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Abstract: Emulsion based drilling fluids have emerged asnapoirtant class of drilling fluid systems, which
have gained a significant interest in modern agiloperations. Oil- in-water (O/W) emulsion mudniglely
used for low pressure and depleted oil and gasvase On the other side water-in-oil (W/O) invernhulsion
mud can be useful in the drilling, completion anorkvover of subterranean and gauge wells. Thel=tation

of the emulsion systems is achieved with the hégudable surfactants. The polymers and bridgiggnas are
used to control the rheological and filtration pedjes of the drilling fluid systems. This reseapaper reviews
the emerging developments in emulsion based dyifliids and their effectiveness for oil and gadl wslling.

It also discusses the environmental and waste siidponsiderations of these drilling fluids at thidl site.
Keywor ds: emulsion mud, depleted reservoir, invert emulsiod, bridging agents, rheology, filtration loss.

1.Introduction

Drilling fluids are the complex fluids used for thilling of oil and gas wells. The successful
completion of an oil and gas well and productiorhgdirocarbons from the oil and gas reservoir depeadch
considerable extent on the properties of drillihngds selected during drilling operations. The st of a
right fluid and the maintenance of the propertiemarily influence the production rate while dmig (1). The
complex fluids play several functions simultanegu$hey are supposed to clean the well, hold théngs in
suspension, reduce friction between the drill gtand sides of the well, maintain the stabilitytteé well bore,
prevent the fluid loss to the formation to avoidniation damage and differential pipe sticking bykimg thin
impermeable filter cakes, cool and lubricate thidlimy tools and most importantly helps in the axation of
formation by raising the cuttings from the well édrottom to the surface (2, 3).

Emulsions are the colloidal systems in which filneplets of one liquid are dispersed in anotharidiq
where the two liquids are otherwise immisciblewHter droplets are dispersed in oil, W/O emulsigstem is
formed such as oil based skin creams and if oiplete are dispersed in water, an O/W emulsion Byste
formed such as milk dairy emulsions. Emulsionsheavily used in the food industry, pharmaceutindlstry,
paints, cosmetics, agriculture products and petrolendustry (4). The terramulsion mudhpplies specifically
to O/W emulsion drilling fluid systems and W/O esiah drilling fluids are calledinvert emulsion mud£2).
So, emulsion mud can be defined as that categowatdr based drilling fluids to which oil is addédde oil
becomes the dispersed phase and water becomesrtiireuous phase and invert emulsion mud can beetbfi
as oil based drilling fluids to which water is adddn these types of drilling fluid systems, oilcbenes the
continuous phase. Ordinarily, oil is added to theebdrilling fluid is diesel oil, mineral oil or s@times crude
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oil (5-8). The selection of type of oil dependssaveral factors. A low gravity crude oil causeshkeigviscosity
and gel strength than a high gravity crude oil.ts other hand, high gravity crude oils are easihulsified
but not recommended primarily because of fire ldzanvolved and high maintenance costs required as
result of losses by evaporation and to the formati). Usually, oils with 2550' API gravity are recommended
(9). API gravity is a measure of density and vasiafrom the specified range which controls thafiviscosity
of the fluid system (2). The type of oil can infhe® the ease of emulsification, stabilization ofubsion, odour
of the drilling fluids and effect on the rubberdontact with the emulsion drilling fluid systemg.(Blowever, it
should be noted that oil concentration and requer@mvary according the nature formation drilléx, gravity,
temperature at the surface and the hole and the ¢§pil used for the formulation of emulsion dnd
fluids(5). The concentration of oil also dependsmgeveral other factors such as the volume od fiuithe
circulation, the diameter of the open hole, the am®f cuttings transported to the surface andniimaber of
round trips. A considerable decrease in the derm&nd content is observed after some time. Thidus to the
reason that a certain amount of oil penetratesthedilter cake (essentially concentrated drillfhgd) on the
walls of the wellbore before an equilibrium condlitiis achieved. This equilibrium condition corresg® to
reduction in the permeability of the oil bearinigefi cake (1, 10).

