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Development Phase
 September – October 2005©abalt solutions limited - 2005
 INTRODUCTION TO HYDROCARBON EXPLOITATION
 Abalt Solutions
 Introduction to Hydrocarbon Exploitation
 ©2005 Abalt Solutions Limited. All rights reserved
 Development Phase
 Drilling FluidsBy Pratap Thimaiah
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 Functions of Drilling Fluids
 Many requirements are placedon the drilling fluids
 Historically, the first purposewas to serve as a vehicle for theremoval of cuttings from thebore hole.
 Nowadays, the diverseapplications of drilling fluidsmake difficult the assignment ofspecific functions.
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 Functions of Drilling Fluids
 1. Reduce friction between the drillstring and the side of the hole
 2. Maintain hole stability3. Prevent inflow of fluids4. Form a thin, low permeability,
 filter cake which seals poresand other openings informations penetrated by thebit
 5. Carrying Cuttings up to thesurface
 6. Cool and clean the bit7. Assist in collection and
 interpretation of data
 1
 2
 4
 5
 6
 4
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 Functions of Drilling Fluids
 An optimum drilling fluid is a fluid properly formulatedso that the flow rate necessary to clean the hole results inthe proper hydraulic horsepower to clean the bit for theweight and rotary speed imposed to give the lowest cost,provided that this combination of variables results in astable borehole which penetrates the desired target.”
 RotarySpeed
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 Major Functions
 Control Subsurface Pressure– Subsurface Pressure is controlled by the fluid
 hydrostatic pressure (force exerted by a fluid columnand depends on mud density and TVD).
 – Drilling fluid must overcome both the tendency for thehole to collapse from mechanical failure and/or fromchemical interaction of the formation with the drillingfluid.
 0.052hP D Ph : Hydrostatic Pressure(psi)
 : Mud Density (ppg)
 D : True vertical depth (ft)
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 Major Functions
 Transport Cuttings– Increasing annular velocity improves cuttings transport.– Increasing mud density increases the carrying capacity.– Increasing viscosity often improves cuttings removal.– Rotation tends to throw cuttings into areas of high fluid
 velocity from low velocity areas next to the borehole walland drill string.
 – Increasing hole angle generally makes cuttings transportmore difficult.
 – Fluids must have the capacity to suspend weight materialsand drilled solids during connections, bit trips, and loggingruns.
 – Failure to suspend weight materials can result in a reductionin the drilling fluid density, which in turn can lead to kicksand a potential blowout.
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 Major Functions
 Support and Stabilize theWellbore– Hydrostatic pressure
 acts as a confining forceon the wellbore
 – Stability is enhanced bycontrolling the loss offiltrate to permeableformations and thechemical composition ofthe fluid
 StickingForce
 LowPressure
 Formation
 WallCake
 F
 8
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 Functions
 Support weight of tubulars– Fluid buoyancy supports part of the weight of the drill
 string or casing.– Increasing mud density, increases buoyancy. To
 model this relationship, the buoyancy factor is used.
 65.4 ( )65.4
 BF
 BF : buoyancy factor for steel
 : density (ppg)Hook load = tubular string air weight *BF
 300TON
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 Functions
 Cool and lubricate the bit and drill string– Contact between the drill string and wellbore
 generates heat and friction and creates considerabletorque during rotation and drag during trips.
 – Circulating drilling fluidtransports heat away from these frictional siteslubricates the bit tooth penetration through the
 bottom hole debrisServes as a lubricant between the wellbore and
 drill string thus reducing torque and drag Assist in gathering subsurface geological data and
 formation evaluation– From drilled cuttings, cores and electrical logs
 10
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 Additional Requirements
 Not injure drilling personnel nor be damaging tothe environment.
 Not require unusual or expensive methods ofcompletion of drilled hole
 Not corrode or cause excessive wear of drillingequipment
 Not interfere with the normal productivity of thefluid-bearing formation
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 Composition of Drilling Fluids
 Drilling fluids are classified according totheir base:
 – Water base muds: The continuousphase is water or brine. Solids particlesare suspended and oil emulsified.
 – Oil base muds: The continuous phaseis oil. Solids particles are suspendedand water or brine is emulsified.
 – Gas: Drill cuttings are removed by ahigh velocity stream of air or naturalgas. Foaming agents are added toremove minor inflows of water.
