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Abstract

Life of most oil wells, produces more water withettcrude oil than
acceptable standard to the producer or customerisTmay be due to the
perforation depth at that point in time which allosvwater to enter the well.
In some cases, it is impossible to prevent watemtamination regardless of
its source. Some of the water produced combinesh wfite oil to form an
emulsion, hence requiring special methods to separdnem.

In this study ,treatment of crude oil emulsion ug locally made
emulsifiers was carried out by formulation of annalsion breaking
chemical or demulsifier in the laboratory from maials obtained locally and
the experimental investigation of its effectiveness breaking crude oil
emulsion was also . Materials used include Liquidap, starch, camphor,
alum, and castor oil. Two different demulsifier wdsrmulated and tested on
the crude oil emulsion sample from umusadege fieldd was treated at a

temperature of 50,

Foreign demulsifiers, Separol and servo of the sameantity and under
the same experimental condition, served as a bdsis comparison. The
result of the treatment was a successful separatiminoil and water. The
separated water volume of umusadege well 1 afteating for 120minutes by
LD1 was 46ml and when the foreign demulsifier (sepB was used the
separated volume of water was Oml. Also umusadegh 2y after treating for
120minutes by LD1 the volume of water separated Wa&8&ml, while when
separol was used the volume of water separated wWaml and servo
was105ml
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List of Abbreviations

API - American Petroleum Institute
BS & W - Basic Sediment and Water

LD1 - Local Demulsifier Formulation 1
LD2 - Local Demulsifier Formulation 2
O.T.R - Obtained T-ratio

TTR - Tabled T-ratio

1.0 Introduction

Crude oil is a complex fluid containing asphaltermesins and napthenic acid. Asphaltenes is theid&taand most polar
fraction in the crude oil and responsible in risung the variety of nuisances and stabilized theskvat oil emulsion that
occurred during crude oil production. It is widdgown that deposition and flocculation of asphatemay be occurred
when the thermodynamic equilibrium is disturbed.

The water and oil phases are co-produced duringroduction and transportation. The dispersion afewdroplets in oil or
oil droplets in water will be formed by sufficientixing energy from the refinery. The interfaciatige agents in the crude
oil such as asphaltenes, resins and naphtenic raaid accumulate at the water-oil interface and hirttle droplets to
separate. Among these components, asphalteneslarecl to be the major causes in stabilizing thelsion. This is
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because they tend to adsorb at watetrirde oil interfaces to form a rigid fil

Surrounding the water droplets and protect therfatéal film from rupturing during dropl-droplet collisions.
Consequently, the formation of particularly stalvkger-in-crude oil emulsion is facilitated.

Emulsion problems in crude oil productions resulted demand for expensive emulsion separatiorpeggmt such as wat
treaters, separators and coalescers. Hence, chHed@oaulsification is the suitable method from batperationl and
economic point of view to break the crude oil enaais A chemical agent typically acts on the inteid film by either
reacting chemically with the polar crude oil compots or by modifying the environment of the denfidation.

Among chemical agents, interfacattive demulsifiers, which weaken the stabilizilgn$ to enhance droplets coalescer
are preferred due to lower additions rates nei

Emulsions of oil and water are one of many probletinectly associated with the petroleum inry, in both oil-field
production and refinery environments.

Whether these emulsions are created inadvertenyeounavoidable, as in the oil field productioeaa or are deliberay
induced, as in refinery desalting operations, ttenemic necessitto eliminate emulsions or maximize -water separation
is present[1].

The aim of this project is to treat crude oil enmutssample gotten from umusadege field using lgcathde demulsifier
The major objectives are: 1.To determine the ARIV@y of the sample before and after treatment.2.To deterthia Basi
Sediment and Water (BS&W) of the sample before @fter treatment.3.To determine the amount of etdrhevater, fre
water, and oil volume.

The use of local materials for the production ofulsifiers in the breaking of crude oil emulsiorrédevant in oil industn
because it helps to reduce the exclusive dependemdde high profile foreign demulsifiers, whicheagxpensive an
imported.

2.0  Theory and Method

Crude oil emulsion is defineals the mixture of two immiscible liquids (oil andter) one which is dispersed in the forn
droplets in the other. The liquid in an oil emufsithat is broken into droplets is known as therim€or dispersed phe
while the continuous or externdhase is the phase in which the droplet is suspe

2.1  Types of Emulsion

Depending on which phase is dispersed and whichepisacontinuous. Emulsions are classified intedlgroups. They ai
1. Water-inoil emulsion (W/O) or Regular emulsi

2. Qil-in-water emulsion(O/W) or Reverse emuls

3. Multiphase or Mixed emulsion

Water in Oil Emulsion (Regular Emulsic

In this type of emulsion, water is the dispersethtarnal phase and oil is the continuous or exigohase, water is diersed
in the oil as show in Figl. When considering crude oil emulsion, et-in-oil emulsions are treated with great conc
because it is the most common type of crude oillsio encountered in the oilfie

Fig. 1: Photomicrograph of a Water-@# Emulsior.

2.2 Oil in Water Emulsion (Reverse Emulsior

This is an emulsion type in which oil is dispersadwater. The continuous or external phase is wateite oil is the
dispersed or internal phase. This emulsion typeften called reverse emulsion. It is encered in some heavy oil
production/ formation zones, such as that founar@as of Canada, Venezuela, California, and ottesrs
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Fig. 2:Photomicrograph of an Oil-IMVater Emulsio.

2.3 Multiphase or Mixed Emulsion

Multiple emulsions are more complex and consistimf droplets suspended in bigger droplets thatsargpended in
continuous phase. For example, a wateoil-in-water emulsion consists of water droplets suspeimiéarger oil droplet:
that, in turnare suspended in a continuous water ptFig.3.0shows an example of a multiple emulsi

Fig. 3: Photomicrograph of a Water-d# -In-Water Emulsion.

For crude oil emulsion to be formed, there aredlasic conditions. These ¢

1. Thetwo liquids forming the emulsion must be immiscifdd and water).2.An emulsifying agent must beseire

3. There must be sufficient agitation to dispense kiquid as droplet in the other |

2.4  Emulsion Stability

A stable emulsion will not break separate without some form of treatment. Severabfa can contribute to the stability
an emulsion. This factors include;

emulsifying agent,

Specific/API gravity,

Total dissolved solid,

Viscosity,

water percentage,

agitation

. Age of emulsion.

2.5  Emulsifying Agents

Produced oil field water-iwil emulsions contain oil, water, and an emulsifyggent. Emulsifiers stabilize emulsions
include surfacective agents and finely divided soli

Surface-active agents

Surface-active agents (surfaats) are compounds that are partly soluble in batter and oil. They have a hydrophobic |
that has an affinity for oil and a hydrophilic p#rat has an affinity for water. Because of thideunalar structure, swactants
tend to concentrate at thé/water interface, where they form interfacialnfis. This generally leads to a lowering of
interfacial tension (IFT) and promotes dispersiod @mulsification of the droplets. Naturally océngr emulsifiers in the
crude oil include higher boilingdctions, such a:

1. Asphaltenes and resins

2. Organic acids

3. Bases

These compounds have been shown to be the maititaenss of interfacial films that form around wadroplets in many
oilfield emulsions. Other surfactants that may bespnt are from the chemicals injected into then&dion or wellbores
such as:

1. Drilling fluids

NogkrwdbE
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Stimulation chemicals

Corrosion inhibitors

Scale inhibitors

Wax

. Asphaltene control agents

2.6 Finely divided solids

Fine solids can act as mechanical stabilizers. § Ipasticles, which must be much smaller than emnlsiroplets (usually
submicron), collect at the oil/water interface eam@ wetted by both oil and water. The effectivenalsshese solids in
stabilizing emulsions depends on factors such as;

[ Particle size

ii Interparticle interactions

iii Wettability of the particles

2.7 Finely Divided Solids Found in Oil Production include:
i Clay particles ii Sand iii Silt iv Asphaltenescawaxes v Corrosion products vi Shale particlediiieral scales that collect
at the oil/water interface viii Drilling muds.

