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1. INTRODUCTION TO ROTARY DRILLING:

1.1. A Brief History of Drilling

Cable Tool Drilling An!ient C"ina

Drilling originated in China with the drilling of brine wells to
producesalt with primitive cable-tool rigs. The Chinese are
credited withdeveloping the cable-tool principle in drilling. To
make a hole, the rigsused a cable to which workers attached a
heavy, sharply pointed bit.Rig machinery lifted the cable and bit
and dropped them. The falling

 bit struck the ground with a heavy blow, punching its way
into therock.

Repeated lifting and dropping allowed the bit to drill. From
time totime, however, workers stopped drilling, pulled the bit from
the hole,and removed the pieces of rock or cuttings that the bit
produced. Thiswas done using a bailing tool. y !"## $.D., it was
believed that the

Chinese were drilled as deep as %,### feet using this method,
whichwas used as late as the !&'#s.

Dra#e$s %ell

(n !)"&, Drake*s well became the first known commercial oil
well, planned and drilled solely to search for oil in the
+nited tates$sians and uropeans had been drilling oil wells
before/. +sing thecable-tool method, the well was drilled to a
depth of 0" feet and

 produced %,### bbl of oil in its first year. This small
pro1ect inTitusville, 2ennsylvania marked the beginning of the
2etroleum era inthe +nited tates.

Rotary Drilling 1&'((n !)03, a French civil engineer named
4eschot became the first

 person to use rotary drilling to drill a water well. $
rotary drilling rigturns, or rotates, a bit on the bottom, which
drills and creates the hole.$ series of pipes are added to lower
the bit to the bottom. 5hen the bitis at the bottom, the driller
starts rotating it using a rotating machinecalled the rotary table.
$s the bit6s teeth, or cutters, rotate over theformation,they gouge
or scrape the rock away.

Lucas GusherSpindletop, Texas 1901

$ rotary rig circulates fluid while the bit drills. $ powerful
pump can move fluid down the pipe to the bit and back through
the annulus space to the surface. $t the surface, e7uipment removes
the cuttings, and the cleanfluid is recirculated back down the
pipe. Thus, with rotary drilling, drilling does not have to stop in
order to bailcuttings.

)*in+leto* 1,-1This method of drilling was introduced in the oil
fields of pindletop, Te8as, marking the beginning of themodern
petroleum industry. y !&!', !#9 of all oil wells were drilled
using rotary drilling. Today, e8cept for special applications
or the setting of conductor casing, rotary drilling is used almost
e8clusively.

ince then there have been many ma1or advances in the rotary
drilling field. :ew technology is continually being developed
to make drilling faster and safer. :ew developments in the drilling
technology have allowed thedrilling of hori;ontal wells wherein the
bit can be steered toward the target areas. The development of
deepwater drilling technology has allowed operators to develop
oilfields in very deep water in e8cess of 3### meters.Current
developments in drilling fluids have increased the rate of
penetration and allowed the development of high pressure, high
temperature areas that were could not be developed before.
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1.. Rotary Drilling Rig Co/*onents:

1..1. 0oer )yste/

 The power system provides all the energy re7uired for the
operation of the rig. $ normal drilling rig usuallyre7uires from
!,"## to %,"## kilowatts.

The power is delivered by diesel engines, called prime movers. $
rig may need from two to four prime movers,depending on its si;e.
The bigger the rig, the deeper it can drill, and the more power it
needs.

The engines provide power for the drawworks, rotary table, and
mud pumps. (n some cases, the diesel engine powers a
generator, which, in turn, powers electric motors. $ simple,
fle8ible control system offers fle8ibility inthe placement of
e7uipment. (n other cases, the diesel engine provides direct power
by the use of gears, chains,

 belts, and clutches.

Rig "loor 

1... Hoisting )yste/ 

The most striking feature of a drilling rig is thederrick. (n
some cases, the derrick can be over "#meters tall. The taller the
derrick, the longer thesection of pipe that can be handled when
going in or 

 pulling out of the hole. This can allow for the addingof
two or three 1oints of pipe at the same time calleddoubles and
triples/, which reduces down-timeduring the drilling process. The
drawworks consistsof a large spool of cable and a brake driven by
therig engines. (t provides the cable used by the pulleyshung in
the derrick.