Emulsions are also unstable thermodynamic systemsed by two immiscible phases, oil and water.
To help stabilize emulsions of pure componentsadditional third component is required which carrkvas
emulsifying agent. Emulsifying agents or emuls#iare typically molecular surfactants such as fatigs or
alcohols (11), polymers or may be large proteiretggents such as egg albumin (12). Molecular darfs
usually contain a polar (hydrophilic) head groupd e non polar (hydrophobic) chain tail. Surfactants
preferentially absorb to the oil-water interfacenfing a skin around the interface. The skin acta physical
barrier, preventing the droplets from coalescingwlhey collide (1). This reduces the free enéngglved
with producing a high surface area interface anekalt of this there is a reduction in interfacatface tension
(IFT). Lowering the IFT between two immiscible liga requires the presence of a bipolar materidl hlaa
partial solubility in both the phases (3, 13, 14dwer the interfacial tension and smaller the debdize,
typically results in more stable emulsion systes).(Polymers and proteins stabilize emulsions rgaimough
steric and electric repulsion controlled by the rdegof unfolding (denaturing) and conformationatela
structure on droplets (16, 17). Some polymers kvlaie ‘semi-dilute’ and larger ‘globular’ proteirdp not
usually denature to the same extent can furthesecatabilization through changes in the rheologicaperties
of the dispersion medium (specifically through ease in viscosity). The stabilization of emulsigatsms also
depends upon the concentration, the particle shagesize, particle wettability and inter partiaieiractions of
the particles which can work as stabilizers (erfiels) (4, 8). Surfactants also work as foameroalmers,
wetting agents, lubricants and corrosion inhibitorsalmost all kinds of drilling fluids dependingoan their
specific requirements for a particular type of larg fluid (5). Surfactants may be anionic, catmimir non-
ionic. The suitability of a particular surfactastbased on two important parameters, the hydragipidphilic
balance (called as HLB number) and the chemicatltigeof the two chains. The former was introdudsd
Griffin in 1949and is defined as the ratio of the hydrophilic pdirto the lipophilic part of the molecule which
describes the relative affinity of a surfactant faater and oil (18, 19). Lower the HLB number, there oll
soluble is the molecule (1). On the basis of eroualgheory, the surfactants with a HLB value of 8vti#l
stabilize an O/W emulsion and surfactants with HuBnber around 4 will form W/O emulsion (20, 21)rFo
emulsion mud systems, preferentially, a water delgbrfactant will be more effective because itéosvdown
the surface tension on the water side of the otewiaterface and the interface curves towardsithe with the
greater surface tension, thus forming oil dropégislosed by water. The stability of an emulsion ai€reases
with increase in viscosity of continuous phase. $tability of emulsion systems are measured usingraber
of techniques. Apart from conventional method, degree of stability of an emulsion drilling fluichit be
obtained by measuring the resistance offered hyflilnid to conduct electric current or the breakaovoltage.
In addition, mud viscosity and filtration loss tesire considered to be the best parameters falrilheg fluid
stability measurements (1).

The development of emulsion based drilling fluitss counter balanced some of the undesirable
characteristics of water-based drilling fluids. $becharacteristics are mainly due to the propediesater;
specifically its abilities to dissolve salts, tddrvene with the flow of oil and gas through poramedia, to
promote the disintegration of clays and to affemtrasion of metal tools (22). These kinds of dndjifluids
provide the highest probability of drilling gaugelés. Experiments conducted for the suitabilitylefse fluids
in high-temperature high-pressure (HTHP) conditibas shown that emulsion based drilling fluids jev
greater degree of well bore stability as compaoeadter-based drilling fluids (23).
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The oil based drilling fluids have a number of Melown disadvantages like more detrimental effects
on the environment due to higher percentage of atiomcompounds, thickening of the fluids when
contaminated with strata waters and large amouritydfophilic solids, thickening upon the loss ofmirse
medium during filtration, dependency of rheologipabperties on the temperature. Moreover, high@pso
content in such kinds of fluids can have unwantéects on the formation fluid characteristics somes and
above all the cost of oil based drilling fluidsnmich higher than that of emulsion based drillingd$. On the
other side, emulsion based drilling fluids have ynavantages like softer rheological flow profilegtter
lubricating characteristics and lesser ecologioaldlon environment than the conventional oil badmdting
fluids. The main significance of these kinds ofllahg fluids is that they may be used at varyingperature
and pressure conditions. They remain electricadlydeictive, as a result of which normal electricslagn be
obtained with conventional equipment (24, 25).

