CHAPTER 1: INTRODUCTION

1.1BACKGROUND OF STUDY

A drilling fluid, or mud, is any fluid that is usdad a drilling operation in which that
fluid is circulated or pumped from the surface, dawe drill string, through the bit, and
back to the surface via the annulus (Amoco PrododgBompany, 2001)lhe drilling-
fluid system is commonly known as the “mud systemthe single component of the
well-construction process that remains in contatth whe wellbore throughout the
entire drilling operation. Drilling-fluid systemseadesigned and formulated to perform
efficiently under expected wellbore conditions. Adges in drilling-fluid technology
have made it possible to implement a cost-effectidor-purpose system for each

interval in the well-construction process.

Drilling fluids satisfy many needs in their capgdiv do the following:
I.  Suspend cuttings, remove them from the bottom@hitie and the well bore, and
release them at the surface
ii. Control formation pressure and maintain well-baedb#ity
lii. Seal permeable formations

iv. Cool, lubricate, and support the drilling assembly

The most critical function that a drilling fluid germs is to minimize the concentration
of cuttings around the drill bit and throughout thellbore. Of course, in so doing, the
fluid itself assumes this cuttings burden, anché tuttings are not removed from the
fluid, it very quickly loses its ability to cleahé hole and creates thick filter cakes. To
enable on-site recycling and reuse of the drilfingl, cuttings must be continually and
efficiently removed. The circulation system as iigufe 1 shows the drilling fluid
movement and its complementary function of drilljol.
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Figure 1: Typical Circulation System

1.2 PROBLEM STATEMENTS

There are equally important factors of choosingatditive for drilling fluid which are
total cost and the fluid’s effect on well produdyv Therefore, in order to correlate cost
and effectiveness of the additive, the natural cesiof additive (feldspar) which found

abundant in Malaysia is determined its potential.

The main problem in production is minimizing formest damage. Drilling fluid,
formation interactions and other processes will alter in éxmation characteristics
must be considerdd the selection of additives and fluid system&d®iction zones can
be partially or totally lost dependingpon fluids selected to drill and complete a well.
The natural local additives should be in recommeadalist in order to avoid the

production zones damaged.

Meanwhile the operation main problem with drillifigids and additives are concerned
on the effect of the drilling fluid log interpretan and on cuttings analysis. Therefore,
characterizing and cataloging drilling fluid addés and fluid systems can greatly
enhance the geologist’s interpretation of resergotential. Most operational problems

are interrelated, making them more difficult toalee. For example, loss of circulation



into a depleted zone causes a drop in hydrostagisspre in the wellbore. When the
hydrostatic pressure falls too low to hold backrfation fluids, the loss incident can be
compounded by an influx of gas or water, known dow or (when more severe) a
kick.

Minimizing the environmental impact of a drillingperation as well as safety
considerations both directly affect the choice wifidg fluid additives and drilling fluid
systems. As more environmental laws are enactednamd safety rules applied, the

choices of additives and fluid systems must alscebgaluated.

1.20BJECTIVES AND SCOPE OF STUDY

The main objectives of this research are:

» To discover the properties and characteristics of wprtzo-feldspathic rock.
The objective is completed by using the scanniegtebn microscope and X-ray
diffraction. This is a first step of determiningettfeldspar potential as an
additives in further works

» To discover the effect of the feldspar addition omrilling fluid properties.

Oil based mud is preferably used in the higher enaijpre well because of its
durability and the addition of feldspar effect istermined by using the current
laboratory technology.

* To determine the effect of formulated drilling fluid in high temperature and
high pressure well condition.The drilling fluid characteristic is determined by
using the HPHT equipment, HPHT viscometer and HHH&r press. This
objective will conclude the previous findings irder to determine the feldspar

as a type of additives that may be used in fututing fluid technology.

The scope of work for this project is to investgdhe suitability of feldspar as an

additive in high temperature drilling fluid. Theeia volume percentage of feldspar in



every experiment will be the benchmark in deterngnthe best type of additive

concluded from the feldspar rock.

1.4 RELEVANCY OF PROJECT

In terms of the relevancy of this project, it posegreat deal of significance to the oil
and gas industry. The world nowadays is in demdradl @s the most important source
of energy. With the days of easy oil that have Igonge, every oil and gas companies

are striving towards the hard way to produce odl gas.

For this project, the author is applying his théioe¢ and practical knowledge in
petroleum engineering to solve the issue of dgllffuid addities cost reduction and
discovering new potential addities . The basic @ple involved ranges of well from
exploration, appraisal and development. Thefore, fhoject is important as a cost

reduction and reservoir management department.

1.5 FEASIBILITY OF PROJECT

All the objectives stated earlier are achievabld &msible in terms of this project
duration and time frame. The author are confidentdmplete the laboratory in the
given time. The precise and compact experimentdéermining the feldspar potential
in drilling fluid is conducted by considering threwin drilling fluid properties which

are density, viscosity and filtration.



CHAPTER 2: LITERATURE REVIEW

2.1 FELDSPAR; AS THE EXPERIMENTING ADDITIVE

Feldspar is the most common rock-forming minerabub60% of the earth’s crust
(Kauffman and Van Dyk, 1994). The mineral namedpht is derived from the German
words feld and spar. From the Germany word "fetda imeaning of "field" and "spar"

is a terminology for light colored minerals thaeak with a smooth surface.

Feldspar is commonly found in rock-forming minenalis a group of minerals with a
general chemical formula of AlISi308. The physicaww of feldspar minerals is usually
white or very light in color and has a hardnesé oh the Mohs’ Scale of Hardness and
usually has good cleavage in two directions. Fedsare primarily used in industrial
applications for their alumina and alkali contemlumina provides hardness,
workability, strength, and improves resistivity themicals. The alkali content in

feldspar acts as flux, lowering the glass batchinmgtemperature.

In this project, the specimen is a compositionedi$par and quartz which is called a
guartzo feldsphatic rock. This composition did obange its physical appearance as it
is still white in color and the Mohr Hardness Sdalé. The abundance availability of

both feldspar and quartz is the primary key pogtmii this project.

The rock sample located at the Main Range Prowspeeifically at Cameron Highland,
Malaysia. The Main Range Province contains major batholithd &rge complex
plutons of restricted compositional range compaseiite of tin bearing S-type granites
of mainly Triassic age (Bignell & Snelling 1977;elw & Page 1985)Granitoids
designated as two-phase variants have been reeagmihere xenocrysts and xenoliths of
coarse, primary texture granite are enclosed i, @roded by an invasive, equigranular
guartzo-feldspathic matrix. These rocks form areesal part of the granite sequence in all
provinces and have probably resulted from thetiafion and disruption ahe host granite by

late stage magmatic fluids.
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2.2 DRILLING FLUID; AS THE FOCAL OPTIMIZATION PROPE RTIES

The drilling fluid is as important in determiningilting costs as all other man-
controllable variables combined. Considering thaséors, an optimum drilling fluid is

a fluid properly formulated so that the flow raecassary to clean the hole results in the
proper hydraulic horsepower to clean the bit ferweight and rotary speed imposed to
give the lowest cost, provided that this combirmataf variables results in a stable
borehole which penetrates the desired target. il Bhould enhance penetration rates,

reduce hole problems and minimize formation dan{Bgdéer Hughes, 2004).

