfrom Darcy'slaw

Inagaswell,thefluidvelocityinthevicinityofthewellisoftenhigh,andtheflow

nolongerfollowsDarcy'slaw.Darcy'slawnearthewell.

Apositiveskinasafunctionofflowratereflectstheadditionalheadlossesdueto

thisdeviationfrom Darcy'slawDarcy'slaw.

2.6.1.7 Overalldamage:

Inallcases,additionalheadlosseslocalizednearthewell(matrix),canbetreated

as

skin.Theskinmeasuredduringatestisthereforetheresultantofofalltheseskins.

S=Se+Sp+Sc…………………..(EqII-1)

- Se:actualdamageinthevicinityofthewell(matrix);

- Sp:headlossduetoperforations;

- Sc:flowconstrictionduetopartialpenetration.
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2.6.2 Consequencesofachangeinpermeabilityaroundthewellon

Figure7:EffectofskinonPermeability[8]

ThereradiusandKepermeabilityofthedamagedarea(figure.7)

arerelatedtotheSkinbyHawkins'expression

Hawkins:

S=( -1)ln( )…………………… (EqII.2)
ki

Ke

re

rw

Ki:reservoirpermeability.

Ke:permeabilityofthedamagedzone.re:radiusofdamagedzone.

rw:wellradius.

Wecanseethatif:

- S>0:thepermeabilityofthezoneadjacenttothewellislowerthanthatof

therestoftheformation(caseofdamage);

- S<0:Correspondstoanimprovement;

- S=0:Ke=K(nodamage).
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2.7 Effectofskinonproductivity:

1-Productivityindex:

Theproductivity(orinjectivity)indexofa wellisdefined astheflow rate

associatedwithadepressionbetweenthebottom ofthewellandthereservoir,it

isawellpotentialandisexpressedforacaseofaliquidinacircularradialflow,

steadystate:

IP= …………………….(EqII-3)
Q

Pg-Pf

 The IP ofa wellin production decreases during its production,this is

explainedby:

 Turbulenceathighflowrates;

 Existenceoffreegas;

 Highviscosity(notthecasewithHMD);

 CompressibilityoftherockreducesKpermeability.

TherearetwotypesofIP:

IPth= …………………….(EqII-4)
Q

(PG–Pf–ΔPs)

- Q:débitd’huileen(m³/h).

- IPr:actualproductivityin(m³/h/bar).

- IPth:theoreticalproductivityofthesamedimension.

- PG:reservoirpressurein(bar).
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- ΔPs:Additionalpressuredropduetoskinin(bar).

- Pf:downholepressurein(bar).

Notethatwellproductivity(IP)isafunctionofpermeabilityandconductivity(KH).

Infact,adecreaseorincreaseinKwilldirectlyleadtoadecreaseorincreaseinPI.

Accordingtorelationship(4),adecreaseinΔPsleadstoanimprovementin

permeability.WellproductivityisafunctionofKH,andisthereforereducedwhena

reservoirhas a low usefulorlow permeability;hence the idea ofreservoir

stimulationtoimproveproductivity.

Ifareservoirhas:S>0ThenΔPsishigh,Klow,IPlow,resultinginadrop-in

productionrate.Inthiscase,thewellmustberestoredbystimulation.

KnowledgeofIPRandtheHawkinsequationisessentialforunderstandingthe

effectofformationdamageonwellproductivity.(figure.8)

Foranoilwell,theIPRequation:
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Q

= ……………………(EqII-5)
kh(PG-Pwf)

141.2Bµln( )
re

rw

FIGURE8:RPIVARIATIONSFORDIFFERENT[5]
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With:

- S:totalskin.

- Q:oilflowrateunderbottom conditions(bbl/d).

- K:permeability(md).

- h:tankheight(ft).

- Bo:volumetricfactor(m3/stm3)

- µ:oilviscosity(cp).

- PG:reservoirpressure(psi).

- Pwf:dynamicbottom pressure(psi).

- Re:drainageradius(ft).

- rw:wellradius(ft).

2-HORNER'smethod

theconceptsusedare:

Pwf(t):Flow pressure;timeiscountedfrom thestartofProduction.Pws(Δt):

Pressureinup-dip;timeiscountedfrom timetpofwellclosure

Pws(Δt=0)=Pwf(tp).

Theprincipleofflow superpositionisusedtointerpretpressurerise,theequation

becomes:

Pi-Pws(Δt)=(EqII-6)

Pws=f(log)……………….(EqII-7)[5]

Interpretation:

Thepreviousequationshowsthatbottom pressurevarieslinearlyasafunctionof

log

(tp+Δt/Δt)OnagraphPwf=f(log(tp+Δt/Δt))oncetheeffectofastraightline

withslopem:

Extrapolatedpressure:

ForΔt--->8either(tp+Δt/Δt)=1thispressurevalueiscalledtheextrapolated
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pressure.Itis

Noted(p*)

FIGURE9PRESSURERISECURVE
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3 INTRODUCTION

Matrixacidizingisawidelyemployedstimulationtechniqueintheoilindustryto

enhanceproductivityinformationswithwellboredamage.Itinvolvesinjectingacid

intothereservoirbelow fracturingpressure,leadingtochemicalreactionsthat

removetheimpairmentandrestoreorimprovepermeability.Planningacidizingjobs

forhomogeneous reservoirs with smallpay is relatively straightforward,but

challengesarisewhen dealing with multilayered reservoirsand long producing

intervalsduetodifficultiesinachievinguniform aciddistributionthroughoutthepay

zone.Ifanydamageremainsintheperforatedinterval,optimalwellproductivity

cannotbeachieved.Variousmethodsareusedtoensureproperfluiddistribution,

includingstraddlepackers,perforationwashtools,squeezepackerswithretrievable

bridgeplugs,ballsealers,anddivertingagents.Straddlepackersandperforation

washtoolsareconsideredmoreeffectiveintheoryastheyenableselectiveinjection,

butthesemechanicalmethodshavelimitationsastheyrequireagoodcementbond

andaworkingstring,makingthem unsuitableforthroughtubingoperationsin

completed wells.Ballsealers also require a good cementbond and are not

recommendedforlongperforatedpayzoneswithhighshotdensityorlow rate

treatments,aswellasgravelpackedwells.Matrixacidizingwithdivertingagents,

suchassolidparticulates,acidemulsions,viscousliquids,oilsolubleresins,or

foams,isapreferredmethodfortreatingmultilayeredreservoirsorlongproducing

intervals.However,thereiscurrentlynoestablishedmethodologyfortailoringand

controllingthesetreatments.Theproposedmethodaimstooptimizeacidvolumes

withouttheuseofdivertingagentsforbothsingleandmultilayeredreservoirs,

providingbettercontrolovertheinjectionprocessandallowingforestimationof

stimulationlevelsineachlayerduringtreatment.[9]