2. Emerrging Developmentsin Emulsion based Drilling Fluidsfor Oil and Gaswell Drilling

The emulsion based drilling systems have been dpedlwith different types of oils such as dieskl oi
and mineral oil and different polymers and bridgagents whereby the fluid systems have played tgrial
part in providing enhance rheological propertied #ind loss characteristics. Down the time wittvadcement
in technology and refinement in formulation hasugfiat about some emerging developments in emulsisad
drilling fluid systems

2.1. Diesdl oil-based emulsion drilling fluids

Various grades of petroleum based oils are usedekt the variety of needs in drilling technology bu
diesel oil is the most widely used oil componenbath O/W emulsion muds and W/O invert emulsion saud
The use of diesel oil is mainly done to improve theological properties and control filtration lesq26, 27),
promote lubrication while drilling and minimize tipeoblems associated with stick pipes (5-8).

One of the major problems related to almost aldi&iof drilling fluids containing an oleic phasethgir
stability at higher temperature and high pressmditions because the stability decreases witheas® in
temperature as the number of collisions betweendtiioplets increases(1l). So the stabilization fadsor
associated with is emulsion based drilling fluidsoa The filtrate from properly stabilized emulsidnlling
fluids is substantially 100 % water with all thé @tained in the filter cake. They also promotéehsiability in
poorly cemented formations, and finally avoid oemome the loss of circulation. The stabilizatiéremulsion
drilling fluids containing diesel oil can be achéglvby a suitable emulsifier such as starch, cannexyyl
cellulose (CMCQC), lignosulfonates, lignitic compownd he use of starch and CMC is also done to clotiteo
filtration losses to the formation (5, 28). Somdh# soap based emulsifiers which promotes encdgifin are
sodium, potassium or ammonium salts of higher fatigs and various synthetic detergents (29).

The other colloidal particles that stabilize theudsion based drilling fluids (containing dieselasic
phase) both by providing steric hindrance to thalescence of oil and water droplets and by modifytime
rheological properties of interfacial region aréan carbonate (CaC{) barium sulphate (BaSpand carbon
graphite (1). As per some recent development itdess investigated that Xanthan gum works as ardséiau
for emulsion drilling fluids containing diesel agérnal phase in the presence of Ca&@nthan gum not only
works as emulsifier but viscosity modifier for sudhlling fluid systems (27). Clays used as drijifiuid
additive in almost all kinds of drilling fluids; rirdy a montomorillonite species is added to increase the
rheological properties such as apparent viscoglistic viscosity and gel strength (1, 2). Mostled material
of this type is generally known @&entonite(30-32). The drilling fluids containing clays hagther numerous
advantages such as improved hole cleaning propedicreased water seepage or filtration into paipiee
formation by providing a thin impermeable filterkea The colloidal clays, particularlipentonite act as
emulsifier for emulsion based drilling fluid systemJse of some organic emulsifiers in clay wateftimy
fluids can provide a greater degree of stabilizat@the emulsions (33).

Polymers are added in the development of both GidWs/O emulsion based drilling fluids containing
diesel oil to maintain rheological properties armchtcol the filtration losses. Some organic polymsush as
guar gum, partially hydrolyzed polyacrylamide (PHR#e added to enhance the rheological properfiéiseo
fluid systems (34-36).
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2.2. Mineral oil-based emulsion drilling fluids

The use of paraffinic based mineral in the placdie$el oil in the drilling fluids has gained pa@mt
interest in the petroleum industry. Mineral oil edglrilling fluid systems possess the same praggehut have
some advantages over diesel oil based drillingdfluiThe characteristics and advantages have btshini
laboratory evaluations and field case historiegydRaless, the results of laboratory toxicity tdsise shown
that mineral oil based drilling fluids are lessitothan diesel oil based drilling fluids. Tests dalso indicated
that oil retention properties of mineral oil bagdriling fluids are lesser than diesel oil basedlidg fluids
(37).