2.8  Specific Gravity and API Gravity

The specific gravity of a substance is the weidl given amount of that substance (liquid) ategitemperature compared
to the weight of an equal volume at the same teatpes. The difference in specific gravity betweka oil and water has a
bearing on the stability of an emulsion. The gretite differences, the faster the water can settteand stabilize. Crude oil
with low API gravity (high density) form the moréable and higher percentage volume of emulsion|eadrude oil with
high API gravity (low density) will form less stabkand lower percentage of emulsion. Oil with a &R, tends to keep
water droplets in suspension creating a more stahldsion. Asphaltic based oils have tendency tolgifging more rapidly

than paraffin-base oil.
141.5

WhereS.G s the specific gravity of the oil.

Total Dissolved Solid

Total dissolved solid or salinity of the water alefluences settling rates. The higher the amotisbbd in an emulsion, the
faster the water is separated from the emulsion.tBai lower the amount of solid in an emulsion kver the water is
separated from the emulsion the heavier the wiiderfaster the stabilization or settling time of #mulsion.

2.9  Viscosity

Viscosity is defined as fluids resistance to fldwigh viscosity crude oil usually forms a more stakimulsion than low
viscosity oil. Emulsion of high viscosity crudevsry stable and difficult to treat. Because theassty of the oil hinders or
prevents movement of the dispersed water dropletstaus reduces or retards their coalescence. WHaghsity oil contained
more emulsifiers than lighter oils. An oil of higiscosity required more time for the water dropéetoalescence and settle
out, at the bottom of the container because ohifle resistance to flow.

2.10 Water Percentage
Smaller percentage of water in an emulsion meaeatgr stability. High percentage of water in an ksion tends to make
the water to coalescence quickly and then settle ou

2.11 Agitation

Emulsion stability will be reduced by reducing diménating the agitation of oil-and-water mixturéhe amount of mixing

depends on several factors and is difficult to dvdn general, the greater the mixing, the sméilber droplets of water

dispersed in the oil and the tighter the emulsitime effectiveness of any demulsifier added to tneat system, is directly
dependent upon its making optimum contact withettmailsion.

Therefore, the emulsion must be sufficiently agithtfter the chemical demulsifierhas been addetdedse of the mild

agitation, is beneficial in promoting coalesceriRe-emulsification may occur if an emulsion is atgithseverely once it has
broken into oil and water.

2.12 Age of the Emulsion

The longer an emulsion remains untreated, the hétréecomes to break .The emulsifying agent thatosinds the surface
of the droplets with a film that becomes thickethatime, hence making it difficult to break. An elsion generally tends to
increase in stability with age. It is therefore i@éd to treat emulsion that is fresh from the floves or well head rather than
to allow it spend more time in the storage tanlobefreating [3].

2.13 Characteristics and Physical Properties

Oilfield emulsions are characterized by severapprties including:

[ Appearance and color

ok wnN
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ii BS&W

iii Droplet size

iv Bulk and interfacial viscosities

2.14 Appearance and Color

Color and appearance is an easy way to charactarizemulsion. The characterization becomes someedsy if the
emulsion is transferred into a conical glass ckrge tube. The color of the emulsion can vary widipending on:

[ Oil/water content

ii Characteristics of the oil and water

The common colors of emulsions are dark reddiswbyaray, or blackish brown; however, any color caour depending
on the type of oil and water at a particular fagilEmulsion brightness is sometimes used to cletiae an emulsion. An
emulsion generally looks murky and opaque becafisgtt scattering at the oil/water interface. Whan emulsion has
small diameter droplets (large surface area), st &ddight color. When an emulsion has large diaméteplets (low total
interfacial surface area), it generally looks darkl less bright. Understanding the characteristican emulsion by visual
observation is an art that improves with experience

2.15 Basic Sediment and Water

Basic sediment and water (BS&W) is the solids amakeaus portion of an emulsion. It is also refetieeds BS&W, bottom
settlings and water, or bottom solids and wateveBd methods are available to determine the amofuwiater and solids in
emulsions. Standard methods have been proposesl/byas organizations including the;

1. Institute of Petroleum
2. American Petroleum Institute
3. American Society for Testing Materials

The most common technique for the determinatiogilpfvater, and solids consists of:
1. Adding a slight overdose of a demulsifier to an ksiom
2. Centrifuging it
3. Allowing it to stand
The amount of solids and water separated is measlimectly from specially designed centrifuge tubes

2.16 Droplet Size and Droplet-Size Distribution

Produced oilfield emulsions generally have drodiemeters that exceed Quin and may be larger than 10h. Emulsions
with smaller drops are more stable than thosergeladrops. Because smaller drops will not coalesstly and settle out as
water and oil.

2.17 Interfacial Viscosity

The previous discussion on viscosity was limitedbtitk emulsion viscosity. A closely related andwanportant property,
especially for demulsification, is the interfaciécosity, or the viscosity of the fluid at the/wihter interface. As mentioned
previously, water-in-oil emulsions form rigid infacial films encapsulating the water droplets. Ehésterfacial films
stabilize an emulsion by lowering IFT and incregsinterfacial viscosity. These films retard theeraf oil-film drainage
during the coalescence of water droplets, theragkgtly reducing the rate of emulsion breakdown. dht@rainage rate
depends on the interfacial shear viscosity. Higérfacial viscosities significantly slow the liquittainage rate and thus have
a stabilizing effect on the emulsion.

2.18 Demulsification and Principles of Demulsifiction

Demulsification is the breaking of a crude oil esioih into oil and water phases. From a processt piview, the oil
producer is interested in three aspects of dendsion:

1. Rate or the speed at which this separatiorstpleze.
2. Amount of water left in the crude oil after segi@n.
3. Quality of separated water for disposal.

A fast rate of separation, a low value of residwater in the crude oil, and a low value of oil etdisposal water are
obviously desirable. Produced oil generally hasneet company and pipeline specifications. For exanthe oil shipped

from wet-crude handling facilities must not contaiore than 0.2% basic sediment and water (BS&W)l&hdounds of salt
per thousand barrels of crude oil. This standapkdds on company and pipeline specifications. Hiteisinsoluble in oil

and associated with residual water in the treatedec Low BS&W and salt content is required to gorrosion and
deposition of salts. The primary concern in refiegris to remove inorganic salts from the crudebeifore they cause
corrosion or other detrimental effects in refineguipment. The salts are removed by washing oftteséhe crude oil with

relatively fresh water.

2.19 Principles of Demulsification
Three basic steps or Demulsification principles raxuired to separate a water-in-oil emulsion mtoulk phase of oil and
water. These are;
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Destabilizing emulsions

Qilfield emulsions possess some kinetic stabilltyis stability arises from the formation of integi@ films that encapsulate
the water droplets. To separate this emulsionaitand water, the interfacial film must be des&rdyand the droplets made
to coalesce. Therefore, destabilizing or breakimglsions is linked directly to the removal of tmgerfacial film.
Temperature

Application of heat promotes oil/water separationl @accelerates the treating process. An increaseniperature has the
following effects.