3.2 AcidSolutions

allchemicalcompoundswhichincreasetheconcentrationofhydronium ions

(H3O+)inawatersolutionbelow apHof7canbeconsideredacids.ThepHisa

measurementoftheconcentrationofhydronium (H3O+)andhenceameasurefor

theacidityofasolution.Thereareonlyoffew kindsofacidsthatarecommonly

usedinacidizing.[10]

3.2.1 Mostcommontypesofacidsinacidstimulations

Wedistinguishbetweeninorganic(mineral)andorganicacids.Amonginorganic

acids,hydrochloricacid,HCl,isthemostpopular.Itisverystrongandthebasisof

almosteveryacidizingtreatment,nomatterwhatkindofformation.“Strong”means

thatitistotallydissociatedinto hydrogenandchlorideionswheninsolution.
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Carbonicacid,H2C03,isanexampleforaweakmineralacid.

Hydrofluoric acid,HF,which is notstrong although inorganic,is used in

sandstoneformations.TheobjectiveofmostHFacidizingtreatmentsistoeliminate

damagearoundthewellboreduetoparticleinvasionfrom themudsolidsafterthe

drillingprocessandswelling,dispersion,movementorflocculationofformation

clays.

Inthepresenceofhydrochloricacid,hydrofluoricacidispoorlydissociatedand

behaveslikeaweakacid.Thisbecomesimportantwhendoingsandstoneacidizing

inordertohandleprecipitationswhichwewillseeinthenextchapter.

Foroperabilitypurposeshydrofluoricacid(liquid)ishandledandaddedinform of

ammonium bifluoride,(NH4)HF2(solid).

Theonlytwoorganicacidsthatarefrequentlyusedareaceticacid,CH3COOH,

andformicacid,HCOOH,whichintermsofstrengthisbetweenhydrochloricand

aceticacid.Theyarebothusedfordissolvingcarbonateformations.Sinceorganic

acidsareweak,theydonottotallydissociateandhencereactincompletelywiththe

reservoirrock.Takingaceticacid, CH 3COOH,asanexample,itwillpartially

dissociatebythereaction:

CH3COOH<–> H+ + CH3COO-[11]

Wheneverthechemicalactivity,thedrivingforceforachange,ofthereaction

productsbalancestheactivityofthereactants,theacidreachesequilibrium.Atthis

pointthedissolutionoftheformationmaterialstops,eventhoughaceticacid

moleculesmaystillbeinsolution.

Theequilibrium oftheaceticaciddissociationisdescribedbytheequilibrium

constant:

Kp= …….(EqIII-1)
H⁺COOH⁻

CH₃COOH

Inthiscasetheequilibrium constantisalsoreferredtoasthedissociation

constant.AscanbeseeninEq.[3.6]KDissmallforweakacidsasforaceticacid.At

150°FaceticacidhasaKD of1.488x10-5andformicacidof1.486x10-4.Ingeneral,

thehighertheconcentrationoforganicacids,thelowerthedissociation.Therefore,
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organicacidsarefrequentlyusedinretardedacidizingjobs.

3.3 Petrographyofreservoirformationsandacidselection[12]

Matrixacidizingisperformedintwomaintypesofformations:

 carbonatesandsandstones.

Acidizingofbothgroupsfacedifferentgeneralrequirements.Eachformation

compositionwithinthetwogroupstheoreticallyrequiresindividualtreatmentand

recipeintermsofacidtype,acidconcentration,injectionrate,injectionpressure

(sincewedonotwanttofractheformation)andadditives.Inordertofindthe

adequatetreatmentforeachformation,wefirstneedtounderstandtherock.

Thedecisivefactorintheeffectivenessofareactionbetweentherockandthe

acid isdetermined bythecomponentsoftherockwhich naturallycannotbe

changed.Hencethecompositionoftherockinthenearwellboreregioncanbe

regardedasagivenparameterforeachwell.Theacid-rockcombination,themineral

distributionandthemorphologywillresultindifferentreactionratesandreaction

products.Wewillseethatwhendoingmatrixacidizingtheacidhasnotthesame

effectonthecarbonaterockasonthesandstonerock.Themodeofactionineach

caseisaverydifferentone.

3.3.1 Carbonates

Whendoingcarbonateacidizing,wemostlyusehydrochloricacid,HCl.Theideal

chemicalreactioncanbedescribedasfollows:

CaCO3 + 2HCl→ CaCl2 + H2O + CO2 [11]

Thesurfacereactionrateoflimestonewithhydrochloricacidisveryhighwhich

cancausewormholesevenupto10feetlonginthenearwellboreregionconnected

to the flow channels.Wormholes are caused by non-uniform dissolution of

limestone,whichbasicallymeansthatlargerporesgrow fasterthanthesmaller

ones.Thelimitingfactorinmostofthecasesisthemasstransfer.Ifinitiallyawell

hasnoskinatallorthewormholelengthaftertheacidtreatmentislargerthanthe

skin radius,then thepressuredrop acrossthewormholesisnegligiblewhich

eventuallymeansinfinitepermeabilityacrossthisregion.Takingalooknow at

Hawkinsformula,Eq.[2.5]:
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s={ }*{ }………….(EqIII-2)k
ks-1

ln
rs

rw

wecanseethatassuminganinfinitepermeability(ks=∞)andawormholeradius

whichequalstheskinradius(rwh=rs)theskinfactorresultsin:

s=-ln( )……….(EqIII-3)[11]
rwh

rw

Weknowthatanegativeskinfactoreffectivelymeansthattheapparentradiusof

thewellisbeingenlarged.

