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Abstract.
The physica&hemical properties and behaviors bfdifferent mud samples were investigated to evaluate
OKSANI LISNF2NXYIFyOSa F2NJ dzaS Ay RNAREftAy3a 2LISNIGAZ2Y S

The project focuses more on the laboratory experiments carried out on the mud samples at different
conditions of temperatures and pressures, aging times, quantities of additives e.t.c. Two different water
a2dz2NOSa>ZaFNBaK (1L g dSNE FYR aaSlk 6l iGSNE¥ FNBY C
experiments. Different additives were employed in evalogtithe mud performances. Duo Tec NS,
Bentonite and CMC were viscosifiers used, Ml PAC Elv, Bentonite, CMC and Starch were the fluid loss
additives used, Sodium hexametaphosphate (SHMP) and sodium pyrophosphate decahydrate (SPP) were
the polyphosphates apg@d for thinning effects. Other materials provided include glycol and potassium
chloride for inhibition of clay/shale, soda ash and barite for reducing calcium and for weighting the mud
respectively. Apart from experiments carried out on the mud dire@kperiments were also run on the

mud filtrates to determine their properties and how they affect or deter the success of the drilling
operation with regards to their interaction with the formation.

Results from the experimental works showed that all muchgles provided had a good swellability and
could be used for coating of the side walls of well bdfer the viscosity reduction testhough both
polyphosphates presented did their jobs of reducing viscosity, sodium pyrophosphate decahydrate showed
more superior thinning effects than sodium hexametaphosphate. Samples 4 and 5 were seen to have the
least sand contents both in volume and weight percents, while sample 2 contained the most sand.

Regarding the test with viscosifiers, both CMC and Duo Tec N®twwen they can be used for increasing
viscosity effectively, however, Duo Tec showed more superior qualities in terms of mud rheology. It has a
higher yield point and and gel strength than CMC which pgoperty well desired of a viscosifidn the

swdl inhibitive test, inhibition was mainly due to the potassium ions present in KCI, and that glycol could
not effectively inhibit absorption of water except in combination with KCI.

In addition, CMC has been proven to have very good fluid loss propestigsaced to other additives used,

but MI PAC haalsobeen seen to be another fluid loss agéhat can competitively giveimilar results as

CMC. Both would be recommended as fluid loss agents, allowing the mud sample to produce filter cakes of
desirable poperties.

Filtrate analysis showed that the levels of calcium, magnesium and chlorides present in the filtrates were at
acceptable levels and furtherdgatment would not be necessary and alkalinity tests showed the ions
present in the filtrate in terms ofarbonates and bicarbonates using a stoichiometric classification as well
as the amounts of acids needed to reach the phenolphthalein and total alkalinity end points.

The effects of aging were inconclusive from the experiments, but generally, it showeddimg reduced
rheological properties. Temperature effects also showed that increasing temperature from ambience to
74°C generally decreased rheological propertiéteF cake was formed with pressure increase, and the
concepts of balanced, over balant@nd underbalanced holes were verified from the balance between
hydrostatic and formation pressures.
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Preface.

This thesis is in partial fulfillment of the requirement for the completion of the Mastegam in Oil and

Gas Technology, Aalborg UniversiBsbjerg. It was supervised by Erik Sggaard and Sigurd Solem from
September 2013 to January 2014. The project is more practical based as a greater part of it was carried out
in the university laboratory. Five different mud samples along with various mddiwes were provided

and the objective of the project was to experimentally investigate the phydiemical properties and
behaviors of these samples at varying conditions with Tander geothermal drilling as a case study.

The thesis comprises of 8 chapgethe first provides an introduction to the project task giving an insight of
what it entails and also projecting drilling mud as an intricate and vital part of any drilling operation, which
must be dealt with meticulously should any drilling operatiortdrened successful.

The next chapter talks more in details about drilling mud with regards to types, functions and additives
used to enhance drilling mud performance while chapter 3 describes the properties and functions of drilling
mud. These first threehapters make up the theoretical background of the report while the remaining
chapters are the practical aspects.

In chapter 4, the different experiments carried out on the mud samples and the additives are documented.
The procedures, requirements and u#s in both tabular and graphical representations are provided.
Discussions of each result are given &uhclusionsre also drawn based on the results gathered from
each of the experiments carried out.

Chapters 5 and 6 include a generalized didonssf the experiments and conclusions reached respectively
for each of the experiments

The limitations of the project work are stated in chapter 7, while for further works on this project path,
recommendations which would aid in improving the experimengédligs are given in chapter 8.

References for works cited and appendix are listed at the end of the report. A CD of the report is also
attached at the back cover of the booklet.
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1. Introduction

Every rotary drilling operation implies three systems that work diamglously in boring a hole; a rotating

system which rotates the drill bit, a hoisting system that raises and lowers the drill string into the hole, and

a circulating system which performs the function of moving a fluid around from the drill stem, oug of th

drill bit and up again to the hole at the surfgean Dyke & Baker 1998}his fluid otherwise cat drilling

fluid, in its liquid form, may be water or a mixture of water and diywith some additives. This mixture in

drilling parlance is termed drif Ay 3 YdzR o6& RNAffAYy3d 2LISNIG2NRI KS)
GRNAT f Ay 3 sddRnterchimgdablR 0 S

A circulating system on any drilling igya closed loop of activities consistipgmarily of a drilling fluid
which is theworkhorse d the whole drilling operatiorand other equipment which aid in the circulation of
the drillingfluid. It is quite interesting to know thahis system functions in like manner as the circulatory
system in the human body. THanctions of this fluid can be likened to thosef the liquids running or
circulating in the Wdod vessels of the human bodyae mud pump equivalent to the heart, and the drilled
out cuttings represent the slag produ¢®kalle 2010)The mud cleaning system which is at the surface
represents the kidney and the lungs. A schematic of a circulatory mud system is shown id figure
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Figurel Drilling Mud Circulatory Systefivan Dyke & Baker 1998)

Almost every drilling problem has a link, directly or indirectly with the performance of the glffilliid. This
is not to say that the drilling fluidan be traced as the source or solutionadf problems encountered
during drilling operations, rather, as a tool that can often be used to alleviate a difficult drilling situation.
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Therefore in generak drilling fluid should be seen asvary vital and intricatgart of the whole drilling
process that should be used to complement other aspects of the operation.

For any drilling operation to be termed successful, care must be taken during the selaudi@pg@lication

of the drilling fluid which are key factors that should be considered. Any actions contrargrédully

selection and application afrilling fluids could have very dire consequences ranging from destrucfion

the drilling rig equipment, on productive time leading to financial lossdamage to environment and loss

of lives of crew workers, therefore the properties of drilling fluids must from the onset of the drilling
operation, and atregular intervals, be monitoredtested and investigad to ascerain they have the

desired qualitiesall the way,and in most cases, drilling muyents are added to the muds if needed to
necessitate a successful drill operatidrgnce the title of this write up,& Ly @SadA3alr dAazy 27
drilling mud performancewith Tander geothermal drilling as a case studyp

1.1 Project Task.

A good drilling fluid has to fulfill some basic requirements, it has to be generally simple with a number of
additives, and it is worth knowing that the performance ofddlling fluid should be driven more by
engineering than of the product used. Most often, exotic mud systems end up in failed states simply
because those operating them lack the basic understanding of such mud sy3teentype of fluid chosen

for a partcular well depends on 3 important factors; cost, technical performance and environmental
impact. The cost of products is very important, but should only be considered on-perfstmance basis.

Most important of all 3 is the technical performance of tidling mudHawker 2001; Devereux 1999)

In the light of the above, it is of paramount importancedlways test the mud properties to make sure
they have the right qualities.

For the project under study, investigations are to be carried @utsome samples of mud using some
additivesand chemical$o check the effects on their physiehemical propertiesThese mud samples are

to be used in geothermal drilling in Tander in 2014, so they have to meet the requirements of a good
drilling mud.These drilling fluid products supplied by $ivacanclude;

5 different mud samples

Bentonite about 25kg.

Potassium chloride about 25 kg

Glycol 1 liter solution.

MI Pac ELV 25 kg Sx

Duo ech NS 25 kg Sx

Soda Ash 25 kg Sx.

Barite.

WBM Premix.

A Fann VG 35 SA viscometer was also provided.

=A =4 =4 4 -4 -4 4 -8 -8 -4

Other materids used from the university laboratory include;

1 Carboxy methylcellulose (CMC)
1 Sodium Hexametaphosphate (SHMP)
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1 Sodium pyrophosphate decahydrate (SPP)
9 Starch.

The taskfocuses on investigating thphysicachemical properties of thalifferent mud samplesand
studying theirbehaviors when subject to different conditions. In order to do thieyt would all be
subjected to a number of experiments in order to determine the most appropriate for use. This is necessary
as a drilling mud for use has to be multifuioctal and a lot of compromises made. doing so, the above
mentioned additives would be used and at certain varying conditguth as viying temperatures and

aging timesto help the mud samples perform maximally.

Furthermore, choice of additives perfaing similar functions would bmvestigated to know which best
suits a particular mud function or property. A description of these different additives and what they
perform would be given in later chapters of this report.

Amongst the tests to be carrieaut are filtration or water loss test, swell tesighibitive swell testssand
content analysis, investigations to determine the rheological properties of the different mud samples, pH
tests, aging and temperature tesas ambient and elevated temperatey downhole simulationas well as
determiningthe chemistry of makeaip water and filtrate alkalinity tests.
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2. Drilling fluids

Thedrilling fluid according to the American Petroleum Institute (API) is defined as a circulating fluiith used
rotary drilling to perform any or all of the various functions required in drilling operafi€ink 2011)It is

the single most essential system in safe, efficient, and economic well drilling. The drilling fluid consists of a
mixture of natural and synthetic compounds used for a variety of purposes. This chapter gives an overview
of the significane of drilling fluids in drilling operations and details about what it entails.

2.1 Types of drilling fluids

The challenges met during drilling operations in the petroleum industry have led to the formulation of
different types of drilling fluids. Dlihg muds are classified based on the continuous phase of the mud and
they include;

a) Water Base Mud$WBM) ¢ Also referred to as aqueous drilling fluid, which i€®® % of fresh
water, salt or seavater andseveral dissolved substances meaning that wagethe continuous
phase heréSkalle 2010; Devereux 1999)t is predominantly used in the industry due to its
environmentally acceptabl@ature, and also because it is relatively cheap to operate with. WBM is
the drilling mud type which would be focused on and used in this project. Tdrerseveral types
of WBM as seen below;

91 Dispersed Muds These mud type are basically used at greater depths requiring higher
densities or in problematic hole conditions where heightened treatments are required. The
mud system would be dispersed with sdaciadditives to givespecific properties to the
mud e.g thinners or dispersants.

1 Nonc DispersedMuds - These mud type are basically applied for shallow wells or top hole
sections. Clear or native water is used and examples are spud muds, natural muds and
other lightly treated systems. The use of thinners or dispersants to disperse drilled solids
and clay particles is not required, rather, the water is allowed to react with formations
containing shales/clays so that the mud will form solids content anditienaturally.

1 Salt water Mudg; This could either be a saturated salt system with chlorides concentration
around 190,000 mg/l, which is suitable for salt formation drilling in order to prevent
dissolving, or a saltwater system where chloride concentraties between 10,000 and
190,000 mglVan Dyke & Baker 1998; Hawker 2001)

1 Polymer Muds; Long chain polymers such as cellulose and acrylamide are used in mud
systems to provide a number of functions; increase viscosity, prevent dispersion by acting
as encapsulating agents to drilled solidsinimize fluid loss, and inhibit or prevent
sloughing of shales by coating. Example of such is KCI/NaCl muds which are inhibited salts
that stabilize shale formations.

1 Low solids Mud; This mud system is significantly used to control or improve the raftes
penetration. hese are systems where the amounts of solids are intentionally controlled
with a range of 6 to 10 % total solids volume and clay volumemmare than 3 %. They
typically use polymer additives as viscosifier and aredispersed.

1 CalciumMuds¢ The presence of calcium or magnesium in fresh water drilling muds inhibits
swelling and hydration of clays and shales, but with higher levels of dissolved calcium, the
problems of shale sloughing and hole enlargement are greatly reduced. Calciatadtre
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muds also resist contamination and are therefore suitable for use in drilling
gypsum/anhydrite lithologies. However, they are susceptible to gelling and solidifying at
elevated temperatures.

b) Oil Base Muds (OBM)These muds have oil as their contiusophase, usually diesel oil, mineral oil
or low toxicity mineral oil, and although they may pick up formation water, no additional water or
brine is added. This is due to the fact that they contain wataulsifying agents. Thiystem which
contains lesshan 5 %water has a number of advantages compared to WBM,dsuseen in tablé,
it also has some drawbadké&n Dyke & Baker 1998; Hawker 2001; Devereux 1999)

Tablel Comparison between Water an@il Base Muds.

\ Advantages Disadvantages
Good inhibition reducing shale Environmental issues
swelling and sloughing
Thermally stable. Log formation interpretation problems.
High lubricity reducing torque Solids removal due to high plastic viscosity.
and drag effect and risk o
sticking.
High salt tolerance High costompared to WBM.
Increased rate of penetration flammability
Natural permeability and
producing zones are preserve
due to nortinvasion.