1. Reduces the viscosity of the oil.

2. Increases the mobility of the water droplets.

3. Increases the settling rate of water droplets.

4. Increases droplet collisions and favors coalescence

5. Weakens or ruptures the film on water droplets bseaf water expansion and enhances film drainadeaalescence.
6. Increases the difference in densities of the fltidd further enhances water-settling time and regjoa.

All of these factors favor emulsion destabilizateomd oil/water separation; however, heat by itseifot a cure-all and even
has some disadvantages (e.g., loss of light eonds the crude oil). An economic analysis should &dgsmed that takes into
consideration factors such as:

1. Heating costs

2. Reduced treating time

3. Residual water in the crude

An increase in temperature also can be achievdalibyng crude-oil pipelines or by insulating thehimese factors should be
evaluated carefully during development, especlfacilities where emulsion problems are anti@pd4].

2.20 Coalescence

Coalescence is defined as the combination of twseweral droplets to form a large drop. It takexelwhen the thin film of
continuous phase between two drops breaks andukeyrapidly to form a single droplet. The stapitf an emulsion
system, therefore, depends on the rate of coalesa@am it is obvious that the properties of tHis fivill determine the
stability of the emulsion.

2.21 Gravity Separation

A period of setting must be provided to allow tlalesced drop to settle out at the oil becauskeoflifference in density
between the water and oil. This is accomplishegroyiding a sufficient resident time and favoratibev patterns in tank
vessels that will allow the coalesced drop out waieseparate from the oil.

2.22 Methods of Treating Crude Oil Emulsion

In the oil industry, crude oil emulsion must be @gped completely before the oil can be transpaatetiprocessed further.

All the various treating method listed before amected at increasing the size of the water drophetreasing the gravity

difference between the water and oil. Thereforepoilduce from reservoir must be treated or demetksitbefore they are

pumped to the refineries or off-loaded at the teais. Crude oil emulsions must be separated alowspletely before the

oil can be transported and processed further. Homulseparation into oil and water requires the at@bzation of

emulsifying films around water droplets. This pregés accomplished by any, or a combination, ofallewing methods:

1. Adding chemical demulsifiers (chemical method).

2. Increasing the temperature of the emulsion (thermethod).

3. Applying electrostatic fields that promote coaleste (electrical method).

4. Reducing the flow velocity that allows gravitatibsgparation of oil, water, and gas. This is gelhesccomplished in
large-volume separators and desalters (mechanithioah).

2.23 Chemical Methods

Dehydration chemicals, or demulsifiers, are chemimanpounds that are widely used to destabilizel assist in the
coalescence of crude-oil emulsions. This treatmegihod is popular because the chemicals are emgiled, usually are
reasonable in cost, and usually minimize the amotiheat and settling time required.

The chemical counteracts the emulsifying agermyafig the dispersed droplets of the emulsion tdesu® into larger drops
and settle out of the matrix. To work, demulsifiers

1. Must be injected into the emulsion

2. Must mix intimately with the emulsion and migratedl the protective films surrounding all the disped droplets.

3. Must displace or nullify the effect of the emulsify agent at the interface.

For the oil and water to separate, there must laés@ period of continual, moderate agitation of tifleated emulsion to
produce contact between coalescence of the dispdreelets as well as a quiet settling period.
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Actions of a chemical demulsifier

The mechanisms to consider for a chemical demeisiiie

1. Strong attraction to the oil/ water interface. Tdemulsifier must be able to migrate rapidly throubl oil phase to
reach the droplet interface where it must countarecemulsifying agent.

2. Flocculation. The demulsifier must have an attcacfor water droplets with a similar charge anchgrthem together. In
this way, large clusters of water droplets gattrich under a microscope look like bunches of &églys.

3. Coalescence. After flocculation, the emulsifiemfifemains continuous. If the emulsifier force isakiethe flocculation
force might be enough to cause coalescence; howéhisr is usually not true, and the demulsifier masable
coalescence by neutralizing the emulsifier and torg rupture of the droplet interface film. In thicculated
emulsion, the rupture causes increasing water- siz

4. Solid wetting. Iron sulfides, clay and drilling nsmidan be made water-wet, which causes them to thavieterface and
be diffused into the water droplets. Paraffin asphaltenes can be dissolved or altered by the d#fieulto make their
film less viscous, or they can be made oil-wethad they will be dispersed in the .

2.24  Selection of Demulsifier

Selection of the right demulsifier is crucial iretemulsion breaking process, and still viewed aaramather than a science.
Demulsifiers are chemicals that contain solventg. (benzene, toluene, xylene, short-chain alcotaisd, heavy aromatic
naphtha), surfactants, flocculants, and wettinghesgelhe demulsifiers act by total or partial dés@ment of the indigenous
stabilizing components (polar materials) of theeifecial film surrounding the emulsion droplets.isTHisplacement also
brings about a change in properties such as imfaffariscosity or electricity of the protecting il thus enhancing

destabilization. In some cases, the chemicalssaatwaetting agent and alter the wettability of steilizing particles, which

lead to a breakup of the emulsion film. Testinggedures are available to select appropriate defientsiThese tests include
bottle tests, dynamic simulators, and actual plests. These tests also determine the amount afichkto be added. Too
little dosage of demulsifier will leave the emulsionresolved. On the other hand, a high dosageswiutsifier (an over

treating condition) may be detrimental to the tm@eit process. Because demulsifiers are surfacesaatients too like

emulsifiers, an excess quantity of demulsifier ratgo produce very stable emulsions. In this cdsedemulsifier simply

replaces the natural emulsifiers at the interpl@se[

2.25 Chemistry of Demulsifier

Crude oil emulsion treatment dates back to the tifnen the first oil well was drilled. Chemical delsifier’s history reveals
that prior to the knowledge of polyether condensstathesis, chemicals such as sulphuric acid, atdghcastor oil, and
polyhydric alcohols were used directly as demudsifi Demulsifiers maybe specific for a given enarsand completely
ineffective for another emulsion. The Table 1. bethhows the development and evaluation of dematsifi

Table 1: Historical Development of Chemical Demulsifier

Year Demulsifiers

1920-1930 Soap, naphtenic acid salts and sulplatgtdr oil.

1930-1940 Petroleum sulphonates, derivatives g@ihguhcid oxidized castor
Oil and sulphosucinic acid ester.

1940-1950 Fatty acids, fatty alcohols, alkylphenols

1950-1960 Ethylene oxide/propylene oxide copolymékoxylated cyclic palkylphenol
Formaldehyde resins.

1960-1970 Amine alkoxylate.

1970-1980 Alkoxylated cyclic p-alkylphenol formaldale resins

1980-1990 Polyesteramine and blends.

1990-2013 Blends of any combination of polyglycstees, low molecular weight resin derivatives,
sulfonates, polymerized oils and esters, high mdéec weight resin derivatives,
alkanolamine condensates, oxyalkylated phenolsgjapahe derivatives and various blends
of surfactants.

2.26  Physical Methods
Physical treatment techniques include heatingtridat, or a mechanical method [7].

2.27 Thermal Methods

Heating alone does not cause an emulsion to breakdexcept in rare instances.