Oil-based mud is compatible to drill troublesomalsh and to improve hole stability.
OBM could be selected for special applications sashhigh temperature and high
pressure wells, minimizing formation damage, anivasstate coring. Moreover, OBM
are also applicable in drilling highly deviated é®lbecause they are characteristically
high lubricity and ability to prevent hydration ciiys. Another reason for choosing oil-
based fluids is, their resistant to contaminanthsas anhydrite, salt, CO2 and H2S acid
gases which commonly found in problematic reservbite cost is a major concern
when selecting oil-based muds but, because of oilsncan be reconditioned and
reused, the costs on a multi-well program may beparable to using water-based
fluids. Today, with increasing environmental comserthe use of oil-based muds is
either prohibited or severely restricted in mangaast The costs of containment,

hauling, and disposal can greatly increase theafasting oil-based fluids.

2.3 TYPES OF DRILLING FLUID ADDITIVES

According to Schlumberger Oilfield Glossary, dnthi fluid additives are defined as a
material that added into a drilling fluid to pemorone or more specific function. They
are a categorized and names as its functions liongrfluid, such as viscosifier, loss

circulation agent, lost circulation material, visdeer, dispersant and reducer (Adam T,
Bourgoyne Jr, 1991).



2.3.1Viscosifiers

The viscosifier products is classified with its tability in clearwater brines, water-
based muds, and oil-based muds. The viscosityflofchis dependent upon size, shape,
interparticle force and number of particles andedafuid viscosity. Fluid viscosities
are measured in several different manners at theite. The most common procedures
utilize the Marsh funnel and the viscosity-gel (Mi@gter. These tests evaluate different

fluid properties.

2.3.2Viscosity Reducers

A high viscosity will result several drilling pradins which are caused by excessive
colloids, undesirable drill solids, or contaminarggh viscosities will result excessive
yield points and gel strengths, which cause aness® in the equivalent circulating
density and may require high pump pressures tckhheacirculation. These conditions

can result in lost circulation and other wellbpreblems.

2.3.3Thinners and Dispersants

Chemicals that cause mud thinning disperse the glayelets by reducing the
interparticle attraction forces and, in some caBggreating repulsion forces. Thinners
satisfy the broken valence bonds at the edges @fcthy platelets, reducing the
attractive forces between the clay platelets aadkst of particles. The reduction or
elimination of these forces is commonly referrecasodispersing a mud system. Most
thinners can be classified as organic materialssanorganic complex phosphates. The
organic thinners include lignosulfonates, lignimgd tannins. Lignosulfonates with
several metal compounds have been used successfulla wide range of
applications.Organic thinners can be used in hitgs@perature wells and exhibit good
filtration control properties. Inorganic thinneraclude sodium acid pyrophosphate
(SAPP), tetrasodium pyrophosphate, sodium tetrggtade, and sodium
hexametaphosphate. Inorganic thinners are effectiveery small amounts but are
restricted to freshwater clay muds, low temperaturdow chlorides, low

calcium/magnesium, and low pH values.



2.3.4Fluid Loss Agents

All muds lose fluid to the formations. Fluid redictim agents were developed to form
thin, tough, semipermeable wall cakes. The hol®ines more stable, and productive
zones are protected to some degree if invasiomilbhd fluid filtrate is controlled. The
deposition of solids too large to pass through tiembrane pores minimizes the
continuation of fluid loss. Permeability of a filteake is dependent upon size and
distribution of particles on the wall cake

2.3.5Loss Circulation Material

Many types of LCM are available to address losgasibns. Sized calcium carbonate,
mica, fibrous material, cellophane, and crushednutakhells have been used for
decades. The development of deformable graphitiemads that can continuously seal
off fractures under changing pressure conditions dlkbowed operators to cure some
types of losses more consistently. The applicabbrthese and similar materials to
actually strengthen the wellbore has proved subde@sadnoy, B, 1996). Hydratable
and rapid-set lost-circulation pills also are efifex for curing severe and total losses.
Some of these fast-acting pills can be mixed andgaad with standard rig equipment.

Others require special mixing and pumping equipment

2.3.6Spotting Fluids

Most spotting fluids are designed to penetrate laedik up the wall cake around the
drillstring. A soak period usually is required tchéeve results. Spotting fluids typically
are formulated with a base fluid and additives t&at be incorporated into the active

mud system with no adverse effects after the @geeed and/or circulation resumes.



2.4 HPHT WELL CONDITION

According to United Kingdom Shelf Operation Noti¢d¢PHT well is defined as any
well where its undisturbed bottomhole temperatsrgreater than 300°F and the pore
pressure exceed 0.8 psi/ft or pressure controlpewgmt is greater than 10000 rated
working pressure is required (McMordie W. C, 1995he identification of HPHT
operating environments, safe operating envelopes] &echnology gaps, new
classifications have been developed. The classdits segment HPHT operations into
three tiers. Tier | refers to the wells with reservpressures up to 350°F (177°C).
Nowadays, most HPHT operations have taken placeruhiér | conditions. Tier Il are
called as the ultra HPHT wells, which are charamter by reservoir pressures of up to
20,000 psi (1379 bar) and temperatures of up t6E@04°C). Many upcoming HPHT
deepwater gas and oil wells, particularly in thelfGfi Mexico, fall into the Tier II
category. Tier Ill encompasses the extreme HPHTsyweith reservoir pressures of up
to 30,000 psi (2068 bar) and temperatures of FDASF (260°C). Tier Il is the HPHT
segment with the most significant technology g&psveral deep gas reservoirs on
North American land and the Gulf of Mexico shelfl fato this category (Schremp,
F.W. and Johnson, V.L,1995) Figure shows the cayegfoHPHT well.

Extreme HPHT
Tier |l

Ultra HPHT
Tier Il

Bl Temperature
[ Pressure

HPHT
Tier |

HPHT aoevations are segmented inlo ers dafined by resenaoir iemperalires and Dressures.