1 Invert Emulsion MudsThese are watein-oil emulsions typically with base oil or diesel as
the continuous phase, and up to 50 % brine in the emulsifier @hEwey are used in 120
% of all drilling jobs and find more application in stable, water sensitive formations and in
inclined bore holes. They are very high thermal stabilities and provide excellent corrosion
protection. However, their disadvantages dheir high price, the great risk if gas reservoirs
are bored through and their huge environmental problems. An example of an emulsifier
used in these systems is calcium chloride brine.

1 Emulsion Muds, In these muds, water is the major continuous phaséhwil now making
up the dispersed phase, normally betweeid® %. Environmental issues and cost are both
minimized with water constituting the main phase, but with the addition of oil, the
advantagesassociated with oil base systems are provided, suclimgsoved lubricity,
increased rate of penetration, reduced torque and drag effects, reduced filtefHas&er
2001)

c) SynthetiecBase Mudsg; Out of an increased desire to reduce the environment impact of offshore
drilling operations, synthetibase muds were developed but without sacrificing the €ost
effectiveness of olbased systems. They (synthetids and mineral oils) provide micof the
performance advantages of hydrocarbon oil systems but have none of the associated
environmental concern&ink 2011)Like OBMs, SBMs can be applied to minimize wellbore stability

51Page



problems arising from reactive shales, maximize the rate of penetration and increase lubricity in
directional and horizontal wellEExamples of synthetic mud systems are esters, ethers and poly or
isomerized alpha olefins. These have high biodegradability and low toxicity and as such, are good
base fluids for environmental performance.

2.2 Functions of drilling fluids
Drilling fuids should reet some basic requirementsd have the following functions in every drilled well at
some point in time.

Balance of formation pressure to assure proper well control.
Transport drilled cuttings and sloughing to the surface.
Provide lubricatiorand cools the drill string and bit.
Minimizes drilling damage to the formation.

Helps to seal permeable formations.

Cleans beneath the drill bit

Stabilizes well bore.

Aids in information about formation evaluation
Suspends cuttings when circulation stops

Provides hydraulic power to downhole equipment.
Corrosion control.

=4 =4 =4 4 =4 -4 4 -8 -8 4

=

For the drilling fluid to perform all these functions, it would require characteristics that may sometimes be
contradictory therefore it requires the best overall compromise to creatalarce among the numerous
needs. This is to say that the most important functions in a particular drilling operation should be given the
most preference in the design of the drilling fluid. Ardapth discussion of these functions would be given
subsequetly as many of these functions are controlled by more than one mud property.

2.2.1 Formation pressure control

The proper restraint of formation pressures depend upon the density or the weight of the mud column in

the well. The density athe drilling mudmust be such that the hydrostatic pressure exerted by the mud
column will prevent flow into the well boré\s the formation pressures increase, the density of the drilling
FEtdzZAR Aad AYONBFaSR (2 KSft Ikick¥!l ibldokitdsy 12 S FSNIY | AN Alyl
of the fluid becomes too heavy, the formation can break down. If drilling fluid is lost in the resultant
fractures, a reduction of hydrostatic pressure occurs. This pressure reduction also can lead to an influx from

a pressured fomation. Therefore, maintaining the appropriate fluid density for the wellbore pressure
regime is critical to safety and wellbore stability.

¢KS ¢Sttt tdlance€k ARFTIZH#KES YdzZR KERNRAGIFGAO LINB&aAdZNE A
said 2 oubdertialanced A F GKS YdzR Ke@RNRadGlFGAO LINBAaadeNS A a
G2O0SNDFElyOSRE AT GKS YdzZR K&RNERAGI G A(Gn DIRSE&BaKENS A 2
1998; Devereux 1999The hydrostatic pressure of the drilling mud is a function of the mud@hteind the

height of mud column given matheatically from the equationsl to 3 depending on the units of
operationHawker 2001)
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Where,

Paya 1, PHya 2aNd Rya 3are the hyrostatic pressures in psi, psi and Kpa respectively.
M, m AT A aremud densities in ppg, SG and kdirespectively.
TVD, TV and TV are the True Vertical Depths in feet, feet and meters respectively.

Control of formation pressure remains a very big issue when it comes to drilling mud function because it
does not only consist of controlling the formation and hydrostatic pressures iwéfiebore, it also consists

of controlling pressure build dissipated in frictional losses along the entire flow path. As a result, the sum of
the hydrostatic pressure and the circulating pressure drop from a particular point to the exit point make up
the total pressure in a circulating system.

Equivalent Circulating Density (ECD) represents the -&mftaial bottom hole pressure exerted on the
formation being drilled and is usually given in terms of equivalent dgisdiggtle 2010) ECD is the
cumulative sum of the static density, the density or weight of drill cuttings in the annulus and the effect of
presaire drop along the annulus. FiguresBows the graphical effects &CD
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Figure2 Graphical view of presure variation during tripping andlrilling(Skalle 201Q)

Additional weight added due to annulgressure drop maybe of great importance when long and narrow
well bores are drilled Mathematically, ECD can be expressed as equdtion
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Where,
g= unit conversion factaand z= True Vertical depth.

2KSyYy 9/5 Aa Ay LLEAxA8 AynWojpuEYR A& Ay HEBESOX
When ECDisinkg/l, g =0.0981, zisihgmA & Ay 13kt YR pt Ay ol NX®

In deeper wells, the ECD is of more significance as the pressure window becomesithinihés a ctical
parameter in avoiding kicks and losses, particularly in wells that have a narrow window between the

fracture gradient and pore pressure gradierg downhole ECD remains within the given bound#8kalle
2010) This is illustrated in figur®.
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Figure3 Equivalent pore and fracture densitys Deptt{Skalle 2010)

Another factor that affects formationrpssure control isurge and swab mssures Figures4 and 5 show
the effects of annular flow during running in and pulling out respectively, the drill string from the wellbore.

During surge operations, the drill strimghich is run into the holelisplaces a volume of fluid causing it to
rise up the annulus thereby increasing hydrostatic presswea result of increase in frictional pressure
During swab operationsivolving pulling out of the drill string from the holthe mud drops under gravity
filling up space which was taken by thelldstring. This brings about a flowing pressure drop that subtracts
from the hydrostatic pressure. In the light of the above, the difference in total pressure at any depth
between the hydrostatic and swab or surge lines is the pressure drop causecchyn@igment.
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Figure4 surge action of drill stringHawker 2001) Figure5 Swab action of drill stringHawker 2001)

Under swab conditions and in the event that the well bore pressure is lesser than the formation pressure
which is an underbalanced situatipthen this would cause formation fluid to floimto the wellkicks)

Under surge conditions and in the event that at the same depth, the well bore pressure is more than the
formation pressure, then formation fracture would be the outcome with an eventual lost circulation
occurringleading to unstabldole conditionsThis would lead to a decrease in the mud level in the annulus,
and a drop in the hydrostatic pressure throughout the wellbore. With reduced hydrostatic pressure in the
annulus, a permeable formation at a different point may give way topndf formation fluid into the well

bore. With lost circulation at one point and formation fluid influx at another, then this would certainly lead
to an underground blowoufThis factor must also be borne in mind when regulating the right density of the
mud during drilling operationin balancing pressures down hoieis normal practice to have a mud density
slightly higher than required to create a kind of allowance or safety margin required to offset excess
pressuregHawker 2001; Devereux 1999)

Controlling the pipe velocity in @nout of the hole also has significant effects particularly when this
precaution of regulating mud density has been applied, for instance, if it is noticed that swab effect is still
greater than the overbalance, then to overcome this, the pipe must beeghudut slowlybecause there
would be lesser quantity of mud in the hole in a very short space of time with a greater pipe velocity pull
out, and this would reduce drastically, the hydrostatic pressure causing the well to flow. And in the case
that the surg or circulating pressure drop causes the total pressure to surpass the fracture pressure, then
the velocity of the pipe or the rate of circulation must be lowered in order to prevent fracturing of
formation. Here, increasing the mud density further woulat be a good option because this has its own
consequenceg; reduced rate of penetration, ROP, lost circulation and differential pressure sticking. In
worst case scenario, when maximum and minimum pressure requirements cannot be met by adjusting
circulating rates or pipe velocities, then the remedy becomes casing the hole.

Ways of calculating annular pressure drop.
At least two different methods could be used in calculating the annular pressure loss while circulation of
mud isongoing

1 The first method, with is amore accurate method for finding annular pressilwssesjnvolves the
application of an accurate standpipe pressure measurement. Here, the pressure drop down the
drill string and through the bit can be accurately calculated using a Reed SlidriRuseibtracted

9| Page



from the standpipe pressufotash & Nygren 1993; Max R. Annis 1998&g annular pressure drop
is given as the calculated difference ahown in equation 5.

0 U U 0 0 0+ 0 O O U 0 0 Qne

Py, = total circulating pressure measured at standpipe.
Ps=pressure loss in surface equipment.
Pyp=pressure loss down drill pipe.

Py=pressure loss down drill collars.

P, - pressure loss through bit ndes.

P,=pressure loss in annulus.

1 The second method involves a prediction of the mud flow properties under downhole condition.
Once the woculation rate and hydraulic diameter are known, the annular pressure dropbean
calculated using the equations 6 andé&low(Lapeyrouse et al. 2011)

C®z0 S
© o ane

. p8 ogpm 20 wz0z0 .
0 5 0 Qnx

v = averageannularvelocity (ft/min)

Q= circulation rate in gpm

D, = inside diameter of casing or hole size in inch
D»= outside diaméer of pipe, tubing or collars, in inch
L= length of annular in ft

MW = mud weight in ppg.

P= annular pressure losses, psi.

The secod method however is not an easy approach as there are several factors limiting its uses, they
include;

a) A precise knowledge of the flow properties of mud in usually not known.

b) Inaccurateknowledge of thehole diameter either caused by washing out or fitake deposition

c) Positioning of the pipe in a central position which is best for calculating annular pressure drops but
not usually the cagdax R. Annis 1996)

2.2.2 Cooling and lubricating drill string and bit

The circulation of mud down the drill string cools the bottom of the well bore. The mud should have
sufficient thermal properties (heat capacity and thern@inductivity) to absorb heat dowinole by
convection, convey this absorbed heat to the surface and reledsetlie atmosphere by radiatiarAs the
geothermal bottomhole temperature is higher than the maximum mud temperature during circulation, it
is important to know that the point of maximum circulating temperature is not at the bottom of the hole as
many would imagine, but say about twhirds the way down the hole. This fact is particularly important
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when additives which are influence by temperatuaee used, because it could be possible to have a mud
additive which may perform satisfactorily at circulating temperatures, but at the geothermal bdttien
temperature, becomes absolutely unstable or vim¥sgPotash & Nygren 1993; MaxA&nis 1996)

Furthermore, the circulatinghud also gets rid of ictional heat produced in large quantities by the drill bits

and string and provides some lubricating effects as well which is aimed at increasing drilling efficiency and
AYLINRGAY3I GKS o0AGQa ftAFSP® 2 KSy dinheiay ekperRivielthegity R 0 A
is very essential to keep the temperature below a certain critical value because at higher temperatures,
graphitization of diamond could be induced which would lead to the destruction of the diamond structure
hence reducing tool lifand drilling efficiency. In the absence of abrasive materials as sand or fine drilled
cuttings in the drilling mud, then the problem of lubrication would not surface because the mud would only
contain solids that are softer in texture than the piping arabking. Attempts to improve this basic
lubricating quality of a mud have proved abortigghey are in most cases expensive and ineffe¢iex R.

Annis 1996)

Why the need for lubrication?

Lubrication is a very difficult case area especially as it applies to drilling operations. Generally, what
lubrication does in a drilling operation is to improve drilling efficieany increase tool life. The following
factors are reasons lubrication is very important;

9 Excessive torque and drag: The drill string, during drilling, dea&glop an unacceptable rotational
torgue and drag, often caused by key seats, improper hole cleamdgbit balling, which would
make twisting and rotating very difficult thereby limiting horizontal displacement of the hole. This
would give rise to a very high COBé&icient of friction) hence the need for lubricant effect.

9 Stuck pipein this case,Hhe drill string cannot be rotated, neither can it be raised or lowefdds
problem could be caused by a number of factors:

A Unexpected differential formation pressure

A Build up of drill cuttings or sloughing in the well bore.

A Embedding of part of the drilstring into wall cakes caused by irregular well bore
development.

A An under gauge borehole.

In the event that the drill pipe becomes embedded or stuck in the mud wall cake opposite a permeable
I 2ySs (KSy (Difdrential APgessureSMidkiSoRd dipé §ets stuck in place as a result of
difference between the hydrostatic pressure in the drill pipe and the formation pressure. Differential
pressure sticking could bgrevented and a stuck pipe freed with the use of oil based mud or water based
surfactant compositiofMax R. Annis 1996 his composition performs functions as permeating drilling
mud wall cake, redung differential pressure, reducing friction resistance and destroying binding wall cake.
Unfortunately, the uses of these are severely limited by environmental concerns and high costs.