Aceticandformicacidreactsonlimestoneasfollows:

Formicacidwithlimestone

CaCO3 + 2CHOOH → Ca(CHOO)2 + H2O + CO2[11]

aceticacidwithlimestone→

CaCO3 +2CH3COOH→ Ca(CH3COO)2 +H2O+ CO2

Wecanassumethatatpressuresabove70barcarbondioxidestaysinsolution

afterthereaction.Inthereactionofdolomitewithhydrochloricaciditmustbe

consideredthattheratioofcalcium tomagnesium isnotconstant.Anidealized

chemicalreactionisshownbelow:

CaMg(CO3)2 + 4HCl→ CaCl2 + MgCl2 + 2H2O +2CO2[11]

3.3.2 Sandstonesandclays

Mostsandstoneformationsarecomposedofquartzparticles,Si02,whichare

bondedtogetherbyvariouskindsofcementingmaterials,mainlycarbonates,silica

andclays. Thisdiversityofmaterialsinthecompositionmakesitalotmore

difficulttopredicttheoutcomeofareaction.Hydrochloricacidaloneinmostof

caseswillnotbeenoughtodissolvetherock.Anidealizedprimaryreactionof

hydrofluoricacidonsand(silicondioxide)andclaycouldlookasfollows:[9]

reactionofhydrofluoricacidonsilicondioxide
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SiO2 + 6HF → H2SiF6 + 2H2O[13]

reactionofhydrofluoricacidonclay

Al2Si4010(OH)2 + 36HF → 4H2SiF6 + 12H2O + 2H3AlF6[11]

Abigconcernintermsofclaysreactingwithhydrofluoricandhydrochloricacid

solutionsisdamageduetosecondaryreactions.Theprimaryreactionresultsin

completedissolutionofthealuminosilicateandistheonlyreactionleadingtothe

removalofclaydamage.Fluoridesacttodissolvesiliconandanexcessofacidis

requiredtodissolvenon-siliconcationsandkeepthem insolution.

Thedominantsiliconfluoridespeciesamongthesiliconreactionproductscan

bestbedescribedasHSiF5.ExperimentsshowedthatwhenH2SiF6isaddedtoHCl,

immediatedecompositiontoHSiF5andfreeHFoccurs.

ThesecondaryreactionofHFwithaluminosilicate,inessence,isthereactionof

flusilicicacidwithaluminosil0.icate.Now othercationsaredissolvedfrom the

aluminosilicatewhichisconnectedwithfurtheracidconsumption.Thereaction,

however,doesnotdissolvethesiliconinthealuminosilicate.Rather,allportionsof

clayareremovedexceptthesiliconwhicheventuallyleadstoanamorphousand

chemicallycomplexsilica-gelresidueorfilm.Furthermore,siliconoriginallypresent

asHSiF5 iscompletelyprecipitatedasasilica-gelfilm onthesurfacesofthe

reactingaluminosilicates.Thisfilm containsalargeamountofwaterwhicheither

comesfrom the reaction productsorfrom the solution itself.The secondary

reactionbenefitstheformationofsodium andpotassium fluosilicateprecipitates

(Na 2SiF6,K2SiF6)to a high extent.These insoluble fluoride precipitates are

gelatinoustypematerialswhichoccupyalargevolumeofporespaceinthesand

aroundthewellboreandareresponsiblefortreatmentfailuresespeciallyinhigh

permeablefeldsparformations[14].

Therefore,incrucialcases(highnumberofsensitiveclaysorhightemperatures

which accelerate reactions),a good advice is to reduce the concentration of

hydrofluoricacidinordertolimitthepotentialfordetrimentalsecondaryreactions.

Wealsohavetoconsiderthathydrofluoricacidisabletodissolvequartzandclay

particlesbutwillcauseproblemswhenreactingwithcalcium carbonate3:
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Ca++ + 2F-
→ CaF2 [11]

Wheneverfreefluorideandcalcium arepresent,theywillprecipitate.Hydrofluoric

acidshouldthereforeamongotherreasonsalwaysbeusedtogetherwithasurplus

ofhydrochloricacid.Thesurplusofhydrogenionswillbondthefreefluoridesin

orderto barthem from reacting on calcium.Furthermore,a combination of

hydrochloric,HClandhydrofluoricacid,HF,shouldbeusedduetothemanifold

compositionofsandstonerocks.Apreflushofhydrochloricacidisalmoststandard

inordertoremovethecalcium andmagnesium butthiswillbethefocusofalater

chapter.Aruleofthumbstatesthataformationwithabout15-20% HClsolubility

shouldbetreatedbyHClalone.

3.3.3 Differencesinthemodeofaction

Whenacidizingeitherlimestonesordolomites,acidenterstheformationthrough

poresinthematrixoftherockorthroughnaturallyinducedfractures.Theintensity

ofthereactiondependsduetomasstransferlimitationontheinjectionrate,the

contactareaandthenumberandsizeofthefracturesifpresent.

Thereactionratesvarydependingontheformationandtheacid.Hydrochloric

acid,forinstance,reactsfasterwithlimestonethanwithdolomites,andonlyvery

littlewithsandstone.

Thefastreactionrateofcarbonatesandthepotentiallyresultingwormholes

mighthave a penetration into the formation of10 ftwhereas in sandstone

formationsitmightprobablyonlybe1ft.Thestructuresofwormholesdependon

theflow geometry,theinjectionrateandthemasstransferrates.Thewormholes

propagateduetotheunevenlyprogressingetchingpatternofhydrochloricacidwith

carbonates.Naturallytheacidwillhavemoreimpactinflow channelswiththe

largestexposed area,like a naturalorinduced fracture oran alreadyetched

wormhole,thaninaverynarrowpath.Nowitisalsounderstoodwhyacidfracturing

treatmentsin sandstone formationsare notapplicable – the reaction rate of

hydrochloricacidaswellasofhydrofluoricacidonsandstonesistooslowtocreate

unevenly etched channels in terms ofenlarging fractures oreven creating

wormholes
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Thebigdifferencewehavetoconsiderinsandstonescomparedtocarbonate

acidizingisthatwedonotcreateanywormholesinordertogetaconnectionto

variousflow channelsbutwebasicallyremovethedamagearoundthewellbore.

Additionally,whenusinghydrofluoricacidinsandstonesweusuallydissolveclay

particlesorfinesresultingeitherfrom thedrillingorproductionprocess.

