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UNIVERSITI TEKNOLOGI PETRONAS

PETROLEUM ENGINEERING DEPARTMENT

Section 5

Drilling Fluids
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4.1 Introduction

Drilling fluid (mud) is a fluid used in

operations to drill boreholes into the earth.

• Liquid

• Gaseous fluids• Mixtures of fluids and solids
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4.1 Introduction

Water 

Oil

Liquid Solids Mud

+ =

Bentonite

Barite

 Additives

Salt

WBM

OBM

SBM
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4.2 Purpose

Removal of cuttings from the hole.

Balancing the hydrostatic pressure, controlling well

kicks and blowouts. Cooling and lubricating the bit and
drillstring,

preventing stuck pipe while drilling.

Preventing hole collapsing.

Main functions
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4.2 Purpose

Forming an impermeable filter cake on the

borehole wall for reducing formation damage and

minimizing lost circulation. Partial aid in supporting
drillstring and casing

weight by buoyancy.

 Allowing interpretation of well logs.

Transmission of the surface-available hydraulichorsepower to the
bit

Transmission of signal from downhole to surface

Main functions


	
8/16/2019 CH5 Drilling Fluids

7/48PDB 3033 DRILLING ENGINEERING JANUARY 2016

4.3 Classification

Drilling fluid

Non Aqueous Aqueous

WBMSBMOBM

Air/Gas
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4.3 Classification

Aqueous Mud

Water is the continuous liquid phase

Solid materials are added to the fluid;

bentonite, barite, chemical additives Examples;

• WBM

• Chemically treated

• Calcium treated

• Salt water 
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4.3 Classification

Advantages of Aqueous Mud

Inexpensive

Easy to control system

No emulsion

Kick detection ability

Environmental friendly
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4.3 Classification

Limitation of Aqueous Mud

Inhibition

Temperature limitation

High solid system
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4.3 Classification

Non Aqueous Mud

Oil is the continuous liquid phase

Emulsifying agents, barite and chemicals

are added to the fluid; bentonite, barite,chemical additives

Examples;

• OBM

• SBM


	
8/16/2019 CH5 Drilling Fluids

12/48PDB 3033 DRILLING ENGINEERING JANUARY 2016

4.3 Classification

Advantages of Non Aqueous Mud

No reaction with water sensitivity clays and

shales

Very stable mud system over a wide rangeof drilling challenges
and environment

High temperature stability

High ROP

Good lubricity (low torque & drag)

Recyclable and reusable

Reduce corrosion problem
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4.3 Classification

Limitation of Non Aqueous Mud

High initial mud cost

Kick detection is reduced due to gas

solubility in oil Costly when lost circulation occurs

Environmental concerns

HSE issue

Potential fire hazards due to low flash

points of vapour from the oil
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4.3 Classification

Air/Gas Based Mud

 Air/Gas is the continuous phase and is

compressed and injected into the hole

Water and other additives are added toimprove carrying
properties

Examples;

•  Aerated mud

• Mist

• Foam

• Gel foam
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4.4 Inhibition

Inhibition is the process of minimizing the

inherent potential for clays, shale, &

mudstones to hydrate and/or collapse and

disperse.

Inhibitive mud system is to retard or prevent

hydration or dispersion of formulation clays

and shale by chemical or physical means

Definition
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4.4 Inhibition

 About 70% of the worlds sedimentary rocks that

we drill are shale  – mostly require some degree

of inhibition to prevent

• Hydration

• Dispersion

• Wellbore stability problem

The hydration of clay and shale particles in thereservoir rock
can block the pore space and

completely block the producing reservoir rock

Why we need to inhibit?
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4.4 Inhibition

It can Swell (HYDRATION)

Ex: Montmorillonite

It can Disperse

Ex: Kaolinite

Shale
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4.4 Inhibition

Hydration may occur because the

concentration of ions in the crystalline water is

greater that that in the drilling fluid.