Invert type of mineral oil based drilling fluidgpically consist of refined paraffinic based oilgse,
emulsifiers, dispersants, organophilic clays, eaitbxide or hydroxide, high temperature stabiliaed water.
They can be considered to be low viscosity drillihgds. The concentration of colloidal solid comtds
maintained as low as possible. The viscosity, goaint and aromatic content of the mineral oil ane t
important factors that have to be considered fa fbrmulation of drilling fluids. The emulsifiersnd
dispersants are selected on the basis of toxititg. emulsifiers and dispersants used in the coiraitdiesel
oil based drilling fluids are compatible with theneral oil based drilling fluids. Some of the eniiiéss and
dispersants used in the mineral oil based driffinigls are fatty acid amide, tall oil fatty acidglcium sulfonate
and modified imidazoline. All have low toxicity camt and are relatively inexpensive(37).

2.3. Reversible invert emulsion drilling fluids

The reversible invert emulsion drilling fluids atgpe of emulsion based drilling fluids that can be
readily and reversibly converted from water-in-@hulsion to oil-in-water emulsion and back to aexan-oil
emulsion with the help of an acid-base chemicatawilt is an innovative approach to use the ernlbiased
drilling fluids for their optimum performance in iling operations (24). The addition of acid or bas
compounds to the drilling fluid systems has the&fbf altering the ionic strength of the hydrojhéind of the
surfactant compound. In this process O/W emuls@nd//O emulsions are created. This finally allowsaél
external fluid to be converted to a water extefhadl by adding a trigger compound such as an aaid then
changed back by adding a base compound (38). Megsible emulsion property of the surfactants used
drilling fluid systems allows the systems to bergjed from annvert emulsion mutb a regulaemulsion mud
at different stages of drilling and completion aiems. During the stage of drilling operation, tdling
fluids can be invert emulsion muds achieving &l phoperties associated with conventional oil baseds and
during the completion stage, the emulsion systeamslie reversed by adding water soluble acid whash c
provide excellent filter cake cleanups, better cating, improved production in an openhole completio
efficient cutting clean ups and finally waste masragnt. The reversible invert emulsion systems inpls
and easy to run. The additives used in these flyaglems are common additives used in oil based .nunks
invert emulsion systems are formulated as an eonisi which the oil forms the continuous phase hride
water serves as dispersed phase. Any amount ofnibe used as a continuous phase in the revensiae
emulsion mud. The solids and brine used in thdimyilfluid systems are suspended in the oleic pliass
maintaining the integrity of shale formations amdletl cuttings. As a result of which well bore raims stable
during the drilling operation. The chemical natamed property of the surfactants (emulsifiers) usethe
reversible invert emulsion muds play an importasie rin the performance of these fluid systems. The
surfactants used in the reversible systems forerastable invert emulsion in the presence of aikgl(lime).
The surfactants being non-ionic and non-protonaéedain stable and unaffected by brines. The absehce
hydrolysable functionality in the surfactants makbéem stable at high alkaline and high temperature
conditions. The non-ionic nature of the surfactanékes it compatible with additives used in oildzhdrilling
fluids (39-42).

However, in the presence of water soluble aciusse surfactants play a role of regular oil-in-wate
emulsifiers which are in their protonated form ahds form oil-in-water emulsions. The surfactards de
protonated using a water soluble organic or indiganid or deprotonated by a water soluble basesThe
same surfactant is capable of forming either a miateil emulsion or oil-in-water emulsion withodestroying
the properties of emulsifier. The reversible natnfréhe emulsion systems allows the muds to achogienum
production, minimal environmental impact and casitool (43).
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3. Effectiviness of Emulsion based Drilling Fluidsin Drilling Operations

Emulsion based drilling fluids offer many advantsgeer conventional water based drilling fluids in
oil and gas well drilling. Some of them have bekterated as follows:

3.1. Rheological and filtration properties: Rheology of drilling fluids is a key property whidhfluences
different important aspects of the drilling opewatilt influences the ability of the fluid to cardyill cuttings to
the surface and to keep solids suspended form fbenstops, thus affecting hole cleaning in the @os. It
directly affects the pressure differential in thiélgipe and the annulus which is ultimately asated with the
pumping requirements. It determines the degreerbutence achieved when fluid passes through lzzles,
thus affecting rate of penetration. It can alseefffluid flow in the porous media thus controllifigid loss
high-permeability formations or through the natunainduced fractures in the rock(44).