The remainder of the hoisting system consists
of  blocks and lines that do the actual hoisting<
Thecrown block is a stationary set of pulleys attached tothe top of
the derrick that gives mechanicaladvantage in handling large loads.
The traveling

 block is the lower, moving set of pulleys.

1..(. Rotary )yste/

To make hole, the drillstring turns, which causesthe bit to cut
into the rock and earth. Rotating7uipment are of two basic
types< ither it uses akelly assembly or a top drive. The kelly
assembly

includes a swivel, a special length of pipe known asthe kelly,
the rotary table, and a kelly bushing.

=ost offshore rigs and some land rigs/ havereplaced the
conventional swivel, the kelly, and thekelly bushing with a powered
swivel called the topdrive. (n highly deviated 3) degrees or more/
andhori;ontal wells, the tor7ue re7uired to turn thedrillstring
makes rotary-table drilling impracticalor impossible.
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(n these situations, a downhole motor is used to rotate the
drillbit. 5hen a downhole motor is used, thedrillstring does not
rotate. (nstead, the mud is used like hydraulic fluid to supply
power to the hydraulic motor,which is placed in the drillstring
between the bit and the drill collar.

elow the swivel is the kelly, a s7uare- or he8agonal-shaped pipe
1oint that can be turned by the rotary table.This specially shaped
1oint of pipe allows tor7ue to be applied efficiently to the
drilling, without the slippage thatmight occur with a round 1oint
of pipe. elow the kelly is the drill pipe, and below the drill pipe
are the drillcollar and the drillbit. Drill collars are heavy,
thick-walled 1oints of pipe inserted between the drill pipe and
thedrill bit. The heavier weight of the drill collars add weight to
the drill bit, which improves drilling performance.  

1..2. Cir!3lating syste/:

The circulating system is composed of all the components related
to the circulation and maintenance of thedrilling fluid, which
includes the mud pumps, the pipes and hoses re7uired to bring the
mud from the pumps tothe drill pipe and the annulus, the solids
control e7uipment, and the mud tanks or mud pits.

The mud pumps provide the power to circulate the mud into and
out of the hole. They are large, positive-

displacement pumps which are usually rated to pump at above %#
=2a 3### psi/.

=ud is kept in pits when it is not downhole. 5hile,
historically, these pits were 1ust earthen holes,
environmentalconcerns now re7uire that the pits most often be
above-ground containers that protect the environment
fromcontamination. $ mud-mi8ing hopper is attached to the pit, so
that materials can be added to the mud to meetchanging re7uirements
for density and other mud properties.

The solids control e7uipment removes the drilled solids
cuttings/ from the drilling fluid while maintaining theli7uids and
fine weighting agents as much as possible. >ver a period of time
the properties of the drilling fluiddeteriorate and the fluid needs
to be treated or replaced to maintain the desired drilling
rate.

Solids control e)uipment

Cutaway of 

"ormation

Drill pipe

Bit

Swi+el

Stand pipe

#ud pumps

Suction lines

Disc&arge lines

#ud pit

The functions, properties and composition of drilling fluids
will be discussed in ection %< (ntroduction toDrilling
Fluids.

. AN INTRODUCTION TO DRILLING 4LUID) 
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Drilling fluids are a comple8 mi8ture of chemical and mineral
components . This report provides an overview of the
functions, properties and components of drilling fluids. The latter
part of this report is concerned aboutsolids control and the
discharges encountered in the use of water based muds in an
offshore environment.

During the drilling process, the mud is continuously circulated
down the inside of the drill pipe, through the bitno;;les and back
to the surface via the annular gap between the wellbore and the
outside of the drill pipe. Themud performs a number of essential
functions such as transport of the rock debris produced by the bit
the*cuttings*/, control of downhole pressures, wellbore
stabili;ation, lubrication and many others.

.1. 43n!tions of Drilling 4l3i+s:

• Removal of Cuttings from the ottom of the ?ole

>ne of the most important functions of thedrilling fluid is
to transport freshly drilled rock cuttings from the bit to the
surface by way of theannular space. $t the surface the fluid
passesthrough the solids control e7uipment to separatethe drilled
solids cuttings/ from the fluid.