Usually the application of heat is an auxiliary gges to enhance the breaking or separation of @nulk reduces the
viscosity of the oil and increases the water sgjtliate according to Stokes law. Increase in teatper also results in the
destabilization of rigid films caused by reducetbifacial viscosity. Furthermore, the coalescemeguency between water
droplets is increased because of the higher theematgy of the droplets. Increasing the temperatiai® some negative
effects. Firstly, it costs money to heat the enauistream.
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Second, it can result in the loss of light endsrfitthie crude oil, reducing its American petroleustitnte (API) gravity and
the treated oil volume. Finally, increasing tempam leads to an increased tendency toward scgdesition and an
increased potential for corrosion in treating vesse

Application of heat for emulsion breaking shoulddzsed on an overall economic analysis of thertreat facility. The cost
effectiveness of adding heat should be balancedthstg@nger treatment time (larger separator), los$ight ends and a
resultant reduced oil price, chemical costs, ardctbsts of installation of electrostatic grids,retrofitting. Some common
types of heaters in the oil industry include Tubuiaaters, fluid-jacket heaters, internal fireb@aters, volume, or jug-type
heaters.

2.28 Electrical Methods

High voltage electricity (electric Grids) is oftam effective means of breaking emulsion. It is galhetheorized that water
droplets have an associated charge and, when etnieféeld is applied, the droplets move rapidigllide with each other,
and coalesce. The electric field also disturbsritpe interfacial film by rearranging the polar mclles thereby weakening
the tight film and enhancing coalescence. The mtattsystem consists of a transformer and eleesatiat provide high
voltage alternating current alternating current.

The electrodes are placed in such a way as to gwaoam electric field that is perpendicular to thection of flow. The
distance between the electrodes — in some desigdgistable sothat the voltage can be varied td thegequirement of the
emulsion being treated.

Electrostatic dehydration is rarely used as a nietifdoreaking emulsions. It is generally used injooction with chemical
and heat requirements. Invariably, the use of edstdtic dehydration will result in a reduction leéat addition. Lower
temperatures result in fuel economy, reduced problevith scale and corrosion formation, and reduggtt ends loss.
Electrostatic grids also can lead to a reducticthénuse of emulsion-breaking-chemicals [8].

2.29 Mechanical Method

Mechanical methods have to do with either sepayatinslotting from water or vice versa. These dfferdnt mechanical
equipment used for water settling. They are:

Settling tank.

Free Water Knock Out drums.

Skim pits.

Guns Barrel or Wash Tank.

Production Traps or three phase separator

. Desalters.

Settling Tank

The settling tank was the basic vessel used ingamuin the early days. This involves allowing #raulsion to remain in a
container for a long time enough for the water thbfp settle to the bottom of the container. la #dmulsion, the water has a
heavier density than oil, therefore the oil floatstop of the water. This method often provideseradequate when
economy is a prime factor.

Free Water Knock Out Drum

Free-water knockout drums separate the free wadar the crude oil/water mixture. Some of the assied gases may be
separated in these drums. Free-water knockout danensupplementary equipment that aid in the treatrof produced
crude oil emulsions.

Skim pit

A skim pit is an earthen pit lined concrete intaethlarge volumes of well fluid are produced. Daéhigh density of water,
oil floats on top of the water and the water setiethe bottom of the pit. The oil is skimmed bff series of baffles as water
flows across the pit.

Gun Barrel or Wash Tank

This is another type of settling tank that is fatwgth an internal or external boot or flume. Thendarrel is composed of
different parts. They are;

Theinlet pipe: This pipe conducts the emulsion (water and oiljrfithe oil and gas separator to the gun barrel.

The conductor pipe: This is also known as the boot or flume .This large pipe through which the emulsion passes before
getting to the bottom of the pit.

Body or Tank: This part holds the water wash or water layer siaoland clean oil layers and allow time for thieaoid

water to separate.

Water QOutlet: It provides outlet for the separated water ansl itsed to regulate the amount of water held irgthebarrel.
Production Trap or Three Phase separator

Three phase separator are used to separate thecpoodfuid into oil, water, and gas. The separatuld either be
horizontal or vertical in configuration. Separagdficiency can be improved upon by installing ceake pack/pack as they
increase the travelling of the fluid through thpa@tor and spreader/spreader which increase tiwaofrequency

between droplet. The main part of the separatdudiec heater section, wash tank, electrostaticsgait stabilizing section.
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Desalters

The oil from the separator is generally "off-sp@c., it still contains unacceptably high levefsaater and solids). It must
be further treated to meet crude specifications tii@refinery, the salt level must be further eatli Refinery crude should
contain no more than a specified amount of inorgaalids (salts). This is generally expressed ungls per thousand
barrels. The industry standard is 1 pound per taadidarrels. The removal of the salts, along withremaining water, is
the process of desalting.

3.0 Methodology

Experimental Procedures and Analysis

The crude oil emulsion sample used in this reseavaeb obtained from an oil field located at kwaléNidokwa West local
Government Area of Delta state, Nigeria. The folltg experiments were conducted to determine th@ BSAPI & SG of
the sample before and after treatment and alspalyze the effectiveness of the treatment. Thel®ttst method is used to
determine the chemical/ formulation most effectivbreaking the emulsion.

Determination of Free Water in Emulsion by Gra@gparation

3.1  Apparatus/Materials

1. Retort stand

2. Crude oil emulsion sample

3. Separating funnel

Procedure/Method

1. The separating funnel was fixed properly to thentettand.

2. Samples (2.25 liters) from umusadege well 1 an8l [jgrs) from umusadege well 2, were poured ifi® $eparating
funnels and allowed for some time to separateviraer by gravity.

Determination of Percentage BS&W of Untreated Eionl$Sample

Basic Sediments and Water is the percentage ofritigafforeign matter within the crude oil samplghis is done to

ascertain the sediment and water quantity of theptato be treated.

Apparatus/Materials

1. Centrifuge Machine

2. Centrifuge Tube

3. Crude Oil Emulsion (Sample)

4. Stop Watch

Procedure/Method

1. 10ml of Samples were poured into the calibratedrifage tubes.

2. Samples were centrifuged thoroughly at 5000 rev/foin5 minutes in the centrifuge machine and regslimere
recorded.

Determination of specific gravity and API gravitiyuntreated crude oil emulsion sample (using hydrtammethod)

AIM: To determine the specific/ API gravity of crudeesfiulsionsample using Hydrometer method.

SCOPE: This experiment covers the determinatiohRIfSpecific gravity using hydrometer method.

Significance: Accurate determination of densityedfic gravity and API of the emulsion sample isce&sary for the

conversion of measured volume 60f/60f

Apparatus

1. Measuring cylinder

2. Hydrometer

3. Thermometer

4. Crude sample

Procedure

1. Crude oil sample (well 1 and 2) was transferred atlean hydrometer cylinder

2. The cylinder containing the sample was positionedically in a free location to avoid air contaadanclination of any
disturbance.

3. The hydrometer was carefully lowered into the s@mpls soon as a stabilized reading was reachegadimé at which
the sample cut the graduated line was recordetieaspecific gravity and the temperature readinthefsample was
taken and recorded.