A drilling fluid experiences a wide range of shestes during its cycle of flow through the weluiing
its flow through drill pipe, shear rates are prewalin the order of f010° s*. This shear rate may develop upto
10° s' during its flow through bit nozzles. Again wheretbame drilling fluid flows through the wider cross
sectional area of the annulus, shear rates aredef aGs*. Thus the drilling fluid has to be compatiblettwi
rheological requirements which are required withryiray shear fields. The rheological properties of
significance are apparent viscosity, plastic viggoand gelling properties of the fluid. These rloggical
parameters are well achieved in emulsion baselindrilluids. As a general rule, viscosity at the bit effects
penetration rate, this will be better when visgost low. The viscosity in the annulus affects holeaning
efficiency and the viscosity in the pits influenctee effectiveness of solids separation technidDiher
rheological parameters like plastic viscosity areldypoint also play a significant role in the merhance of a
drilling fluid. Usually a drilling fluid with lowermplastic viscosity and higher yield point is recoemded as the
lower plastic viscosity provides turbulence at ¢l bit for better hole cleaning and higher yigidint ensures
enhanced carrying capacity and strong shear thgnb@haviour (1). The most appreciable characiesisif
these types of fluids is that the rheological props can be maintained with the ratio and typeibfused
accordingly. The emulsion droplets behave as fiokd sparticles which finally attributes to enhanced
rheological properties. As a result drilling fluidentaining brine content as external phase and plese as
internal phase have improved rheology as comparedater based drilling fluids. The improved rheabady
properties are also due to the fact that the dappsoated with solid particles and the continyghese can be
made viscous due the aggregation of excess parfithe 46).

Apart from these above mentioned advantages, @nalfiave ability to reduce the filtrate loss te th
formation. The reason behind lower filtrate voluim¢he ability of emulsion droplets to provide tfiiter cake
while drilling. The filter cake (essentially congsated drilling fluid) should have low permeabilip that loss
of filtrate in to the rock formation can be conteol but it should also allow the hydrocarbons twflback
during the production (47). It has been reportechany cases that addition of solid particles todhmilsion
based drilling fluids reduces the filtrate volumamatically with improved stability (27). Likewis#@uid loss
control in invert emulsion fluid systems can beieetd by a number of chemical methods. It can tmensd
by a combination of solid particles such as drilkedids and weighing agents and emulsion drop&tseral
fluid loss additives have been practiced to enhaimedevel of fluid loss control and improve th@perties of
filter cakes in invert emulsion based drilling tis{(15).

3.2.Drilling rate: The enhanced drilling rate upon the addition ofhaik been reported in two ways. Firstly
with the increase in the rate of penetration immtadly after the addition of oil and secondly deseem the
rotating time or rotating hours (8). The reasontha greater rate of penetration is possibly thatemveight is
on the bit than in the case. One of the reasonsooé indicator weight being on the bit is due te tbason that
emulsion muds cause smaller amount of wall fric{iepn Emulsion based drilling fluids usually alldaster
rate of penetration and decreased bit balling thater based drilling fluids. There has been a g#ner
agreement among the users of emulsion drillingdfuihat the bit life increased from 5-50% and Hooke
conditions encountered during the drilling operatiinimized to a great extent. As a result of inwe bore
hole conditions and reduction of torque, the usernfilsion muds has been successful in directiorildihg
and crooked holes (5, 48). In some cases reduictimmque as high as 40% have been reported afthtian of

oil in the drilling fluids. Some evidences have e@aked that by the application of emulsion muds hbke
diameters remain nearer to gauge(49).

3.3. Lubricity: Wellbore lubrication is exceptionally important esflly shallow, horizontal wells (5@nd
emulsion based drilling fluids show superior lubting qualitiesThese fluids usually form a thin filter cake
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and thus minimize the friction between drill pipedathe wall of wellbore thus enhances the lubnnati
properties and reduces the risk of differentialdtig(1). Differential sticking is a condition wiedy the drill
string cannot be rotated or reciprocated alongattie of the well bore. It typically occurs when Ihigontact
forces are caused by low pressure reservoirs ahdfbrwell pressures are exerted over a suffigydatige area
of drill string. For years it has been a commorcica to use oil in freeing a fish stuck in a bbote. This use
of oil is attributed to its lubricating propertiekhis advantage is specifically noticeable in theecof a crooked
hole or a whip stocked hole (5). Emulsion muds ammg mineral oil have proved to be excellent icdont
additives for water based drilling fluids. The affef torque and drag can be reduced with the imehditf from
2-4 % (by Vol.) of the oleic phase. The superidiricating properties of the emulsion muds providecay
important safety margin in the drilling and makerthideal fluids for deep and difficult drilling oions. The
emulsion muds are usually recommended for the ngnaf long strings of casing with very small cleares
between the pipe and the hole (51).

