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WDI 4: Drilling Fluids
 WDI 4: Contents
 � Section 1: Working with Muds
 � Section 2: Working with Solids
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Section 1: Working with Section 1: Working with Section 1: Working with Section 1: Working with MudsMudsMudsMuds
 Overview
 � Although this information is valuable to all members of a rig crew, it is primarily written for the Derrickman. A good Derrickman is worth his weight in gold. He is crucial to the operation.
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� ��Contributes to well control and mud management
 � �� Impacts the efficiency of the drilling operation
 � ��Ensures that the mud pumps run like clockwork
 � ��Minimises non-productive time
 � �� Impacts both the integrity of the well and potential hole problems
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� When working as a Derrickman, either in the mud pits, the mud pumps, or on the Monkey Board, the Derrickman is often working in isolation. It is critical for him to be a good communicator, focused on all aspects of his performance. The Derrickman is a key member of the team and plays a very important role in the efficient and safe running of the operation.
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Topics
 � Basic Mud Principles
 � Functions and Properties
 � Programme Planning
 � Mud and Safety
 � Mud Composition
 � Mud Control� Mud Control
 � Water Muds and Oil Muds
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Note: To successfully move into this portion of the Career Path, you must be an experienced Floorman having completed full competency tests and requirements for the Floorman discipline, as well as practical hands-on application.
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Basic Mud PrinciplesBasic Mud PrinciplesBasic Mud PrinciplesBasic Mud Principles
 � Drilling fluid (mud) is an essential element of the drilling process. Depending on which section of the hole is being drilled, mud performs various functions that facilitate the successful drilling of a well.
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Mud FunctionsMud FunctionsMud FunctionsMud Functions� ��Control formation pressure
 � �� Prevent caving of formation
 � ��Cake off permeable formations
 � �� Clean cuttings from the hole
 � �� Suspend cuttings when circulations stop
 �� Release cuttings at the surface� �� Release cuttings at the surface
 � ��Cool and lubricate the bit and drill string
 � ��Minimise formation damage
 � �� Allow easy formation evaluation
 � ��Minimise corrosion of the drill string
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� In addition, mud serves as a conduit, transferring hydraulic horsepower to the bit and to downhole motors.
 � Measurement Whilst Drilling (MWD) uses mud to transfer data to the surface and mud helps support the weight of the drill string. Although important, these functions do not affect the way in which the mud is run.
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Functions and PropertiesFunctions and PropertiesFunctions and PropertiesFunctions and Properties
 � Mud must contain certain properties in order to perform functions properly.
 Mud Property Adjustments
 � ��Weight
 � �� Chemistry
 � �� Filtration
 � �� Rate at which mud is pumped
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Mud FunctionMud FunctionMud FunctionMud Function
 � Each function performed by mud requires focus on different mud elements working together. A good Derrickman, in conjunction with the Mud Engineer, manipulates the mud to the correct parameters based on what is needed to operate safely and efficiently.
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Controlling Formation PressureControlling Formation PressureControlling Formation PressureControlling Formation Pressure
 � Formation pressure is controlled through mud density.
 � This is normally referred to as Mud Weight.
 Increasing Mud Weight
 � The mud weight can be increased by either dissolving salts in the mud or by increasing the solids content. If solids in the mud or by increasing the solids content. If solids are added to raise the mud weight, the mud must have Viscosity to stop the solids from settling.
 � Sufficient mud weight will hold back any oil, water or gas in the formation; however, too much mud weight may break down the formation and cause lost circulation.
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Preventing CavingPreventing CavingPreventing CavingPreventing Caving
 Preventing Caving While Drilling
 � Drilling a hole as close to gauge as possible makes it easier to log and helps ensure that the casing is properly cemented in place. Hydrostatic pressure from the mud should normally match or exceed the formation pressure, preventing a cave-in. If mud exceed the formation pressure, preventing a cave-in. If mud weight is too low, the walls of the hole may fall in and pose a danger of the pipe becoming stuck.
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Even at the right weight, it is careful to monitor Mud Chemistry!
 � 1. Reactions between the mud and the formation may cause the formation to swell.
 � 2. Extra pressure from the swelling may cause caving and/or mechanical sticking of the drill string.