• uspension 5hen Circulation is (nterrupted

$ drilling fluid should form a gel structure that iscapable of
suspending the cuttings, to prevent thecuttings from falling back
in and choking thewellbore.

• 2ressure Control

The density *mud weight*/ of the drilling fluid isa critical
parameter for successful, safe drilling.ubsurface rocks and the
fluids within them can

have pressure due to overburden and geologicstresses.

5hile drilling, the column of mud inside the hole must e8ert a
force hydrostatic force/ that will controlthe subsurface pressures.
This is achieved by increasing the mud weight by adding weighting
agents,commonly arite a>'/.

5hile drilling, the mud*s hydrostatic pressure must e8ceed the
formation pore fluid pressure to avoidinflu8 of gas or brine. (f
the mud weight becomes too great, the rock fracture pressure may be
e8ceeded,thus causing the formation to collapse and the mud to be
lost to the formation.

• (solation of the Fluids from the Formation

There is a natural tendency for the li7uid phase of the mud to
enter small pores in the rock by filtration.8cessive filtrate loss
must be avoided. 8cessive build up of filter cake the filtrate left
by the filtration

 process/ must also be avoided as it causes problems with
movement of pipe in and out of the wellboreand also promotes stuck
pipe due to *differential sticking* in the filter cake. Filtration
and filter cake

 build up are controlled by the addition of special
additives *fluid loss control* products/.

• Cool and 4ubricate the it and Drill tring

$ drilling fluid conducts heat away from the bit and drill
string and loses this heat at surface. Fluidswhich lubricate the
bit effectively result in faster drilling.

• upport 2art of the 5eight of the Drillpipe

The buoyancy provided by the fluid is proportional to its
density.
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• .=a8imise 2enetration Rates

Rate of penetration is affected greatly by fluid properties such
as high shear rate viscosity, solids contentand density. (n
practice, a compromise of properties is reached which permit the
fastest drilling of a

stable hole.

• 5ellbore tabilisation

(n certain formations, the interaction between the drilling
fluid and the formations being drilled maydestabilise the well
bore. This is common in rocks such as claystones, shales or marls
which have a highclay content. Contact with water may promote
hydration of the clays leading to swelling and dispersion.uch
formations re7uire an *inhibitive* fluid to maintain a stable well
bore and prevent enlargement*wash outs*/.

• Reservoir 2rotection

The drilling fluid used to drill the reservoir should have the
least possible effect on reservoir  permeability in order
to avoid e8pensive loss of oil or gas production.

•ecure =a8imum @eological (nformation

8ploration wells are drilled primarily for geological
information. The drilling fluid used should besufficiently
inhibitive to avoid hole washouts vital for interpretation of log
results/, minimise alterationof core samples, and protect the
cuttings from hydration or dispersion. (t should also not interfere
withthe detection of hydrocarbons *shows*/. (n some cases, the
salinity may be ad1usted to enhance loginterpretation.

• Corrosion 2rotection

The drilling fluid should not be corrosive or abrasive in order
to protect the drilling and productione7uipment.

• nvironmental 2rotection

The components should be selected so that any discharge of mud
or cuttings has the minimum possibleenvironmental impact.
nvironmental concerns are the ma1or driving force behind current
drillingfluids research and are dictating the development of
drilling fluids. The health of the rig workers is alsoan important
aspect and products are selected to minimise e8posure and health
risks.

.. 0ro*erties of Drilling 4l3i+s 

• Density

The density or mud weight is critical to the safety of the
drilling operation and to wellbore stability.Density can be
increased by adding weighting agents, the most common of which is
barite bariumsulphate, a>'/.

• Aiscosity

$n important variable for solids suspension and cutting
transport. olids suspension is the ability of thefluid to keep the
solids from falling. This is important to maintain the density of
the fluid. Theviscosity is also important in bringing the drilled
solids or cuttings to the surface.

• Fluid 4oss Control

>ften, the mud is in contact with permeable formations which
allows fluids to pass. 5ithout fluid losscontrol, the li7uid phase
of the mud will pass through the formation, leaving behind a filter
cake.$dditives to control fluid loss and minimi;e the li7uid phase
lost to the formation are included in themud system.