3.4. High temperature and high pressure conditions. Emulsion muds are suited to drill formations where
bottom hole temperature and pressure exceedsldrarioe level of conventional water based muds@alty

in the presence of contaminants such as cemettis,as@ gases. Moreover, emulsion muds are suifable
drilling water sensitive shale. The fluid systems aon reactive towards shale (7, 8). The repat® lshown
that the problem of sloughing shales and hole gataent because of the chemical interaction of the with
the formations can substantially be eliminated gisan invert emulsion muds. They also provide eroell
wellbore stability in high temperature high pregs(idfTHP) conditions as compared to water basedngyil
fluids (23).

3.5. Low pore pressure formations: The ability to drill low pore pressure formatiosswell accomplished with
emulsion muds since the mud weight can be mairda&ttea weight lesser than that of water. The foionat
where weight making shales are present in the $mbeewith possible lost circulation zones, the taghweight
of muds plays a very important role. This lightegight of the muds results primarily due to loweedfic
gravity of the oil and also from the fact that €satlo not disperse and make weight in oil. Formad@mage is
another important factor which determines the idglifluid performance. Like most oil based mudse th
emulsion mud systems are generally non-damagipgoucing formations (5).

3.6. Effectivenessin horizontal and deviated wells: The newly developed oil-in-water emulsion mud diadd
by some solid emulsifiers has become one of themmajid systems used in directional and horizoritétlols.
O/W emulsions are applied for drilling weak argib@aus deposits in the lower part of the drillingeiwal under
production string upto the deviation angle of.70lay less biopolymer emulsion muds are usuallgduis
horizontal drilling under shank adaptor is impleteehin tight carbonate deposits (24). In additionits
improvement on emulsion stability, the solid enfidss and biopolymers have proven to enhance wedlbo
lubrication and to be of benefit to the controfleéological parameters and filtration loss (48).

3.7. Corrosion control: Thecorrosion of drill pipe can be controlled using ésimn muds since the oil present
as the internal phase coats the surface of tHepgyé. The most appreciable property regardingasion is the
presence of oil which makes the additives non neacAs a result they become thermally stable. mbe
conductive nature of oil makes the emulsion mudistant towards the attack of microorganisms. Swjlgion
muds can also be stored for longer periods of simee the bacterial growth is suppressed.

3.8. Contaminants: For any drilling fluid, tolerance to contaminanssan important factor for its use in actual
field conditions. The effects of contaminants asaally evaluated by measuring high temperature pighsure
(HTHP) fluid losses and other parameters like emnlstability and rheological properties of contaated
muds before and after the heat-aging cycle. Thehage shown that in the presence of drilled sotidd
seawater make the emulsion system stable with en@ianges in rheological properties and fluid owstrol.
The emulsion stability also showed a moderate ahampese tests conducted on reversible invert éonuls
drilling fluids have shown a significant degreetakrance towards contaminants which suits theptiegbility

in actual well conditions (43). On the other sidmulsion based drilling fluids containing minerdl are not
affected by carbonates, hydrogen sulfide and sathey can be used in the areas where contamicante
severe problems associated with water based drillinds (37).

3.9. Completion operations. Once a well is drilled with an emulsion mud, thesantages of emulsions are
better suited to the completion, production, clgpand disposal of the cuttings. Many cases have te#orted
where enhanced productivity has been obtained fretis drilled with an emulsion mud when compared to
offset wells drilled with a conventional mud. Tlidvantage is attributed to the fact that less anofiwater
enters the formation. Other factors of increasextipetivity may be the surface tension of the figrand its
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effect on materials in the sand which are pronéyyration. In many cases the complete evaluatiothef
completion operation indicates that completion déw permeability formation can be improved to aajer
extent (8).