 � Chemistry is especially important when drilling a formation which can dissolve, such as salt. If the mud is not treated, large caverns may be formed where the formation dissolves away, creating a potentially be formed where the formation dissolves away, creating a potentially hazardous situation.
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Caking Off Permeable FormationsCaking Off Permeable FormationsCaking Off Permeable FormationsCaking Off Permeable Formations� Permeable formations : Places where pore spaces are interconnected, allowing fluid to flow to and from the well-bore.
 Removing Permeable Formations
 � �� Solids in mud are left behind as mud passes into the formation
 � Forms a filter cake� Forms a filter cake
 � -What is a filter cake?
 � ��Filter cake keeps the hole in a stable condition
 � ��Quantities of mud and filtrate entering the formation are reduced
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Cleaning Cuttings from the HoleCleaning Cuttings from the HoleCleaning Cuttings from the HoleCleaning Cuttings from the Hole
 � The ease of removing cuttings from the hole depends on three factors:
 � Size, Weight of Cuttings, Flowrate.
 � What is Flowrate? Annular Velocity
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Adjusting Adjusting Adjusting Adjusting FlowrateFlowrateFlowrateFlowrate
 � ��Flowrate can be adjusted by reviewing mud viscosity and weight
 � ��Muds with a higher viscosity are better at cleaning the hole-Why? Higher mud weights create greater buoyancy factor
 � ��Cuttings have less of a tendency to fall back down the hole. � ��Cuttings have less of a tendency to fall back down the hole. They are more easily carried to the surface

Page 18
                        

Suspending CuttingsSuspending CuttingsSuspending CuttingsSuspending Cuttings
 � Once circulation stops, mud must have the right mud weight, creating buoyancy, and a Gel Structure to suspend the cuttings.
 � Gels are not the same as viscosity – a property of mud when it is moving. Gels are a property of static mud.
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� Viscosity : A property of mud when it is moving
 � Gels : A property of static mud
 � If the gel structure is too strong, it will cause problems with breaking circulation and swabbing on trips.
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Releasing CuttingsReleasing CuttingsReleasing CuttingsReleasing Cuttings
 Separating the Cuttings
 � Mud is circulated out of the hole, cuttings must be separated
 � �� Separation is done by solids removal equipment or settling
 � -What is the solids removal equipment on a rig? Shakers, Centrifuge, De-sander, De-silter, Settling Pits
 � �� Solids removal equipment works best with muds that have a low � �� Solids removal equipment works best with muds that have a low viscosity and gel strength
 � ��High gel strengths make it difficult to settle the cuttings

Page 21
                        

If mud chemistry is incorrect, it will react with the cuttings to make them small and more difficult to remove.
 Cooling and Lubrication
 Generating Heat
 � Both the drill string and bit generate heat through friction, making Lubricity of the mud very important. Better lubrication leads to less development of friction heat.less development of friction heat.
 � This acts in conjunction with the cooling properties created by theThermal Conductivity of the mud.
 � The mud cools as it passes through the Surface Pit System.
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Formation DamageFormation DamageFormation DamageFormation Damage
 Formation Damage
 � ��Damage depends mainly on the filtration properties of the mud
 � ��With permeable formations, the liquid part of the mud can flow into the formation
 � This can cause potential damage to the formation
 � Leaves behind solids that form a filter cake� Leaves behind solids that form a filter cake
 � ��Filter cake can permanently affect the permeability of producing formations
 � ��Reaction between filtrate and formation can make the damage worse
 � �� Very important to monitor the mud chemistry
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EquipmentEquipmentEquipmentEquipment� Formation evaluated through Cuttings – Electric Logs – Coring
 � ��Cuttings are collected and checked
 � By Mud Loggers and Geologists
 � ��Cuttings condition depends mainly on mud chemistry
 � �� Information gained from logs and cores depends on filtration properties of the mudfiltration properties of the mud
 � Poor filtration will negatively affect the evaluation
 � ��Thick filter cake can make logging difficult
 � ��Filtrate invasion can cause misleading results for logs and cores

Page 24
                        

CorrosionCorrosionCorrosionCorrosion� There are fewer corrosion problems when working with oil muds. In water based muds, corrosion is controlled by mud chemistry.