Formulation of Local Demulsifier (LD)

The materials used in formulating LD1 and LD2 drewven in Table 2.
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Table 2: Showing LD1 and LD2 Materials

Demulsifier | Content Weight/Volume Function

Alum 59 To facilitate settling of sediments

Castor QOil 50ml It acts as a solvent for the canngimal improves on the
LD1 lipophilic properties

Industrial 59 Coalescing of the tiny water droplets

Starch

Liquid Soap | 50ml Destabilization of emulsion film

Camphor 59 This forms the lipophilic end of the ddstfier, and

improves on the demulsifier performance

Alum 59 To facilitate settling of sediments

Castor QOil 50ml It acts as a solvent for the canntmal improves on the
LD2 lipophilic properties

Camphor 59 Coalescing of the tiny water droplets

Liquid 50ml Destabilization of emulsion film

Soap

Comart 59 This forms the lipophilic end of the demulsifiand

renew cold improves on the demulsifier performance

water Starch

3.2 Apparatus

(i)Digital Weigh balance (ii)Measuring Cylinder(50graduated)(iii)Beaker(iv)Magnetic Heat-Stirringaohine

(v)Filter paper(vi)Prescription bottles (200ml guatked)(vii)Thermostatic Water Bath(viii)Stop watohEyringe(x)Micro-

pipette

3.3 LD1 formulation Procedure

1. A solution of 5g of camphor dissolved in 50ml ot oil was prepared in a beaker.

2. The camphor and castor oil solution was stirred bedted (22%) in a Magnetic heating and stirring machine until
homogeneity of solution is obtained. See figure 4.

Fig. 4: Magnetic Heat & Stirrer Machine

i 59 of industrial starch, 5g of alum, and 50mbetergent was added to the camphor-castor oitisnlu

ii The new mixture above was further stirred amithd for 15 minutes to achieve homogeneity, aftieich all
precipitates or sediments were filtered off.

3.4  LD2 formulation Procedure

i A solution of 5g of camphor dissolved in 50mlaafstor oil was prepared in a beaker. ii The camphdrcastor oil solution
was stirred and heated (B in a Magnetic heating and stirring machine uti@mogeneity of solution is obtained. iii 5g of
comart renew cold water starch, 5g of alum, and|5frdetergent was added to the camphor-castaodiition. iv The new
mixture above was further stirred and heated fomirtutes to achieve homogeneity, after which atcipitates or sediments
were filtered off.

Determination of the Effectiveness of Separol anddl Demulsifiers Using the Bottle Test Method

Apparatus/Materials

i Forty- two prescription bottles

ii Crude oil emulsion samples

iiil Thermostatic Water Bath

iv Demulsifiers
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v Syringe

vi Stop watch

Procedure

1. A 100ml of emulsion was poured into each of thedgscription bottles.

2. All prescription bottles were labeled accordinghe concentration of demulsifier to be used forahalysis. For well 1;
eighteen prescription bottles was used, six boftiegach demulsifier (LD1, LD2 and separol). F@il2; twenty- four
prescription bottles were used, six bottles forheaemulsifier (LD1, LD2, servo and separol) weresdisvith
concentrations of 0.2ml, 0.4ml, 0.6ml, 0.8ml, 1.0arid 1.2ml of demulsifiers respectively.

3. All bottles containing samples with varying dosedefnulsifier were agitated to achieve proper mixtur

4. The bottles were placed in the water bath, withewkgvel at the 100ml mark and heated tec58ee figure 2.

Fig. 5: Samples in the Thermostatic Water Bath.

5. Observations of the samples were made every 30tesifiar two hours to identify any separation whiéeng heated
and was recorded.

Determination of Percentage BS&W of Treated EmulSample

Apparatus/Materials

1. Centrifuge Machine

2. Centrifuge Tube

3. Crude Oil (Treated Emulsion Samples)

4. Stop Watch

Procedure/Method

1. From each bottle, 10ml oil of treated Samples veateacted and poured into the calibrated centritupes.

2. Samples were centrifuged thoroughly at 5000 rev/fam15 minutes in the centrifuge machine, and iregsl werd
recorded.

Determination of APl Gravity and Specific GravitiyBmulsion Sample after Treatment (Hydrometer Md}ho

Apparatus

()Measuring cylinder (ii) Hydrometer(iii) Thermonga{iv)Crude sample (treated)

Procedure

1. 400ml of oil from each treated sample (well 1 ahavas transferred into a clean hydrometer cylinder.

2. The cylinder containing the sample was positionedically in a free location to avoid air contaadanclination of any
disturbance.

3. The hydrometer was carefully lowered into the s@mpls soon as a stabilized reading was reachegydimé at which
the sample cut the graduated line was recordetieaspecific gravity and the temperature readinthefsample was
taken and recorded.

4.0 Results and Discussions
Table 3: Result for volume of free water by Gravity sepanatbefore treatment

Sample Volume (liters)
Umusadege well 1 | Emulsion 2.25

Free water 0

Emulsion 3.25
Umusadege well 2 Free water 0.25

Table3.shows the results of the volume of freeewltom emulsion by gravity separation before treatt.
0.25 liters of free water was separated from umegadvell 2 emulsion sample while umusadege webrhpte shows 0
water separation . This indicates that well 2 cmistanore water than well 1.
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Table 4: Showing the Results for BS&W Before Treatment

Oloro

Sample Component (ml) | Component (%)
Umusadege well 1 0]] 10 100

Sludge 0 0

Water 0 0

o]] 9.8 98
Umusadege well 2 Siudge 02 5

Water 0 0

Table4. shows the results of the BS&W of sampkfsre treatment. A manual centrifuge was used teradgne the BS&W
before treatment. This is to ascertain if the sampb be considered is an emulsion. From Tablddvey it indicates that

well 2 sample contains more emulsion than welrhsle.

Table 5: BS&W of treated oil with LD1 (Umusadege wel1)

J of NAMP

Volume of injected Separol | Volume of Water | Volume of Water | Volume of Qil Volume of Qil

(ml) (ml) (%) (ml) (%)

0.2 0.05 0.5 9.95 99.5
0.4 0.0 0 10 100
0.6 0.0 0 10 100
0.8 0.0 0 10 100
1.0 0.0 0 10 100
1.2 0.0 0 10 100

Table5. shows the results of the BS&W of treatiéavith LDI (umusadege well 1 samples). A manuahtcduge was used
to determine the BS&W after treatment. This is aszertain if the top oil still contains water. Frdrable 5. above, only

0.2ml of LD1 indicates 0.5% of water in top oil.

Table 6: BS&W of Oil treated with LD1 (umusadege wdl2)

Volume of injected | Volume of Water Volume of Water Volume of Oil Volume of Oil
LD1 (ml) (%) (ml) (%)
(ml)
0.2 0.1 1.0 9.9 99.0
0.4 0.05 0.5 9.95 99.5
0.6 0.05 0.5 9.95 99.5
0.8 0.0 0.0 10.0 100.0
1.0 0.0 0.0 10.0 100.0
1.2 0.05 0.5 9.95 99.5

Table6. shows the results of the BS&W of treatitevith LDI (umusadege well 2 samples).A manualtcéunge was used
to determine the BS&W after treatment. This isascertain if the top oil still contains water.Frdiable 6.0 above, 0.8ml
and 1.0ml indicates 0% of water in top oil.