 12
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 Drilling fluids additives
 For developing key properties on the mud we use:– Weighting materials– Viscosifiers– Filtration control materials– Rheology control materials– Alkalinity and ph control materials– Lost circulation control material– Lubricating materials– Shale stabilizing control materials
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 Weighting materials
 For increasing the mudweight: 1. Most weighting materials are
 insoluble and require viscosifiersto enable them to suspend in afluid
 2. The higher the specific gravity ofthe solid material, the morevolume is required to produce acertain mud weight
 Fluids additives
 14
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 Barite (BaSO4)
 It is the most commonly used SG range between 4.20 and 4.60 Low cost High purity Can be used to achieve densities
 up to 22 ppg Rheological properties are difficult
 to control at very high mudweights, because the increasedsolids content
 Barite
 Weighting materials
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 Iron Minerals
 SG in excess of 5 More erosive than other weighting materials May contain toxic materials The most commonly used iron minerals are:
 1. Iron Oxides (hematite): for attaining densitiesup to 22 ppg but its magnetic behaviourinfluences directional tools and magnetic logs
 2. Iron Carbonate (siderite): for attaining densitiesup to 19 ppg
 3. Illmenite: for attaining densities up to 23 ppg. Itis inert but abrasive.
 1 2 3
 Weighting materials
 16
 Abalt Solutions
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 Calcium Carbonates
 SG range between 2.60 and2.80
 It can react and dissolve inhydrochloric acid. Thereforefacilities removal of the filtercake formed on productivezones.
 For attaining densities of up to12 ppg
 Dolomite is a calcium –magnesium carbonate that canachieve densities of up to 13ppg
 calcite
 dolomite
 Weighting materials
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 Lead Sulphides (Galena)
 SG range between 7.40 and 7.70 Can produce mud weights of up to 32 ppg It is expensive & toxic . Used mainly on very high pressure wells
 Galena (PbS)
 Weighting materials
 18
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 Viscosifiers
 The ability of the drilling mud to suspend drill cuttings andweighting materials depends entirely on its viscosity. Theincrease in viscosity manifest itself by increased pressurelosses in the circulation system.
 Fluids additives
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 Clays
 Natural, fine-grained materials that develop plasticity whenwet.
 The most common are:– Bentonite
 used to build viscosity in fresh water.If used in salt muds, it has to be prehydrated in fresh
 water.– Attapulgite
 Excellent viscosity and yield strength even with saltwater.
 Poor sealing properties across porous andpermeable formations.
 – Organophillic claysMade from clays and organic cations.Can be dispersed in oil to form a viscous structure
 similar to that built by bentonite in water.
 Fluids additives
 20
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 Filtration Materials
 Compounds which reduce the amount of fluid that will be lostfrom the drilling fluid into a subsurface formation caused bythe differential pressure between the hydrostatic pressure ofthe fluid and the formation pressure.
 Fluids additives
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 Rheology control materials
 Materials that cause a change in the physical andchemical interactions between solids and/ordissolved salts such that the viscous and structureforming properties of the drilling fluids arereduced. These are:
 – Thinners– Dispersants– Deflocculants
 What do they do???filtration and cake thicknesscounteract the effects of saltsminimise the effect of wateremulsify oil in water and stabilise mudproperties at elevated temperatures.
 Fluids additives
 22
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 Alkalinity and PH control Materials
 The ph affects several mud properties including:– Detection and treatment of contaminants such as
 cement and soluble carbonates.– Solubility of many thinners and divalent metal ions
 such as calcium and magnesium.
 Among the alkalinity and ph control additives we include:– NaOH– KOH– Ca(OH)2
 – NAHCO3
 – Mg(OH)2
 Fluids additives
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 Lubricating Materials
 To reduce friction between wellbore & drillstring. Reducing torque and drag. Lubricating materials include:
 – Oil– Surfactants– Graphite– Asphalt– Gilsonite– Polymer– Glass beads
 Fluids additives
 24
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 Shale stabilising materials
 Shale stabilization is achieved by the prevention of watercontacting the open shale section. This can occur whenthe additives encapsulate the shale section or when aspecific ion (potassium) actually enters the exposedshale and neutralises the charge on it.
 Shale stabilisers include:– Polymers– Hydrocarbons– Potassium– Calcium salts (KCl)– Glycols
 Fluids additives
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 Water based muds
 26
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 Oil based muds
 When water is added as the discontinuous phase, thefluid is called an invert emulsion. These fluids are morecost effective than water in:– Shale stability– Temperature stability– Lubricity– Corrosion resistance– Stuck pipe prevention– Contamination– Production protection
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 Pseudo oil based muds
 Biodegradable synthetic base oil. Designed to behave asclose as possible to low toxic oil base muds utilisingmodified emulsifiers.
 Expensive systems that should only be considered indrilling hole sections that cannot be drilled using waterbase muds.
 The base oil that is being changed out can be one of thefollowing:
 28
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 Gas based fluids
 Limited applications such as the drilling of depletedreservoirs or aquifers where normal mud weights wouldcause severe loss circulation.