• Water in the drilling fluid invades the porespace between the
clay paltelets and

forces them apart

Hydration
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4.4 Inhibition

Dispersion is due to water braking down the

internal structure if a clay lattice. The particles

expose new faces that break down further 

• It results in many additional faces exposedto the fluid phase
to coat, to wet (increase

viscosity, fluid loss and cost)

Dispersion
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4.4 Inhibition

Cation exchange (KCl)

Increasing chloride content (minimize osmosis) Reducing fluid
loss (less fluid to formation)

Reducing pH

Precipitates

Encapsulating polymers (PHPA) Oil wetting the surface rocks

Shale Inhibition Mechanisms
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4.5 API Mud Properties

1.  API test procedures for drilling fluid

2. Chemical analysis
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4.5 API Mud Properties

1.  API test procedures for drilling fluid

• Mud balance

• Marsh funnel

•

Viscometer • pH determination

•  API filter press

• HPHT filtration
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4.5 API Mud Properties

Density is expressed in;

• Pounds per gallon (lb/gal)

• Pounds per cubic foot (lb/ft3)

Mud Balance
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4.5 API Mud Properties

 A common device on a rig to give a qualitative

measurement of how thick the mud sample is BUT it is

not a true viscosity.

Time, in seconds for one quart of mud to flow out of
thefunnel.

 API specification for water at 70 oF = 26 sec

Marsh Funnel
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4.5 API Mud Properties

Its main function is to provide

quantitative measurement for 

•

Relationship between shear stressand shear rate

• Rheological parameters (apparent

and plastic viscosities, yield point,

gel strength, consistency and flow

behavioral index)

Viscometer 


	
8/16/2019 CH5 Drilling Fluids

26/48

PDB 3033 DRILLING ENGINEERING JANUARY 2016

4.5 API Mud Properties

Plastic viscosity, PV ()

• PV is the first components of resistance to flow in
Bingham

plastic fluid

•

It shows the mechanical frictions between the solid
phases,liquid phases as well as solid and liquid phases.

Viscometer 

=   mPa.s or cp

Where = dial reading at 600rpm

= dial reading at 300rpm
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4.5 API Mud Properties

Yield Point ()• YP is the second component of resistance to flow
in Bingham

plastic fluid (structural viscosity under circulation)

• It reflects the electro-chemical or attractive forces in
mudunder flowing conditions. This is result of negative and

positive charges located on or near the particle surfaces

• These particles has a tendency to build a structure.

• YP depends on

i. surface properties of mud solids

ii. Concentration of solids

iii. Electrochemical environment of the solids in the
solution

Viscometer 
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4.5 API Mud Properties

Yield Point ()• YP is used to evaluate the ability of mud to
lift cuttings out of

the annulus. A higher YP indicates that the mud has ability
to

carry cuttings better that a fluid of similar density but lower
YP.

Viscometer 

=

Where = dial reading at 600rpm

= dial reading at 300rpm

=

= 2

= 0.511.   2   Pa
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4.5 API Mud Properties

Gel Strength (GS)

• GS shows the electrical attractive forces within the mud
under

static conditions due to existence of electrical charges
located

on or near the surfaces of the particles.

• It also indicates the ability of mud to suspend the
cuttings

while it is in static condition.

• Thixotrophy is the ability of mud to form a gelled structure
over

time when the circulation of mud is stopped.

• GS and thixotrophy is measured by the shear stress at
3rpmafter 10 sec and 10 minutes.

Viscometer 
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4.5 API Mud Properties

Yield Point () vs Gel Strength (GS)• YP is the measurement of
attractive forces under flowing

condition

• GS is the measurement of attractive forces under static/
non

flow condition

• They are related with each other since both measure the
force

of flocculation. As YP is increase the GS will usually
decrease.

Viscometer 
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4.5 API Mud Properties

  + indicates the hydrogen ion concentration in gram mols
per litre

In any aqueous solution, the product of + − must
remainconstant.

pH Determination = log

  1

+

+ ×   − = 1.0 × 10−

 An increase in + requires a corresponding decrease in
−

solution. When + >   − , the solution is acidic and
when− > + , it is alkaline.

In neutral, pH=7, + = − = 1.0 × 10−
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4.5 API Mud Properties

Its main function is to measure the filtration properties of a
drilling

fluid.

The properties includes;

•

Volume of fluid loss into the drilled formation•  Ability
of the solids in mud to form a filter cake

• Magnitude of mud cake permeability

API Static Filtration
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4.5 API Mud Properties

Its main function is to measure the filtration properties of a
drilling fluid.