• (nhibition
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=ost clays and shales swell increase in total volume/ because of
adsorbed water. Chemicals are added to themud which prevent the
swelling and keeps the wellbore stable.

• Chemical 2roperties

These affect product performance, inhibition and corrosion. The
properties normally measured would be p?, alkalinity, calcium,
total hardness and chloride. 8act procedures will depend on the
type of drillingfluid in use.

• $dditional 2roperties

$ large number of other properties can be determined using more
sophisticated laboratory test methodsnot usually available at the
rig site. These include<

!/ Dynamic Filtration 2roperties%/ Reservoir Damage 2otential3/
(nhibition 4evel'/ To8icity"/ $brasivity0/ CorrosivenessB/
4ubricity)/ Temperature tability

.(. 53+ )ele!tion: %"at ty*e of /3+ to 3se6 

5ells are drilled in a series of sections of progressively
increasing depth and decreasing diameter. (t is commonfor two,
three or even more different types of fluid to be used in the
process. For e8ample, the large diameter *tophole* sections
commonly drilled to around !"## feet below sea bed will use a low
cost bentonite or guar gummud. Further down, a polymer or oil based
fluid may be chosen. >ccasionally different fluids may be used
for drilling into the reservoir or during well completion
operations before the well is put on production/.

Drilling fluid selection depends primarily on geological factors
such as the type of rocks to be drilled and

anticipated downhole temperatures and pressures. >ne of the
key parameters is the level of inhibition. For e8ample in the
:orth ea area, most wells penetrate a thick layer of Tertiary and
Cretaceous claystones whichcause many problems if not drilled with
an inhibitive system such as an oil based drilling fluid.

@enerally, inhibitive fluids e.g. Cl2olyacrylamide or
polyglycerol containing fluids/ re7uire less dilution because
the cuttings do not hydrate and disperse as readily as in
uninhibitive muds e.g. dispersed bentonite/.=ost countries re7uire
information on to8icity, biodegradability, and bioaccumulation
potential of drilling fluids.5ater-based muds, in particular are
regarded as being more environmentally acceptable than oil based
mud.

(n general 5= gives a less stable wellbore and produces larger
gauge holes than oil based muds. There is alsomore dispersion of
solids into the mud hence higher dilution re7uirements and more
waste/. The use of oil basedmud may be acceptable on cost or
technical grounds. >il based muds have better properties in
terms of viscosity,fluid loss control, thermal stability, and
lubricity. The disposal of oil based mud raises some
environmentalconcerns, however.

.2. )oli+s Control an+ 53+ Dis!"arge: The goal of solids
control is to remove the cuttings from the mud while retaining
li7uid and barite in the system.

The accumulation of drilled solids have adverse effects on the
viscosity, density, fluid loss control and
inhibitive properties of mud. (t is important to remove the
drilled solids as soon as possible i.e. as soon as they reach
thesurface/ and not have the solids recirculate back into the
system. (f the drilled solids bypass the solids controle7uipment,
they will be broken down to smaller pieces making removal
impossible.

ince there will always be fine drilled solids retained in the
mud, dilution and addition of chemicals to maintainthe drilling
fluid properties will always occur.
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$s the solids are broken down, there is an increase in the
overall surface area see diagram below/. This causesthe entrainment
of more water and thus an increase in viscosity. There is also more
reaction between thechemicals in the mud and the drilled solids, so
the overall inhibition and fluid loss properties of the mud is

reduced.

Representation of the relationship between the size reduction of
particles and the increase of surface area

There are several options that we can do to maintain the mud
properties and continue drilling<

!/ $llow the drilled solids build up in the mud system< The
response will be to replace the mud with a new batch once the
mud properties deteriorate and to discharge the old mud.

%/ Dilute the mud with fresh mud to keep the properties within
the re7uired specifications. The problem withthis is that the mud
volume will continually build up, so discharging mud is also
re7uired.