 Properties break down in the presence of water. Maximum drillable depth limited by compressors
 capability (~8,000 ft) The main types are:
 – Air– Mist– Foam– Aerated drilling fluid
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 Properties of Drilling Fluids
 Density Flow properties Control of Flow properties at the
 well Filtration properties Ph Alkalinity Cation exchange capacity:
 Methylene blue test Electrical Conductivity Lubricity Corrosivity
 30
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 Density
 Units: pounds per gallon (ppg)– 1 ppg = 0.052 psi/ft
 For calculating changes in the fluid volume or densityas a result of addition of solids or dilution:
 2
 12
 2
 12
 35100
 351470
 WWW
 V
 WWW
 X
 X = # of 100 lbs sacks per 100 bbls ofmud
 V = # of bbls increase per 100 bbls ofmud
 Properties
 W1 = initial mud weight (ppg)W2 = desired mud weight (ppg)
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 Density
 Pore pressure must be exceeded byat least 200 psi to prevent the inflowof formation fluids and lay down athin, low permeability filter cake (1)
 Excessive mud density:– Reduce the rate of penetration– Increase mud costs (2)– Increases the risks of sticking the
 drill pipe– May induce fracturing (3)
 Properties
 12
 3
 32
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 Density
 The buoyant effect of the mud onthe drill cuttings increases withits density, helping transportthem in the annulus.
 Formation solids (~2.6 SG) arenot recommended for increasingmud density greater than 11 ppgas it will increase viscosity causethe excessive amount of solids.Barite (~4.25 SG) is preferredinstead as much less amount ofsolids will be required.
 Barite FormationSolids
 Properties
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 Flow Properties
 The flowing properties of the fluids areprimarily responsible for removal ofthe drill cuttings. Unsatisfactoryperformance can lead to:– Hole enlargement (1)– Bridging the hole– Stuck pipe (2)– Filling the bottom of the hole with
 drill cuttings– Reduce penetration rate (3)– Loss of circulation (4)– Blowout
 Properties
 1 2
 3
 4
 34
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 Flow Regimes
 The relationship betweenpressure and velocity (flowregime) governs fluidsbehaviour.– Laminar flow prevails at
 low flow velocities. Flow isorderly, and the pressure-velocity relationship is afunction of the viscousproperties of the fluid
 – Turbulent flow prevails athigh velocities. Flow isdisorderly, and is governedprimarily by the inertialproperties of the fluid inmotion. Flow equations areempirical
 Flow Properties
 Transitionzone
 Velocity
 Laminar flow
 Turbulent flow
 Pressure

Page 18
                        

Development Phase
 September – October 2005©abalt solutions limited - 2005
 INTRODUCTION TO HYDROCARBON EXPLOITATION
 35
 Abalt Solutions
 Dev
 elop
 me
 ntPh
 ase
 -D
 rilli
 ng
 Flu
 ids
 ©2005 Abalt Solutions Limited. All rights reserved
 The Rheology of Drilling Fluids
 The study of the deformation and flow of matter allows toanalyse the drilling fluids in terms of wellbore hydraulics– fluid flow profile– viscosity– hole cleaning ability– pressure loss– equivalent circulating density
 36
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 Velocity Profile
 The shear stress (result of the friction force) whichresists fluid flow is analogous to the friction arising whenone fluid layer moves past another.
 The rate at which a fluid layer moves past another iscalled shear rate.
 Drilling FluidsRheology
 f1
 f4<f3f3<f2f2< f1
 V1 = 0 V2 > V1 V3 > V2 Vmax
 Fluid flowing up an annulus. Laminar flow.
 Flow layers
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 Velocity Profile
 Shear Stress (): force requires to sustain a particular typeof flow. In laminar flow, shear stress is the frictional dragexisting between individual laminae.
 Shear Rate (): relative velocity of one lamina moving byadjacent lamina, divided by the distance between them.
 Viscosity (): representation of a fluids internal resistanceto flow, defined as the ratio of shear stress to shear rate.Expressed in poise.
 2
 lb100 ft
 forcearea
 1secdistancevelocity
 Drilling FluidsRheology
 38
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 Shear RatesDrilling Fluids
 Rheology
 Typical Shear Rates in a Circulating System
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 Flow models
 Newtonian Non Newtonian
 – Time IndependentBingham plastic
 fluidsPseudo plastic
 fluidsDilatant fluids
 – Time DependentThixotropic
 fluids
 Drilling FluidsRheology
 40
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 Newtonian
 Viscosity remains constant for all shear rates providingtemperature and pressure conditions remain constant.
 Water, glycerine and light oil are examples. Most drilling fluids are not this simple.
 Flow Models
 Consistency curve for Newtonian fluid.