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ProgrammeProgrammeProgrammeProgramme PlanningPlanningPlanningPlanning
 � Mud Programme: A plan that covers what type of mud to run in each section of the hole.
 � The basic rule is to start at the beginning by identifying what the mud should do; from there, it is easy to create a plan by simply following a few logical steps.
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Planning a Mud Planning a Mud Planning a Mud Planning a Mud ProgrammeProgrammeProgrammeProgrammeStep Action
 1 Think about what the mud needs to do.
 2 Summarize the mud properties:What are the mud properties? ��Mud weight��Mud weight�� Chemistry�� Filtration�� Viscosity�� Gel structure�� Lubricity
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3 Determine what each of the properties should be by gathering additionalinformation, such as:11 Casing programme11 Formations at each interval11 Formation pressures at each interval
 4 Assign numbers to the mud properties. Normal sequence is:1. Decide on mud chemistry by looking at the formations to be drilleddrilled2. Select additives to give viscosity, gels and filtration control (must be additives that work well with the mud chemistry selected)3. Decide on mud weight by looking at the formation pressures
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� Creating the programme in a logical order will help reduce the need to re-work the mud composition as it runs through the cycle. Smart planning at this stage can help make the entire process run safer and more efficiently.
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Mud and SafetyMud and SafetyMud and SafetyMud and Safety
 � It is not enough to know what mud should do technically, how it works or how to control it. A top priority for the Mud Engineer and the entire Rig Crew should be making mud perform its functions without hazard to the people involved.
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Safety is a PrioritySafety is a PrioritySafety is a PrioritySafety is a Priority� The potential hazard of working with some chemicals is obvious; with others, it is not so clear. Simple precautions can drastically reduce the level of potential danger. Unfortunately, using safety equipment on some rigs is considered to be soft and does not live up to the “macho” oilfield image. This is completely ridiculous and unacceptable. A skilled Derrickman takes responsibility to make safety a priority.
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Contact with ChemicalsContact with ChemicalsContact with ChemicalsContact with Chemicals
 Main Hazard Area: Sackroom, Mixing Area
 � Obvious because of concentrated chemicals that are handled and the risk of skin and eye contact.
 � What else in this area could cause potential danger?
 � Potentially dangerous to inhale dust from a number of additives.
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Safety Data on ChemicalsSafety Data on ChemicalsSafety Data on ChemicalsSafety Data on Chemicals
 � Potential hazards with some chemicals, such as Caustic, are well known. Because of this, there are normally health warnings on the sacks and established handling procedures. COSHH assessments and material safety data sheets should also be utilized. At the same time, do not overlook the other chemicals. Every rig should have a file listing the safety data on all the chemicals in use – refer to this every listing the safety data on all the chemicals in use – refer to this every time a chemical is needed.
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Work SafetyWork SafetyWork SafetyWork Safety
 � Work can not be done safely if the potential hazards are not known. People are easily persuaded to not burn themselves with Caustic or Calcium Bromide. They are generally not so concerned about the potential long-term damage that can be caused by inhaling dust from apparently “harmless” products.
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Smart Safety Smart Safety Smart Safety Smart Safety ---- ChemicalsChemicalsChemicalsChemicals
 � ��Education and safety save lives
 � ��Data outlining proper use of chemicals should be displayed in the mixing area
 � -Where exactly is this located on your rig? What does it say?
 � ��A supply of correct safety equipment should be readily availableavailable
 � -What would be in that supply? (all required PPE, barrier cream, chemical showers – ointments should be administered only by medics, post incident)

Page 35
                        

If in any doubt If in any doubt If in any doubt If in any doubt –––– assume the worst case assume the worst case assume the worst case assume the worst case
 scenario.scenario.scenario.scenario.
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Contact with MudContact with MudContact with MudContact with Mud
 Main Hazard Area: Rig Floor, Shakers, Pitroom
 Walking around uncovered mud is not smart, especially OBM.
 What could be the potential danger in repeated exposure to some oils?
 � Repeated exposure to some of the oils in use can cause increasing skin problems.problems.