Table7: BS&W of Qil treated with LD2 (umusadege wdl1)

Volume of injected | Volume of Water Volume of Water Volume of Oil Volume of Oil

LD1 (ml) (%) (ml) (%)

(ml)

0.2 0.05 0.5 9.95 99.5
0.4 0.05 0.5 9.95 99.5
0.6 0.0 0.0 10.0 100.0
0.8 0.0 0.0 10.0 100.0
1.0 0.0 0.0 10.0 100.0
1.2 0.05 0.5 9.95 99.5

Table7. shows the results of the BS&W of Oil teghtvith LD2 (umusadege well 1). A manual centrifugges used to
determine the BS&W after treatment. This is toesisan if the top oil still contains water.From Taly.0, 0.6ml, 0.8ml &
1.0ml indicates 0% water in top oil.
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Table 8.: BS&W of Oil treated with LD2 (umusadege wk 2)
Volume of injected | Volume of Water Volume of Water Volume of Oil Volume of Oil

LD1 (ml) (%) (ml) (%)
(ml)

0.2 0.1 1.0 9.9 99.0
0.4 0.05 0.5 9.95 99.5
0.6 0.0 0.0 10.0 100.0
0.8 0.0 0.0 10.0 100.0
1.0 0.0 0.0 10.0 100.0
1.2 0.05 0.5 9.95 99.5

Table8. shows the results of the BS&W on oil edatvith LD2 (umusadege well 2 sample).A manualrifeige was used to
determine the BS&W after treatment. This is tceatsin if the top oil still contains water .Frombia 8.0, 0.6ml, 0.8ml &

1.0ml indicates 0% water in top oil.

Table 9.: BS&W of Qil treated with separol (umusadeg well 1)

Volume of injected | Volume of Water Volume of Water Volume of Oil Volume of Oil

LD1 (ml) (%) (ml) (%)

(ml)

0.2 0.05 0.5 9.95 99.5
0.4 0.1 1.0 9.9 99.0
0.6 0.1 1.0 9.9 99.0
0.8 0.1 1.0 9.9 99.0
1.0 0.05 0.5 9.95 99.5
1.2 0.05 0.5 9.95 99.5

Table9. shows the results of the BS&W of Oil teghtvith separol (umusadege well 1) .A manual cirge was used to
determine the BS&W after treatment. This is tceatsin if the top oil still contains water. Samp#l showing trace of
water in top oil.

Table 10.: BS&W of Oil treated with separol (umusadge well 2)

Volume of injected | Volume of Water Volume of Water Volume of Oil Volume of Oil

LD1 (ml) (%) (ml) (%)

(ml)

0.2 0.1 1.0 9.9 99.0
0.4 0.1 1.0 9.9 99.0
0.6 0.1 1.0 9.9 99.0
0.8 0.1 1.0 9.9 99.0
1.0 0.1 1.0 9.9 99.0
1.2 0.1 1.0 9.9 99.0

Tablel10. shows the results of the BS&W of Oil teglawith separol (umusadege well 2).A manual crge was used to
determine the BS&W after treatment. This is tceatsin if the top oil still contains water. Samptél showing trace of
water in top oil.

Table 11.: BS&W of Oil treated with servo (umusadegevell 2)

Volume of injected | Volume of Water Volume of Water Volume of Oil Volume of Oil

LD1 (ml) (%) (ml) (%)

(ml)

0.2 0.1 1.0 9.9 99.0
0.4 0.05 0.5 9.95 99.5
0.6 0.05 0.5 9.95 99.5
0.8 0.05 0.5 9.95 99.5
1.0 0.05 0.5 9.95 99.5
1.2 0.05 0.5 9.95 99.5

Tablell. shows the results of the BS&W of Oil teghwith servo (umusadege well 2).A manual cergefuvas used to
determine the BS&W after treatment. This is toeatsin if the top oil still contains water. Sampkt#l showing trace of
water in top oil.
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Results of specific/ API gravity before and after teatment with various demulsifiers

Table 12: Specific Gravity/API Result Obtained Befoe Treatment

Samples T{F) AT (°F) SGrr SGstp API
Well 1 84 24 0.811 0.8206 40.9348
Well 2 84 24 0.807 0.8166 41.7795

Tablel12. shows the results of the Specific Gra&®y Result Obtained Before Treatment. Before thatment of each
samples using various demulsifiers, the API graeftumusadege well 1, reads 40.9348 and the A®litgrof umusadege
well 2, reads 41.7795.

Table 13.: Specific Gravity/API Result Obtained afier Treatment with LD1

Samples T{F) AT (°F) SGrr SGstp API
Well 1 86 26 0.802 0.812 42.675
Well 2 86 26 0.791 0.801 45.660

Tablel3. shows the results of the Specific Grax®y Result Obtained after Treatment with LD1. Tl gravity in well 1
and well 2 samples increased after treatment with,ldue to the separation and extraction of watenfsamples.

Table 14.: Specific Gravity/API Result Obtained afer Treatment with LD2

Samples T{F) AT (°F) SGrr SGstp API
Well 1 84 24 0.806 0.816 41.992
Well 2 85 25 0.792 0.802 44.934

Tablel4. shows the results of the Specific Gré®y Result Obtained after Treatment with LD2.ThelAgravity in well 1
and well 2 samples increased after treatment wWith, ldue to the separation and extraction of waitanfsamples.

Table 15.: Specific Gravity/API Result Obtained afer Treatment with separol and servo

Samples T{F) AT (°F) SGrr SGstp API
Welll(separol) 84 24 0.811 0.8206 40.9348
Well2(separol) 86 26 0.802 0.812 42.675
Well 2(servo) 84 24 0.801 0.812 43.062

Tablel5. shows the results of the Specific GréxRy Result Obtained after Treatment with sepanal servo. The API
gravity in well 1 and well 2 samples increasedrafteatment with LD2, due to the separation andaexion of water from
samples.
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Results of Heat and Chemical Treament using variouBemulsifiers
Table 16: Result of Heat and Chemical Treatment using LOh@sadege well 1)

Volume of Sample 0 30 60 90 120 Temp?C

Demulsifier (ml) Components minutes | minutes minutes minutes minutes

0.2 Oil 95.0 93.0 92.0 91.0 91.0 50
Sludge 4.0 6.0 7.0 7.0 7.0
Water 1.0 1.0 1.0 2.0 2.0

0.4 Oil 92.0 91.0 92.0 92.0 92.0 50
Sludge 1.0 1.0 2.0 2.0 2.0
Water 7.0 8.0 6.0 6.0 6.0

0.6 Oil 86.0 86.0 86.0 86.0 86.0 50
Sludge 4.0 4.0 4.0 4.0 4.0
Water 10.0 10.0 10.0 10.0 10.0

0.8 Oil 90.0 89.0 88.0 88.0 88.0 50
Sludge 2.0 2.0 0.0 0.0 0.0
Water 8.0 9.0 12.0 12.0 12.0

1.0 Oil 91.0 90.0 90.0 90.0 90.0 50
Sludge 0.0 1.0 0.0 0.0 0.0
Water 9.0 9.0 10.0 10.0 10.0

1.2 Oil 92 90.0 90.0 90.0 90.0 50
Sludge 4.0 4.0 4.0 4.0 4.0
Water 4.0 6.0 6.0 6.0 6.0

Tablel6. shows the results of Heat and Chemicahtifrent using LD1 Wmusadege well 1After the injection of LD1
demulsifying chemical on the given crude oil enmtssample, which was heated for 120minutes at fietdperature of
50°c, readings were taken at 30minutes interval.