 2
 48V LPD
 P: Differential Pressure in the circular pipe
 V: average velocity of the fluid
 : viscosity
 L: Pipe length
 D: Diameter. For flow in concentric annuli = difference between outerand inner diameters
 UNITS : Consistently use any Unit System
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 Non - Newtonian
 Do not show a direct proportionality between shear stressand shear rate.
 Viscosity varies with shear rate and is called effectiveviscosity
 Effective viscosity decrease as shear rate increase (shearthinning)
 Flow Models
 Consistency curve forNon - Newtonian fluid.
 Shear rate
 Shear stress
 Viscosity
 42
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 Bingham Plastic
 Yield a straight line relationship between shear stress andshear rate that do not pass through the origin. A finite shearstress (Yield Point “y”) is required to initiate flow.
 Most widely used mathematical rheological model in theoilfield, specially for low shear rates found in the annulus.Data are generated from the 600 and 300 rpm reading on anVG meter.
 Non – Newtonian Flow Models
 y
 p
 2
 600 300
 300
 -1
 dynescm
 cp
 lbs100 ft
 1.7032* s
 y p
 p
 y p
 RPM
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 Plastic Viscosity (p)
 Effective viscosity as shear rate approaches infinity Part of the resistance to flow caused by mechanical
 friction, caused by:– Solids concentration– Size and shape of solids– Viscosity of the fluid phase
 Increase in the volume percent of solids increases theplastic viscosity.
 Decreasing surface area (avoiding solid fragmentation)decreases plastic viscosity.
 Controlling plastic viscosity involves controlling size,concentration and shape of the solids
 Bingham Plastic
 44
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 Yield Point (y)
 Initial resistance to flow caused by electrochemicalforces between the particles. Due to charges on thesurface of the particles dispersed in the fluid phase.
 High viscosity resulting from high yield point is causedby:– Introduction of soluble contaminants such as salt,
 cement, anhydrite– Breaking of the clay particles through mechanical
 grinding (increasing surface area)– Introduction of inert solids such as barite– Drilling hydratable shales or clays which increase
 attractive forces by bringing particles closer together– Insufficient deflocculant treatment
 Bingham Plastic

Page 23
                        

Development Phase
 September – October 2005©abalt solutions limited - 2005
 INTRODUCTION TO HYDROCARBON EXPLOITATION
 45
 Abalt Solutions
 Dev
 elop
 me
 ntPh
 ase
 -D
 rilli
 ng
 Flu
 ids
 ©2005 Abalt Solutions Limited. All rights reserved
 Gel Strength
 Gel strengths, 10-seconds and 10-minutes, measured onthe VG meter, indicates strength of attractive forces(gelation) in a drilling fluid under static conditions.Excessive gelation is caused by high solids concentrationleading to flocculation.
 Neither progressive gels “deflocculated muds” (widerange of difference between early and later reading), norhigh flat gels “flocculated muds” (high range similarreadings) are desirable as can cause:– Swabbing when pipe is pulled– Surging when pipe is lowered– Difficulty in getting logging tools to bottom– Retaining of entrapped air or gas in the mud– Retaining of sand and cuttings while drilling
 Similar chemical treatments to yield point control apply togel strength control
 Bingham Plastic
 46
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 Apparent Viscosity (a)
 Viscosity of a drilling fluid at 600 RPM; measure by theVG meter
 Bingham Plastic
 600
 2a
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 Effective Viscosity (e)
 The effective viscosity from a VG meter is the viscosityof the drilling fluid at that particular RPM.
 Bingham Plastic
 @300 anyRPMe RPM
 48
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 Pseudoplastic Fluids
 The effective viscosity of apseudoplastic fluid decreases withincreasing shear rates.
 Pseudoplastic fluids are definedusing the Power Law equation
 Non – Newtonian Flow Models
 log
 log (o)
 log K
 n300
 300
 300
 3
 100
 0.5log
 n
 n
 K
 K
 n
 K: measure of a mud’s consistency atvery low shear rates. The larger thevalue, the more viscous is the fluid at lowshear rates.
 n: measure of the degree of non –Newtonian behaviour. Forpseudoplastic fluids, 0 < n < 1
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 Thixotropic Fluids
 Exhibit time dependent behaviour. Develop a gelstructure when at rest.
 The strength of the gel structure depends on time The structure begin to break as shear is initiated.
 Non – Newtonian Flow Models
 50
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 Yield Power Law
 Virtually all drilling fluidscharacteristics of bothpseudoplastic and thixotropicfluids.