Figure 4: HPHT Regimes
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2.5 ENGINEERING THEORY

The American Petroleum Institute (API) has setHortumerous recommended practices
designed to standardize various procedures assdciaith the petroleum industry. The
practices are subject to revision from time-to-tine keep pace with current accepted
technology (APl RP 13-B, 1997). One such standa@Hl Bulletin RP 13B-2,Recommended
Practice Standard Procedure for Field Testing Oildgd Drilling Fluids”. This Bulletin
described the following drilling fluid measuremerds necessary to describe the primary
characteristics of a drilling fluid:
i. Density — for the control of formation pressures
ii. Viscosity and Gel Strength — measurements thaterébea mud’s flow properties
iii.  Filtration — a measurement of the mud’s loss dfiitigphase to exposed, permeable
formations
iv.  Sand — the concentration of sand (solid particl@dyy being carried in the mud
V. Methylene Blue Capacity — an indication of the amtaf reactive clays present in the
mud
vi.  pH—a measurement of the alkaline and acid reisliip in the mud
vii. Chemical Analysis — qualitative and quantitative asi@ement of the reactive

chemical components of the mud

2.5.1Density

The density of any fluid is related to the amound @verage specific gravity of the
solids in the system. Fluid density units are comiyjexpressed in Ibm/gal (Ibm/ft3 in
also is used) and in specific gravity or g/cm3 witenverting to metric system. The
density of any fluid should be dictated by formatipressures. The density must be
sufficient to promote wellbore stability. The caitrof density is critical since the
hydrostatic pressure exerted by the column of figidequired to contain formation
pressures and to aid in keeping the borehole oplea.pressure exerted by the fluid
column should ideally be only slightly higher th#mt of the formation to insure
maximum penetration rate with minimal danger framfation fluids entering the well
bore (Isambourg, P, 1998)
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2.5.2Rheology

Rheology is defined as physics of the flow anddéfmrmation of matter. Rheology and
the associated annular hydraulics relate directly bbrehole stability and how

effectively the borehole is cleaned. An understagdif rheology is essential if wellsite

engineering of the drilling fluid is to cost effaely complement the objective of

drilling the well. Rheology and hydraulics of dinl§ fluids are not exact sciences, but
are based upon mathematical models that closelyideshe rheology and hydraulics
of the fluid and do not conform exactly to any bétmodels. Consequently, different
methods are used to calculate rheology and hydrgdrameters (Gray, G. R. and
Darley, H. C. H, 1979).

Newtonian Model Power Law Model
Shear Shear
stress stress
T T
- r
Shear rate v Shear rate
Bingham Plastic Model Herschel-Bulkley Model
Shear Shear
stress stress
T T
-
Shear rate v Shear rate y

Figure 5: Rheological Model

2.5.3Shear Stress

It defined as an applied force (F), acting oveasea (A), causes the layers to slide past
one another. However, there is a resistance, didnal drag, force that opposes the
movement of these plates. This resistance or dnag fis called as shear stréss). In
equation form,



=F/A,

Where T = shear stress
F = force
A = areaof surface subjected
to the force.

The shear stress typical units is Ibf/100. #2iditionally, the fluid layers move past
each other easier than between a pipe wall and léwer. Therefore, we can consider a
very thin layer of fluid next to the pipe wall amtonary (Schlumberger. Completion
Fluids 2012).

2.5.4Shear Rate
The difference in the velocities between two layefdluid divided by the distance

between the two layers is called the shear fgtél'he equation is as below:

_ velocity difference
distance
With typical units of or. reciprocal seconds.
ftlsec _ 1 _ s
ft sec

The relationship between shear stre$sad shear rate’ defines the flow behavior of
a fluid. For some fluids, the relationship is linefh the shear rate is doubled, then the
shear stress will also double. Such fluids areedaNewtonian fluids. Examples of
Newtonian fluids include water, alcohols, and ligiis. Very few drilling fluids fall
into the Newtonian category (Lomba,R.F.T, 2002)uidd which have flow
characteristics such that the shear stress doemeretase in direct proportion to the

shear rate are called non-Newtonian fluids. Mo#lirdy fluids are of this type.
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2.5.5Viscosity
For a Newtonian fluid, the relationship betweercogsty, shear stress and shear rate is

defined as the viscosity() of the fluid where,

n=T My

Where < shear stress

v = shearrate
1L viscosity.

As previously described, the relationship betwdssas stress and shear rate is directly
proportional for a Newtonian fluid. The viscositgnmains constant and is the only
parameter needed to characterize the flow progerfiee metric unit typically used for

viscosity is thepoise defined as the force idynesper square centimeter required to
produce a difference in velocity of one centimgier second between two layers one
centimeter apart. Aentipoiseis one hundredth (1/100) of poise. For non-Newtonia
fluids, the relationship between shear stress &edrsrate is defined as the effective
viscosity. However, the effective viscosity of anAdewtonian fluid is not constant. For

most drilling fluids, the effective viscosity witle relatively high at low-shear rates, and

relatively low at high-shear rates. (Briscoe BL298)

2.5.6Filtration

Two types of filtration are considered in this satt static and dynamic. Static
filtration occurs when the fluid is not in motion the hole (OFI Testing Equipment.
Dynamic HTHP Filter Press, 2012). Dynamic filtratioccurs when the drilling fluid is
being circulated. Dynamic filtration differs frontasic filtration in that drilling fluid
velocity tends to erode the wall cake even as ibeing deposited on permeable
formations. As the rate of erosion equals the w@&tebuild up of the wall cake,
equilibrium is established. In static filtratiometwall cake will continue to be deposited

on the borehole (Sacramento California, 1983).
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The theoretical change in filtrate, due to reductal the viscosity of the filtrate as

temperature is increased, can be expressed bygltbeihg equation:

£, — f x 7*'1
L1
where,
f=filtrate at a known temperamire
fi= filtrate at an elevated temperature
p = viscosity of water at known temperature

Ly = viscosity of water at an elevated temperature

Temperature Viscosity of Water Temperature Viscosity of Water
(Centipoise) (Centipoise)

°C °F °C °F

] 32 1.792 40 104 0.656

10 50 1.308 60 140 0.469

20 68 1.005 30 176 0.356

30 ] 0.801 100 212 0.284

{Data firom Rogers, W. F.; Compasition and Properties of Oil Well Drilling Fluids, Third Edition)

Table 1: viscosity of water and the temperatureasff
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CHAPTER 3: METHODOLOGY

3.1 RESEARCH METHODOLOGY

The assessment on the effectiveness of feldspabevilone in oil-based drilling fluid.
The experiment of mud properties also conductech ag mud density, viscosity,

rheology and filtration of mud. Project methodoldtpw is as below:

1. Prelim Research
« Conduct literature review on feldspar rock progsitiypes of additive in
drilling fluid and current technology developedHPHT wells

2. Hardware/ Experimental Setup
* Material Identification:
I. To design oil-based mud: Saraline 185v, API baitaher additives
» Hardware needed is: HPHT Filter Press, Ofite 10BHMH Viscometer, SEM
XRD, Roller Oven, multimixer, hammer and siever