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Smart Safety Smart Safety Smart Safety Smart Safety ---- MudMudMudMud
 � �� It can be impossible to avoid contact with mud on a rig
 � ��Personal hygiene is the first step to safe working
 � ��Anyone covered in mud should change at the first possible opportunity
 � ��People can be easily convinced that they should avoid � ��People can be easily convinced that they should avoid dermatitis
 � �� Best Solution:– Avoid contact with mud, especially OBM, whenever possible
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Contact with Contact with Contact with Contact with VapourVapourVapourVapour
 � Main Hazard Area: Shakers, Pitroom
 � Working in poorly ventilated areas is extremely unpleasant, especially with OBM.
 � What could be potential danger in working in poorly ventilated areas?
 � Long-term effects of inhaling vapour are undiscovered.� Long-term effects of inhaling vapour are undiscovered.
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Smart Safety Smart Safety Smart Safety Smart Safety ---- VapourVapourVapourVapour
 � ��Rotate personnel whenever possible in order to limit vapour exposure per tour
 � �� Best Precaution:– Upgrade the ventilation system
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Smart TeamworkSmart TeamworkSmart TeamworkSmart Teamwork
 � �� Understand potential risks
 � �� Apply knowledge to minimise the risks
 � �� Set a strong example by following the safety programme
 � ��Work as a team to keep the rig Safe
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Mud CompositionMud CompositionMud CompositionMud Composition
 Mud Composition:
 � Liquids
 � Solids
 � Gases (in some cases)
 These are normally described as phases.� These are normally described as phases.
 � At least two phases are present in most muds – with two exceptions.
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ExceptionsExceptionsExceptionsExceptions1.Gas only in air drilling.
 2. Liquid only in a clear brine completion fluid.
 � Whenever two liquids do not mix, such as oil and water, they are referred to as two liquid phases. Normally in this situation, one liquid is emulsified in the other. Oil based mud is an example of water emulsified in the oil.
 � The liquid phases are further distinguished by labeling one a continuous phase (the oil in OBM), and the other a discontinuous or internal phase because it is present only as emulsified drops. Each phase has unique characteristics and attributes that must be
 factored in carefully when dealing with mud.
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Gaseous PhaseGaseous PhaseGaseous PhaseGaseous PhaseGaseous Phase Details
 � ��Continuous gaseous phase
 � Air drilling
 � ��Discontinuous gaseous phase
 � Foam drilling
 � Gas, normally air, is contained in separate bubbles� Gas, normally air, is contained in separate bubbles
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Liquid PhaseLiquid PhaseLiquid PhaseLiquid Phase
 Liquid Phase Details
 � ��Continuous or discontinuous
 � ��Made up of a base fluid and products which dissolve the base fluid
 � ��May occasionally contain soluble formation products introduced into the mudintroduced into the mud
 � Caused by a reaction between mud and formation
 � ��Dissolved solids will, to some extent, change properties of the base fluid
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Components of the Liquid PhaseComponents of the Liquid PhaseComponents of the Liquid PhaseComponents of the Liquid Phase
 Part Component
 Sa Base fluidExample: water, crude oil, diesel,paraffin oil
 B Products: dissolve the base fluidExample: salts for density, salts for inhibition, chemicals for Example: salts for density, salts for inhibition, chemicals for alkalinity,asphalts to alter viscosity
 c Soluble formation products: cause by reaction between the mud and theformationExample: salts from salt sections,ions from clay reactions
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Solid PhaseSolid PhaseSolid PhaseSolid Phase� Made up of mud products and drill solids, the solid phase is always discontinuous.
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Components of the Solid PhaseComponents of the Solid PhaseComponents of the Solid PhaseComponents of the Solid Phase
 Component Attributes
 Mud Products Mud products are added to the mud.Active solids: react with the base fluid to provide particular mudActive solids: react with the base fluid to provide particular mudproperties (e.g. pre-hydrated bentonite for viscosity)Inert solids: do not react (e.g. barite for weight)
 Drilling solids Drill solids are from the formation.Active solids: React with the mudInert solids: Do not react
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Mud ControlMud ControlMud ControlMud Control
 � To understand the difference between the added products and the formation, the Mud Engineer performs a series of Mud Tests to establish the composition of the mud.