3.4 Proceduredesign

Inplanningthestimulationtreatment,thesequenceofthefluidpatchesandthe

exacttimingiscrucial.Eachwellhasexperiencedadifferentkindofdamage,

thereforetheoreticallyrequiresauniquetreatment.Thestageswhichasequence

normallyconsistsofapartfrom thetreatmentitselfarepreflushandpostflush[8].

Firstofall,wewanttoknowinwhatkindofformationtheacidtreatmentistobe

performed.Incaseofcarbonatereservoirs,theselectionoftheacidtypebecomes

easier.Furthermore,inmostofthecasesnopreflushisrequired.Insandstone

acidizingacoreanalysiswouldgiveinformationontheamountofcement,clays,

otherporefillingmineralsandthetypeanddistributionofthecomponents.However,

inmostofthecasescoresofthedesiredformationarenotavailablewhichturns

thewholeprocessintosomekindofguessworkwhichisverymuchdependenton

experiencewiththeparticularpetrographyofthereservoirformation.Amixtureof

hydrochloricandhydrofluoricacidiscommonlyusedasamaintreatment.

Thephysicalplacementmustbedeterminedandconsequentlywecandecide

whetherdivertingorretardingagentsshouldbeaddedtotheacidsystem.

3.4.1 Preflush

Inmanyacid stimulationtreatments,preflushesareused ahead ofanacid

treating solution to prepare orcondition the formation which is going to be

stimulatedsotheformationwillaccepttheacidinthemostfavorablesections.

Themainpurposeofthepreflushistodisplacethebrinefrom thewellboreto

avoidcontactbetweenthehydrofluoricacidandtheformationbrinecontaining

potassium,sodium and calcium which leads to precipitations.In sandstone

acidizingahydrochloricacidpreflushisrequiredtodissolvecarbonatesinthe

formationsothehydrofluoricacidwillnotspendonthosebutratherremainactive

todissolvetheclaysandsilicates.
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AromaticSolvents,eitherwithorwithouthydrochloricacid,canbeusedto

removeparaffineandasphaltenecomponents.Mutualsolvents,suchasethylene

glycolmonobutylether(EGMBE),arealsousedinpreflush(andalsoinpostflush)

fluidsbecauseoftheirabilitytodissolveawaytheoilcoating.

Akeroseneordieseloilpreflushcanbeusedinordertoallowtheformationto

reactwiththeacidintheoil-producingintervalwhilerestrictingtheinvasionofacid

intothewater-producingstrata.[11]

3.4.2 Maintreatment

Thepurposeofthisstageistheremovalofthedamageofthewell.The

injectionrateinfluencestheplacementoftheliveacidandthusthesuccessofthe

treatmenttoalargeextent.Thetypeofacidizingjobmatrixacidizingoracid

fracturing-determinestheidealinjectionrate.Theacidsystem,dependingonthe

formation,isinjectedwitharatewhichintermsofmatrixacidizingmustnot

correspondtopressuresexceedingfracturepressure.Ingeneral,low injection

ratesthatproducepressuresbelowthebreakdownpressurearerecommendedto

repairskinorshallowformationdamageassometimesinsandstonewells.Low

pumpratesarealsorecommendedwhenacidizinginproximitytohighwater

saturationzones.

Withinjectionratekeptconstantthepressureatthepumpcanbeobserved.

Wheneverthepressuredecreasestheformationstartsto takenoticeofthe

injectedacid.Afastdeclinemeansafastreactionoftheacidwiththeformation.

Incarbonateswormholevelocitiesincreasewithinjectionratewhichmeansfor

rapidwormholepropagationahighinjectionrateshouldbeapplied.Onmultizone

treatmentswheredifferentzonesaccepttheacidsolutionatdifferentpressures,a

morecompleteacidcoveragecanbeobtainedalsobyapplyinghighpumping

rates.Iftheformationisabletosustainhigherforces,themaximum allowable

pressureforthetubing,thesurfaceequipmentandthepump,togetherwiththe

maximum achievablepumprate,mustbekeptinmindsinceinsuchacasethose

parameterswilldefinethepressurelimitandnotthereservoirrockparameters.

[11]

3.4.3 Postflush

Theoverflushisusedtodisplacethemainacidflushatleast4feetawayfrom

thewellbore.Theprecipitationproductsarepushedasfarawayaspossiblefrom

thecriticalregion,thenearwellbore.

Postflushescanalsobeusedasanover-displacingmedium.Retardedacids
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mighthelptoobtaingreaterpenetrationsoftheacidsincethereactiontimeofthe

retardedacidontheformationislongerthanitsinjectiontime.

Since a flow ofthe acid system back to the wellimmediatelyafterthe

treatmentisnotbeneficialforavoidingcorrosion,waterorbrinecouldbean

overflushwhichwouldhelptominimizethecontacttimeoftheliveacidonthe

tubingandthecasing.Naturally,wetrytoavoidadditionalprecipitationproducts.

Inacidizingsandstoneformationswithhydrofluoricacidaammonium chloride,

NH4Cl,postflushisrecommendedinsteadofpostflushconsistingofpotassium

chloride,KCl.[11]

3.4.4 Successevaluation,possibledamageandgeneralrecommendations

Generally,success can be measured in terms ofProductivity Index (PI)

improvementorskinreduction.Anacidstimulationtreatmentcanalsocause

furtherdamageinsteadofdamageremoval.Precipitationproductscomingfrom

thereactionitselforloosesolidsgeneratedduringtheacidizingjobmightcause

furtherpluggingofflow channels.Dirtfrom thetankortubular,releaseoffines

from carbonaterocks,precipitationofironreactionproducts,pluggingbycolloidal

sludgeandchemicalincompatibilityoftheacidsystem itselforwiththeformation

mightcausefurtherproblems.Somecrudeoilsandstronginorganicacidscan

producesludgessuchasorganicdepositswhichcannotbedissolved.

Stateoftheartnowadaysisthereal-timemonitoringofanacidizingjob.The

skinfactorcorrelated,forinstance,withPaccaloni’smodelfrom themeasured

pressurechangesisplottedversustheinjectedvolumeofacidsolutionduringthe

acidizing job to determine the optimum pointwhen to stop the injection.

Continuationofthetreatmentwouldprobablyleadtoanincreasingskinfactor

againascanbeseeninthegraph.