Effect on well 1; the separated water in the bsttlentaining the emulsion with concentration ofnl,20.4ml, 0.6ml, 0.8ml,
1.0ml & 1.2ml were 1.0ml, 8.0ml, 0.0ml, 11.0ml, @, & 6.0ml respectively.
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Table 17: Result of Heat and Chemical Treatment usg LD1 (Umusadege well 2)

Volume of Sample 0 30 60 90 120 Templ]

Demulsifier Components minutes minutes minutes minutes minutes

(ml)

0.2 Oil 68.0 65.0 65.0 65.0 65.0 50
Sludge 22.0 25.0 25.0 25.0 25.0
Water 10.0 10.0 10.0 10.0 10.0

0.4 o]] 72.0 71.0 71.0 71.0 71.0 50
Sludge 6.0 7.0 6.0 6.0 6.0
Water 22.0 22.0 23.0 23.0 23.0

0.6 0]] 75.0 73.0 72.0 72.0 72.0 50
Sludge 5.0 6.0 5.0 5.0 5.0
Water 20.0 21.0 23.0 23.0 23.0

0.8 0]] 72.0 71.0 71.0 71.0 71.0 50
Sludge 3.0 2.0 1.0 1.0 1.0
Water 22.0 27.0 28.0 28.0 28.0

1.0 Oil 75.0 74.0 73.0 73.0 73.0 50
Sludge 3.0 2.0 0.0 0.0 0.0
Water 22.0 24.0 27.0 27.0 27.0

1.2 oll 76.0 75.0 75.0 75.0 75.0 50
Sludge 0.0 1.0 0.0 0.0 0.0
Water 24.0 24.0 25.0 25.0 25.0

Tablel7. shows the results of Heat and Chemicahtirent using LD1 Ymusadege well PAfter the injection of LD1
demulsifying chemical on the given crude oil emutssample, which was heated for 120minutes at fiehdperature of
50°c, readings were taken at 30minutes interval.

Effect on well2; the separated water in the botti@staining the emulsion with concentration of 0,2004ml, 0.6ml, 0.8ml,
1.0ml & 1.2ml were 10.0ml, 19.0ml, 26.0ml, 25.0&1¥,.0ml, & 25.0ml.
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Table 18: Result of Heat and Chemical Treatment usg LD2 (well 1)

Volume of Sample 0 30 60 90 120 Templ]

Demulsifier Components minutes minutes minutes minutes minutes

(ml)

0.2 Oil 97.0 96.0 96.0 96.0 96.0 50
Sludge 2.0 0.0 0.0 0.0 0.0
Water 1.0 4.0 4.0 4.0 4.0

0.4 Oil 89.0 89.0 89.0 89.0 89.0 50
Sludge 5.0 5.0 5.0 5.0 5.0
Water 6.0 6.0 6.0 6.0 6.0

0.6 Oll 93.0 92.0 92.0 92.0 92.0 50
Sludge 1.0 1.0 0.0 0.0 0.0
Water 6.0 7.0 8.0 8.0 8.0

0.8 0]] 95.0 94.0 92.0 92.0 92.0 50
Sludge 1.0 1.0 0.0 0.0 0.0
Water 4.0 5.0 8.0 8.0 8.0

1.0 Oil 91.0 90.0 90.0 90.0 90.0 50
Sludge 0.0 1.0 0.0 0.0 0.0
Water 9.0 9.0 10.0 10.0 10.0

1.2 Oil 95.0 93.0 93.0 93.0 93.0 50
Sludge 1.0 2.0 2.0 2.0 2.0
Water 4.0 4.0 4.0 4.0 4.0

4.1 Effect of locally formulated demulsifier (LD2) on the crude oil emulisn sample

After the injection of LD2 demulsifying chemical d¢ime given crude oil emulsion sample, which wagdtéor 120minutes
at field temperature of 50°c, readings were take&lDminutes interval.

Effect on well 1; the separated water in the bsttlentaining the emulsion with concentration ofnl,20.4ml, 0.6ml, 0.8ml,
1.0ml & 1.2ml were 4.0ml, 0.0ml, 8.0ml, 7.0ml, 160 & 4.0ml respectively.
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Table 19: Result of Heat and Chemical Treatment usg LD2 (well 2)

Volume of Sample 0 30 60 90 120 Templ]

Demulsifier (ml) Components minutes minutes minutes minutes minutes

0.2 Oil 70.0 68.0 68.0 68.0 68.0 50
Sludge 20.0 22.0 22.0 22.0 22.0
Water 10.0 10.0 10.0 10.0 10.0

0.4 0]] 76.0 75.0 75.0 75.0 75.0 50
Sludge 4.0 5.0 4.0 6.0 6.0
Water 20.0 20.0 21.0 19.0 19.0

0.6 0]] 78.0 75.0 75.0 74.0 74.0 50
Sludge 2.0 2.0 1.0 0.0 0.0
Water 20.0 23.0 24.0 26.0 26.0

0.8 Oil 79.0 78.0 77.0 74.0 74.0 50
Sludge 1.0 1.0 0.0 0.0 0.0
Water 20.0 21.0 23.0 26.0 26.0

1.0 Oil 72.0 72.0 72.0 72.0 72.0 50
Sludge 2.0 2.0 1.0 1.0 1.0
Water 26.0 26.0 27.0 27.0 27.0

1.2 0]] 79.0 77.0 75.0 75.0 75.0 50
Sludge 1.0 0.0 0.0 0.0 0.0
Water 20.0 23.0 25.0 25.0 25.0

4.2 Effect of locally formulated demulsifier (LD2) on the crude oil emulisn sample

After the injection of LD2 demulsifying chemical d¢ime given crude oil emulsion sample, which wagdwéor 120minutes
at field temperature of 50°c, readings were tak€dDainutes interval.

Effect on well 2; the separated water in the bsttlentaining the emulsion with concentration ofnl,20.4ml, 0.6ml, 0.8ml,
1.0ml & 1.2ml were 10.0ml, 19.0ml, 26ml, 25ml, 27&125.0ml respectively.
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Table 20: Result of Heat and Chemical Treatment usg separol Umusadege well 1)

Volume of Sample 0 30 60 90 120 Templ]

Demulsifier (ml) Components minutes minutes minutes minutes | minutes

0.2 Qil 99.0 97.0 97.0 97.0 97.0 50
Sludge 1.0 3.0 3.0 3.0 3.0
Water 0.0 0.0 0.0 0.0 0.0

0.4 o]] 98.0 96.0 96.0 96.0 96.0 50
Sludge 2.0 4.0 4.0 4.0 4.0
Water 0.0 0.0 0.0 0.0 0.0

0.6 o]] 96.0 95.0 95.0 95.0 95.0 50
Sludge 4.0 5.0 5.0 5.0 5.0
Water 0.0 0.0 0.0 0.0 0.0

0.8 Qil 95.0 94.0 94.0 94.0 94.0 50
Sludge 5.0 6.0 6.0 6.0 6.0
Water 0.0 0.0 0.0 0.0 0.0

1.0 Qil 98.0 98.0 98.0 98.0 98.0 50
Sludge 2.0 2.0 2.0 2.0 2.0
Water 0.0 0.0 0.0 0.0 0.0

1.2 oil 98.0 98.0 98.0 98.0 98.0 50
Sludge 2.0 2.0 2.0 2.0 2.0
Water 0.0 0.0 0.0 0.0 0.0

4.3  Effect of foreign demulsifier (separol) on the crude oil emulsion sate
Effect on well 1; after treating for 120minuteswias observed that separol was not really effecs/a treatment chemical
for umusadege well 1. This may be due to the iitglid remove water from emulsion.
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Table 21: Result of Heat and Chemical Treatment usg separol Umusadege well 2)

Volume of Sample 0 30 60 920 120 Temp(]

Demulsifier (ml) Components minutes minutes minutes minutes minutes

0.2 Oil 90.0 94.0 95.0 95.0 95.0 50
Sludge 9.0 3.0 1.0 1.0 1.0
Water 1.0 3.0 4.0 4.0 4.0

0.4 0]] 97.0 95.0 92.0 93.0 93.0 50
Sludge 3.0 4.0 0.0 0.0 0.0
Water 0.0 1.0 5.0 7.0 7.0