 API recommended test conditions;

• Time : 30 minutes

• Pressure : 100 psi or 6.8 atmosphere

• Filter area : 45cm2

The properties includes;

• Volume of fluid loss into the drilled formation

•  Ability of the solids in mud to form a filter cake

• Magnitude of mud cake permeability

API Static Filtration

 = .   =  2∆

 

   

1C is constant given by

  = Vol. fraction of solids in the cake  = Vol.
fraction of solids in the mud

Where,
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4.5 API Mud Properties

Since the filtrate volume is proportional to square root of
time, the

volume of filtrate at 30 minutes can be estimated by the volume
of

at 7.5 minutes

API Static Filtration

 = .

= Vol. of spurt lossWhere,

 = 2. The volume of filtrate should include spurt loss
before the cake built.

 = 2 .   
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4.5 API Mud Properties

Determine the amount of spurt loss and API water loss by using
the

data obtained from an HPHT filter press.

Example 4.5

Answer 4.5   = .

6.5 = . 1

14.2 = . 7.5

Time (min) Filtrate Volume (cm3)

1.0 6.5

7.5 14.2

=  7.7

7.5 1 = 4.43/

 = 14.2 4.43 7.5 = 2.07
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4.5 API Mud Properties

Answer 4.5

 = . 30

 = 2 × 26.33 = 52.66

= 4.43 × 30 2.07

= 26.33

 = 2 .   

= 2 14.2 2.07 2.07

= 26.33

 = 2 × 2.07 = 4.14

Since the standard API filter press is twice the crosssectional
area of the HPHT filter press
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4.5 API Mud Properties

2. Chemical analysis

• Titration

•  Alkalinity

• Chloride concentration

• Water hardness

• Sand content

• Mud retort

• Cation exchange capacity of clays
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4.5 API Mud Properties

It is a common laboratory method of quantitative analysis that
can

be used to determine the unknown concentration of a known

reactant by reacting with a standard solution.

Ion concentration

• Molality: no of gram-moles of solute per kilogram of
solvent

• Molarity: no of gram-moles of solute per litre of solution

• Normality: no of gram equivalents of the solute per litre
of

solution.

• Parts per million (ppm): no of miligrams of solute per litre
ofsolution

• Percent by weight: no of grams of solute per 100 grams of

solution

Titration
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4.5 Cementing

An activity of preparing and pumping the cement

into place in a wellbore.

Purposes;

• To seal a lost circulation zone

• To set a plug in an existing well

• To bond the casing with the formation

• To seal the annulus after the casing string has been run

d ildi
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4.6 Mud System Building

Density formula

6 d ildi
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4.6 Mud System Building

Material Balance for Mud System

   =

ℎ = 8.33 62.4       0.433  

 

6 d S B ildi
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4.6 Mud System Building

1. Calculate the total pounds (lb) of bentonite in 500bbl of mud
if

the concentration of bentonite is 15lb/bbl.

2. Solve the volume (bbl) of bentonite in that 500bbl mud,
given

that the Specific Gravity (SG) of bentonite is 2.6.

Example 4.6 (a)

Answer 4.6 (a)

 = 15 

 × 500

= 7500

1.

2.    = 7500 ÷ 2.6 × 8.33 

 × 42

= 8.25

6 M d S B ildi
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4.6 Mud System Building

Build 400bbl of 12.5ppg fluid with 21ppb bentonite. Calculate
barite

and water requirements.

Example 4.6 (b)

Product SGDensity

(ppg)

Density

(ppb)

Volume

(bbl)Mass (lb)

Barite 4.2

Fresh

Water1.0

Bentonite 2.6

6 M d S t B ildi
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4.6 Mud System Building

Product SGDensity

(ppg)

Density

(ppb)

Volume

(bbl)Mass (lb)

Barite 4.2 35 1470 332.84 116447

Fresh

Water1.0 8.33 349.86 9.23 8399

Bentonite 2.6 21.66 909.72 57.93 85157

Total 400 210003

=  210003

400 × 42

= 12.5

Answer 4.6 (b)
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