3/ 4ower the solids content of the mud with the use of solids
control e7uipment to reduce the amount of additional mud
needed to maintain the mud properties. 2lease note that the
efficiency of the solids controle7uipment is normally in between 0#
to B" 9, which means %" to '# 9 of the drilled solids is retained
inthe mud. Thus, dilution and addition of new mud is necessary to
maintain the mud properties. Dischargingis still re7uired once the
mud volume builds, but the volume will not be as much as options !
and %. Thethird option has both economic and environmental
benefits.
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  Drilled Solids Classifcation By Particle Size

Particles Size (microns)

Coarse greater than 000

!nter"ediate #0 to 000

$ediu" %& to #0

'ine && to %&

(ltra)ne to &&

Colloidal less than

.2.1. 7ffe!t of Drille+ )oli+s:

Drilled solids are contaminants in the mud system and must be
removed otherwise they degrade themud properties. 5hen solids build
up, the following effects occur<

• Aiscosity increases<

Aiscosity of the solution increases because of the increased
number of particles in the solution, and because more water is
adsorbed onto the clay particles. The increase in viscosity results
inincreased pumping pressure, increased gel strength, and increased
entrapment of air in themud. Furthermore, increased viscosity leads
to less efficient solids removal, which causesmore and more solids
to be retained in the mud. +nless there is some diluting
performed,the viscosity will continually increase to a point that
the whole system needs to be replacedwith new mud.

•Fluid loss increases.

Fluid loss results in formation damage due to the migration of
fine particles and filtrate into permeableformations, decreased
hole diameter due to thick filter-cake. $ thickened filter-cake can
cause

 potential stuck pipe problems. The thick filter cake also
causes the hole diameter to decrease,which may lead to surge and
swab problems when the drillstring is run into or pulled out
of the hole. $ thick filter cake also hinders passage of the
drillstring.

• Density increases.

$n increase in the density results in an e7uivalent increase in
the hydrostatic force e8erted by thecolumn of mud on the formation,
which may result in loss circulation, stuck pipe due todifferential
sticking, and destabili;ation of the wellbore.

• (nhibition decreases.

$dditives which inhibit the reaction and swelling of clays and
shales act by adsorbing onto theformation. $n increased solids
content in the mud means that the additives will adsorb ontothe
solids in the mud rather than the formation, decreasing their
effectiveness. This turns intoa dangerous cycle, because if the mud
is not inhibitive, then the formation may swell and causeadditional
solids to enter the mud, causing a loss of control in the mud
system.

.2.. )oli+s Control Te!"ni83es:

• ettling<

The smaller the particles get, theharder they are to remove rom
the
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This method re7uires the separation of the solids from the fluid
by gravitational force. Thesuccess of settling will depend on
several factors, including si;e and shape of the particles,
thedensity of the particle, the dnesity of the fluid and the time
allotted for settling. The timere7uired for particle settling may
be reduced by the use of a flocculant to increase particle si;e

or by the use of centrifugal force to increase the gravitaional
force.

• Dilution<

Dilution can take the form of water, chemical treatments or
whole mud addition to maintainand control drilling fluid
properties.

• =echanical eparation

=echanical eparation by the use of solids control e7uipment use
two basic methods. Theyeither use screens to separate the solids or
use centrifugal force to increase the gravity andcause the solids
to settle out of the mud.

..2.(. )oli+s Control 783i*/ent

$ variety of e7uipment is used on the rig to remove the
drilledsolids from the mud.

The mud passes through several pieces of e7uipment, namely
theshale shakers, the sandtrap, desander, desilter, degasser,
mudcleaner and centrifuge. ach e7uipment removes smaller andsmaller
particles from the mud before it is returned to thecirculating
system.

The efficiency of solids control e7uipment varies in between
0#to B"9. Fine drill solids accumulate in the mud during
drillingand these have an adverse effect on mud properties and

 penetration rates. Thus, some form of dilution is
commonly

re7uired. This is

Shale Sha*er+ for the re"oal of large -"ediu" size particles

usually carried out by discharging solidsladen mud and replacing
the lost volume with fresh mud.

The amount of dilution necessary depends on many factors such as
the rock type being drilled, the holesi;e, the type of bit used,
the efficiency of the solids removal e7uipment, the type of mud
used, and the

 properties re7uired.

.2.2. %ater Base+ 53+ Dis!"arge

$t present the dumping of 5= and cuttings offshore is normally
unrestricted, although severalcountries are currently investigating
the environmental impact of water based muds. >rganicenrichment
does not normally take place to anything like the same e8tent as
with oil based mudsystems. To8icity is unlikely to cause problems
as the fluids which are water miscible/ undergo massive

dilution in the water column.