Mechanism of lubrication .

The success rating of a lubricant witgards performance is related to its film strength in relation to the
contact pressure at the surface being lubricated. A lubricant performs badly if its lubricating film is
squeezed out. Lubricants especially in the liquid state form a film that is thickgéntm engulf surface
roughness and strong enough to withstand high compression forcespdif@mances of these lubricants
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tend to depend on their concentration simply because they compete with other sugeitee components
in the drilling mudFink 2011)

In addition, at high shear rates, these lubricants can become tightly emulsified and so #table
adsorption is inhibited. Lubricants compatible with water based mud and capable of reducing drill
string/well bore COF as effectively as oil based or synthetic based muds have proved Blusihga test,

a material that seems to be a good lubritaat low contact pressure may perform very poorly in real
application due to higher contact pressures, higher rotating speeds, The only sure test confirming a
lubricants performance is under exawbnditions that exiswhere lubrication is desiredyut sadly, these
downhole conditions are unknown.

2.2.3 Seal permeable formations .

Drilling mud should possess the quality of depositing filter cake on the wall of the well bore to consolidate
the formation which is almost always permeable and to retdénd flow of well bore fluid into the
F2NXYIFGA2Yy D ¢KAA Tt todPsshrFiltr@efossSy IND T 6 MSISBicksh BealinG O Y S
occurs thus decreasing the flow rate into the formation. This causes a reduction of the amount @fdtuid

to the formation, with the filter cake progressively building up causing some other problems. For this
reason, the filtration properties of mud should be measured and controlled.

In summary, a good mud must keep the loss of fluid to the formation Bsmmal as possible while
preventing excessively thick filter cake. Thinner and less permeable are thus the desired characteristics of a
good filter cake. The following are some of the problems associatdthick filter cakes;

9 Differential pressure stickg: With increase in the wall cake thickness comes this problem of
differential pressure sticking. Here, the contact area of pipe and the wall cake is increased resulting
in decreased hole diameter andcreased sticking force. The incidence of pipe Btgkvould be
drastically reduced if thin and low permeable cakes durable enough are deposited on the wall of
the hole.

9 Lost circulation With increased wall cake thicknessan appeciable extent comeanincrementin
the circulating pressure drop due tbe decreased clearance between the wall and the pipgring
swabbing or pulling out of the drill string, there would be an increase in pressure and even greater
problems with increased surge pressure which could lead to a fractured formation resulting in
escape of mud into the formation.

1 Logging problemsThe feedback of some logging tools are affected by thick wall cakes as the
tendency for the tools tde stuck is heightened and some cases, the tools cannot be lowered
down because of drag on a thialall cake.

Other problems created by thick wall cakes include torque and drag, difficulty in running casing in the
whole and poor cement jolfslax R. Annis 1996)

Drilling problems assated with fluid loss include;

9 Caving or sloughingThis is particularly peculiar with shale formations as some shales are very
sensitive to water. They absorb water entering the formatiswell up, become weakened and
then fall off or slough causing caving in the formation.

12| Page



1 Formation damagepar venture liquid is lost into the producing zones, then during production, this
may affect flow rate reducing the produced amoumtf oil. This penomenon is possible because,
like shales, some producing zones are sensitive to water. The surrounding rocks swell as water
escapes into tiny pore spaces, thus reducing the interconnectivity between these pores spaces or
blocking permeability. This blodRe LIS NI S 6 A £ A  &ormation ddBageS RNB R (2 | a
9 Stuck drill string As fluid is lost to the formation, filter cakes are left behind. Accumulation of these
becomes thick enough that they reduce the diameter of the hole, creating tight spots where the
drill string can get stuck in place.

In general, sealing the walls of the borehole is more involved than just reducing the amount of filtrate that
flows into the formation.

2.2.4 Well bore stability

A good combination of chemical composition and mud prtips would provide a stable well bore. Also,
pressure is a key player when it comes to well bore stability as the formation pore pressure must be
balancedMost peculiar with instability issues are shale formati@s they arevater-sensitive.

Mechanism of shale destabilization
Failure of shale formation is caubby a combination of 2 effediSink 2011; Skalle 2010)

9 Stress induction With the absorption of wateby a shale formation, stress ilsduced into the
formation. Increased absorption leads to a corresponding increase in thesskesel until it
eventually overcomes the peak strength of the rock. This yietdck strength gives way to failure
of the formation.

1 Weakening effects Absorption of water goes into the grain boundaries and eventually penetrates
the grain interstitialscausing softening of the grains of the formation and an increased stress level.
This weakening accelerates the occurrence of the rock failure.

In general, well bore instability is caused by reaction between drilling fluid and the formation due to
discreparies in their chemical makegp. Shale formations have a high affinity for water therefore they
tend to be destabilized much easier than any other type of formation. Below are some of the causes of
instability andsome thataid instability as well

1 Erosion which involves washing away a part of the sHalenation by drilling fluidmay cause an
already weakenedbrmation to slough enlarging the hole. By reducing the annular velocities, these
erosion effects can be lowered because there would be a chante ifhow regime from turbulent
to laminar.

1 Swabbingcan also cause sloughing in an already weakened zone because during swabbing,
hydrostatic pressure is reduced adding more stress imbalance at the wall. This pulling out action of
the drill string causeshe fluid motion to act downwards on its own weight which is a deviation
from normal. This may lead to displacement of rock particles in the drilled hole causing hole
enlargement.
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How can wellbore instability be reduced or prevented?

One of the ways in wbh well bore stability can be improvedhg dincreasing mud densit. To aid in the
balancing of the wellbore stress caused by water absorption is the hydrostatic pressure in the well bore.
Increasing mud density would increase hydrostatic pressure, uha@re water absorption continues, the
stress imbalance would increase and thus weaken the formation until its yield point is exceeded causing
failure. The density of mud would have to be further increased each time it is suspected that failure would
occu as a result of instabiliflax R. Annis 1996)This method is particularly applicable in areas of
abnormal presswe where the initial stress surpasses the formation strength, when no other means of
salvaging the situation is availabkeor this reason, it can be concluded that increasing mud density is only a
temporarydeterrent to most shale formation instability arhs as of course, some negative consequences.

Use of special water mudsSince instability is mainly as a result of reaction with drilling mud and
formation, services of some special water mud can be employed. Here, the content of the electrolyte is
adjuded to reduce its reactivity with the shale slowing down the rate of absorption and hence delay the
onset of sloughing, but this method again has its draw laitkcan only be used for specific shale types,
that is, it is not universal with regards penfoance in all types of shales therefore it is not a permanent
solution.

Use of balanceehctivity oil muds This is at present, the best and only means of preventing absorption of
water sensitive shale formations.

Use of additives Well bore stability mud atitives do not solve the primary problem at hand, which is
preventing or reducing instability. They however do a number of thqngil in reducing erosion effects,
removal of sloughed formation and reduce disintegration and dispersion rates of the sndildgs into
the mud.

Reduction of water absorptionThis remains the most important means of controlling shale sloughing, in
other words, it is the best option in controlling wellbore instability, but the question to be answered is this,
¢how can this bel OK A S DvioR/&ry important factors are considered here for making this action
possible,

1 Rate of absorption of water by formation.
1 Length of time formation is exposed to water from the drilling mud.

Considering the rate of absorption, sometimes, this t& controlled by applying the right type of mud,
using some additives, or some plugging action, but if this is practically impossible, then reducing the
duration of exposure of shale to the mud would be the next option and this would only mean one thing,
drilling the formationand then casing as fast as it can possibly be done.

Some would actually think thafluid loss controf could be a way of reducing wellbore instability and this
might seem so in a way as fluid loss control is all about preventiragdiloss into permeable and porous
formation, but absorption of water is not controlled by filtration characteristics of a mud, rather by the
chemical constituents and composition of the formation in relation to the fluid mud, hence reduced
filtration should not be a criteria for shale control mud, neither should it be a remedy for instability of
wellborg(Max R. Annis 1996)
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To summarize, in order to maintain well bore stability, the drilling fluid must be able to perform the
following:

1 Prevent formation caving by preventing formation pressures.

91 Prevent dissolution of salt sections by using salt saturated or oil inasks.
i Prevent erosion of wellbore.

1 Stop swelling and sloughing especially of shale formatitasker 2001)

2.2.5 Dirilled cuttings removal from the annulus and bit.

Thisisthe most basidunction of mud which involves the mud being able to lift cuttings of various sizes out
of the drilling hole. For this to be achievalde mud must possess a highspension capacity to ensure that
during moments of non circulation, the cuttings and commercially added solids as barite, do not sink to the
bottom, the mud circulation rate must be adequate to prevent excessive increase in mud viscosity or
density as aesult of drilled solids being dispersed into it especially when they become finer. This would
give rise to an increase in equivalent circulating density of the mud in the annulus exctwsliingcture
gradient causing lost circulation. To reduce theeefffof increased density and viscosity by these drilled
solids, the rated of circulation can be increased, but this wauldirn increase the ECD. In the evehat

the ECD is greater than the fracture gradient, the rate of drilling must be redlibedthemical properties

of the mud should be such that it helps to prevent or minimize dispersion of drilled solids to they can be
efficiently be rid off at the surface.

It is very vital that cuttings are being removed from the annddasause of reasons listdzelow(Max R.
Annis 1996; Hawker 20Q1)

Maintainingminimum annular pressure

Permitting the drill string to move and rotate easily.

Preventing loading of the annulus.

Transporting drilled cuttings to the surface in proper conditions to aid in formation evaluation by
geologists.

=A =4 4 =

The annular velocity, the ¢ld point and gel strengtlof the mud are thekey determinants of cuttings
removal with other factors as pipe rotation, hole inclination, size, colour, shape and density of drilled
cuttings being secondary.

The ability of the mud to lift cuttings or sloligpgg and convey them to the surface poses a very big
challenge to mud. This probleis particularly difficult to identify as the larger cuttings with much heavier
weights settle at the hole bottom and the finer ones come out at the top. The s@@ing ou with the

mud would give an indication of the extent of hole cleanikgrthermore, hole fill or fill on bottom after a

trip would signify inadequate cleaning, but absence of this would not necessarily mean that there are no
cleaning problemsilt is posdile to have a sloughed hole with lots of cuttings collecting in. Another hole
cleaning problem is drag experiencefliring swabbing. Swabbing effsamay be just adequate to displace
cuttings lodging in washed out sections of the hole. This could causeesdneg or sticking.
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2.2.6 Cleaning beneath the bit

At high speeds and pressures, the rock surface is crushed by the drilling bit and in order to maintain the
tempo of crushing, the cuttings must be removed in an efficient manner at the same or evaargada

than they are produced. Two types of energy namely mechanic and hydraulic energy are brought from the
surface to the rock surfacend the former takes care of the rock crushing process, while the latter, the
cuttings removal process. Investigatiorhave shown that drilling rate is increased significantly with
increased hydraulic energy which could be as jet velocity through the bit nozzles or hydraulipbwese

The methods of hydraulic program desigam be divided into two groups;

1 Determiningthe level of bottom hole cleaning energy required in order to balance the mechanical
energy level.
1 Maximize criterion of estimation e.g. jet impact force.

CAStR (Sada 62dZ R 06S NBIddANBR T2NJ YSiK2Ra By (KS
bottom hole cleaning is sufficient, then the drilling rate is proportional to bit weighigure 6shows the
proportionality curve for th(RORRate of Penetratiomgainst the WOBNeight on Bit)

4 ROP

Flow WOB

Increasing
ROP

Figure6 ROP vs. WOB forffierent bit hydraulic energy levekSkalle 201Q)

From this curve, the minimum energy for bottdmle cleaning to avoid bit balling at that level of WOB is
determined when at some point, there starts a deviation from its increasing trend. For methods in the
second group, optimum hydraulics is the proper balance of the hydraulic elements (flow tatezbies
diameter) which satisfy some criterion of estimation (the objective function) e.g. maximizing the jet impact
force. A suggested mathematical model from past experiments and obsensatiemonstrated through
figure 6 is given by equation &his guation relates the ROP and the hydraulic objective function.

YOO 62 RjQ Qng

Ais a constant term which includes the effect of all other parameters (other thap,ge&nd &) havirg an
influence on ROP, while the quantity/§ .-z represents the bit hydraulic objective function.dan be
seen from the figure @bove that with increase in the hydraulic enertye trend shows a general increase
in the ROP.The points where the eues are turning and pointing downwards are called bit balling
point(Skalle 2010)
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2.2.7 Formation evaluation.

This function of mud which focuses on discovering and evaluating potential reservoir zones unfortunately is
not being given so much focus as should be as attentions are being shifted to the drill rates and costs,
which often lead to program being implemented that have a detrimental side blow on formation
evaluation.The drilled cuttings brought up the surface by the drilling mud ardyaed for information
gathering about the formation.