 The Yield Power Law (Herschel-Bulkley) may be thought of as acombination of the Bingham Plasticand Power Law models
 Non – Newtonian Flow Models
 3 62
 no
 o
 K
 log (o)
 log K
 n
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 Control of Flow Properties
 Maintaining the rheological characteristics of drilling fluidwhile drilling gets complex because:– Dispersion of drilled solids into the mud– Adsorption of treating agents by drilled solids– Contamination by formation fluids
 The influence of drilling fluids on well performance ismost critical in the pipe/hole annulus; therefore, mudsamples are taken directly from the flow line, and testedbefore any thixotropic change takes place.
 Flow Properties
 52
 Abalt Solutions
 Dev
 elo
 pmen
 tPh
 ase
 -D
 rilli
 ngFl
 uid
 s
 ©2005 Abalt Solutions Limited. All rights reserved
 Control of Flow Properties
 A two speed concentric viscometer enables the p, y, a at600 RPM to be obtained. Gel strength (10 s and 10 minutesafter agitation ceases) and the Power Law constants, n andK may also be calculated.
 Because of the indefinite nature of the yield point at lowshear rates, the initial gel strength is often used instead ofthe yield point for flow properties in the annulus.
 Flow Properties
 Fann VGmeter
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 Control of Flow Properties
 The plastic viscosity (p) and K depend on the bulkvolume of solids in the mud and on the viscosity of thesuspended liquid.
 The yield point (y) and the gel strength depend moreon the presence of colloidal clays, and on contaminationby inorganic salts.
 The flow index (n) and y /p are indicators of the shearthinning properties.
 The difference between the initial gel strength and thattaken after 10 minutes rest period indicates how thickthe mud will get during round trips
 Flow Properties
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 Control of Flow Properties
 Gel strength is increased by adding bentonite. It shouldbe just high enough to suspend barite and drill cuttingswhen circulation is stopped.
 High gel strength should be just high enough to suspendbarite and drill cuttings when circulation is stopped.
 Higher gel strengths may cause:– Swabbing: reduction on the mud column pressure
 below the bit that may induce formation fluidsentering in the wellbore.
 – Surge: pressure increased caused by downwardmotion of the pipe that may induce fracturing andconsequent loss of circulation
 Thinners, used for reducing gel strength may tend todisperse the clay into small particles, therefore makingmore difficult the control of viscosity.
 Flow Properties
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 Filtration Properties
 Stable formations with low permeability such as densecarbonates, sandstones and lithified shales, can usually bedrilled with little or no control of filtration properties.
 In permeable formations, filtration properties must becontrolled in order to prevent thick filter cakes fromexcessively reducing the gauge of the borehole. Thick filtercakes may cause differential sticking which must be avoidby maintaining low mud densities and adding lubricants.
 Filtration rate and mud spurt must be minimized onproductive formations, to avoid swelling of indigenousclays and the formation of bottlenecks in the flow channels.
 The pressure of some reservoirs is not great enough to driveall of an aqueous filtrate out of the pores of the rock whenthe well is brought into production.
 Drilling FluidsProperties
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 pH
 Relative acidity or alkalinity of a liquid. Corresponds tothe negative logarithm of the hydrogen-ionconcentration.
 At a pH of 7, the hydrogen-ion concentration is equal tothe hydroxyl-ion concentration and the liquid is neutralas water.
 pH units decrease with increasing acidity by a factor of10.
 The optimum control of some mud systems is based onpH. A mud made with bentonite and fresh water will havea pH of 8 to 9. Contamination with cement will raise thepH to 10 to 11, and treatment with an acidicpolyphosphate will bring the pH back to 8 or 9.
 Mitigation of corrosion include pH control.
 Drilling FluidsProperties
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 Corrosivity
 Principal cause of drill pipe failureMonitored by placing steel rings in tool-joint
 box recess at the end of the pin anddetermining the loss in weight after aselected time of exposure to the drilling fluid.
 Observation of the type of corrosive attack ismore significant than observation of the lossin weight.
 Some corrosion inhibitors may severely affectthe properties of water muds.
 Drilling FluidsProperties
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 Selection of Drilling Fluids
 Location Mud-making
 shales Geopressured
 formations High temperature Hole instability Hole enlargement Fast drilling fluids
 Rock Salt High angle holes Formation
 evaluation Productivity
 impairment Solids removal
 equipment Optimisation
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 Location
 In remote locations, the ability of supplies must beconsidered.
 In offshore wells, it is obviously advantageous to utilisemuds that can tolerate sea water as its aqueous phase
 Government regulations designed to protect theenvironment restrict the choice of muds in somelocations
 Selection of Drilling Fluids
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 Geopressured formation
 Shallow formations are normally pressured andcan be drilled with unweighted muds.
 Weighted muds are required whengeopressured formations are encountered.
 When density over 14 ppg are required, a mudthat tolerates a high solids content, or an oilbased mud should be used.