 Test Results� ��Results identify any necessary additions� ��Nothing from the formation dissolves in the base fluid and all � ��Nothing from the formation dissolves in the base fluid and all drill solids are removed from the mud
 � Ideal scenario� -Why would this be ideal? (less mud treatment and reduced costs, more stabilised well conditions, balanced mud throughout the system, less wear on surface equipment, an easier life for all)
 � ��Tests tell Mud Engineer how close he is to achieving this objective

Page 49
                        

Performing a Mud TestPerforming a Mud TestPerforming a Mud TestPerforming a Mud TestStep Action
 1 At the start of each interval, the mud is made up according to theproperties in the Mud Programme
 2 Formation solids become mixed with mud as soon as drilling starts.
 3 Solids may: 3 Solids may: ��Dissolve in base fluid�� React with components of the mud�� Remain suspended
 4 Mud control is directed at preventing reactions between the mud and theformation.
 Goal: Keep the drill solids in large, easily removed pieces.
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Water Water Water Water MudsMudsMudsMuds and Oil and Oil and Oil and Oil MudsMudsMudsMuds� Excellent dissolving agent that is affordable, readily available and
 � allows reactions to take place quickly.
 Characteristics of Water
 � ��Depending on the formation, water may dissolve too fast
 � ��Maintenance must be directed at making the water a less � ��Maintenance must be directed at making the water a less effective solvent
 � Slow down reactions
 � Oils : By contrast, are not very reactive.
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Characteristics of OilCharacteristics of OilCharacteristics of OilCharacteristics of Oil� ��Costly pollutants
 � ��Maintenance must be directed at reducing waste
 � Cost and environmental reasons
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Section 2: Working with SolidsSection 2: Working with SolidsSection 2: Working with SolidsSection 2: Working with SolidsOverview
 � The amount of solids in the mud will have a great impact on drilling conditions. It is imperative that rig crews know how to classify different types of solids and how to control them in a safe manner that does not jeopardize flow or pressure.
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Topics
 � Solids Control
 � Solids Removal Philosophy
 � Classification of Solids
 Cuttings Generation� Cuttings Generation
 � Cuttings Size
 � Solids Removal Equipment
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Solids ControlSolids ControlSolids ControlSolids Control
 � New mud that is mixed is a combination of liquid and solids.
 Combination of Elements
 � �� Some mud chemicals that have been added will dissolve
 � �� Some remain solids that are suspended in the mud
 ��Mud mixed to the correct recipe will have the properties � ��Mud mixed to the correct recipe will have the properties needed for drilling
 � ��Cuttings from the mud contaminate the mud as soon as drilling begins
 � This changes the mud properties
 � ��Mud now requires treatment
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Recipe for SuccessRecipe for SuccessRecipe for SuccessRecipe for Success� The correct recipe for mixing mud is given to the Derrickmanfrom the Mud Engineer.
 � This is usually taken directly from the mud programme for the well, which is based on geological facts and historical experience. It may not be completely accurate.
 � Mud Engineers test returns from the well on a continual basis to � Mud Engineers test returns from the well on a continual basis to ensure that the mud properties are in good shape. Adjustments are made as needed.
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Drill Solids: More Money – More Trouble
 � More drill solids in the mud make treatment cost more and make it more difficult to control the mud.
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Higher Drilling CostsHigher Drilling CostsHigher Drilling CostsHigher Drilling Costs� High concentrations of drill solids in the mud may also
 cause hole problems that lead to higher drilling costs. This is primarily the result of the way in which drill solids change main mud properties, like filtration, viscosity and density.
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FiltrationFiltrationFiltrationFiltration
 � High concentrations of drill solids normally lead to thick filter cakes, which can cause a number of problems to the drilling operation.
 Viscosity
 Viscosity is:– opposition to flow.Viscosity is:– opposition to flow.