Cutting Analysis

For accurate geological analysise thest cuttings should be aimed at being transported out of the hole.
This is one of the areas where the mud viscosity plays a very vital role as it determines how well the
cuttings are being lifted and transported from the hole. Smooth laminar flows eefeped to turbulent

flow patterns to reduce the degree of erosion and structural alteration of the cuttitasker 2001)
Typically, for production of high quality cuttings, then it is advisable to use oil bas muds as water base
systems can react with most of the glminerals.

Wireline logs and production Tests.

It is necessary that both formation evaluation and mud programs are synchronized to be consistent with

one another. Regardless of mud type, logs which can be run would be affected when in the well bore. The
salinity of water base muds as well as the degree of flushing of the zone around the wellbore are important

evaluation considerations.

In an overbalanced wellbore, filtrate will normally invade a permeable formation displacing formation fluid
around the wdlbore. This type of water invasion depending on the depth of invasion, can affect the
accuracy of wireline log analysis. If the depth of filtrate invasion is greater than the depth of investigation of
an electric logging tool, the log will give misleadimigrmation. This depth of invasion is a function of the
porosity, the amount of filtrate lost, and fingering of filtrate due to heterogeneity of some formatioif

low porosity and filtrate fingering may permit deep invasion which would in turn affeanation
evaluation and little or nothing can be done about this in most cases. Many of the deep invasion problems
are as a result of little or no filtration control. With necessary actions to stoppthblem of filter caken

terms ofthicknessreduction in solving drilling problems, then filtrate invasion would no longer be a major
issue.The amount of filtrate lost to a formation is as a result of 2 key faaidhe dynamic filtrate rate and

the filtration time under dynamic conditions, therefore effs to limit or control fluid loss to a formation
should be geared at minimizing dynamic filtration.

To reduce the dynamic filtration rate, an increase in the amount of colloidal solids in the mud or a decrease
in the annular velocity would help as bothethods will reduce the filtration rate due to increased thickness

of the filter cakelt is advisable not to use API fluid loss as the criteria for limiting filtrate invasion because
application of fluid loss control agents that reduce the permeabilitfiltdr cake and consequently the
static fluid loss, have barely any effect on the rate of dynamic filtration or say just very\liillen a
fractured formation is pressure induced, loss of whole mud can lead to the same evaluation problems as
would be enountered with deep filtrate invasion. With an oil mud, lost returns may totally affect the
reliability of a log in the loss zone and the occurrence of this should be prevented by use of recommended
pressure control practices.
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In general, oil muds are recanended for use in well established areas as they do not seriously interfere
with formation evaluation, as they are immiscible with water and unable to mix with formation fluid.
Howeverthey have some&raw back in that they eliminate the use of some loggiools such as the SP and
contact resistivity tools. They also limit severely, sidewall core and wireline test interpretation, show
detection from mud logging and eliminate the use of show detectiom samples. Because of the above
disadvantages of orthud, they makes its use undesirable in wildcats rigs therefore when drilling conditions
require the use of an oil mud, then more tests have to be carried out due to the indefinite nature of other
evaluation informatiofiMax R. Annis 1996)

Coringis also a method of formation evaluation that often requires special mud characteristics. The type of
mud to be used dependsnowvhat is aimed at during corirand the type of measurements to be made on
the core will tell the type of filtrate that is good enoughn oil filtrate from an oil mud will eliminate
location of oilwater contact, eliminate show detection and oil satucetideterminations, therefore, water
base muds are best suited for conventional caralysisor show detection. Irorder to getirreducible

water saturation from a corewater base mud would not be appropriate as water filtrate would produce
error in the determination, therefore oil mud would be the best coring fluid for use. In the case that the
purpose of coring is either to obtain only geologic and lithology environmental data, then there is no
problem with whichever type of mud is being used.

2.2.8 Formation Damage

This function of drilling mud is concerned more with the type of filtrate than it is with the amount of fluid
loss to a formation. A restriction in permeability will result if there is a reaction between the filtrate and the
formation solidsor fluids, because this would block the pore throats and pore sp&2ely. a very narrow
layer of damage around the well bore is sufficient to cause serious restriction of fluid flow, however, if the
damaged zone is sufficiently narrow that the pore opgsi extend beyond it, therthe well could still
produce effectively. This problem is normally associated with water sensitive formations which are mainly
sands with appreciable clay solids content. Several factors are responsible for the degree of damage;
types of clay present in the pore space, their reaction with the filtrate, and of course, their mobility. On
reacting with the filtrate, a change in the salinity or ionic level of the water present in the pores may result
to either swelling or shrinkg or the clay particlesiaking them maobile. This will certainly cause damage.

In solving the problem of formation damage, there is unfortunately no one best type of mud to prevent
damage. This is because the type of clay and ionic content of the residcahnate water differs in a wide

range from one formation to another. In some cases, special types of muds are used and they could work
effectively in one scenario but badly in others e.g. saturated salt water appears to reduce damage in some
sands but my not be appropriate in others. The same can be said of potassium chloride types of muds. Oil
muds have been found to be suitable for preventing damage in water sensitive sands, but they have a
drawback in that their use is not univer@dbx R. Annis 1996)

2.3 Drilling Mud Additives.

Additives are added to mud to enhance its performance by changing its properigesc@nposition
particularly when the driller would like the mud to carry out specific function(s) to optimize the drilling
operation. Several mud additives exists some performing more than one function, but only a few would be

18| Page



discussed subsequentlgomecommon mud additives and their functions are given in tatjékalle 2010;

Hawker 2001)

Table2 Drilling mud additives, functions and examples.

Type
Alkalinity, pH control

Bactericides

Calcium removers

Corrosion inhibitors

Defoamess

Emulsifiers

Filtrate loss

Flocculants

Foaming agents

Lost circulation materié

Lubricants

Pipefreezing agents

Shale inhibitors

Purpose

To control acidity and alkalinity o
fluid

Used to reduce bacteria count

To prevent and overcome
contaminating effects of
anhydrite, gypsum and calcium
sulphates.

Prevent corrosion, pH control,
neutralize hazardous acid gases
such as b8, prevent formation of
scale in drilling fluid.

Reduce foaming action especiall
in brackish or saturated saltwate
muds.

To create a heterogeneous
mixture of two insoluble liquids.

Reducewater loss from the
drilling mudinto the formation.

Increase viscosity, improve hole
cleaning, dewater or clarify low
solids fluids. Particles in
suspersion will aggregate into
flocs causing solids to settle out.
Permit air or gas drilling through
water-bearing formations.

To plug the zone of loss in the
formation.

Increase horsepower transmittec
to the bit by reducing the
coefficient of friction, also
reduces torque and drag.
Inarease lubricity and reduce
friction where a pipe stickand
inhibit formation swelling.
Reduce shale hydration when
drilling water sensitive shales,
thereby preventing excessive
wellbore enlargemenand caving
of shale.

Agents

Lime, caustic soda, soda ash,
bicarbonate of soda

Para formaldehyde, caustic sodz
lime and starch preservatives.
Caustic soda, sodssh,
bicarbonate of soda and certain
polyphosphates.

Hydrated lime, amine or
phosphate based products.

Oil based muds fatty acids,
amine-based chemicals.

Water based muds detergents,
soaps, organic acids.

Bentonite clay, CMC, lignite,
polyacylate, pregelatinized
starch

Salt, hydrated lime, gypsum, soc
ash, bicarbonate of soda,
polymers.

Surfactants (foamers).

Oils, graphite, synthetic liquids,
glycol or surfactants.

Detergents, soaps, oils and
surfactants

Gypsum, sodium silicate and

calcium lignosulfonates, lime ant
salt.
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Suface active agents

Temperature stability

Thinners or dispersants

Viscosifiers

Weighting agents

Reduce interfacial tension
between contacting faces
(water/oil, water/air,

water/solid).

Increase rheological and filtratior
stability in fluids exposed to high
temperatures.

They modify the relationship
between viscosity and solids
volume reducing gel strength an
increasing the pumpability of a
fluid. More specifically, they act
as deflocculents to reduce
attraction of clay particles that
cause high viscosity and gelatior

Increase viscosity providing
better solid suspension and hole
cleaning.

To provide necessary density to
control formation pressures,
provide hole stability and to
prevent utubing when pulling
the drillpipe.

Emulsifiers, deemulsifiers,
wetting agents, flocculas or de
flocculents, depending on the
surfaces involved.

Acrylic or sulphenated polymers.
lignite, lignosulphate, tannin

Tannins, lignite and
lignosulphates, polyphosphates.

Bentonite, CMC, attapulgite clay
and polymers.

Barite, lead compounds, iron
oxides, calcium carbonate.
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3. Mud properties in relation to functions.

It is very important to measure the mud propertigghysicochemical\when trying to design and maintain

a mud system to perform a parti@r function. 8ce there arevarious mud properties, it is normal to carry

out measurements on these properties by running tests and correlating the results with the functions of
the mud. These mud tests are done mainly to simulate closely, downhalditmms or to prealict the
downhole mud properties from surface condition measuremen®&nce drilling mud normally have
multifunctional requirements, it is necessary to have both physical and compositional tests in order to
properly monitor a mud system. Some of the mudgerties are discussed in details below.

3.1 Density

Of great importancein a drilling operation is the density of mud. It is necessary for controlling the pressure
and all pressure control calculations are done based on the weight of the mud column in thél hisle.
increaseddensity helps to prevent caving ankbW into the hole. As density is increased, the buoyancy
effect increases carrying capacity for cuttings but decreases settling rate in the médrmitd balance is

used to carry out weight measurements on mud samples during drilling operations. Durigg th
measurement, precaution must be taken not to include air or entrained gas in the mud sample as this
would give a false density measurement, particularly with muds having high yield points or gel strengths.
Therefore, with a degasser or by stirring at appropriate speed, the entrained gasmn be rid off.
Temperature and pressure affect density inversely and proportionally in the sense that increased
temperature results in decrease in density while increased pressure causes an increase of Demsity.
hole conditions do not highly affect density, but the effectsnafeased temperature and pressure oppose
each other and tend to equaligdax R. Annis 1996)

Use of weighting agentelps increase the density of mud. One of such is barite, a commercial grade of
barium sulfate a mineral often found as evaporates or soluble s@ities) It is used quite often because

it is regarded as a standard weighting agent due to its low cost, inertness, high specific gravity and low
abrasive tendencies. Pure barium sulfate has a specific gravity of 4.5, and commercial4o2Bitethe
difference owing to the fact that some imgties are present in the commercial grade. Before using barite,
guality check must be carried out to ensure that the level of impurities (soluble alkaline earth metals
mostly) are beyond detrimental range fro API standard or specification with a maximufm260 mg/!
expressed as calcium. Most of the impurities vary by source of barite, calcium being introduced through
poor quality control at the grinding plant or during transporting from cement contaminat®olid
components such as sand, silt, fine cufne.t.c. also increase density, but are undesirable as they are very
abrasive increasing the rate of wear of equipment, forming thicker than required filter cake, retarding
drilling rate and increasing power requirements of the mud pump.

However, some mblems could arise from using muds maintained at higher densities than required to
control formation pressures, they decrease the ROP, increase possibility of losatmrcuincrease
differential pressure sticking, increase mud costs and an eventuaased in overall well cost, therefore
this must be done meticulouslgven when dealing with unweigkdl muds, hence solids control must be
handled carefullyand critically
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In order to weight up mud, the most important consideration is to add the weightiatgrial at a rate that
keeps the mud weight constant in the suction tank while circulating. Measurements of density of the mud
in the suction tank which have been meticulously carried out, give an idea as to whether the weighting
material is being addedt the right pace and speed. The following stép®ugh equations 9 to 268hould

be followed when calculating the amount of weighting agent needed, and when doing this, two factors
must be calculated the amount of barite to be added and the speed at evhit must be adde@/an Dke

& Baker 1998)

1 Amount of Barite to add To calculate this amount, it has be determined first how many
kilograms of barite are needed for each culvieter in the circulatory system. Equation xxx should
be used when adding barite.

NaEoOE® —EAONQ . J . J QN ®

1 Volume of mud to be treated The numbe of cubicmeters of mud in the system is determined
next. The total amount of mud irhé system is given as the swhthe volume of mud in the hole
and thevolume of mud in the mud tanks, i.€otal volume = hole volume + tank volume.

A Next, the approxnate volume of the holén cubic metersis calculated by squaring the
diameter of the holeand multiplying by the depth. The hole diameter should be converted
to meters since its in millimeters.