FIGURE10:THEPRINCIPLEOFREAL-TIMEMONITORING[12]
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Below,wecanfindasummary,inordertoshortlyreview onsomegeneral

operationrecommendationsbeforeandafterthetreatment

 Duringthepreparationoftheacidsolutionminimizeopenairtimewhile

mixingthefluidbatches.

 Makesurethetanksandflowlinesareclean.

 Acorrosioninhibitionmeasureistonotproducethespentacidintothe

flowlineaftertheacidizingjob,butintank.Wecanneverbesurethat100%

oftheliveacidtotallyreactedontheformationrock.

 Oxide layers which maydevelop on the surface metallic components

shouldberemovedbypicklinginordertoavoidprecipitationsdownhole.

 Dependingontheacidsolutionpumped,beawarethatdamagecanalso

occurduringshut-intimeandnotonlyduringpumpingandtheprimary

reaction.

3.5 CONCLUSION

Inconclusion,matrixacidizingisavaluabletechniqueinreservoirstimulation,

providingameanstoenhanceoilandgasproductionbyimprovingthepermeability

ofthe formation.Its success depends on carefulplanning,understanding of

reservoirproperties,andeffectivemanagementofoperationalandenvironmental

challenges.
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4.1 GeneralitiesofwellMDZ657

ThewellMDZ657[15]wasdrilledandcompletedon05/04/13asahorizontal

openhole.DespiteaDSTresultindicatingoilproductionatarateofQ=6.13m3/h,

thewellfailedtoproduce.Consequently,itwasdecidedtoimplementanintelligent

completiontofacilitatemulti-stagefracoperations(Figure.11).

Thecompletionfeaturesseveralproductionsleeves,fracports,andastraddle

packer.Althoughsomehydrocarbonswereencounteredafterthefracoperations,

with40% ofoilafterthe2ndfracstageand30% afterthe3rdstage,subsequent

workoveractivitiesfrom 09/03/2019to14/06/2019aimedprimarilyatretrievinga

stuck snubbing 2 "3/8 yielded no hydrocarbon indicators,even aftermultiple

cleanouts.ItwasonlyduringthelastmatrixtreatmentwithMudAcidthattracesof

hydrocarbonsweredetectedinthereturn.Thenear-wellborereservoirformation

mayhaveincurreddamageduetomudinvasion.Thewellissituatedinzone23-

Complexe,asdepictedintheaccompanyingdetailedmapofthewelllocationand

relevantoffsetwells.).

FIGURE11:MDZ657WELLLOCATIONMAP[15]

4.2 Treatmentobjective

Themainpurposeofthatinterventionistouseacombinedtreatment"Reformat-
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HCI15%"toremovethemuddamageandattempttorestorethehydrocarbon

pathwayintoproduction.

 CurrentWellSituation:[15]

ilfautaussiparlerdulogicielouprogrammequeavezutilisé

ilfautbiencommentercesfigureenparlantdeleursréférences

FIGURE12.MDZ657WELLPRODUCTIONPARAMETERTHEWELLISCURRENTLYSHUT-IN

FIGURE13.MDZ657WELLPRODUCTIONPARAMETER[15]
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4.3 WELLDATA[15]

TABLE2WELLDATAMDZ65

Wellname MDz-657

WellType Oilproducer

RockType Sandstone

Casingsize 7",32#/ft3450m TR

Completion 4/2"113.5#/ftPli0,4316m

BHP
PFS(25/04/2014)

PG=364.36kg/cm2

Totaldepth 4316m TR(WD:3461.5m)

CurrentTD 4305m TR(Copperheadplugdepth)

KOP 3135m TR

Restriction

ID3.75"Openholepacker1at3473.19m

ID3.75"Openholepacker2at3572.35m

ID3.75"Openholepacker3at3658.30m

ID3.75"openholepacker4at3953.73m

ID3.75"openholepacker5at4254.67m

FracPortsdepth

stage1:4113.47-4145.38m FracPort

@ 4116.17m

stage2:3797.61-3829.52m FracPort@

3,800.31m

stage3:3527.48-3559.39m

FracPort@ 3,530.18m
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4.4 WellTestMDZ657[15]:

Thepressuretestmeasurementhistoryofthewellsummarizedinthe

followingtable:

TABLE3MDZ657WELLTEST[15]

type
of

Test

Date

Pressionkg/cm
Debit

m3/h

Index

Prod.lnj.

Hk

Skin Duse remarque
Gisement

Fond

dyn
Tete proche Lointain (Hw*Kyz

DST 26/03/2013 431.46 274.41 46.4 Huile 0.13 0.044 0 0 24 -2.7 9.53

Realisedansle
04.vs1000
m.AziNIIO.
Incl89.30,

realiseaTD
3461m.

PFD@-2935
m.

PFS 24/07/2013 0 0 0 0 0 0 0 0 0 0 0

Puitsn'as
atteintla

stabilité.PGnon
representative.

PFS
25/04/2014

364.36 0 138.37 0 0 0 0 0 0 0 PFS

PFS 30/04/2021 385.48 0 153.63 0 0 0 0 0 0 0 0
Lacolonne

rempliedel’huile

BUILD

up
11/10/2021 364.28 0 46 0 0 0 0 0 0 0 9.53

MesureBU
considérée

commePFS,
Kickoffnégatif

(

puitsnon
eruptive)

PFS 11/12/2022 376 0 152 0 0 0 0 0 0 0 0
columnfillof

Oil

 ProductionCharacteristics:

Table4Productionwelltesting[15]

Datede Diam unite debit GOR PRESSION Temp K DEBITEAU(I/h) OBSERVATION
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measure Duse

mm

separ
HUILE GAZ TETE PIPE SEPAR HUILE PSI

RECUPEREE INJECTEE

 PUITS

23/03/2013
9.53 1440 153 6.13 153 46.4 10 04.49 29 0.4377 0

……..