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Effects of ViscosityEffects of ViscosityEffects of ViscosityEffects of Viscosity
 No Effect
 1 Drill solids create the Critical Solids Concentration.Small increase in solids = a big increase in viscosity.
 2 Pressure losses in the annulus can lead to an unstable 2 Pressure losses in the annulus can lead to an unstable hole.
 3 Lower ROP’s waste hydraulic power.
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1. Drill Solids1. Drill Solids1. Drill Solids1. Drill Solids� �� Increase of viscosity is slow when solids are introduced into the mix
 � ��Viscosity begins to rise rapidly as solids content builds
 � - Especially when drilling clay
 � ��Mud becomes difficult to control
 � �� Small increase in solids results in a big increase in viscosity
 � - Creates a Critical Solids Concentration
 � ��Mud above the critical solids concentration can no longer be controlled by normal
 � means
 � �� Solution requires either a waste of rig time to make heavy dilutions or dispersing
 � Aquamagic
 � -Using Aquamagic risks further problems later
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2222. Pressure Loss. Pressure Loss. Pressure Loss. Pressure Loss
 � ��High viscosity creates problems with pressure loss in the annulus
 � ��Results in high swab and surge pressures and high ECD
 � ��Larger pressure variations can lead to an unstable hole
 � ��Danger of fracturing the formation or inducing a kick
 3. Lower ROP
 � ��More hydraulic horsepower is wasted by pumping the mud down the drill string
 � ��ROP is lowered
 � ��Bit hydraulics and bit cleaning are less efficient
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DensityDensityDensityDensity
 � Mud weight increases as the solids content increases. If drill solids cannot be removed by any other means, the last option is to dilute, which increases disposal costs. The alternative is to allow mud weight to rise and increase the risk of differential sticking and fracturing the formation. Again, the ROP is reduced as a result of increased hydrostatic pressure.
 Solids Removal Philosophy
 � Ideally, all drill solids would be separated from the mud at the flowline as they come out of the hole. In practice, this is not entirely possible.

Page 63
                        

Separating Drill SolidsSeparating Drill SolidsSeparating Drill SolidsSeparating Drill Solids
 No Action
 1
 Fact: Size of the cuttings is largely a function of mud type and drillingparameters.
 Formulate the mud mix and the drillingFormulate the mud mix and the drillingprocedures to keep cuttings as large as possible.
 2
 Fact: Performance of the mechanical separation equipment is a functionof the equipment design, capacity and maintenance.
 Action: Get the best possible separation of mud and solids.��Use the right equipment��Make sure it is maintained properly
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Water Based Mud Water Based Mud Water Based Mud Water Based Mud vsvsvsvs Oil Based MudOil Based MudOil Based MudOil Based Mud
 Water Based Mud Oil Based Mud
 Cuttings tend to react with water basedmud.
 Cuttings have little or no reaction withoil based mud.
 Result in soft cuttings and fine solidsthat become dispersed in the mud.
 Cuttings tend to be harder and firmer.
 Cuttings removal can be difficult. Solids removal is easier.
 Use a mud that inhibits reactions inorder to keep cuttings in firm, largepieces.
 Keep cuttings in large pieces to reducewaste to positively impact cost andenvironment.
 Mud Engineer Main Efforts: stoppingreactions between mud and formationsbeing drilled.
 Mud Engineer Main Efforts: Keepingwaste to a minimum.
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Classification of SolidsClassification of SolidsClassification of SolidsClassification of Solids
 � Not all solids are alike. It is important to determine the relative quantities of various types of solids present in the mud before identifying the best solution for removal.
 Solids Categories
 � 1. High Gravity Solids (HGS)
 � 2. Low Gravity Solids (LGS)
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Solids ClassificationSolids ClassificationSolids ClassificationSolids Classification
 Property HGS LGS
 Composition Mud Additives Drill Solids and Mud Additivesneeds moreattention
 Mud Additives Barite (SG 4.2)Microdol (SG 2.8)(added to increase mudweight)
 Bentonite (only additive in largeamounts)
 Classification Inert ReactiveClassification Inertadditiveswill not react with mud
 ReactiveadditivesReacts with water in mud to giveviscosity, filtration control
 Other High mud weights requirehigh concentrations of HGS
 Drill Solids may be Inert orReactive
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Calculations HGS concentrationscalculated by:Mud Weight and the % ofSolidsSalt muds – make acorrection to solids contentfor salt, use a specificgravity of more than 1.0 forthe water phase
 Concentration of Reactive Solidsby:Methylene Blue Test (MBT)Test results show Kg/m3 forReactive Clays in mud –does notgive proportions of mud additivesthe water phase additivesor drill solids
 Notes HGS will be removed moreeasily than drill solids byDesilters and Centrifuges
 Attention should be paid to bothmud formulation and to solidsremoval efficiency
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MethyleneMethyleneMethyleneMethylene Blue Test (MBT)Blue Test (MBT)Blue Test (MBT)Blue Test (MBT)
 MBT
 � �� Important tool for analysing Low Gravity Solids
 � Reactive solids cause biggest problems with mud
 � ��MBT should be kept below 55 kg/m3 while drilling shale sections
 � Especially in top hole – most bentonic shales occur
 � ��Mud properties may get out of control quickly if this is not possiblepossible
 � ��Careful attention should be given to mud formation and solids removal efficiency.