0 ¢ 0@aUE & 6 AAQ Qnen
A The volume of each tank is determined next, the depth of the mud being constant all the
time.
D& aOAMOETQ G QEQAOZL Q@A 2 QQIRG Qngop

A The cumulative volume is calculated by summation of all active tanks.
O£ COWEL® & 6@ Q L& 0 OEa®D E Mi Qngc
A The total volume of mud in the circulatory systds determined next by addition of the
total hole volume and total tank volume.
0 € 00GEOn GEA'@O ‘Th G AiE G 0@ Q 0 O & od Q Qnego
A Calculation is made next on how much bariteeds to be added.
0 & ooxedi WO D1 PRI QRO £ & GEA®O B Qngr
A To find this amount of barite in sacks, then conversion from kilograms to sacks is required.
Q0 ¢ O @@ Qo Q
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QngEvu

22| Page



1 Rate of Addition The cycle time, which is the required for the mud to make one complete
circulation from the suctiomntake at the pump to the bottom of the hole and back to the suction
of the pump, is necessary to be calculated in order to figure out the rate of barite addition. It is also
important that the cycle time is known as it is desirable to add all the betiteng one circulating
cycle.
A First, the pump outptis determined using any efuations16 or 17below.

nNoafnoonjd ET 1o ado o ool Bizmeimnp Qnge
OR
noéaao o naoja Q¢ d!’Qb;EQd‘l éZT(TZéIan Qngx
i 01 € AQAQ¢t

A Next, the cycle time is calculated.
0 £ QLGN GEA@O ‘G

OO MAWENE ——————— = QN ¢
noagoonojd EI new
A Finally, the rate of additionfsacks per minute is determined.
Y o - -1¢)10 s (A 50X SR A TS WO .
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It is worth mentioning that for the addition of every 100 sack&affite, the mud volume increases
by 4,250 kg, so in order to calculate how much increaseetheould be in total volume, the
equation below is applied.
i L 000 € RIBET RO
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3.2 Rheological properties

These properties, otherwise known as flow properties, describe the flow characteristics of a mud under
different flow conditionsIn order to predict or know the effects of this flow, itilmportant that the flow
behavior of the mud at various points of interest in the mud circulating system are kridvencategories

of drilling fluid are determined by the fluid behavior when it is subjected to an applied force (shear stress).
Based on flu behavior, then it would be important to know the following;

a) At what point of applied shear stress is movement initiated in the fluid?
b) Once movement has been initiated, what is the nature of the fluid movement (shear rate)?

The shear stress is the frictial drag exerted by a flowing ftlion the surface of a conduit, its magnitude
dependent on the frictional drag between adjacent layers of fluid moving at different speeds, and the
difference in velocities of adjacent layers next to the wall of the piges @ifference in the velocities
between adjacent layeracross a flow patls termed the shear rate and for a driller, the effect of the flow

at the wall where both shear stress and shear rate at a maximum is his area of concerBased on
rheologicalproperties, fluids can be categorized into two types depending on the viscosity of the fluid.
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T Newtonian fluids
1 NonNewtonian fluids.

Very simple fluids such as oil or water that have the ratio of the shear stress to shear rate giving a constant
are calledNewtonian fluids For such, measurement of shear stress at one shear rate is good enough to
predict flow behavior at all shear rates. The ratio of shear stress to shear rate is termed the viscosity.

Viscosity which is a measure of a fluids resistancefltw, is used to characterize flow behavior of
Newtonian fluids. It has units of centipois&etween layers of a liquid, it can be said to be a measure of
the internal friction developed as one layer slides over another and shows how thick a fluid is.

Mathematically, viscosity = shear stress /shear ratex .

Deformation of a Newtonian fluid occurs instantly once a force or shear stress (regardless of magnitude) is
applied and thereafter, the degree of movement flow is proportional to the applied stressA
phenomenon knowrt &shear thinning 2 OO0Odz2NBA ¢ KSy GKS STFSOUGABS OAao0:
shear rate is high at low shear rates and low at high or increased shear rat#fférantly, with increasing

shear rate, the increase in effective viscosity ovet thf water decreases.

Drilling fluids where the flow relationship between shear stress and shear rate ikneam are referred to

| &NormiNewtonian fluidg ® ¢ KS& NBIdzZANB | OSNIIFAY FY2dzyi 2F &K
additional stres must be added as there is an increase in shear Faiethese kinds of fluids.g. drilling

fluids and cement slurrieghey contain solids that connect together to form a structure causing flow to

stop when the pressure or shear stress is reduced pwmiat which is less than the shear strength of the
A0NHZOGdzNBEd ¢KAA LRAYG G 6KAOK GKS akKSIFN adNBaa A
point. Allowing these nofNewtonian fluids to stand static for some time would continuebtald a semi

rigid structure causing the shear stress required to initiate flow to increase. The shear stress at this point is
called the gel strength and the structure gains more rigidity with time resulting to increased gel strféogth

the driller, 4important areas where shear rate values are of paramount interest include;

Theannulus, where shear rates are low.

The bits, having super high shear rates.

The pits, with almost no shear rate values.

The drill string and collars, through which hydrauligvpois supplied to the bit from a pump.

= =4 =4 =

| 30 Ib/bbl Bentonite

Viscosity - CP

1.000 10,000 100.000
Shear Rate — Sec™ '

Figure7 Viscosity curve for Bentonite suspensifiviax R. Annis 1996)
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Figure 7shows a graph illustrating the different shear rate ranges in a mud circulating system and the
effective viscosity of a bentonite suspension at these shear rates.

Non-Newtonian fluids cand categorized into 2 based on their shear stress/shear rate behaviors;

1 Timedependent fluids: Here, shear stress is dependent on duration of siespresented in flow
curves in figure 8Examples are thixotropic fluids, rheopectiddisl

1 Timeindependat fluids: For these, shear stress is independent of duration or time of shear.
Examples include Bingham plastic fluids, pseudoplastic fludisdilatantfluids.

A third type of fluid are the viscoelastic fluids which exhibit elastic recovery from tfandation that

occur during flow. They portray dual characteristics of being viscous and etmtie level of recovery is
made after deformation upon removal of the stress. Examples of viscoelastic fluids include flour dough,
bitumen, polymer meltsTheflow curves for the different fluid types are shown in fig@re

| Shear
y stress
I Rheopectic . .
: Ideal Bingham plastic
z
w
-]
@ .
5 . Dilatant
= Plastic
g
'é Thixotropic Newtonian
< Yield
stress .
| Pseudoplastic
zTime at which Time 46
shear rate is : -
ereaoen 0 Shear strain rate dt
Figure8 Time dependent fluidflow curves. Figure9 Flow curves fodifferent fluid types.

3.2.1 Plastic viscosity.

It is an important mud property that gives a measure of the internal resistance to flow due to amount, type
and size of solids in the mud. Due to collision of solids with one another and with the pigase of the

mud, mechanical friction is produced deterring movemertie plastic viscosity is essentially a function of

the viscosity of the liquid phase and the volume of solids contained in a mud. It describes the expected
behavior of mud at the bit.nl order to minimize high shear rate viscosity, the plastic viscosity has to be
minimized. By decreasing the plastic viscosity, a driller correspondingly reduces the viscosity at the bit
giving rise to higher ROP.

Generally, a high plastic viscosity is @edesirable as one might think that having a high plastic viscosity
would improve the hole cleaning ability of a mud, but this would only cause more harm than good.
Actually, an increase in plastic viscosity, which causes a pressure drop increase dalwth skéng would
retard the rate of flow and tend to offset any increase in lifting abilitys therefore saferactice to keep

the plastic viscosity as practically low as possible viscosity of the liquid phase is increased by addition
of any sduble material.
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In a mud, the volume of solid is made up of the sum of the dry volume of solids and the increase in volume
caused by hydration which means that the water of hydration actually becomes a part of the solid so far as
its effect on viscosity isoncerned.As mentioned earlier, plastic viscosity can be increased by adding any
type of solid to the mud, but with solids like clays which absorb water and swell, the plastic viscosity in
increased further due to hydration. Factors such as time, tempegaand agitation tend to disperse and
allow hydration of individual clay platelets, which cause increased viscosities. To minimize plastic viscosity,
then the amount of drilled solids in the mud must be kept at a very minimal ledelvever, to increase
plastic viscosity, theincreasing the percentage by volume of solids in the mud would make this happen,
and if the volume percent solids remain constant, reducing the size of the solid would be the next option
(Max R. Annis 1996 his can be done by either reducing the concentration of the solid or by adding a
flocculant to increase the size of the particles therebgucing the available surface area.

3.2.2 Yield point

This is a measure of the attractive forces between the particles in a mud as a result of opposite charges
existing on the particle surfaces causing initial resistance to.fldvis mud property is geendent on the

type of solids present and their respective surface charges, the concemsatfathese solids, and thgpe

and concentration of other ions or salts that may be present.

Ways by whiclyield pointis increased include;

9 Increased solids caentratione.g. addition of bentonite;as a result of increased surface charges if
the solids are in an active mode. This reduces the space between the particles if they are inactive.

1 Bit action by grinding of the particles thereby exposing more activiasel charges.

1 Less chemical treatment as dispersants making some active charges available for interaction.

1 Introduction of contaminants such as salt, cement, e.t.c. that cause the mud patrticles to flocculate.

A fluid with large molecules or colloidal stditend to have them bumping into one another producing large
resistance to flow. With particles that are quite long compared to their thickness, then at low shear rates,
the inter-particle interference Wl be quite largewhen they are randmly oriented n the flow stream
causing them to link togethetdowever, at increased shear rates, the effect of particle interaction is
reduced as the particles will be arranged in line in the flow stre@iis would lead to the linked bonds
being broken and fluidity imcreased. The combination of these two effects determines the yield point of a
mud. Chemical treatment is used to control the electrical interaction of the solids while the mechanical
interaction is controlled by regulating the quantity and type of solida mud.

In summary, a high yield point is caused by flocculation of clay solids or high concentrations of colloidal
solids. Flocculation may be caused by high temperature, lack of sufficient deflocculent, or contaminants
introduction. Flocculating agés or clay extenders are sometimes added to promote linking and cause
higher yield points to be achieved. Examples include soda ash, polyacrylates and several calcium
compounds. Two important mud functions which are associated with yield point include;

a) Hde cleaning capability and
b) Pressure control capability of the mud.
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In terms of hole cleaning, the carrying capacity of a mud and the circulating annular pressure drop is
increased by a higher yield point. Due to the fact that an increased yield poirdgtrismental to the
problems of lost circulation and swabbing but good for hole cleaning, then a compromise has to be
reached. Since hole cleaning capabilities are improved by increasing mud weighi$igen yield points

are usually not necessary in higveight muds to insure good cuttings carrying capacity. Furthermore, in
terms of pressure control, this is often critical where high weight muds are required. As a consequence, the
need to get yield point to a minimum usually outweighs any advantagesoftaining a high yield point in

high density mud¢Max R. Annis 1996)

3.2.3 Gel strength

Thisis a very vital md property that measurethe shear stress necessary to initiate flow of a fluid that has
been quiescent for a length of times. a measure of its thixotropic charactén very plain language, it is

the ability of the mud to suspend cuttings when cirtida stops. It is as a result of the association
between electrically charged particles within the structure causing it to be rigid which means that anything
that prevents or promotes the bonding of particles in the mud will decrease oease respectivig, the
tendencyto gelate The rigidity of the strcture so formed is dependent on factorsthe quantity and type

of solids in suspension, the chemical environment, time and temperature.

To measure the gel strength of a mud, aG\ineter is usethy taking the peak dial deflection when the gel
structure breaksand this is done at selected times of 10 seconds and 10 minutes. These set times are
necessanto provide a comparison of gelation qualities of muds and the difference between the two
measured vales simply represents the rate of gelation. Gel strength is measured in 1b/100 sq. ft and for a
mud to be able to suspend barite, it is necessary for it to have gel strength between 2 to 4 Ib/1(Mag. ft

R. Annis 1996)At values lower than this, barite will not suspend but settle down in the mud, regardless of
its viscosity. A high viscosity would only have the @ffef slowing down the settling rate and time. It is
easier to have barite suspended in water based muds than oil based mud because the clay particles are
very active in water, whereas in oil, they are essentially inArtmud with a high viscosity will ho
necessarily have high gel strength as they are two different phenomena and should not be mixesl up.
drilling operation takes place, the viscosity and gel strengths will both tend to increase as solids are being
introduced e.g. drilled cuttings, barite,t.c. into the mud system. This can be reduced by addition of more
fluids or surface removal of mud solids.

An increase in gel strengghows that flocculation has just begun as is the case in water base muds, while
deflocculatingreduces gel strengthExcessive gel strengths are not desirable in a mud as they cause the
following problems:

91 Duringtripping, large surge pressures could be encountered while running the pipe in causing
possible breakdown of formation.

9 During solids separation, it hinders thdrom settling down.

1 Increased problems due to swabbing. This can cause the hole to cave in below the bit.

3.3 Solids Analysis

In order to control the filtration properties and flow behavior of a mud, the amount and types of solids in it
are the mainareas to concentrate on. This means that the amount of each of the different types of solids
present would be determined and this is done by running some tests on the helvolume percent
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water and its specific gravity, the volume percent oil and iec#ft gravity, the volume percent solids, and

the mud density aréo be known.The major solids making up drill mud are bafitenreactive solidjvhich

is a weighting agent, drilled soli@ison reactive solidgnjoined in the mud and bentonitéeactivesolid or
colloidal phase)The mud retort is the equipment used for measuring the volymecent oil and that of
distilled water in the mud. With huge amounts of dissolved salt in the mud, the volume percent distilled
water from the retortis smaller thanthe actual volume percent distilled wates these salts increase the
volume capacity of water and its specific graviBnce the actual water volume and oil volume have been
established, the amount of suspended solids can be calculated by subtractioe.niiud density has been
measured and the volume percent of suspended solids found, then the relative amounts of barite and low
gravity solids can be calculatedls different types of solids have different cation exchange capac#ies,
distinction can be rade between bentonite being the major faction of the mud and the low quality drilled
solids, which have much lower exchange capacities. Carrying out a methyl blue test would help determine
the cation exchange capacity of the clay solids and with knowledgle volume percent low gravity
solids, the percent bentonite and percent drilled solids can be estimated.