4.5 GeologicalCharacteristics

4.5.1 PLAN

FIGURE14:MDZ657PROFILE[15]

DEPLACEME (
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4.5.2 ShortRadiusAzimuth

FIGURE15:MDZ657SHONRADIUSAZIMUTH[15]

Formations&Petro-physicalCharacteristics.
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FIGURE16MDZ657FORMATIONS&PETRO-PHYSICALCHARACTERISTICS.[15]

4.6 WELLInterventionHistory:

TABLE5MDZ657LASTWELLINTERVENTIONS[15]

Nb DateFin Operations Sous/operation

01/01/2024 01/01/2024 OPERATIONSPECIALE OPERATIONSPECIALE

01/01/2024 01/01/2024
OPERATION

SPECIALE
kickoff

21/12/2023 21/12/2023
OPERATION

SPECIALE
MatrixAcidizingDay2:Squeeze

20/12/2023 20/12/2023
OPERATION

SPECIALE
MatrixAcidizing,Day1:TCWithJetBlas

11/12/2022 11/12/2022 WIRELINE MesuredepressionPFS

09/12/2022 09/12/2022 WIRELINE MesuredepressionPFS

11/10/2021 11/10/2021 WIRELINE MesuredepressionLBU

07/10/2021 07/10/2021
OPERATION

SPECIALE
Kickoff+Jaujeage

06/10/2021 06/10/2021 WIRELINE MeasuredepressionLBU

30/04/2021 30/04/2021 WIRELINE MeasuredepressionPFS
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01/10/2019 01/10/2019
OPERATION

SPECIALE
CLEANOUT

28/07/2019 28/07/2019
OPERATION

SPECIALE
OPERATIONSPECIALE

28/07/2019 28/07/2019
OPERATION

SPECIALE
Cleanout+KOaprèsWO2emetentative

20/07/2019 20/07/2019
OPERATION

SPECIALE
Cleanout+KickOff2emetentative

13/07/2019 13/07/2019
OPERATION

SPECIALE
MiseenproductionaprèsWO

15/06/2019 15/06/2019 WIRELINE Controle

14/06/2019 14/06/2019 WIRELINE Controle

12/06/2019 12/06/2019 WIRELINE Instrumentation

4.7 ThewellMDZ657:ZONEHASSIMESSAOUD

Thewellhasbeendrilledandcompletedon05/04/13ashorizontalopenhole,

thewelldidnotproduceeventhoughtheDSTgavearesultofQ=6.13m3/hofoil.It

has been decided to run an intelligentcompletion to allow multi-stages frac

operations.Thecompletionisequippedwithseveralprodsleevesandfracports,

straddlepacker.Althoughwehadsomehydrocarbonsafterthefracoperation,[40%

ofoilafterthe2ndfracstage,and30%ofoilafterthe3rdfracstage].[15]

However,afterthelastworkover[09/03/2019to14/06/2019]aimedmainly

tofishthestucksnubbing2"3/8therewerenoindicatorsforhydrocarbonseven

afterseveralcleanout,tillthelastmatrixtreatmentwithMudAcidwheretherewere

sometracesofhydrocarbonsinreturn.Thenearwellborereservoirformationmight

havebeendamagedbythemudinvasion.

Asalastattempttorestorethewellproductivitybeforegoingforotherexpensive

operations(perforation&fracordrillinganothershortradius),werecommendthat
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stimulationdesignthataimsto:

 WashintensivelyofthePortsleevesintervalsofLinerwithcombinationof

Reformat,TreatedWaterandHCI7.5%byusingaHigh-PressureJettingTool

(Pulsonix/PowerWave).

 Ensurethatthereisno communicationbetweentubing and annulusby

performinganannuluspressuretestsofbothAl=4"1/2x9"5/8andA2=9"5/8

x13"3/8duringthefirstdaybeforegoingforthematrixtreatment.

 Unloadallthespentacidandothertreatingfluidsbycontinuouspumpingof

nitrogen.

 Treatingtheformationbyapreflushofaromaticsolvents(Reformat)and

leavingitsoakingovernight;whichwouldensureagoodflow backlaterby

decreasingtheviscosityofthetreatingfluidsandmudfiltrateifitmightexist.

Aromaticsolventswouldaswellliberatethesurfacecontactofthemudcake

from anyviscousfilm thatmightexistwhichcouldpreventtheHCI15%from

reactingefficientlywiththeMudcakeCaC03particles.

 Perform a stimulation with high concentration ofHCI15% as a main

treatment.

 However,asthespenttreatingfluids'viscositymightincreaseafterreaction

ofHCI15%,anoverfushofreformatwillbefollowedinordertodecreasethe

viscosityofspenttreatingfluids,whichwouldensureagoodflowback.

 Theoverflushreformatwouldensureaswelldeeppenetrationofthehighly

corrosiveHCl15%intothenearwellformationandpushingitawayfrom the

completion.

 Ensurecontinuouskickoffattheendofthetreatmentuntilalldissolved

materialsandspentacidaredisgorgedfrom thewellbore.

 Putthewellbackintoproductionandevaluateitwith"Jaugeage"onceall

wellflowparametersarestabilized.
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FIGURE17THEPROCEDURETHATWEDONEINTHEWELLMDZ657[15]

 Firstday:Reformat/TW/HCI7,5% intensiveLinerwashwithHPJT and

annuluspressurestest.

 Secondday:FillingthewellwiththeDeadOilthensqueezing40m3Reformat

intoformationandleavingthewellshut-inandtreatmentsoakingovernight.

 Thirdday:TreatingtheformationwiththeHC115%followedbyanover-flush

ofreformat,thenkickingoffthewellandobservingthefluidsonreturn.

EquipmentandProduct:

4.7.1 Equipment

 OneCoiledTubingUnit(1"3/4sizeforisrecommended

fortwofirstdays).

 One(01)High-pressurepumpingunit

 One(01)High-pressureN2convertor

 Three(03)tanksfortransportingandmixingproducts

 Jettingnozzleonthe1stday.Full-borenozzleforthe

squeezeon2ndand3rdday.

4.7.2 Products

 27m3TreatedWater2%NH4Cl.

 14m3ReformatfortheLinerwash.[1stday].

 12m3HC17.5%fortheLinerwash.[1stday].

 34m3DeadOilforfillingthewell.[2ndday]
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 40m3Reformatforthesqueeze.[2ndday]

 24m3HC115%withtreatingadditives.[3rdday]

 08m3Treatedwater3%NH4Cl.[3rdday]

 21m 3Reformatfor:RIH&Squeeze.[3rdday].

 21m 3LiquidNitrogenfor1stdayand3rdday.