3. Experimental Work

* Experiment 1: Prepare the rock sample from raw itimmd

» Experiment 2: Study and determination of feldspakrmproperties
» Experiment : Study and determinaticof additive using OBN

4. Analysis of Result
» Gather data and correlate through statistical agagbro

5. Discussion of Analysis
» Discuss the findings from the results obtained maéte a conclusion out of
the study, determine if the objective has beer

6. Report Writing
« Compilation of all research findings, literatur@ievs, experimental works
and outcomes into a final rep

16



3.3 KEY MILESTONES AND GANTT CHART

The Final Year Project Il key milestones have bg@actively plaaned and organized
as below

Week 1 : Acquiring the list of available mud addis on laboratory
Week 2 : Acquiring the lab booking

Week 3 : Specimen preparations

Week 4 : Formulating mud

Week 5 : Mud mixing and instant rheology test

Week 7 : Acquiring the result of feldspar proprtest

Week 8 : Submission of Progress Report

Week 9 : Acquiring the filter press test result

Week 10 : Acquiring HPHT viscometer result

Week 12 : Pre-EDX, submission of draft Final Re@ofechnical Paper
Week 13 : EDX & Submission of Final Report

Week 14 : Oral presentation

The project timeline (Gantt chart and project modegs) are stated in Appendix, Table
4,5 &6.

3.3 PROJECT ACTIVITIES AND TOOLS

The detail project activities and the tool thatlwg used is explained further in order to

brief the project flow.
3.3.1Sample Collection

A field trip is conducted on f3November 2011 to Cameron Highland. This field tsip
purposely to collect the sample of quartzo-feldsighrack and bring it to the laboratory
for further work. This field trip is lead by Ass@&cof Askury Abd Kadir.

17



3.3.2Sample Preparation

3.3.2.1Crushing Process

The raw sample preparation started with crushiraggss using the geologist hammer
to break the quartzo feldsparthic rock into smafiezces. The hammering impact is
continued until the rock is visibly seen turn igowder. The powder is gathered to
proceed with the next step. The hammering procesarefully done and must preserve
the sample rock from mixing with unwanted substantt&at may cause error in the

experiment session. The crushed sample is kepyipldce.

3.3.2.1Sieve
The next stage of preparing sample is separat@atdifferent size by using sieving
machine. The particle is grouped together with isirilar size. The separation of

particle size is essential in order to obtain aevawcurate result in mud test soon.

The specimen is weighted and confirmed that itrys 8 of test sieves is stacked on the
mechanical shaker with the larger sieve is on tah\Aace versa. The sample is placed
on top of the sieve and covered with a lid. The texonducted with turning on the

shaker and in the duration of 15 minutes the testrnided. The retained particle is

weighted in every sieve stack.

3.4.3 Rock Identification

3.4.3.1X-Ray Diffraction

XRD Knowing the mineral composition of a formatitm be drilled is important for
determining how the drilling fluid will react witthe formation and how to prevent
potential drilling problems. Fluid labs use X-rayiffehction to determine the
mineralogical composition of shale or cuttings. yhexpose a crystalline mineral
sample to X-ray radiation and then compare theltagudiffraction pattern to known

standards to determine which minerals are presehei sample.

18



3.4.3.2Scanning Electron Microscope

(SEM) is a microscope that uses electrons ratlaer light to form an image. The SEM
has a large depth of field, which allows a largeoam of the sample to be in focus at
one time. The SEM also produces images of highuten, which means that closely
spaced features can be examined at a high madiafic®reparation of the samples is
relatively easy since most SEMs ony require the pbanto be conductive. The
combination of higher magnification, larger depftfarus, greater resolution, and ease
of sample observation makes the SEM one of the meatily used instruments in

research areas today.

3.4.4 Drilling Fluid Formulation and Additive Test in High Temperature and High

Pressure

3.4.4.1Drilling Fluid Formulation

The drilling fluid should be formulated as per reggment to withstand in high

temperature and high pressure condition. The authest carefully select the correct
additive and mud based in order to obtain a gosdlrespecially when considering a
high temperature condition. These are drillingdlungredients and its function which

will be mixed together. The mud formulation tempkats attached in appendix

ltem Functions
Saraline 185v Synthetic based fluid
VERSAPRO Emulsifier
VERSAGEL Viscosifier
Lime Provide alkaline medium
VERSATROL Fluid loss additive
Water Brine preparation
Calcium Chloride Brine preparation
Barite Weighting agent

Table 7: Drilling fluid ingredients and their furions
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3.4.4.2Mud Mixing Procedure
The mud formulation must go through mixing proces$e considered as a readily to
work drilling fluid. The author had set up a mixitimeline in order to ensure that the

drilling fluid ingredients are perfectly mixed. Theneline of mixing is as follow;

Mixing time ( minute) | Additive type to be mixed

0 Saraline 185v

5 VERSAPRO

15 VERSATROL

20 VERSAGEL HT

25 Lime

30 Brine ( water & calcium chloride)
45 Barite

50 Feldspar

60 Mixing complete

Table 8: mixing item and mixing time

It is recommended to mix an OBM in 60 minutes idesrto ensure it's perfectly mixed
because there are a lot of additives which sho@dncluded. The brine must be
prepared first by mixing water and calcium chloridlae multimixer spinning fan must
be ensured clean before usage in order to avoidiawgnted substances from entering
into the formulation.

The author decided to categorize the drilling fluitb the hot rolled and non-hot rolled.
This matter is in order to improve the result lipi The hot rolling process is taken 16
hours time with the temperature of 165 deg C. Tdterdlling process will improve the
mixing process with the temperature effect. Thdlidg fluid formulation bonds

perfectly well. This process is also to initiateeal high temperature well condition. 16
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hours of hot rolling is the expiring time of dmily fluid which is circulated in the well
while drilling.

3.4.5 HPHT Test

The drilling-fluids specialist in the field condsca number of tests to determine the
properties of the drilling-fluid system and evakiateatment needs. Although drilling
fluid companies might use some tests that are dedidor evaluating a proprietary
product, the vast majority of field tests are stdidzed according to American
Petroleum Institute Recommended Practices (AP BB-17 and 13B-2,8r WBFs
and OBFs, respectively. From appendix, Table 2 shiypical API-recommended field
tests for WBFs. Table 3 shows typical API-recomneehfield tests for OBFs. Several

tests are identical to those performed on WBFs.

3.4.5.1Fluid Loss Test

If fluid loss is excessive, formation instabilitjprmation damage, or a fractured
formation and loss of drilling fluid can occur. the HPHT field, fluid loss tests are
performed routinely. Fluid loss also can be measureder dynamic conditions using
the viscometer, which incorporates a rotating lprbvide fluid shear in the center of
a ceramic-filter core. The fluid is heated and pueized. Fluid loss is measured radially
through the entire core, giving a sophisticatedusation of the drilling fluid circulating
in the wellbore. The author using HPHT filter prés®btain the loss circulation result.