For high salt content muds, the following stepd are relevant for solid analysis;
Step 1 Calculate the volume of salt water in percent.

) v EPTTOF pw Qne¢p
Ws= volume of salt water in %

C/= chloride content measured from the filtrate in ppm
W=volume of water in mud from the retort in %

Step 2 Calculate the volume of the suspended solids in %.
Y pmnl QN e€ ¢

S = volume of suspended solids in %,
O= oil content in %

Step3: Calculate the Average Specific Gravity (ASG) of the salt water.

) pgozp T 6 F P QR¢o
Wise= Average specific gravity of salt water
Step 4 Calculate the Average Specific Gravity of the sslglispended in the mud.

TR 6206
v PO - QA& T

Sisc= Average specific gravity of suspended solids in the mud,
O= volume of oil in the mud in %
Oscs= Specific gravity of base oil beingedsin mud (0.84 for diesel and 0.8 for 10)

For lowchloride muds, solids analysis can be started from step 5.
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Step 5 Calculate the Average Specific Gravity of solids without salt in water phase.

PO W pw 0z0

Y o QRevu
Sras& Average specific gravity of solids without salt in the water phase.
Step 6: Calculate the volume of Low Gravity Solids (LGS) in %.
5oy 0b__ ¥ Qneo
P&

LGS= volume % of Low Gravity Solids.
Step 7: Calculate the amount of LGS in Ib/bbl.
00OY upd OY Qnex

LGSp»=amount of LGS in Ib/bbl.
Step 8 Calculate the volume of the weight material in %.

00oYY 00Y Qney
HGS- volume of high specific gravity weight material in %.
Step9: Calculate the amount of High Specific Gravity Weight material in poufhiols).

00Y 00 oz "Y'O Qneé w

HGS%pr= amount of high specific gravity weight material in lb/bbl.
Step 10:Calculate the amount of Bentonite (Highuality LGS) in the mud.

9 If the cation exchange pacity (CEC) of the formation clays and the methylene blue test (MBT) of
the mud are known.
a) Calculate the amount of bentonite in the mud in Ib/bbl.

. p o O e e
0 —=— U ooWZU oY Qnem

o

Bypp= amount of bentonite in the mud in Ib/bbl
Fcec= CEC of the formation solids
Mysr= MBT of the mud

b) Calculate the volume of bentonite in the mud in %

5
6 —— Qnap
ofp
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T

B= amount of bentonite in the mud in %.

If the cation exchange capacity (CEC) of the formation clays are not known.
a) Calculate the volume of bentonite in %.

, 0 0 "OY i~
o] T Qneac

b) Calculate the amount of bentonite in the muith Ib/bbl.

o] wpz o Qnaéo

Step 11: Calculate the volume of drill solids in %.

0"Y b 06 QN & T

DS = volumeof drill solids in %.

Step 12: Calculate the amount of drill solids in the mud in Ib/bbl.

O  uz0"Y QRé

Alternatively, a large foldut chart shown in figurelO could be used graphically to solg®me of the
preceding equations.

A

A

Chart 1¢ This chart is used to solve the simplified equation when it is assumed that the mud
contains no dj but just fresh water.

Chart 2¢ The percent bentonite can be estimated from this chart when the correctedgi@wity
solids content has been determined.

Chart 3¢ This shows the percent logravity solids that should be subtracted from the value
indicaed by the first chart.

Chart 4¢ when the mud contains oil, this chart can be used to indicate the percengtawity
solids thatshould be subtracted from the original value to correct for the presence of the oil.
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Chart 1 Chart 3
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Figurel0 Four fold chart forgraphicallysolving some solids analysis equatiqisanenburg et al. 2011; Max R. Annis 1996)

3.4 Filtration

When mud pressure is higher than fortitan pressure, filtrate is forced to flow into the formation with
deposition of mud solids on the walls of the borehole, thus with filtration, both the filtrate invasion and
filter cake deposition could pose problems. The problems posed by filtrate imvastgomore of formation
evaluation and completion problems. For instance, flushing of the zone around a well bore may be caused
by excessive fluid loss to the point that incorrect logging and testing information are gathered.
Furthermore, another problemauld be a huge reduction of formation permeability by fluid invasion.
Consequently, the type of filtrate is of greater significance than the volume of filtrate lost and from the
stand point of drilling operation, more focus should be given to the filtédledhan the volume of filtrate.

This is because it has a direct connection with problems such as lost circulation, differential pressure
sticking, torque and drag and poor primamneent jobs. Therefore of primary concern should be ways to
minimize the thtkness and permeability of the deposited cake.

Two types of filtration could occurddynamic and static filtratio€. Dynamic filtration occurs when the
fluid is being circulated and when it is at rest, it is static filtration.

Dynamic filtration differsrbm static filtration in that the flow of mud tends to erode away the cake as it is
deposited by the filtration proces#s the filter cake piles up, it gets to a point where the rate of deposition
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equals the rate of erosiomt this equilibrium thicknesghe rate of filtration becomes constant. This is not
the case with static filtration. In static filtration, the cake grows continually with time increasing in thickness
and causing a continuous reduction in filtration rate. Static filtration should beralted in order to
control filter cake thickness and dynamic filtration should be controlled in order to check invasion of
filtrate. The erosion rate is a function of annular velocity, mud viscosity and flow regime.

1 Increasing annular velocity or mud dégswould result in an increase in erosion rate, yielding an
increased filtration rate.

1 Changing the flow from laminar to turbulent will also increase the erosion rate, therefore,fit is o
great importance that the flowegime in the annulus is laminar @rthat the velocity is kept
practically as low as possible to insure greatly reduced dynamic filtration rates.

1 Increasing the viscosity will bring about a proportionate increase in erosionDgtemic filtration
rates may be increased also by fluid lasmtrol additives that cause huge increases in mud
viscosity.

The deposition rate is a function of tate at which solids are being transferred to the cake by the filtrate
flow. The amount of solids and the type as well play a role in how much filsatowed to pass through

the filter cake. Bentonite has been seen to be the most effective additive in reducing dynamic filtration
rate. Some materials which are very good for reducing static filtration have been found to have very little
effect on dynanc filtration as they cause a decrease in the permeability of the cake thereby causing a
decrease in the equilibrium cake thickness rather than a reduction in the rate of filtration, hence, such
materials will not function in reducing dynamic filtrationtea but can only reduce the API fluid loss.
Examples of such materials include lignosulfonate, starch, oil, CMC, (igrateenburg et al. 2011; Max R.
Annis 1996)

Static filtration control on the other hand is important in controlling the properties of the filter cake
deposited downhole as the cake isetlprimary cause of filtration related drilling problems. Of major
interest are the cakes thickness, permeability, slickness and texture. The volume of filtrate is important but
more important is the cakes characteristics, so both should be looked inioadsit

Talking about the characteristics of the filter cake, it is desirable that the cake is thin and of low
permeability. The permeability of the cake is proportional to the product of cake thickness and fluid loss.
The slickness of a cake is relatedhe frictional drag that can develop during differential pressure sticking.
Using a stickometer, the effect of a mud treatment on this property can be evaluated with the test. This
sticking coefficient is increased with increasing mud density due teased solids content of the cake and

to minimize this effect, drilled solids have to be removed, with addition of bentonite or special lubricating
additives. The texture of filter cakie a characteristic for which no direct test is run. It is so closddyead

to the other cake characteristics that it will probably never be a problem if the other cake properties are in
good shape. Static filtration tests are normally of two tyges low temperature low pressure test run at
surface temperature and 100 d#tration pressure, and a high temperature high pressure test afBGhd

500 psi filtration.
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3.5 Rheological Models.

In the drilling sector, the use of the rotational viscometer (Fann VG meter) has influenced the rheology
models and measurement® ta large extent, with the aim of simplifying rheology control in the oil field.
The 6speed viscometeconsisting of 3, 6, 100, 200, 300 and 600 rignmormally used for higher quality
rheology control. To determine rheology constants, three differentrapphes are presented, they include;

a) 2 data points oil field approach
b) 2 data points standard approach
C) 6 data points regression approach

With plotted values of shear stress against shear rate from a rotational viscometer, flow curves otherwise
known as rhegrams can be produced. A very important point to note is that the readings obtained from
the Fann VG viscometer are usually multiplied by a correction factor of 1.06 to give the true shear stress
valuegSkalle 2010)This is due to the geometry and calibration of the viscometer.

3.5.1 Newtonian Model .

Once a force or shear stress is being appleNewtonian fluid will begin to deform and mové€eFeafter,

the degree of movement is proportional to the stress applied. A linear relationship exists between the
{ KS I NJ Yatid\e &ear Rater). The graph in figre 11 shows this relationship.

F 3

T = uy

Shear Stress, 1

Shear Rate, y

Figurell Plotdemonstrating Newtonian model.

The Newtonian model is demonstrated mathematically by equadien
z tr Qnaeo

Where > thed&iscosity.

Using the2 data pointsstandard approach, one constant is scient to describe this model. A reading at
300 rpm is used for Newtonian fluids.
T

[ 300 = viscosity at 300 rpm
Zsooand rzp0= shear stress and shear rate at 300 rpm respectively.
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3.5.2 The Bingham Plastic Model.

This model predicts that fluid movement will take place only after a minimum véaighear has been

applied. This mimum value is called the YielaiBt, YP of the fluicas seen in figure 120nce movement

KFad 0SSY AYAGAlF G0SRX (KSlinebd.d Newtany, &k thednstard Bein@calgd _ I+ y
the Plastic ViscositypV. PV is dependent on both temperature and pressure.

Shear Stress, T

300 GO0
Shear Rate,

Figure12 Plot demonstrating Bingham Plastic model.
The Bingham Plastic Model is given mathematically as
T 0 OB Qna Y
This model has two approaches, the oil field approach and the standard approach.

The oil field approachThe fann VG viscometer is calibrated to suit the Bingham model. The shear rate at
300 is designed to be equal to one shear rate bgigetting the difference between the 600 and 300 rpm
dial readings. The plastic viscosity and yield point using this hamegiven by equation89 and 40
respectively.

— — QNneé w
t — ‘ QAE T

[ m and z, are the plastic viscosity and yield point respectively
[ so0and/ sgpare the viscometer dial readings at 600 and 300 rpm respectively.

The standard approachHere, a conversion factor of 1.06 is used to convertdbéined readingso true
shear stressfter the $ units have also been converted. The viscosity and the yieldgpametcalculated as
given by equationd1 and42respectively.

‘ — Qnep

L QnEC
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Both the oil feld approach and the conventional standard procedure give almost similar results with an
error of around 1 % for both constants.

The Bingham Plastic Model represents to a high level, behaviors of such fluids as teersluniies,
cement and low gravity oils. A typical Bingham fluid will possess no gel strength but a high vikassity.
however not suitable for more complex fluids as errors would arise. This model simulates fluid behavior in
the high shear rate rang@00 to 600 rpm), but would give errors in the low shear range.

3.5.3 The Power Law Model.

This malel suits better, the behavior of most fluids particularly polymer based fluids attempts to

improve on the Bingham plastic model at low shear ratdse Power law is more complicated than the
Bingham Plastic model in that it does not assume a linear relationship between the shear stress and shear
rate. However, it shares a similar feature with Newtonian fluids in that the plots of shear stress against
shear rate run through the originAt zero shear rates, fluids that obey the Power Law rheological model
have no shear stress. The disadvantage being that most fluids possess yield stress, but with this model, this
cannot be accounted for. Just like the @wam Plastic model, but to a lesser degree, the Power Law model
predicts efficiently, fluid behaviors at high shear rates, but shows a degree of error at the lower shear
rateqSkalle 2010A representation of the Power Law model is given in figure 13.

A

FPowaer law mocdal

Shear Stress, T

W

Shaar Rate,

Figurel3 Plot demonstating the Power law model.

The power Law model besescribesa fluid in which the shear stress increases as a function of the shear
rate to the power of some index. This model is demonstrated mathematically by equias

t o7 QNEo
. I' {KSINJ aiNBaa
k = Consistency index
r SEAAO OAOA
n = Power Law index or flow behavior index.
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Figure 14shows a logdog plot ofshear stress vs. shear rate for Power Law fluids giving a linear relationship.
¢KS af21L) 2F GKS tAyS Aa (GKS ayé¢ @LfdzS IyR (GKS A
degree of noANewtonian behavior over a given shear rate range.