 Express kg/m3 (killogrammes/cubic metre) as ppb (pounds per barrel) by: kg/m3 x .3498 = ppb
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Cuttings GenerationCuttings GenerationCuttings GenerationCuttings Generation
 � Normal drilling generates the majority of cuttings at the bit. Cuttings at the flowline are not the same in terms of quality as those cut by the bit. As cuttings are circulated up the hole, they are broken down by the mechanical action of the drillstring. They may also react with the mud, resulting in smaller, softer cuttings.
 The amount of cuttings circulated out of the hole is a function of:The amount of cuttings circulated out of the hole is a function of:
 1. Hole Size
 2. ROP
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1. Solids Generated by Friction1. Solids Generated by Friction1. Solids Generated by Friction1. Solids Generated by Friction
 � Friction of the drillstring against the walls of the hole generates some solids.
 � These solids are usually much finer than those generated by the bit. High angle holes, where there is more friction, produces more fine solids in the mud.
 � 2. Solids Generated by ROP� Differences in rates of cuttings generation pose problems for the
 Solids Control Engineer. In top hole, flow rates and cuttings Solids Control Engineer. In top hole, flow rates and cuttings generation rates are both high.
 Example: Mud may need to be processed at 800 gpm while trying to remove 12-25 ton/hr of cuttings. Bottom hole may need to be processed at only 300 gpm with less than 0.5 ton/hr of cuttings. There is only one set of solids removal equipment on each rig.
 The equipment must have sufficient capacity to handle maximum expected loads.
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Solids Removal in Top HoleSolids Removal in Top HoleSolids Removal in Top HoleSolids Removal in Top Hole
 � ��Can be extremely challenging
 � -What would some of the challenges be?
 � ��Make sure equipment is working at maximum efficiency
 � ��Make every effort to keep cuttings as large as possible
 Cuttings SizeCuttings Size
 Drilling Parameters
 Cutting size depends primarily on mud type and drilling parameters.
 Most recent work in the industry that relates drilling parameters to cuttings size has been done with oil based muds. The focus is on getting large cuttings to the surface because they have lower oil retention.
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Drilling Parameters to Cuttings SizeDrilling Parameters to Cuttings SizeDrilling Parameters to Cuttings SizeDrilling Parameters to Cuttings Size
 Parameter Detail
 Bit Type Rock bits generate bigger cuttings than PDC bits
 ROP High ROP generates bigger cuttings; but also more cuttings, whichtends to overload solids removal equipment.
 RotarySpeeds
 High rotary speeds result in more mechanical grinding of the cuttingsby the drillstring so that cuttings on surface tend to be smallerTurbines and downhole motors tend to generate smaller cuttings.Turbines and downhole motors tend to generate smaller cuttings.
 Depth There is more chance of cuttings being broken down and morefriction on the hole walls as depth increases. This produces smallercuttings at the surface.Greater depth formations tend to be harder and drill more slowly,resulting in finer cuttings.
 Hole Angle Percentage of fine solids in the mud increases with the hole angle asa result of increased friction.
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� Changing drilling parameters is not always functional or practical. Still, from the aspect of controlling solids, it is useful to know what effect the different parameters may have. This allows for the ability to take action before a solids problem occurs.
 Mud Type
 � The type of mud that is chosen for drilling each hole can have a major influence on solids removal.