The procedures of conducting experiment are asbelo

3.4.5.1.1 HPHT Filter Press Procedures

i. The heating well power cord is connected to an @ppate power source. A dial-
type metal thermometer is placed into the well e theating jacket and is
preheated 10°F (6°C) above the desired test tetyperad pilot light will come on
when the heating jacket is at the desired temperats selected by the thermostat
control knob.
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All of the o-rings are assured on the valve sterasragood working condition and
are not damaged during the assembly procedureisinAitm of silicone grease is
placed on all o-rings. A valve stem is screwed thitest cell on the side opposite
the cell cap. The valve stem is tightening compyeféhe sample is stirred for 10
minutes with a high-speed mixer. Carefully the skemg poured into the cell. The
volume of drilling fluid is must not fill the cetlloser than 0.5" (13 mm) from the o-
ring groove to allow for heat expansion of thedlui

An o-ring in the cell is placed and another in ted cap recess. A circle of filter
paper is placed on top of the cell o-ring and sjothe cell cap is pushed into the
cell. The arrow on the cell cap is ensured linesvitp the arrow on the cell body
The cap locking screws and both valve stems igdigdd. Place the cell in the
heating jacket with the outlet or filter side o&tbell pointed down. The cell in the
heating jacket is rotated so that the pin in thitdno of the heating well seats into
the hole in the bottom of the cell. This will anchibe cell inside the well and
prevent the cell from rotating as the valve stems @pened and closed. The
thermometer is transferred from the heating jatéeghe thermometer well within
the cell

The pressuring assembly is connected to the tog\siém and is locked it in place
with the retaining pin. The back pressure receiseplaced on the bottom valve

assembly and also is locked it in place with thaingng pin.

Cap Locking
Screws (#170-26)

Yalve Stem

(#170-16) iy
r

Cell Cap With
Screen (#170-14)

Allen Wrench Valve Stem (#170-16)
5/32" (#170-27) T

Valve Stem O-ring (#170-17) Cell Cap O-ring (#170-13)

Figure 6: Filter press cell
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vi. The valves are kept closed, the top and bottomlatwys is adjusted to the
recommended back pressure for your test. The tbg \sem is loosen, and the
sample is pressurized. This pressure is maintaomethe fluid until the desired
temperature is stabilized, as indicated by thentlbeneter. The heating time of the
sample should never exceed one hour. The upperlcaamel limits of the test
pressure differential are determined by the tesipgrature. As this temperature
exceeds 212°F (100°C), the back pressure mustdreaised in order to prevent
vaporization of the filtrate. The 500 PSI differi@hfpressure must be maintained,
so the top pressure will have to be increased dougly.

vii. When the fluid sample reaches the desired testamtype, the pressure on the top
pressure unit is increased to 500 PSI (3,448 kRag than the back pressure. The
bottom valve stem is loosen and turned to initidtieation.

viii. The filtrate is collected for 30 minutes maintamithe selected test temperature
within 5°F (3°C). If the back pressure rises ab@@® PSI (690 kPa) during the
test, cautiously the pressure is reduced by opethiagvalve on the receiver and

drawing off some of the filtrate into the graduatgtinder.

Retaining Pin (#171-22)
Retaining Pin (#171-22)

N Pressuring Assembly
(#170-04)

Back Pressure
Receiver (#170-06)

Valve Stem
(#170-16)

Valve Stem
(#170-16)

Figure 7: top and bottom heating jacket
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Xi.

Xii.

Xiii.

Xiv.

XV.

At the end of the test, the top and bottom valeenstis tighten to seal off the cell.
The regulator T-screws is turned counter-clockwiseclose off the flow of
pressurized gas. The outlet valve on the back pressceiver is opened to collect
all of the filtrate in the graduated cylinder. Tpheessure from the top is released
and bottom pressuring units by opening the neediéoa bleeder valves.

The top and bottom valve stem retaining pins dratop pressure and the back
pressure assemblies are removed. Any residuatéltcollected in the receiver is
drained into the graduated cylinder. The cell frima heating jacket is removed
after once again checking that the cell valve starestightly closed. It is allowed
to cool to room temperature or quick cool the bglimmersion in cool water.

The total filtrate volume collected is correctedatstandard filtration test area of
7.1 in2 (45.8 cm2) by doubling the filtrate voluroellected in 30 minutes. This
total filtrate volume (doubled) temperature, pressand time are recorded.

Using extreme care to save the filter paper andslegdl cake, the cooled cell is
placed upright with the outlet (cap side) or filsdde down. The inlet valve stem is
loosening to bleed off pressure from the cell bd@hgssure cannot be relieved from
the cell by opening the outlet valve stem as therfcake will seal off the cell.

The six cap locking screw is loosened and the sa&gparated from the cell with a
slight rocking motion.

The filter cake is washed on the paper with a gesttleam of water. The thickness
of the filter cake is reported to the nearest 1A3®.8 mm).

Apparatus is cleaned thoroughly after each use.

3.4.5.2Fluid Rheology Test

Fluid rheology is an important parameter of drdlfiuid performance. For critical

offshore applications with extreme temperature regsure requirements, the viscosity

profile of the fluid often is measured with a catied temperature and pressure

viscometer. Fluids can be tested at temperatures3&°F to 500°F, with pressures of

up to 20,000 psia. Cold-fluid rheology is importéetause of the low temperatures that

the

fluid is exposed to in deepwater risers. Higimgeratures can be encountered in

deep wells or in geothermally heated wells. Thalftan be under tremendous pressure
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downhole, and its viscosity profile can change atiogly. The author decided to use

HPHT Viscometer to determine drilling fluid rheologrhe procedures are as below.

3.4.5.2.1 HPHT Viscometer Procedure

Computer Setup

i. First, the computer's AC power setting is checkeahatch the available power in the
region.

ii. The monitor and computer are turned on. After tlenguter has booted up
completely, the ORCADA™ icon is checked on the tgsk

Viscometer Setup

i. On the back panel, the three %" (6.35mm) NPThfigiare located. A water source
(15 - 30 PSI / 104 - 208 kPa), nitrogen source, @m@ih hose is connected to the
appropriate fittings. The Nitrogen is used to puege the sample and prevent
boiling at temperatures above 212°F (100°C). Theewis used to raise and lower
the heater.

il. The heater cable is screwed from the heat baththetdottom of the cabinet.

iii. The thermocouple is plugged from the heat bathtimedoottom of the cabinet.

iv. The viscometer is connected to the computer usitiger a 9-pin RS232 cable, a
Local Area Network connection with an Ethernet eabl Bluetooth.

v. The “Power” switch is ensured in the off positidime power cord is plugged into an

AC power source.
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Serial Port

Ethemet Port

Nitrogen

Power

Drain  Water In

Figure 7: Ofite 1100 setup port

System Test Setup

Vi.