 Selection of Drilling Fluids
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 High Temperature
 The constituents of drilling muds degrade with time atelevated temperatures, the higher the temperature thegreater the rate of degradation.
 Temperature and rate of degradation must be taken intoaccount when specifying the temperature stability of amud or its products.
 Selection of Drilling Fluids
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 Hole Instability
 Hole Contraction– Fragmentation of soft plastic formations and tight hole
 can be alleviated by shale stabilizing muds and byraising the density of the mud.
 Hole Enlargement– Can be prevented by the use of shale stabilizing
 muds.
 – Invert oil emulsion muds are best for shalestabilization, provided the salinity of the aqueousphase is high enough to balance the swelling pressureof the shale.
 – Potassium chloride polymer muds are the best waterbase muds for stabilizing hard shales.
 Selection of Drilling Fluids
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 Fast Drilling FluidsSelection of Drilling Fluids
 Air
 MistStable Foam
 Aerated Mud Foamwith back pressure
 Oil
 Water
 SaturatedSaltWaterGel and Water
 NativeClay &Waters
 Begin weighted mudSaturatedCaCl2 Water
 Weighted mud(barite)
 ppcfppg
 6.95
 52
 8.34
 62.4
 10.0
 75
 10.4
 7811.1
 83 12.0
 90
 20.01500
 Drilling fluids can be prepared ranging in density from that of air to 2 ½ times that of water
 Fast drilling fluids are low density, low viscosity, and lowsolids content.
 Air is the fastest fluid, but can only be used in stable,non-permeable formations.
 Clear brines can be used to drill hard rocks, but they havepoor carrying capacity.
 Because of their high viscosity, standard oil base muds donot permit fast drilling rates.
 64
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 Rock Salt
 An oil based mud or a saturated brine must be used toprevent the salt from dissolving and consequentlyenlarging the hole.
 The chemical composition of the brine should beapproximately the same as that of the salt bed.
 High densities are essential for deep salt beds. Maintaining the salinity slightly below saturation will
 offset the tendency for the salt to creep.
 Selection of Drilling Fluids
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 High Angle Holes
 In highly deviated holes, torque and drag are a problembecause the pipe lies against the low side of the hole,and the risk of the pipe sticking is high.
 The cost of an oil base mud can be justified because ofits thin, slick filter cake.
 Hole cleaning may be a problem as the cuttings fell downto the low side of the hole. Therefore, muds must beformulated to have a high shear thinning (high viscositywith low shear rate and low viscosity with high shearrate).
 Selection of Drilling Fluids
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 Formation Evaluation
 Oil based muds are non-conductive, therefore requirespecial logging techniques.
 In wildcat wells (with high uncertainty about theformation) a potassium chloride mud might beconsidered.
 When the low resistivity of the potassium chlorideinterferes with resistivity interpretation, a diamondphosphate mud or a lime mud is an alternative.
 A logging engineer should always be included in thedrilling fluid selection process for wildcat wells.
 Selection of Drilling Fluids
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 Productivity Impairment (preventivemeasures)
 Dispersion of indigenous clays will be prevented if themud filtrate contains at least 3% sodium chloride, or1% of either potassium or calcium chloride.
 Avoid using fluids that has been used to drill theupper part of the hole when drilling through thereservoir.
 Impairment by waterblock and other capillarymechanism can be eliminated by gun perforating.
 Laboratory test should always be done on cores from anewly discovered reservoir to determine itscharacteristics and the best completion fluid forpreventing impairment.
 Selection of Drilling Fluids
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 Solids Removal Equipment
 Drilling equipment capability may affect the drilling fluidsprogram. Inadequacies in pumps, mixing equipment, orsolids-removal facilities will be likely to increaseconsumption of materials, and sometimes the preferredprogram must be modified to compensate for deficienciesin the equipment.
 Selection of Drilling Fluids
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 Solids Removal Equipment
 The importance of removing drilled solids aresummarized as follow:– Less barite and mud additives required– Better rheological properties because the reduction in
 plastic viscosity increases the shear thinning.– Lower plastic viscosity facilitates the removal of
 entrained gas, hence lower mud densities can safelybe carried.
 – Faster drilling rates, because of lower viscosity anddrilled solid content.
 – Less risk of sticking the pipe, because of thinner filtercakes.
 – Less bit wear.
 Selection of Drilling Fluids
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 Optimisation
 Optimised drilling involves the selection of operatingconditions that will require the least expense in reachingthe desired depth, without sacrificing requirements ofpersonnel safety, environmental protection, adequateinformation on penetrated formations, and productivity.
 Selection of the drilling fluid is based on its relativeability to drill the formations anticipated, while affordingeffective hole cleaning and well-bore stabilization.