The discharge of cuttings results in a thin layer of sedimented
material on the sea floor around the rigwhich can affect some
benthic bottom living/ organisms. $ny mud discharged with the
cuttings will bewater miscible and thus the soluble components will
be washed off during sedimentation. =aterialsettling on the sea
floor consists of the clean, solid particulate phase cuttings,
barite, and drill solids/.

There is some concern over the heavy metal content of 5=*s
particularly the barite/, however, theevidence suggests that the
metals of concern are generally present as highly insoluble
compounds andare not readily bioavailable
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!TT!C"#$%T !& S'DS C'%T*' $+P#$%T

Shale Sha-ersRe"oes coarse and "ediu" size particles using a
ibratingscreen.

Co"es in either single dec* or dual dec* con)gurations. The
perfor"ance of the Shale sha*er depends on "an/ factors,including
the t/pe of screen used size, shape, the t/pe of ibration
linear, circular or eliptical, and the nature of the "ud.

Cut point2 + 1&% "icrons

Sand Trap  The sand trap is a settl ing tan* with a
capacit/ of about 3 to # " 3.!t has to be e"ptied at regular
interals to re"oe the settledsolids.

DegasserRe"oes entrained gas fro" the "ud. The degasser
eitherintroduces a acuu" that increases the bubble size, spreads
outthe "ud oer a large surface area, introduces agitation
orcentrifugal force to drie the gasses to the surface.

4egassers are located downstrea" of the shale sha*ers
andupstrea" of an/ e5uip"ent that re5uires a centrifugal pu"p,
asentrained air "a/ cause centrifugal pu"ps to caitate.

Desander&6/droc/clones separate solids b/ the using
centrifugal force causethe solids to settle fro" the li5uid. The
dia"eter of the desanderis nor"all/ larger than 7 inches.

Cut point + %& "icrons

Desilter  The desilter is a s"aller ersion of the
desander . The dia"eter of the desander is nor"all/ s"aller
than 7 inches

Cut point + # "icrons

Centriuge8 centrifuge increases the graitational force b/ the
use of highspeed c/linders. The/ allow the re"oal of )ne solids
fro" the"ud s/ste".6oweer, the/ cannot re"oe colloidal particles
for" the "ud.

 Cut point + & "icrons

2 Cut point+ Size where #0 of solids are separated for" the
"ud.
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ATTACH57NT):

C9 %AT7R BA)7D 5UD )Y)T75):

19 B7NTONIT7 

• Dispersed @el

• 2re-hydrated @elea 5ater

• @yp4ignosulphonate with pre-hydration/.

• 8tended entonite

• ?igh Temperature entonite

• 4ime

• =i8ed =etal ?ydro8ide

9 )ALT %AT7R CLAY 5UD) 

• $ttapulgite =uds

• epiolite =uds

• epiolite muds used in geothermal wells high temp/.

(9 0OLY57R 5UD) 

•  :ondispersed 2olymer

• Cl2olyacrylamide

• ?igh Temperature 2olymer

• 2olyglycerol

• Cationic 2olymer 

B9 CO55ON 5AT7RIAL) U)7D IN %AT7R BA)7D 5UD):

19 5IN7RAL)

• arite a>'/< 5eighting $gent

• ?ematite and (lmenite < 5eighting $gents much less common
than arite

• Dolomite and 4imestone< 5eighting $gents acid soluble/.

• entonite< mectite Clay. 2rovides viscosity and fluid loss
control

• $ttapulgite and epiolite< alt 5ater Clays.

9 NATURAL 0OLY57R) OR TH7IR D7RI;ATI;7) 

• Eanthan @um< Aiscosifier 

• @uar @um< Aiscosifier, usually used for top hole
sections

• ?C ?ydro8y thyl Cellulose/


	
8/20/2019 MI Introduction to Rotary Drilling + Mud

13/13

M-I Drilling Fluids 

Primer on Rotary Drilling and Drilling Fluids 

(9 )YNTH7TIC 0OLY57R)<
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and fluid loss control additives• 2olyacrylamide 2?2$/ ?/%/ and oda
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