The unit is turned on. The power switch is locatadhe front panel.

If the heater is raised, it is lowered using theséker Lift/Lower” switch. The
sample cup is already attached to the viscometerder to protect the bob shaft
during shipping. Always handle the bob shaft cdhgfubending it will result in
poor viscosity readings.

The sample cup is loosened, the sample cup nuisisrewed and the sample cup is
turned straight down.

A thin coating of high-temperature thread lubrica placed to the bob shaft
threads.

The bob is placed by sliding it onto the bob shkeéth the tapered end down and
screwed it securely into place. An R1B1 bob/rotmmbination is standard for the
Model 1100 Viscometer, however other combinatiomsavailable. The computer
is turned on and the ORCADA™ software is opened.

From the menu bar at the top of the screen, ‘tigtdi and then “Calibrate Shear
Stress” is selected. The “Temperature” field isableel to verify that it shows room
temperature. Then, that the value in the “SheasStRaw” fluctuates is confirmed

when gently turn the bob with the hand.

26



Sample Cup Nut

Sample Cup

Valve Stem

Heat Bath

Figure 8: Ofite 1100 testing parts

Test Preparation Setup

Vi.

The bob is installed

The sample cup is filled with the proper amountleid based on the type of bob
to be used.

The sample cup is hold by hand and positions tieib the center. The sample
cup is placed up past the o-ring. The sample cygaised in place and the sample
cup nut is screwed.

The heat bath is positioned under the sample chenTis raised it using the
“Heater Lift / Lower” switch.

Gradually rotate the regulator knob clockwise tesgurize the sample. Gradually
rotate the regulator knob to counter-clockwise &tta no greater than 60 PSI per
minute. Pressure is only necessary for tests teatyres above 200°F (95°C). The
heaters will be deactivated if the sample is naspurized enough to prevent
boiling. The ORCADA™ software will indicate this thia yellow alarm light. The
alarm light will turn green when the appropriategsure is applied to the sample.
Once the pressure is set and the heater is in,glaed/lodel 1100 is ready to run a

test.
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Auto Mode Test

i. The viscometer for a test is prepared.

il. A test to run is chosen from the list in the uppeft-hand corner of the Main
Screen.

iii. A name in the “Experiment Name” field is entered.

iv. The shear stress units are set using the drop-dosviu next to the “Shear Stress”
field.

v. The “Start Test” button is clicked

vi. A comment in the resulting dialog box is written.

vii. The unit is dissembled and cleaned

The non heating viscometer also is used in thigepton order to gain reference points
of heating effect on drilling fluid. The author using both hot rolling and non hot
rolling sample. The results are expected to beedifd each other seems the drilling

fluid phase
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CHAPTER 4: RESULT AND DISCUSSION

4.1 Sieving Result and Discussion

The separation into size is determined using sgephocess. The sieving result is shows

in the table below:

Aperture size Mass ( gram) Distribution
percentage (%)

2mm 198.21 14.34

1.18 mm 157.00 11.36

600 um 123.89 8.96

425 pm 142.78 10.33

300 um 132.53 9.59

212 pym 182.60 13.21

150 um 175.12 12.66

63 pm 170.02 12.30

Passing 63 um  200.05 14.47

Total 1382.20

Table 9: after sieving products

The mass distribution upon the size of apertui@bmut evenly distributed. The rock is
kept in dry places before conducting this experim@norder to avoid any water
particles that may interrupt the result. The chosiee of feldspar to be mixed in the
drilling fluid is 63 um. This is the ideal size tdldspar in the “fine type” category
seems the suggested size of intermediate fineigypmaller than 150 pm. meanwhile

the smaller 63 pm will be used as small fine infilteation process.
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4.2 Scanning Electron Microscope Result and Discuss

The physical property of feldspar is determinedSt§M. The SEM result is shows in

the table below:

Mag= 50X EHT =15.00 kV Date :8 Mar 2012 Time :11:38:09 Mag= 100X EMT=15.00kv  Date :8Mar2012 Time :11:38:48

WD= 10mm Signal A = SE1 Universiti Teknologi PETRONAS WD= 10mm gna\ A=SE1 Universiti Teknologi ETRONAS
Magnification of 50 times Magnification of 100 times

Mag= 500X  EHT=1500kv  Date 8 Mar2012 Time :11:41:07 Mag= 1.00KX EHT=1500k/  Dete 8Mar 2012 Time :11:45:37
WD= 10mm Signal A= SE1 Universiti Teknologi PETRONAS WD= 10mm Signal A= SE1 Universiti Teknologi PETRONAS

Magnification of 500 times Magnification of 1000 times

Figure 9: SEM scanning results

The average of specimen size is 63 pm. In the rfiagtion of 50 times and 100 times,
it is discovered that feldspar shape is in ovaklokhe crushing process causes feldspar
to break into the new shape form. In the magnificatof 500 times feldspar is

discovered has a fine and quite smooth layering. drashing process causes feldspar
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fractured primarily between its layers becauseltiesr fractured point is at its layer.
At the magnification of 1000 times it is discoverdtht there are ample of small
feldspar particles it is due to the feldspar ndtanaracters which is brittle with in scale
7 of Mohr Hardness. These physical characterisig&sa confirmation of two main

compositions in this rock which are feldspar andrguthrough their physical behavior
that could only be seen using microscope. Thissfedd properties is shows its ability to

become a suitable additive as lost circulation nten drilling fluid.

4.3 XRD Result and Discussion

The feldspar phase is analyses using the X-rayrdaifion machine. The laboratory
work of XRD is very essential to determine and gomtthe element that composes the
qguartzo feldsphatic rock. The XRD machine obtaittexlgraph of overall element that
contains in the rock. The graph shows the peakeravfgthe elements. The XRD
software enabled the author to recognize and detedmnthe combined element by
narrowing the searching scope. The element ism&ied by comparing the peak range
of element and the rock peak range. From the gnageinpretation the author defined
there are 3 crystallite composition in the quartzlispathic rock which are quartz,

orthoclase and muscovite. The XRD peak range gsaph below;

Legend
- Quartz
Orthoclase
Muscovite
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4.4 Mud Formulation Result and Discussion

The mud formulation is the exactly ideal amounbufd base and additive reference on
order to proceed with drilling fluid laboratory worThe correct amount of these
ingredients is essential in order to obtain a gabdratory result. The author decided to
formulate the mud with 10 ppg mud weight in one liaorels. The oil water ratio is 80

to 20 considering it is an oil based mud. The malaijing factor in this formulation is

the amount of feldspar which is 0, 2.5, 5, 7.5, 125 and 15 gram in one lab barrel.
The other main additives in kept constant in orttercapture the trend of feldspar

addition graph in determining its additives role.