 Selection of Drilling Fluids
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 Selection of Drilling Fluids
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 Selection of Drilling Fluids
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 Selection of Drilling Fluids
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 Drilling Problems Related to Drilling Fluids
 Some problems such as slow drilling rate or excessivedrill pipe torque merely render the drilling less efficient.
 Some other, such as stuck drill pipe or loss of circulation,may interrupt the drilling progress for weeks andsometimes lead to abandonment of the well.
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 Drill string Torque and Drag
 No hole is truly vertical and the drill string is flexible,therefore the drill pipe bears against the borehole inseveral points. The frictional resistance thus generatedmay require considerable extra torque than otherwiserequired to turn the bit.
 Similarly, considerable friction resistance to raising andlowering the pipe may occur (drag).
 Under certain conditions, torque and drag can be largeenough to cause an unacceptable loss of power. Theaddition of certain lubricant agents to the mud canalleviate this power loss.
 Drilling Problems
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 Drill string Torque and DragDrilling Problems
 Comparison of the effect on the lubricity coefficient of the addition of mudlubricants to Water, Mud A and Mud B
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 Drill string Torque and DragDrilling Problems
 Comparison of the effect on the lubricity coefficient of the addition ofmud lubricants to Water, Mud A and Mud B
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 Drill string Torque and Drag
 Many of the agents from the comparative table above,reduced the coefficient of friction with water, some did soto a lesser extent with a simple bentonite mud, but onlya fatty acid, a sulfurised fatty acid and a blend oftriglycerides and alcohols reduced friction in all the muds.
 The triglyceride mixture is commonly used in waterbased muds to reduce torque.
 Oil muds are excellent torque reducers. The fatty acids are extreme pressure (EP) lubricants to
 reduce the wear of bit bearings. Under extreme pressure, ordinary lubricants are
 squeezed out from between the bearing surfaces.However fatty acids react chemically due to hightemperatures generated by metal to metal contact.Therefore, products a film which is strongly bonded tothe metal surface an acts as a lubricant.
 Drilling Problems
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 Drill string Torque and Drag
 Common coefficients of friction are as follow:– Oil emulsion muds: 0.15– Unweighted water based muds: 0.35 - 0.50– Weighted water based muds: 0.25 - 0.35– Lubricant addition in general reduced friction to
 about: 0.25
 Drilling Problems
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 Differential Sticking
 Characteristically occurs after circulation and rotationhave been temporarily suspended, as when making aconnection.
 A portion of the drill string lies against the low side of adeviated hole. When the rotation of the pipe is topped,the portion of the pipe in contact with the filter cake isisolated from the mud column, and the differentialpressure between the two sides of the pipe cause dragwhen an attempt is made to pull the pipe.
 Sticking may occur at any point in the drill string where itbears against a permeable formation with a filter cakethereon.
 Drilling Problems
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 Differential Sticking (prevention)
 To prevent differential sticking, the contact are must beminimized by suitable drill string design.– Non circular collars, fluted or spiral drill collars, and
 drill pipe stabilizers may be used.– Long or oversized drill collar sections must be avoid
 Suitable mud properties must be maintained– Keep low mud density– Low cake permeability– Low drilled solids content– Bear in mind that barite content increases friction
 coefficient
 Drilling Problems
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 Slow Drilling Rates
 Penetration rate depends to a large extent on drillingfluids properties.
 Penetration rates also decrease with depth The pressure of the mud column affect the penetration
 rate by holding the chips (created by the bit) on thebottom hole.
 If drill cutting are not removed from beneath the bit asfast as they are generated, they will reground, and alayer of broken rock will build up between the bit and thetrue hole bottom.
 The higher the density of the mud, the greater thepenetration rate is affected
 Low viscosity promotes high rates mainly because ofgood scavenging of cuttings from under the bit.
 Drilling Problems
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 Slow Drilling Rates
 High concentration of solids reduce drilling rates becausethey increase mud density and viscosity.
 Use weighting materials agents with specific gravitieshigher that that of barite, such as itabirite and ilmenite,has enabled faster drilling rates to be obtained, becauseof the volume of solids required for a given mud densityis less, and hence the viscosity is lower.
 When drilling in low permeability sandstones andcarbonates, it is possible to drill with clear water and a10% hydrolyzed polyacrylamide co-polymer (flocculationaid) added at the flow line.
 When drilling shales, drilling rate may be improved bythe use of lime or calcium lignosulfonate muds to inhibitsoftening of the shales.
 Drilling Problems
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 Loss of Circulation
 Uncontrolled flow of whole mud into a formation. Canoccur in naturally cavernous, fissured, or coarselypermeable beds, or can be artificially induced byhydraulically or mechanically fracturing the rock, therebygiving the fluid a channel to travel.– Induced Lost Circulation: result of excessive
 overbalanced condition, where the formation is unableto withstand the effective load imposed upon it by thedrilling fluid.