O=Km" /
/" Log Bgp0 - Log B34,
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A Wegp = LOG t5p9
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Shear Stress, T

Shear Rate,
Figurel4 Loglog plot demonstrating Power law model.
al GKSYFGAOIf ez a#i&préssed by kaidtionsiad and golofedaéetively.
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3.5.4 The Modified Powe r Law
This model is as a result of the combined theoretical and practical aspects of both the Bingham Plastic and

the Power Law models. It is also known as the Yield Power Law or Hersdiiel] t S& a2 RSt & ¢KS
FYR Yé | NB aA Y Asing thé Roer Link dcld. As@rigions & 1&de by this model are that a
certain amount of stress must be applied to fluids to initiate movement and for these fluids having a yield
a0NBaaz GKS OFfOdAZ ISR @FftdzSa 2F ay FyR Yé¢ gAff o
For Modified PoweLaw fluids, the relationship exists

Tt Tt or QA E X
Where

K= consistency index

n=flow behavior inde
Zo= the fluid”syield point at zero shear ratén theory, this value is similar to thergham Rastic yield

point, though it'scalculated value is different.

With n = 1, the Bingham Plastic Model is formed.
With z,= 0, the Power Law Model is riled.
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The Modified Power Law Model is very suitable for both water and oil based drilling muds because both
exhibit shear thinning behavior and have a shear stress at zero shear rate. It is however, very complex to
find the n, K andt values.Figure15 shows the combined view of the flow curves for the different

rheological models.
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Shear
Stress - Bingham Plastc
-— I
= e Modified Power
- T
-— o
- awe®
— __.--“'
- " Power Law
-— ot
| = - .,;"‘. -
Newtonian
>
Shear Rate

Figurel5 Plots demonstratinghe different rheological modelgHawker 201).
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4. Experimental Investigations.

In order to evaluate angnhance mud performance, analysis arguged on daily basis, aeveral times

and occasions. As a resuhany checks and tests are carried out onsite and some in the laboratory to
ensure a proper, smooth running drilling operation. In this chapter, experiments carried out on the makeup
water and drilling mud samples would be discusdéde dfferent mud samples tie used for geothermal

drilling in Tender, woutl be experimented on to studtheir properties and which would perform best
under different scenariosTwo different sources of ater would be used as the continuous phak®

mixing the mudg & F NBa K ¢ I  Sahd JealBawer frork tBe Islahd B/ D£ & / 2 YLI NRA &2 Y
be made on mud behaviors and properties based on the fishese different watersources for a few of

the expeiments

Before going into the experiments,\veery briefdescription of all chemicals and addés used and their
functionsis outlined below;

1 Bentonite: Powdery clay mineral predominantly montmorillonite, which is used as a viscosifying
additive and alsgood for reducing fluid loss.

9 Barite: A dense sulfate mineral used to add weight to drilling mud.

1 Potassium chloride (KCl):white crystallinesalt of the alkali metal potassium. It is a swell inhibitor
at high concentrations, and helps to encapsulate madicles.lt is also a major source of iéns in
potassium polymer muds.

1 MI PACELY An ultra low viscosity polyanionic cellulose polymer for fluid loss coirrevater
based drilling mud.

1 DUO TEGIS: Duevis xanthan gum is a high molecular weight lolymer used for increasing
viscosity in water based system. Small quantities provide viscosity and suspension of weight
materials, and it produces a highly shehinning and thioxotropic fluid.

1 Soda ash (NEQ): It is a weak basm granular powder fornsoluble in water and dissociates into
Na and Cgions in solution. Its main function is to reduce calcium ion in water base drilling muds
and make up waters. It also increases plhakeupwater and flocculates spud mud.

9 Glycol:A liquid solution which igiscous and soluble in water at low temperatures belonging to the
alcohol series. It is udeas effective shale inhibitors and improves lubricity.

1 Carboxymethyl Cellulose (CMO}ged primarily as a fluid loss additive. It also gives higher apparent
viscodgiies at low shear rates.

9 Starch:A drilling mud additive used to control fluid loss in water muds ranging from freshwater to
saturated salt to higipH lime.

1 Sodium Hexametaphosphate (SRNGranular white substance used as effective deflocculants for
clays in fresh water. Helps to reduce viscosity and overcome cement contamination of fresh water.

1 Sodium Pyrophosphateeahydrate:Qrystalline white substance which deflocculates clays in fresh
water and acts as a viscosity reducing agent.

1 WBM PremixViscouswvater based prepared mud.
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4.1 Water Chemistry.

The suitability of water for use during mud mixing is a vital aspect to be considered prior to prggarin
mud sample. For thexperiments to be carried out, fresh water from the university laboratap axd sea
water from the sland Fang were used.

a) pH Determination The pH of a solution is a measure of its hydrogen ion concentratfare is an
equilibrium hydroxyl ion concentration for each hydrogen ion concentration, so by measuring the
hydrogen ion cocentration, the concentration of hydroxyl ion is also measured in effect. In
measuring pH, a pH paper or pH meter could be used, but a pH meter preferably was used in the
experiments as it gives more accurate valuHse pH meter is calibrated using twoffar solutions
that are of different pH values so the pH of the actual sample to be determined can fall within
range. The electrode is rinsed with demineralized water eavle &after beingused in a solution.
Figurel6 gives a pictorial view of a standapéi meter.

Figurel6 A standard pH meter.

The pH scale is logarithmic and it is on a scale of 0 to 14 with a neutral point of 7. It is acidic from 0
to 7 and alkalindrom 7 to 14. The pH of the tap water was measured at a value of 7 indicating
neutrality, while the sea water was measured at a pH.d¥. Literatue has it that for good mixing,
pH values above 8.5 and below 10.5 are \ariyable(Max R. Annis 1996M\lkaline pH is necessary
for a number of reasons;

1 Corrosion rates are suppressed more at higher pH values.

9 It helps br better mixing of bentonite.

b) Hardness The amount of Caand Md" present in water determingif water is hard or noand the
atomic absorption spectometry is used to detect their levd@lkeoretically, a desirable limit for
both cation concentrationg water should be less than 100 mg/l (100 ppm) for it to be considered
soft water and above 100 mg/l, water is considered haFdsts conductedby the university
laboratory staff showed thatthe amount of C& was given as 50 mgficonducted inpast
expetiments) and 254.4 mg/lin fresh tap water and sea water respectiveljpe amount of Mg
concentration infresh water andsea water was foundo be 4 mg/l (conducted also ipast
experiment3 and 948.05 mg/| respectivelZaustic soda (NaOH) is used somesirteesuppress the
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amount of soluble calcium contained in the mida mud.Sodaash (NaCQ) is mainly used to
precipitate C&* ionsbut care should be taken not tver treatwater with soda ash as a carbonate
problem would occur. Overtreatment wouldisa pose problems of high yielgoint, high gel
strength and fluid loss therefore the level of?Cshould be kept at acceptable levels of not more
than 100 mg/l.

¢) Chloride Determination The salinity of water is determined by the amount of chloride ionsgmes
in the water solutionand lon Chromatography is used to detect its levelis important because
increased salinity could have detrimental effects on properties as yield point, gel strength, degree
of hydration e.t.c of the mudTheoretical data showshat a desirable limit of chloride ions should
be less than 10,000 mg/l, as fresh water lsa®ridecontent between 1 to 250 mg/l. The chloride
content of the sea watewas found at about 10,500 mg/l by the laboragstaff The importance of
determining the salt content of water cannot be overemphasized because most salts are
contaminants in the mixture especially the chlorides of the alkali metals e.g NaCl anthkCl.
following will happen if the chloride content is more than 10,000 mg/I

Poor hydratim resulting to the mud not being able to swell.

Huge increase in apparent viscosities.

Increase in yield point and gel strength.

Water loss increase.

Loss of thixotropic property

=A =4 =4 =4 =4

4.2 Experiment 1
Title: Free standing swell test

Aim: To determine the swelling abilitf drilling mud samples.

Requirements mud samples, electronic weigh balance, measuring cylindersh waterand spatula
Procedure

The measuring cylinders were filled with fresh water to the 100 ml mark and 2 grams of each of the
samples weighed out using thaectronic weigh balance).25 ml of each sample was put in each of the
measuringcylinders containing water, using aagpla and allowed to waitintil all mud had been absorbed

and settledat the bottom. The mud particles settlement was allowed its own without any stirring. A
small batch was added again and allowed some time tolds®ided and settleThis trend was continued

until the total mass of mud sample was used up. Following this, they were allowed to stand for 18 hours,
and thereatfter, the volume of swelled mud measured from the graduated cylinder.

Set up
The experimental set up is a simple one consisting of five graduated cylinders and thammldssin fesh
water as shown in figure 17
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Figurel7 Swell Test for the different mud samples.

Theory

Basically, the swelling type that occurs in most clays is the surface hydration where water molecules are
adsorbed on crystal surfaces of the cl&@ay swell ability is attributed to interlayer cation eaoge which

could be M§", C&", Nd, k" and H. Hydrogen bonding holds a layer of water molecules to the oxygen
atoms, which are located and exposed on the clay crystal surfaces. Subsequently, layers of water molecules
align to form a quasirystalline stucture between unit layers, which results in increased distance between
corresponding planes in adjacent unit layersgacinglFink 2011) This leads to an increase in volume and
swell of the clay. Figur&8 shows an illustration of this concept.

DRY IN SUSPENSION
Calcium bentonite =

@ Ca* -ions hydrated cations

hydration shell of 6 water molecules limited swelling capacity
+ Na,CO. hydrated cations
2 3

(soda activation)

Sodium bentonite

@ =na -ons

hydration shell of 4 water molecules high swelling capacity

Figurel8 Swell mechanism of mu@och, 2008)

Observation
All the mud samples were observed to have swollahin diferent capacitiesThe swellingwere irregular
in the dfferent cylinders with unevesurfacesvhich made measurement difficult. However, the highest

41| Page



levels were taken for each and alhsples recorded values between-35 ml.
Results

The table of esults for the free standing swell tests and corresponding chart is presented below;

Table3 Results ofFree $anding Swell Test.

Samples Mass (Q) Volume of Waiting Swelled
water (ml) time(hrs) volume (ml)

1 2 100 18 62

2 2 100 18 66

3 2 100 18 60
4 2 100 18 64

5 2 100 18 66
Bentonite 2 100 18 36
Swell Test Chart

70

60 i Mass (g)

50 o

40 i Standing time(hrs
30 M Swelled volume
20 (ml)

10

0 4
1 2 3 4 5 Bentonite
Samples

Figurel9 Graphical representation of Swell Test result.

DiscussionConclusion

From litemture, it is reviewed that muds suitable for drilling should have swelled to th&6lghl or cni

mark orabove on the cylinder and if they have swelled less than or equal to #henft mark, they are
considered ineffective in coating the sides of the borehole during the drilling operation and hence, not
suitable as thickening agentgVith reference to the swi test chartin figure 19 all mud samples have
swollen beyond the 1:26 ml markhence,it can be said that theyllehave good swelling abilities and could

be used for coating the side walls of the well bore during drilling.

4.3 Experiment 2
Title: Swal inhibition Test.
Aim: To check the swell inhibitive properties of some additives.
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Requirement mud samples, bentonite, graduated cylindeKCl, glycol, fresh water, electronic weigh
balance, and spatula.

Procedure
2 grams of each of the mud samples including the bentonite were weighed out. To the measuring cylinders,
fresh water was adad until it got to the 100 ml mark.

a) With KCI, 2g of KCI was weighed out and poured into one of each of the cylinders containing the
fresh water and stirred vigorously until a homogenous solution was obtained. The 2 g of each mud
sample was poured into eaadf these measuring cylinders in small portions at a time until all 2
grams had settled at the bottom withoutiging. The same was applied to the bentonite sample.
The resulting mixturallowed standing for 18 hours.

b) With Glycol, 5 ml of glycol was measdrout and poured into one of each of the cylinders
containing fresh water and stirred vigorously until a homogenous solution was obtained. The
2gram of each mud sample was poured into each of these measuring cylinders in small portions
until all were setted atthe bottom. The same was done to the bentonite sampieée mixture was
allowed to stand for 18 hours.

c) With a mixture of KCI and Glycol, 2 grams of KCI and 5 ml of glycol were added to the fresh water in
the cylinders and stirred. Afterwards, the mesdmples were added until all 2 grams were poured
in, without stirring. The same treatment was given to the bentonite sample. The mixture was
allowed standing for 18 hours.

d) With an increased mass of KCI to 4g, this amount was added to the water in thainngas
cylinders and the mud samples, each of 2 gram weight were poured in small amounts until all was
dissolvedand settled The same was done for the bentonite samplais was allowed to stand also
for 18 tours. After the set period of time, the levelsf @ach sample were recorded from the
measuring cylinders.

Theory

Water based glycdlpoly glyml) are becomingncreasingly popular and are said to have exceptional shale
inhibition properties and good lubricity. The high level of inhibition obtained imiyjas a result of shale
hardening effect as the shale becomes harder than it was origifdily.glycols are strongly adsorbed by
the clay, and water is displaced from the clay surface with formation of ordered glycol struchures.
combination with a rage of salt types, eg KCI, it is said that salt plays an active role in the inhibition
mechanismThe nature of these structures and their stability in aqueous fluids is controlled strongly by the
presence or absence of potassium cations. The potassiuionsdrom the salt are rapiglconsumed by the

clay or shale during cation exchaniget maintain sufficient kion to stabilizeit by reducing hydration and
swelling(McGill et al. 1997)

Results.