4.7.3 JobProcedurefortheStimulationTreatment

4.7.3.1 Day01

TheprocedureforcleaningoutthelinerwithReformat,TW,andHCI7.5%inthe

annuluslargelyfollowsa familiarsequence,emphasizing safetyand thorough

equipmentpreparation.Itbeginswithameticulousvisualinspectiontodetectany

surfaceleaks,followed bytheinstallation ofan adjustablechokeforcontrol.

Equipmentsetupistheninitiated,includingthepositioningofcoiledtubing,high-

pressurepumpingunits,N2units,andchemicalmixingtanks.Treatinglinesare

meticulouslyprepared,ensuringtheyarefilledwithtreatedwaterandfreefrom

obstructions.Riggingupthecoiledtubinginjectorprecedesaseriesofpressure

tests,startingwithlow-pressureassessmentsat300psifor5minutes,escalating

tohigh-pressuretestsat5000psifor10minutes.Notably,aseparatepressuretest

oftheDownholeFlow ControlValve(DFCV)against1500-2000psiisconducted,

ensuring comprehensive integrity across the system.This detailed protocol

underscoresthecommitmenttooperationalsafetyandefficiencyinthecleaning-

outprocess.

theprocessbeginscautiously,withthewellopenedtotheflareline.Initially,the

coiledtubingisinsertedataslow paceof5metersperminute,whilecirculating

treatedwater(TW)ataminimalrate.Subsequently,thespeedofthecoiledtubingis

graduallyincreasedwithinallowablelimits.Throughouttheoperation,thenitrogen

rateisadjusted asnecessaryto facilitatereturns,particularlyin theeventof

encounteringhardtagsorfriction.Shouldthecoiledtubingencounterdifficulties,

suchashardtaggingorincreasedfriction,theTW rateiselevatedaccordingly.Once

thecoiledtubingreachesthedepthof3000meters,theTW rateisfurtherincreased

to 0.8-1 barrels perminute (bpm),and the fluid is switched to Reformat.

AdjustmentsaremadetoboththecoiledtubingspeedandReformatratetoensure
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aconsistentflow ofReformatatthenozzle.Atthedepthof3526meters,high-

pressurejettingalongthelinercommences,spanningfrom 3526to4304meters.

Throughoutthisprocess,thewellischokedto300psiforoptimalcontrol,afterthat,

StartPOOHtokickoffpointwhileliftingwithN2andensurethatalltreatingfluids

aredisgorgedfrom thewellbore.

UponcompletingtheoperationofPullingOutofHole(POOH)withthecoiled

tubingtosurface,thenitrogensupplyishalted.Thecoiledtubingisbroughttothe

surface,wheretheswabvalveisclosed,andallpressureisgraduallybledoff.

Followingthis,therigislowereddowntopreparethecoiledtubinginjectorforthe

nextday'soperation.TheBottom HoleAssembly(BHA)isreadiedwithafull-bore

nozzleinanticipationoftheupcomingoperations.Thismeticulousprocessensures

thesafeandefficientconclusionofthecoiledtubingoperationwhilepreparingfor

subsequentactivitieswithduediligence.[15]

TABLE5CTOPERATION[15]

From(m) To(m)

Interval

length

(m)

System
CTSpeed

m/min
Q(bbl/min)

Time

(min)
Volume

3526m 4304m 778
Nitrified

Reformat
15 16 52

14

4304m 3526m 778
Nitrified

TW
15 12 52

10

3526m 4146m 620

Nitrified

HCI

7.5%

13 15 48

12
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4146
3526m

620
Nitrified

TW
15 12 42

8

4.7.3.2 Day2

TheprocessbeginsbyassemblingtheBottom HoleAssembly(BHA)withafull-bore

nozzle,ensuringitsintegritybypumpingfluidthroughitandconfirmingthereareno

partialblockages.Subsequently,thecoiledtubinginjectorisriggedup,andpressure

testingensues.Alltreatinglinesarepressurizedwith2%treatedwater(TW),firstata

lowpressureof300psifor5minutes,thenatahighpressureof5000psifor10minutes.

Additionally,theDownholeFlowControlValve(DFCV)undergoesapressuretestagainst

1500-2000psi

Uponreachingadepthof3000meters,theTW rateisaugmentedto0.8barrelsper

minute(bpm).AtTotalDepth(TD),thewellischoked,andthefluidisswitchedtoDead

Oil.Thecoiledtubingisthenparked2metersaboveTD,andthewellisfilleduntil

confirmationoffluidreturnisobtained.

Followingthis,theannuluspressureisgraduallyincreasedto30bar,withA2

maintainedat15bar.Subsequently,a40m3volumeofReformatisintroduced,and

thewellisclosedoncetheReformatreachesthenozzle.TheremainingReformatis

thensqueezedintothereservoirformationatthemaximum allowablerate.This

meticulousprocedureensuresthesystematicandefficientexecutionofcoiled

tubingoperationswhileprioritizingsafetyandintegritythroughout.Theoperation

transitionstoPullingOutofHole(POOH)withthecoiledtubingtothesurface.The

coiledtubingisthendisplacedwithDeadOil.Uponreachingthesurface,thecoiled

tubingispositioned,theswabvalveisclosed,andthetreatmentislefttosoak

overnight.Subsequently,alltrappedpressuresarebledoff,andtherigislowered

downfrom thecoiledtubinginjectorhead

4.7.3.3 Day03

TheoperationbeginsbyassemblingtheBottom HoleAssembly(BHA)withafull

borenozzle,followedbypumpingfluidthroughtheBHAtoensurethenozzleisnot

partiallyplugged.Subsequently,thecoiledtubinginjectorisriggedup,andpressure
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testingisconductedusingfreshwater.Alltreatinglinesandthemastervalve

undergoapressuretestatlowpressure(300psi)for5minutes,followedbyahigh-

pressuretest(5000psi)for10minutes.TheDownholeFlowControlValve(DFCV)is

alsopressuretestedagainst1500-2000psi.Aftertesting,thefreshwaterisflushed

totheflareline,andthesystem isdisplacedwithreformat.Next,themastervalves

areopenedwhiletheproductionwingvalveremainsclosed,andthepressureis

recorded.CoiledtubingoperationscommencebyRunninginHole(RIH)throughthe

Christmas tree ata slow speed of5 meters perminute (m/min),gradually

increasing to theallowablelimit.Circulation isestablished with reformatata

minimalrate.