The mud formulation is as below;

Lab Bbls 1 1 1 1
Mud Weight 10 10 10 10 10 10 10
OWR 80/20| 80/20] 80/20 80/2D 80/20 80/20 80420
Formulations A B C D E F G
Saraline 185V, Ib/bbl | 183.60| 183.29| 182.98| 182.66| 182.34| 182.02| 181.70
VERSAPRO Ib/bbl 8 8 8 8 8 8 8
VERSAGEL HT, 7 7 7 7 7 7 7
Ib/bbl

LIME ®, Ib/bbl 4 4 4 4 4 4 4
VERSATROL , Ib/bbl | 8 8 8 8 8

Water, Ib/bbl 59 | 58.90| 58.80| 58.71 58.61 5851 5841
CacCls, Ib/bbl 209 | 20.88] 20.85 20.82 20.78 20.75 2071
Barite , Ib/bbl 129.46| 127.42] 125.37| 123.32| 121.27| 119.23[ 117.18
Feldspar, Ib/bbl 0 250 | 5.00| 750 10.00 1250 15.00

Table 10: Complete mud formulation list

33



4.5 HPHT Filter Press Result and Discussion

The laboratory test is carefully conducted becamis@ high temperature and high
pressure test that may cause harm to the autha.cbhstant temperature of the
experiment is 170 deg C which equal to 350 deg th wie back pressure of 500 psi.
The results of HPHT filter press are as below;

Additive Volume Filter Press Volume Real filter press volume
(9) with hot rolling (mL) without hot rolling (mL)
<63 um >63 um <63 um >63 um
0.0 3.8 4.4 9.8 10
25 3.2 4.0 9.5 9.5
5.0 3.0 35 8.4 8.8
7.5 2.5 2.8 7.2 8.0
10.0 2.9 3.0 8.0 8.2
12.5 3 3.1 8.2 8.3
15.0 3.1 3.2 8.3 8.4

Table 11: HPHT filter press result

10 e

9 .
— 3 ] h—_—;—_‘_-:‘_ —&—>63 micron hot rolling
—
E
o 7/ =f—>63 micron without
S 6 hot rolling
4 ——<63 micron without
§ 5 hot rolling
T 4 <63 micron hot rolling
=
S 3=
5
T 2

1

0

0 5 10 15
Feldspar addition volume ( gram)

Figure 12: feldspar addition volume versus flulttdtion volume.
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From the feldspar addition volume versus fluidrdéition volume it is confirm that the
addition of feldspar will improve the filtrationfett in HPHT drilling fluid. The graph
trend is declining with the inclination of feldspaddition volume. Until the feldspar
amount at 7.5gram, the effect of feldspar in thélimty fluid is positive. Meanwhile,
after 7.5 gram of feldspar the filtration graphsightly incline. The inclination and
declination of filtration graph show their suitabl®lume of feldspar as a lost
circulation material additive. In this experimettie ideal amount of feldspar in this
mud formulation is 7.5 gram. The inclination oftdéil press liquid shows it is
incompatible at a certain point (after 7.5 gramywver it could differ if the author is
using a different formulation. Both hot rolling amsbn hot rolling mud shows the
similar trend with different feldspar addition. Th#ration volume of hot rolling and
non hot rolling are slightly different with the hatlling gained more filtration fluid.
The hot rolling causes the drilling fluid perforntanto be degraded. The 16 hours of

hot rolling in 170 deg C will simulate the real dition of drilling process.

4.6 HPHT Viscometer Result and Discussion

The HPHT viscometer will measure the fluid sheae,rahear stress and viscosity with

different rpm. The results are as below;

feldspar | Viscosity | Viscosity | shear rate € | Shear rate ¢ Shear Shear
volume @ 300 @ 600 300 rpm 600 rpm stress @| stress @
(9) rpm (cP) | rpm (cP) | (Dyne/lcm”2)| (Dyne/cm”2) | 300 rpm | 600 rpm
(Pa) (Pa)
0 20 16 255.1 510.2 8.8 9.3
2.5 25.8 16.6 255.1 510.2 9.2 9.4
5 315 17.1 255.1 510.2 10 9.8
7.5 38.9 19.1 255.1 510.2 12.0 11.3
10 46.1 21 255.1 510.2 12.8 12
12.5 53.1 24.5 255.1 510.2 15.8 14.3
15 60 28 255.1 510.2 16 17

Table 12: mud viscosity shear stress and shearaal&0 °C (410 °F) and 300 psi
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Figure 13: mud viscosity and shear stress verslgspar amount at 170 °C (410 °F)
and 300 psi

feldspar| Viscosity | Viscosity | shear rate @ Shear rate| Shear Shear
volume| @ 300 | @ 600 300 rpm @ 600 rpm | stress @| stress @

(9) rpm (cP | rpm (cP) | (Dyne/cm”2) | (Dyne/cm”2)| 300 rpm | 600 rpm

(Pa) (Pa)

0 23 17 255.1 510.2 9.0 9.7
2.5 29 19 255.1 510.2 9.5 9.8
5.0 36.6 19.1 255.1 510.2 10.3 10.3
7.5 43.9 21 255.1 510.2 11.0 11.3
10.0 51.1 23.1 255.1 510.2 14 12.3
125 58.5 26.5 255.1 510.2 15.8 14.3
15.0 65 30 255.1 510.2 18 16.2

Table 13: mud viscosity, shear rate and shear &t210 °C (410 °F) and 500 psi
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Figure 14: mud viscosity and shear stress verslaspar amount at 210 °C (410 °F)
and 500 psi

feldspar| Viscosity | Viscosity | shear rate @ Shear rate @ Shear Shear
volume| @ 300 | @ 600 300 rpm 600 rpm stress @| stress @

(9) rpm (cP | rpm (cP | (Dyne/cm”2)| (Dyne/cm”2)| 300 rpm | 600 rpm

(Pa) (Pa)

0 45.1 26 255.1 510.2 10.0 11
2.5 42.2 24.1 255.1 510.2 9.4 10.8
5.0 41.6 22.1 255.1 510.2 9.0 10.5
7.5 48.9 24 255.1 510.2 13.1 12.3
10.0 56.1 26.1 255.1 510.2 15.5 13.3
125 63.6 29.5 255.1 510.2 16.8 15.3
15.0 70.6 33 255.1 510.2 19 17.2

Table 14: mud viscosity, shear rate and shear stee#225 °C (437 °F) and 800 psi
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Figure 15 mud viscosity and sheistress versus feldspamount a 225 °C (437 °F)
and 800 psi