Likewise, if a well is drilled with reversible wert emulsion drilling fluid, the oil-wet pipe and
formation drilled can readily and rapidly be rewstdo water wet-state by treating with small amafnivater
soluble acid. Weak acids such as citric acid ardi@acid can reverse the nature of residual fleftlin the
column and oil-wet surface of the formation drilledh the same fluid (43).

3.10. Cost: Drilling a wellbore is first and most expensivepsia oil and gas industry. The average cost of
drilling a well is related to the type, depth anddtion of the well and also includes the costdriling-related
services. The expenditures for drilling represebfo2of the total oilfield exploration cost and areinty
focused in exploration and development of welllicig. Moreover, the search for new hydrocarbon sesiis
leading the industries to drill deeper wells. Ag tllepth increases, not only the temperature anssyme
increases but the formations to be drilled alsmbecstronger. The induced plasticity makes it difti to carry
the cutting debris to the surface. As a resullidglrate decreases significantly. Other activiti&e tripping,
running and cementing casing, logging and coringpbe more complex and time consuming. So this way
over all cost increases dramatically. Drilling @laj which solely represent one fifth (15-20%) of tbtal cost

of well drilling, must not be specifically too expgve. The cost of emulsion based drilling fluidstjzularly
oil-in-water emulsion mud is always lower than ttest of oil based muds. Many cases have been egport
where the maintenance cost of emulsion muds demtesagnificantly (51).

4. Environmental considerations and Waste M anagement

Since the early 1990's, regulations have restrittedosses of hydrocarbon and closure of theasies
drilling without treatment. Presently drilling fllii companies are developing fluid systems that are
environmentally benign and more amenable to biattnent of the drilling wastes (52, 53). To minimibe
pollution caused by oil based muds, numerous progres have evolved to reduce oil content according t
regional and/or regional standards. Some of theedisttion technologies primarily include dewatering,
distillation, solvent extraction, cuttings reinjiect, fixation, land farming and bioremediation (5&4) some
cases the mud components serve as soil supplemkatteultural aid. The holistic approach whichslgained
immense support mainly solves both drilling and teeggoblems (51, 55). Some concepts have alreaely be
introduced to integrate economic and environmerdakiderations in drilling practices, such as Emwinental
Performance Indicator€EPI) and Total Fluid ManagemenTEM). Thus much effort has been invested in
exploring waste minimization technologies (56, 57).

The pre-treatment of emulsion muds before its diapts considered to be easier and less costly than
Oil based muds. Oils can be removed from the @agtimith the help of mechanical cuttings dryansl thermal
desorption unitsAs per a recent developed technique, oil fromadtilcuttings can be recovered by liquefied
gas extraction technique. This way oil recovered @gain be used in the emulsion muds. Therefore|ston
mud cuttings are less likely to cause adverse Isea impacts than traditional oil-based cuttingsatoich oil
ratio is higher (51).

It is important to consider that the waste disposethod functions according to the base fluid used
the continuous phase of the drilling fluid systetdader right environmental conditions, microorgamésare
very efficient at degrading many types of hydroocash In oil-in-water emulsion muds water is in ¢onbus
phase so degradation of such fluids is much easidrfaster as compared to typical conventionabasied
muds. Alternatively, if the fluid systems are deyed using a base fluid that does not contain aomatic,
branched or cyclic components, the degree of treitroan be optimized to a great extent. Some ofvése
treatment technologies that oil and gas indusprastice are physical/chemical processes, biolbgiesses,
solidification and recycle or reuse. The idea béhhe development of such emulsion muds is noetigh a
system that merely pose a neutral or negligiblesichpn the environment, but rather one that cotddeto be
beneficial (52).

5. Conclusion

The addition of oil can improve the performancewedter based drilling fluids as evidenced by
improvement in rheological and lubricating propestiReduction in filtration loss, less torque arabdless bit
balling, less sticking of pipe and less hole erdangnt have been cited as major advantages of emulaised
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drilling muds. Some of the emerging developmentshsas reversible invert emulsion drilling fluidsviea
proved to be an innovative approach to magnifypdidormance of emulsion based drilling fluid sysseifhe
development of this new generation emulsion bagéhing fluids typically represent a mid way soloi
among performance during drilling operations, ecoicoand environmental considerations. Hence, ewmnilsi
based drilling fluids can be a pioneer in drillifigid technology in case of highly water sensitfeemations
such as shales and fractured oil and gas reservoirs
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