UponreachingTotalDepth(TD)at4304meters,theannuluspressureisgradually

increasedto30bar,withA2maintainedat15bar.Squeezingoperationsthen

commence as follows:[Insert details of squeezing operations here].This

comprehensive procedure ensures the systematic execution ofcoiled tubing

operationswhilemaintainingsafetyandintegritythroughout.[15]

 08m3Treatingacid(15%HCL) 1ststage@ 4116m TR

 04m3OverflushReformat

 0.5m3SpacerTreatedWater3%NH4Cl

 1m3Foam (2,000scf/bbl)

 0.5m3SpacerTreatedWater3%NH4Cl

 08m3Treatingacid(15%HCI) 2ndstage@ 3800m TR

 04m3OverflushReformat

 0.5m3SpacerTreatedWater3%NH₄Cl

 01m3Foam (2,000scf/bbl.)
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 0.5m3SpacerTreatedWater3%NH₄Cl

 08m3Treatingacid(15%HCI) 3rdstage@ 3530m TR

 04m3OverflushReformat

 CTstringvolumeofTW 3%NH4Clfordisplacement.

Followingthecompletionofsqueezingalltreatingfluidsintotheformation,the

production wing valves are opened.Subsequently,A2 and Alare slowlyand

respectivelybledtoatmosphericpressure.Thisstepensurescontrolledpressure

releasefrom theannulus.Toensurecontinuouskick-offanddisgorgealltreating

fluidsfrom thewellbore,adjustmentstokick-offdepthandnitrogenratemaybe

necessary based on the return observed atthe flare line.Afterensuring a

successfulkick-offanddischargingoftreatingfluids,theoperationproceedswith

PullingOutofHole(POOH)ofthecoiledtubingtothesurface,withnitrogensupply

stopped.Oncethecoiledtubingreachesthesurface,allpressureisbledoff,andthe

rig is started down from the coiled tubing injectorhead.Subsequently,all

equipmentisdemobilized in asystematicmanner.Thismeticulousprocedure

ensures the safe conclusion ofcoiled tubing operations while preparing for

equipmentretrievalanddemobilization.[15]

NOTES

EnsurethatallPressureControlEquipmentareinstalledincludinganadequate

lubricator.

To ensurethatCT string canbepulled outsafely,monitortheweight

indicatorcontinuouslyandmakePullTest(s)andchecktheweightregularly,at

leastevery600m intheverticalsectionandrepeatitwheneveranyabnormal

weightchangeobserved.

BeforepassingthroughanyrestrictionorifanyCTweightlossisnoticed,

adjusttheCTtolowspeedandincreaseliquidpumpingrate,ifthefrictionsstill
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exist,pickuptheCTandstartpumpingnitrifiedwaterwithhighrateallwhile

tryingtoRIHagainandpassingthatsectionsuccessfully.

MakesuretohaveagoodreturnotherwisestoptheCTandwaitforreturn.

N2ratecouldbeadjustedifitisrequired.

The pumping rate and CT speed could be readjusted allthatwithout

exceedingtheworkinglimitations.

Makesuretobleed-offofallpressure,beforestartingtherigdown
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Appendix1wellschematic

FIGURE18WELLTECHNICALDATASHEET[15]
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FIGURE19WELLTECHNICALDATASHEET[15]
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1 Conclusion
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BeforeproceedingwithAnytypeoftreatmentinthewellsofHassiMessaoud,a

comprehensiveStudyisessential.Thisstudyincludesthewellhistory,production

and/orinjectionparameters,aswellastheanalysisoftherecovereddeposits.It

helpstounderstandanddeterminethenatureofthedamage,itslocation,the

meanstotreatit,andtheappropriateacidformulationforeachtypeoftreatment.

Additionally,itaidsinanalyzingandinterpretingtheresultsofthetreatmentsto

improvetheirefficiencyandreduceinvestmentcosts.

Theanalysisoftheresultsfrom acidtreatmentscarriedoutinwellsMDZ657

 Identifying the Type ofDamage:Accuratelydetermining the type of

damageiscrucialforselectingtheappropriatetreatmentmethod.Proper

identificationallowsforthemosteffectivetreatmentandacidformulation.

 EffectivenessofAcidification:Wellsdamagedbymechanicalinterventions

(such as snubbing orworkover)show more significantgains from

acidificationcomparedtothosedamagedbynaturalprocesses(likefines

migration).Mechanicaldamages are more readily corrected by acid

treatments.

 ImpactofDamage Skins:Largerdamage skins correlate with better

operationaloutcomespost-treatment.Wellswithhighskinvaluestendto

showsubstantialimprovementsafteracidification.

 OperationalChallenges:Even when damageisreduced,theexpected

increaseinflow ratecanbeobscuredbyotheroperationalissues.A

comprehensive approach addressing all production challenges is

necessary.

 PenetrationofMudAcid:Despiteitsstrongdissolutioncapabilities,Mud

acidhaslimitedpenetrationintotheformation,whichcandiminishits

effectiveness.

 AcidVolumeLimitations:Thelimitedvolumesofinjectedacidimpact

treatmentresults.Insufficientacid amounts may notreach allthe

damagedzoneseffectively.

 OutdatedWellTests:Somewelltests(BuildUp)areoutdated,potentially

leadingtoinaccurateskinestimations.Updatedandaccuratetestingis

essentialforreliabledata.

 Low PermeabilityIssues:Low permeabilityformationsdonotallow for

good penetration of treatment acids,limiting the effectiveness of

acidificationoperations.

FinallyTooptimizewelltreatmentsinHassiMessaoud,itiscrucialtoconducta

thoroughpreliminarystudy.Thisstudyshouldincludethewellhistory,analysisof



4 CONCLUSION

62

productionparametersandrecovereddeposits,andapreciseassessmentofthe

damageanditslocation.Theresultsshowthattreatmentsmustbeadaptedbased

onthetypeandseverityofthedamage,andotheroperationalproblemsmustalso

beaddressedtomaximizeproductiongains.Managingthevolumesofinjected

acidsandupdatingwelltestsarealsoessentialforimprovingtreatmentefficiency

andreducingcosts.
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