From the HPHTviscometer result, theiscosity of drilling fluid is ircreases as the shear
rate is increased his is anot good sign when a fluid behaves in this manner, v
drilling fluid is said to beshear thickening. Shear thickeg is a undesirable
characteristic for drilling fluidsHowever, this characteristic of mud shows a sl
concern about the feldspar addition amount as th&y causes the stuck pipe or aft
the hole cleaningThe effective viscosity of the fluid will be relativelliigher at the
lower shear rates in the annulus where the higtiectare viscosity of the fluid aids i
the hole cleaningThe effective viscosity of the fluid will be relagély lower at the

higher shear rates in areas such as the drill pipdamibzzles

As shear rate is increases the shear stress isases. This philosophy is alree
explained in the literature review of the projeAs the shear rate defined speed of
motion of thefluid with respect to nearby fluid elements andash&iress is defined
resistance to flowBoth shear rate and shear stress shall parallehdlination or

declination.
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Thefigure 13, 14 and 15how the inclination of the viscosity and sheagsdrupon the
inclination of feldspar addition volume. The dnldj fluid character behavior shows that
at any temperature scale (170, 210 and 225 deg @iei higher shear rate causes the
lower viscosity. It is shows that the heat inclusidid not affect the drilling fluid
behavior. However the feldspar addition volumeheves to interrupt the formulation.
After 7.5 gram addition of feldspar, the exceptionesults show the shear stress
increases as shear rate is increases. This excaptiehavior is noticeable in every
constant temperature. This could interpret as tbedgcharacteristic of drilling is

acceptable until the feldspar addition of 7.5 gram.

4.7 Drilling Fluid Rheology Result and Discussion

In order to improve the result liability, the authdecided to obtain the non-heat
presence viscometer. The yield point, gel strergtth plastic viscosity of the drilling
fluid are tested using a normal viscometer. Theeebath result of after hot rolling and

before hot rolling in the temperature of 170 ded@fe result is obtained as below:

Additives volume (gram) 0 25| 50 7.5 10.4 125 .015
Viscometer rheology test

600 rpm 49 54 56 59 62 67 71
300 rpm 29 33 34 33 38 42 44
Gel Strength (10 sec) 5 5 6 6 6 7 8.5
Gel Stength (10 min) 11 12 12 13 13 13 14
Plastic Viscosity 20° 21 22 23 24 25 27
Yield Point 9 10 12 13 14 15 17

Table 15: mud rheology result before hot rolling
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Figure 16: mud rheology result versus feldspar &ddivolume before hot rolling

Additives volume (gram)| O 25 50 75 10.G 12.5 15
Viscometer rheology test

600 rpm 75 80 84 89 93 96 98
300 rpm 41 47 50 54 55 57 58
Gel Strength (10 sec) 5 5 6 6 6 6 7
Gel Strength (10min) 10 10 12 12 12 12 14
Plastic Viscosity 32 33 34 35 38 39 40
Yield Point 9 14 16 16 17 17.5 18

Table 16: mud rheology result after hot rolling
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Figure 17: mud rheology versus feldspar additiofunee after hot rolling

From the result of mud rheology test, it is shotws different reading of viscometer
upon after and before hot rolling process whichtaken 16 hours process in 170 deg
C. The higher mud rheology volume is noticed of #fier hot rolling mud. This is
because the additives and their base are mixedrhweith the applications of heat and
rolling process. The degradation of mud after haling is affecting the result of
viscometer. The reading of viscometer is differetween both after and before hot
rolling. However it's not affect the graph trendiatihboth looks very similar with each

other.

The increasing amount of plastic viscosity with tinereasing volume of feldspar
addition is interpreted fronfigure 16 &17.This behavior is significant because the
addition of loss circulation material (feldspar)dbanging the ration of particle size
over the same volume of solid. However in drillingerations, the plastic viscosity
should be consider in the lowest volume in orderldever the pumping rate in

circulation process.
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Thefigure 16 &17show that the yield point value is increases whth increases of the
feldspar concentration in the drilling fluid fornatilon. The increase of feldspar causes
the increment of solid in the drilling fluid. Frothe figure 16 & 17 gel strength (10
minutes and 10 seconds) of the mud in increas#iseaamount of feldspar is increases
while testing in mud static condition. The volunfggel strength in 10 minutes is higher
than in 10 second is because of the taking timeniad particles to stabilize and
coordinate themselves in a better arrangement.fijbee also indicates that there are
no significant changes of gel strength versus éhdspar addition amount. The feldspar

has a low ability on increasing the gel strengtthefdrilling fluid.
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CHAPTER 5: CONCLUSION

5.1 CONCLUSION

This project is significant to develop new potenadditives which obtained from a
local source (Cameron Highlands, Malaysia). Thee fiock properties which can
withstand a wide range of temperature exposurecansidered to be an important
characteristic to be developed as a drilling fladtlitive. In the future drilling activities
will become more complicated and deeper. Therenavee challenges will be faced

especially in handling high temperature and higispure well.

The cost reduction and reservoir management is naportant parameter to be
considered in drilling activities. This projectagnilestone to develop a new natural and
free source of drilling fluid additives. The enwviroent issue to deal with, the non-

pollute additives should be considered as a nevaodedf drilling optimization.

The discovery of the new potential additives wi#é proven through the laboratory
work. The suitability of quartzo-feldsphatic rock gype of additives in optimizing the
drilling fluid properties in high temperature cofioln is determined as a good loss
circulation material additive. The excellent regualfiltration process is considered the
core finding in this project. Furthermore, the &dr is fairly acceptable in increasing

the viscosity, shear stress, gel strength and pieiat.

5.3 RECOMMENDATION AND FUTURE WOK

The project should consider using the differentetyd drilling fluid base. The other
type oil base should be considered such as Saf#Yaand Saraline 200. These two
types of drilling fluid based are mainly used ire tmdustry. The wider range of
different drilling fluid based will obtain a wideange of result and the feldspar usage

could be commercialized ideally.
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The deeper well will cause the higher temperatdréhe reservoir which commonly

comes with higher pressure. In the drilling openati the depth of well could be
controlled using the density of drilling fluid irraer to avoid kick or worst cases is a
blow out. The wider range of drilling fluid densishould be considered in order to
obtain more ideal mud formulations. This projectissng constant mud density, which

is 10ppg only. The further work for different muersity is suggested.

The project temperature limit is only at 225 dewlch considered as Tier Il which is
called ultra HPHT. However, the Tier Il well islsunreachable in this project due to
limitation of the equipments. The limitation of tequipment is also causes the result
obtained could only reach at 800psi. The furthedtin this project should consider

higher temperature and pressure.

5.3 PROJECT RELEVANCY UPON OBJECTIVES

The main three objectives are met after conductiveglaboratory work. The results
show a positive sign of feldspar to become a dglfiluid additive in various ways. The
addition of feldspar increases the yield pointsptaviscosity and gel strength which is
determined as a fairly good viscosifier of the lohg fluid. It is also decrease the
volume of drilling fluid filtered through a HPTHIfer press with the act as a good loss
circulation material. This is recognized that felds is a LCM additive in high

temperature drilling fluid.
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