 – Naturally Occurring Losses: circulation lost into openfractures which are pre-existing. Can be lost into largeopenings with structural strength such as large poresor solution channels.
 Drilling Problems
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 Induced lost circulation
 The key to preventing it lies in controlling static anddynamic pressures.
 Drilling fluid properties must be maintained withinacceptable ranges.
 Abnormal surge and swab pressures must be reduced. All bridges must be drilled and not drove through them Circulation must be broken cautiously Pumping equipment must be keep in perfect conditions The intermediate casing must be set in a consolidated
 shale formation as deep as practical to ensure thehighest possible fracture limit at the casing shoe
 Drilling Problems
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 Lost circulation
 Materials have been used in attempts to cure lostcirculation:– Fibrous materials, such as shredded sugar cane
 stalks, cotton fibres, wood fibres, and paper pulp. Thismaterials have relatively little rigidity, and tend to beforced into large openings.
 – Flaky materials, such as mica flakes, plastic laminatesor wood chips. This materials lie flat across the face ofthe formation and thereby cover the openings.
 – Granular materials, such as ground nutshells, orvitrified, expandable shale particles. Materials withstrength and rigidity that when used in the correctsize, seal by jamming just inside the openings.
 – Slurries whose strength increases with time afterplacement, such as hydraulic cement and high-filter-loss muds.
 Drilling Problems
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 High Temperatures
 Geothermal gradients varies from 0.44°F/100ft (8°C/Km)to 2.7°F/100ft (50°C/Km), according to location.
 Geothermal gradients are not linear with depth but varyaccording to formation, pore pressure and others.
 The bottom hole temperatures of drilling wells are alwaysless than the virgin formation temperature. The mudwhile circulating, cools the formation around the upperpart of the hole.
 The hydrostatic pressure of the mud column in a welldepends on the density of the mud in the hole, whichdiffers from the density at the surface because ofincreases in temperature and pressure with depth.
 Drilling Problems
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 High Temperature Drilling Fluids
 The degree of flocculation of bentonite suspensions startsto increase sharply with increase in temperature aboveabout 250°F.
 The consequent increase in yield point can be controlledby the addition of thinning agents, but, they degrade inthe same temperature range.
 Oil muds are considerably more temperature stable thanwater muds. They have been used to drill wells withbottom hole temperatures of up to 550°F. Howeverabove 350°F the organophilic clays used to providestructural viscosity degrade and the cutting carryingcapacity of the mud deteriorates.
 Low chain polymers provide good rheological propertiesand adequate filtration control at 400°F.
 Drilling Problems
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 Corrosion
 Metals in their natural state are usually compounds thatare thermodynamically stable. When a metal is extractedand refined, the thermodynamics become unstable;exposed to the environment, this metal will corrode andrevert to its natural state as a compound.
 Although the components of water-based drilling fluidsare not unduly corrosive, the degradation of additives byhigh temperature or bacteria may result in corrosiveproducts. Also contamination by acid gases such as CO2and H2S and formation brines can cause severecorrosion. Oxygen entrapped in the mud can acceleratecorrosion.
 Drilling Problems
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 Corrosion
 Corrosion can be classified as either dry or wet. Dry corrosion results from reaction to high temperature
 gases. Wet corrosion involves contact by the metal with an
 electrolyte solution. It is this form of corrosion whichconcerns the drilling industry.
 The types of wet corrosion are:– Galvanic– Uniform– Concentration cell– Pitting– Intergranular– Stress– Dezincification– Erosion
 Drilling Problems
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 Corrosion
 Salts dissolved in the water phase contribute to thecorrosion of metal goods. Salt increases the conductivityof the water and thereby increases the rate of corrosion.
 For some fluids with high salt concentrations, thecorrosion rates will actually be lower since the dissolvedoxygen will be lower in these fluids. At saturated brines,the concentration of dissolved oxygen will be at aminimum. As the salt concentration decreases, theamount of dissolved oxygen will increase.
 As the temperature increases, the rate of corrosiongenerally increases since most chemical reactionsincrease with temperature.
 Drilling Problems
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 Corrosion
 In degassed drilling fluids, the pH values can determinethe corrosion rates. Rates increase as pH decreases, oras muds become more acid.
 As oxygen contents increase, corrosion rates usuallyincrease.
 In drilling fluids containing CO2/CO3= in a low pHenvironment, the acidity of the fluid dissolves the scaleand corrosion rates can be high. If the pH is high,corrosion rates will be low, but scale will form.
 Drilling Problems
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