 More inhibitive muds help to keep cuttings large.
 Most formations can be drilled with low levels of inhibition.
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Inhibitive Mud FactorsInhibitive Mud FactorsInhibitive Mud FactorsInhibitive Mud Factors
 Item Result
 AThe hole condition will be more time dependent.
 BExtra check trips will probably be required to keep the hole in usablecondition.
 The chemical consumption will be higher, and more mud treatment.C
 The chemical consumption will be higher, and more mud treatment.
 DDilution rates will be higher, creating high disposalcosts.
 ESolids removal will be more difficult as a result of more reaction betweenthe mud and the cuttings.
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� It is important to recognise how inhibitive the various mud systems are when considering solids removal. To some extent, the level of inhibition depends on the concentration of the various chemicals used.
 1. Freshwater/Bentonite2. CMC3. PAC4. Polyacrylamide4. Polyacrylamide5. Lime and Gyp6. KCI7. KCI/Polyacrylamide8. KOH/Lime9. KCI/GYP10. Oil Based
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Solids Removal EquipmentSolids Removal EquipmentSolids Removal EquipmentSolids Removal Equipment
 Methods of Mechanical SeparationMethods of Mechanical SeparationMethods of Mechanical SeparationMethods of Mechanical Separation
 No Equipment
 1 Shale ShakersSeparate by size using a vibration screen.
 2 HydrocyclonesSeparate by mass using centrifugal force.Separate by mass using centrifugal force.
 3 CentrifugesSeparate by mass using centrifugal force.
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� Ideally, as many solids as possible should be removed before being carried into the pits by the mud. Once drill solids pass into the pits, several problems are created. They may settle in the pits or be broken down by agitators. To remove solids from mud in the pits, mud must be pumped to the solids removal equipment where cuttings will be broken down. If there is no success in removing the cuttings, they may be re-circulated down the hole and degraded further.
 ShakersSeparation by shakers:� First line of equipment� Removes coarser cuttings� Efficient in passing on only solids small enough to go through screens
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� If a rig had 200 mesh screens, all cuttings would be removed before arriving at the pits. Unfortunately, this is not practical or even possible in the real world.
 Factors Affecting Screen Size
 � Flowrate
 � Quality and quantity of cuttings
 � Number and design style of shakers� Number and design style of shakers
 � In top hole, where most cuttings are generated, high flowrates and soft, sticky cuttings make it impossible to run fine screens. Large quantities of smaller drill solids pass through the screens into the pits, resulting in a potential solids problem.
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HydrocyclonesHydrocyclonesHydrocyclonesHydrocyclones
 Separation by Hydrocyclones� Second line of defense� Far less efficient than shakers� Provide poor separation in viscous muds, centrifugal pumps degrade cuttings
 � Makes them more difficult to remove� Mud is usually loaded with fine solidsMud is usually loaded with fine solidsCentrifugesSeparation by Centrifuges� Far more efficient at separating than the hydrocyclones� Provides a reasonably dry discharge� Primary Limitation:Lack of processing capacity, removes mixed solids as well as drilled solids - which requires extra mixing
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Pit LayoutPit LayoutPit LayoutPit Layout
 Planning a Pit Layout
 � Process all mud through all solids removal equipment
 � Discard as little mud as possible
 � Retain as few drill solids as possible in the mud
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System LayoutSystem LayoutSystem LayoutSystem Layout
 No Effect
 1 Set shale shaker first to remove course solids.
 2 Progress through smaller hydrocyclones.
 3Place a sandtrap immediately after the shale shaker to allow settling.Settled solids, along with mud, will be dumped insandtrap.sandtrap.
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� Mud is also discharged from the desander and desilter, along with the solids. Because the desander and desilter still lose mud and solids, a centrifuge has been added to take a finer cut of solids. However, at this point in the progression, the centrifuge is required to handle the complete circulating volume – this is not practical. Mud and smaller particles, including Barite, can pass through the screens and be returned to the mud system. To maximize efficiency, the centrifuge should be operating on the maximize efficiency, the centrifuge should be operating on the hydrocyclone underflow. This way, it will process a smaller volume that is already comparatively solids rich.
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