0.6 Oll 96.0 96.0 94.0 94.0 94.0 50
Sludge 4.0 4.0 0.0 0.0 0.0
Water 0.0 0.0 6.0 6.0 6.0

0.8 Oil 92.0 92.0 92.0 92.0 92.0 50
Sludge 8.0 7.0 1.0 1.0 1.0
Water 0.0 1.0 7.0 7.0 7.0

1.0 Oil 92.0 91.0 88.0 88.0 88.0 50
Sludge 7.0 7.0 2.0 2.0 2.0
Water 1.0 2.0 10.0 10.0 10.0

1.2 0]] 80.0 80.0 80.0 80.0 80.0 50
Sludge 18.0 12.0 10.0 10.0 10.0
Water 2.0 8.0 10.0 10.0 10.0

4.4  Effect of foreign demulsifier (separol) on the crude oil emulsion sate
Effect on well 2; the separated water in the bsttlentaining the emulsion with concentration ofnl,20.4ml, 0.6ml, 0.8ml,
1.0ml & 1.2ml were 17.0ml 8.0ml, 4.0ml, 7.0ml, 8.10& 10.0ml.
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Table 22: Result of Heat and Chemical Treatment usg servo (umusadege well 2)

Volume of Sample 0 30 60 minutes | 90 minuteq 120 Temp.

Demulsifier (ml) Components minutes minutes minutes 0

0.2 Oil 95.0 94.0 92.0 92.0 92.0 50
Sludge 2.0 1.0 1.0 0.0 0.0
Water 3.0 5.0 7.0 8.0 8.0

0.4 0]] 94.0 84.0 84.0 84.0 84.0 50
Sludge 0.0 0.0 0.0 0.0 0.0
Water 6.0 16.0 16.0 16.0 16.0

0.6 0]] 81.0 80.0 80.0 80.0 80.0 50
Sludge 0.0 0.0 0.0 0.0 0.0
Water 9.0 20.0 20.0 20.0 20.0

0.8 Oil 85.0 79.0 79.0 79.0 79.0 50
Sludge 1.0 0.0 0.0 0.0 0.0
Water 14.0 21.0 21.0 21.0 21.0

1.0 Oil 80.0 80.0 80.0 80.0 80.0 50
Sludge 1.0 0.0 0.0 0.0 0.0
Water 19.0 20.0 20.0 20.0 20.0

1.2 Oll 80.0 80.0 80.0 80.0 80.0 50
Sludge 1.0 0.0 0.0 0.0 0.0
Water 19.0 20.0 20.0 20.0 20.0

4.5 Effect of foreign demulsifier (servo)on the crude oil emulsion sangl
After the injection of servo demulsifying chemical well 2 sample at various concentration of 0.2mml, 0.6ml, 0.8ml,
1.0ml & 1.2ml, showed separated water after 120tasmas 18.0ml, 8.0ml, 20.0ml, 16.0ml 20.0ml, & 20.0
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Fig.6: A plot of volume of separated water againstolume of demulsifier (well 1)
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Fig 6 above shows the volume of separated water tnmusadege well 1 emulsion sample, after treamightLD1, LD2
and Separol. Though a little deviation from normak observed in some of the samples, as showrgié FAs volume of
demulsifier increased, ideally the volume of sefmtavater ought to have increased or be maintaimedjecreased. This
may be due to sludge/ sediment content in the éomugample in that particular bottle.
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Fig.7: A plot of volume of separatl water against volume of demulsifier (well 2)

Fig 7 above shows the volume of separated water tnmusadege well 2 emulsion sample, after treamightLD1, LD2,
Separol and servo. Though a little deviation fraommal was observed in some of the samples, as shokig 7 . As
volume of demulsifier increased, ideally the voluofiseparated water ought to have increased orditamned, not
decreased. This may be due to sludge/ sedimergmontthe emulsion sample in that particular leottl

46  The T-tests.

The T-test or t-distribution was developed by Vdiii Gosset in 1908 who wrote under the pen nameal&stll The t-test is
used for testing hypothesis using statistical aislyHence the t-test will be used in this kvéw compare the
effectiveness of the various demulsifiers on theegi emulsion samples. Local formulated demulsifieb1) will be
compared with Foreign (separol) on well 1 and LDl e compared with foreign (servo) on well 2.

Table 23: showing the amount of water removed by LDand Separol on well 1

LD1 2 6 10 12 10 6

Separol 0 0 0 0 0 0

Tble 23 above shows the amount of water separated Well 1 sample, after treatment with 0.2ml,0.4ml2ml of LD1
and separol respectively.This result will be usethble 4.5.2 below, to analyze both demulsifiesiag the T-test method.

Table 24: result from t-test

a-values Obtained Table t-ratio Status Conclusion
t-ratio

0.10 5.148 1.812 OT.R>T.T.R Not pass

0.05 5.148 2.228 OT.R>T.T.R Not pass

0.01 5.148 3.169 OT.R>T.T.R Not Pass

O.T.R= obtained t-ratio
T.T.R=table t-ratio
NB: Calculations on how these values and resulte wbtained are contained in the Appendix B section

4.7 Discussion on the effectiveness of LD1 and Separol using the T-test

From the table above, O.T.R was greater than Tim.RIl threea-values indicating that there is a significant eliénce
between LD1 and separol in comparison for effecidss in the given crude oil emulsion treatment.sTdannot be used as a
substitute in treating umusadege well 1.

Table 25 : showing the amount of water removed by DI and Servo on well 2

LD1 10 23 23 28 27 25

Servo 8 16 20 21 20 20
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Table 25 above shows the amount of water sepafiatedwell 2, after treatment with 0.2ml,0.4ml...1.2a0fILD1 and servo
respectively. This result will be used in tableli&8ow, to analyze both demulsifiers using the T-testhod.

Table. 26: result from t-test analysis.

a-values Obtained t-ratio Table t-ratio Status Cosicin
0.10 1.553 1.812 O.T.R>T.T.R Pass
0.05 1.553 2.228 O.T.R>T.T.R Pass
0.01 1.553 3.169 O.T.R>T.T.R Pass

From the table above, O.T.R was less than T.T.Rllinhree a-values indicating that there is no significantfeliénce
between LD1 and servo in comparison for effectigsnia the given crude oil emulsion treatment. Tbais be used as a
substitute in treating umusadege well 2.

5.0 Conclusion

Considering the volume of water removed from crailemulsion by different demulsifiers, it was ctuded that:-

From the plots and data’s obtained, it is obvidwd the local demulsifier (LD1), was best in tregtivell 1 and well 2.

From the T-test carried out on the samples, it e@wxcluded that LD1 when compared with separol off fyedoes not
measure up to the standard set by the T-test amalysus LD1 is not a good match to separol.

For well 2, LD1 when compared with servo, provedbéoa good match to servo for the given cruderaillsion treatment.
The cost of any treatment option may determine gbenomic viability of such reservoir. Cheap lochemicals with
demulsification properties can be used to succkgditeak emulsions. Since the local formulatiom1 was able to break
the crude oil emulsion from umusadege well 2, atersing the properties as the time the crude waleatel, it can be
recommended. Furthermore, students should be esgedito carry out more research on local prodhetsdan be used as
substitute for imported ones. | also recommend tthatnstitutions’ Petroleum and Gas Laboratoryusthdoe well equipped
with new, standard and modern equipment / facdlitieorder to carry out various analysis and jcakt
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