Pictorial views of each of the samples with the different additives for the swell inhiligisinare given
from figures 2@25. A tabular form and chartepresentation of the performance of the samples under
investigation with the different swell inhibitivadditives are shown in table 4 and figurer28pectively.
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Figure20 Inhibitive Swell Test Set up fanud sample 1

Figure21 Inhibitive Swell Test Set up for mud sample 2

Figure22 Inhibitive Swell Test Set up for mud sample 3

Figure23 Inhibitive Svell Test Set up for mud sample 4
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Figure24 Inhibitive Swell Test Set up for mud sample 5

e

Figure25 Inhibitive Swell Test Set up for Bentonite sample

Table4 Results of Inhibitive Swell Test.

Samples Glycol & 2g Glycol (ml) 2g KClI (ml) 4gKCI(ml) Time of

KCI (ml) standing
(hrs)

1 14 38 20 18 18

2 20 50 22 18 18

3 20 46 24 16 18

4 24 34 24 18 18

5 12 42 22 18 18

Bentonite 18 40 20 14 18

Inhibitive Swell Chart

(o2}
o

N
o

N
o

Volume (ml)

3 samples? 5 Bentonite

H Glycol & 2g K(

H Glycol
i 2g KCI
H 4g KCI

Figure26 Graphical representation ofnhibitve swell testresults.
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Discussion andonclusion.

From the results, it can be said that hydration and kiwg of the mud occurred at high volumeden the

mud was mixed with gbol alone at ambient temperature. However, with a combination of KCI and glycol,
there was not much increase in the clay volume meaning that the KCI added had a major effect on the
inhibitive action of the duo additive. Furthermore, withgram KCI alone mxed with the mud, there was

also inhibited swelling observed, and this wouldttzeed to the Kions in the mixture causing the mud not

to hydrate and swell. This showed that KCl is a major player in the inhibition process. To further verify this,
with an increased amount of KCI from dtam to 4 gram, further leves of inhibition wereobserved

To conclude, for glycol to be said to aid in shale inhibifionpuld bein combination with KCI as thé ions

are the key inhibitive substansand the combination of both forms stablecomplex that displaces water

from the clay particles. Also, increasing the concentration of KCI will increase the inhibition effect.

Additional Information/ Experimentation.

Further experiments were carried ouising glycol to experience the cloud point phenomenon. The cloud
point is the temperatve at which poly glycol changes from being totally soluble to insoluble, and this is the
phenomenon responsible for the inhibition and stabilization of shales by glycol. At temperatures above the
cloud point, poly glycols form colloidal droplets or micgltesulting in a micremulsion. When insoluble

poly glycols are adsorbed onto clay/shale formations, they create a protective shield against incoming
water and when they are adsorbed on wall cake, thewdt to reduce rate of fluid los®ducing the wall

calke thickness. The glycol solutisras mixed in wate¢(s ml in 100 ml waterand heatedto 110°C without
getting to the cloud pointthe concentration was increased by adding another 5 ml glycol, but still could
not reach the cloud poirgo it was assumeitl was a high cloud poirglycol.

4.4 Experiment 3

Title: Sand content test

Aim: To determine the quantt of sand in the mud samples.

Requirement 200 standard mesh number sieve, 10 ml graduated cylinders, electronic weigh balance,
mechanical vibrator, collectingpntainer, mud samples, spda, funnel.

Procedure

Theweights of thelOml cylinders wre measured using the weigh balance. 10 ml of each mud sample was
measured out in the measuring cylinders tapping the cylinders regularly to make sure thewelere
compressed and compacted. The combined weights of sample and cylikéardaad the weights of the

mud samples found. The samples were transferred onto the 200 mesh size sieve surface which had a
collecting container underneatiith vigorous agitation using the hands and also a mechawibrator,

the sieve was agitated tdlaw particles smallethan its size pasthrough, and larger particles be

retained on it. This was done untilrib particles were passj through the sieve. The volunoéthe sand

was measured once transferréoto the 10 ml cylinder and the combineekight taken to determine the
weightof sand content in the mudDbservations were also made of the nature of the sand sieved from the
mud samples.
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Set up

In the absee of a standardand catent kit which is the recommendegljuipment for carrying out a sand
content test, a more or less dry test was carried out using a standard 200 mesh size siewgbaaibiaas
seen in figure?7.

Figure27 Sand content test apparatus. Figure28 Sieved mud and sand for each sample.

Observation

It was observd that the sand which was sieved out from tineud had a gritty feel on the hand, and
contained some othefine particles, mainly black and grey in colour. Also, it is worth mentioning that some
mud particles and sand particles were lost due to two different reasons;

1 There was adhesion between the muzhrticles, the sand particles, the funnel, the merdsg
cylinder and the funnel holding back some of the patrticles.

1 Due to the light particle sizes, some of them were lost to the atmosphere duringfaafrom one
point to another and also during siegn

Results.

The sand content in the mud was determined both as volume and weight pagestas can be seen in
table 5and the results are also shovgnaphically in figure 29

Table5 Results showing Sand Content Test.

Samples Wt of Wt of Wt of Vol of Wt. of Vol. Vol. % Wt %
cylinder cyl. & mud cylinder sand  of sand. sand.
) mud(g) (9) (ml) (9 sand
(ml)
1 32.15 4188 9.73 10 0.52 0.39 3.9 5.3
2 31.69 43.07 11.38 10 0.68 050 5.0 6.0
& 31.72 43.47 11.75 10 0.51 0.38 3.8 4.3
4 31.80 4391 1211 10 0.47 0.30 3.0 3.9
5 31.80 4431 1251 10 0.47 0.30 3.0 3.8
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Figure29 Graphical representation showing sand content in different mud samples.

Discussion andConclusion

From the clart shown in figure 29it can be seen that sample 2 had the most sand content both in volume
and weight percent, while samples 4 and 5 had the least sand content im Vymltime and weight
percentages of 3.0 and 3R9 respectively.Therefore, consideringamount of sand contents in the
different mud samples, samples 4 and 5 would be recommended for use.

It is wath mentioning thatthere is a generally acceptable levelsaind content by volume percent of 2%
according to API specification that can be in tined for drilling. The following results obtained show values
higher than this acceptable level, but this is as a result of the method used in conducting the experiment.
The standard sand content kit should be used which is more of a metsgs, but in tls experiment, the
standard sanaontent kit was not used due to its unavailability

4.5 Experiment 4

Title: Viscosity reduction test.

Aim: To check the effect gthosphatethinners or dispersants on mud viscosity.

Requirement Mud sample 1lfresh water,viscometer, hand mixemeasuring cylider, electronc weigh
balance, thinnerg SPP, &lium pyrophosphate decahydra(®a,0,PQ.10H0) and SHMP, Sodium
hexametaphosphate (NRQY)s.

Procedue

12 grams of the mud sample 1 was measured out and poured into 250 ml fresh water and stirred vigorously
to obtain homogeneity and afterwards, the viscometer dial readings obtained. Furthermore, 0.15 gram of
SHPP was weighed out in four plaeesl eah time one part was added to the mud sample, the viscosity
and gel strengths were measured. This was done until all four portions were mixed. The procedure was
repeated with SPP and all readings recorded. The viscosity reducing effects of higkatafers were
compared to determine which has a better viscosity reducing potential.

Theory

High viscosity muds are brought about by flocculation of clay particles caused by the positye sitaat
the edge of a clay platelet linking to the negative surface of another clay platelet. Polyphosphates upon
dissociation would produce phosphate ions (PQvhich would neutralize the positive charges at the edge
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of the clay platelets, which deastys the ability of the platelets to bond together. This would increase the
negative charge density on the platelets and cause them to repel one another resulting in deflocculation
and thus reducing the resistance to flow of the suspen@éalle 2010)

Phosphates are more effective at low temperatutesow 82C and at low concentrations, otherwiségtly

revert to orthophosphates, which are flocculating in nature. They cannot perform at high salinity
concentrations or in high calcium concentrated solutions because they are sequestering agents for calcium
and would be degraded in a calcium solutionn&ally, thinners are more effee in solutions with pH
values greater than 8 as this would increase the number of negative groups on the clay edges and thus
stabilize the clay systefilax R. Annis 1996)

Results

Table6 Viscosity Reduction Test results using SHMP.

Wt. of | Wt. Of SHMP | viscosity Dial PV YP Gel Strength
sample | (g) (cP) (Ib/100 sq| (Ib/100 sq ft)
(9) 600 | 300 ft) 10 10
rpm rpm secs | mins
12 0 151 127 24 103 31 34
12 0.15 120 89 31 58 26 25
12 0.30 100 75 25 50 23 22
12 0.45 85 65 20 45 20 20
12 0.60 80 60 20 40 18 19

Table7 Viscosity Reduion Test using SPP

Wit. of [ Wt. Of SPP | viscosity Dial PV YP Gel  Strength
sample| (g) (cP) (Ib/100 sq ft) | (Ib/100 sq ft)
(@ 600 300 10 10

rpm rpm secs | mins
12 0 176 138 38 100 34 34
12 0.15 100 69 31 38 15 17
12 0.30 68 46 22 24 8 16
12 0.45 56 37 19 18 5 10
12 0.60 49 32 17 15 3 8

Discussion and Conclusion.

From the tables shown above, it can be seen thath phosphate additives actually reduced the viscosity

of the mud, but in different capacities. The reduction in the viscosity dial readifigr each 0.15 g added is
more with sodium pyrophosphate decahydrate (SPP) than it is with sodium hexametaphosphate (SHMP).
Similar effects can also be noticed with the yield points and plastic viscosities. The total percentage
reduction in yield pointand plastic iscositiesafter addition of the 0.6 granof SHMPare 61% and 1%
respectively, while that afteaddition of the 0.6 gram of SPP &%%and55%respectively, so SPP shows a
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higher level of reduction, but generally, both phosphates reducetti ypeint more than they digplastic
viscosity.

Furthermore the reduction in both 10 seconds and 10 minutes gel strength tests afich addition of

0.15 gram wasnore with SPP than with SHMP. The tatadluction in 10 seconds and 10 minutes gel
strengths after the addition of the 0.6 gram of SPP is 91% and 76% while with SHMP, 42% and 44%
respectively waseduced.Reduction in these properties were due to deflocculation of the mud particles.

To conclude,rbm the results gathered, it can be said theddum pyrophosphate decahydrate (SPP) is a
more effective thinner than sodium hexametaphosphate (SHMP). It is also better for reducing the yield
point and gel strengths of mud, if these properties are required.

4.6 Experiment5

Title: Huid loss experimen

Aim: To determine theextent of fluid loss using various fluid loss additives.

Requirement B-169 vacuum systen®, cmfilter paper, stopper, retort stand, Buchner funnstction
beaker, suction pipe, flask, measuring cylindbeskers, stop clockviscometermud samplesfluid loss
additivesqg CMC(CarboxyMthyl Cellulosenatrium salt), starch GHy,oOs), ,MI PACbentonite, freshtap
water, sea water, pH meter, hand mixer, hot magnetic plates.

Procedure

a) With fresh tap water.
2 granms of each of the Snud samples was weighed out and poured oubieakers containing00
ml water. Tlis was stirred vigorously with a hand mixer and Wiscositymeasured first without
any additives being added0.2gram of starch was weighed out and addectzh ofthe mud
sampes. The mixture was thoroughly stirradd 50 ml measured out and afterwardiBe viscosity
and pH valuemeasured. This was done for each of the additimesirn. Next, the vacuum system
was turned on and theneasured quantity of 50 nmhixture poured imo the Buchner funnel
containing the filter paper as shown in the set up. Tas allowed to stand for 80 minutes and
afterwards, the filter cake formed on the filter paper scrapped off and weighed. The filtrate volume
was also collected in a measuringicder and its volume and pH recorde@iwo samples were
experimented at the same time as the vacuum system had a provision for 2 simultaneous
experiments.

b) With Sea water.
With sea water, a mixture with the mud does not mix as the mud immediately setthea and the
water on the top just a few seconds after mixing as shown in fifdle so the mud was
prehydrated first and due to the high amount of’Cim the sea wateias foretold in the calcium
contentration testand its low pH of 7.47, soda ash was edd
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Figure30 View showing mixture of mud in sea water after few seconds of stirring.

5 gram of each mud sample was weighed out and 100 fineésh water measuredl'his was mixed,

with temperature of 46C and agitation and allowed to waifor 6 hours to prehydrate the mud
samples. Afterwards, 50 ml of sea water was measured out and 0.3g of soda ash poured in and
mixed gently. 0.3g foeach of tle additives wasnixed with thesea water and soda ash solution.
After the prehydration time of 6 hours, the mud mix is added to the resulting solution with the
seawater, soda ash and additive and stirred thoroughly with a mixer. 50 ml of this grand mix is
measured out, and the pH as well as the viscosity determined. The mixture was poured into the
Buchner funnel and allowed a standing time of 80 un#s after whichthe filter cake was scrapped

off the filter paper and weighed, the filtrate volume recordaidngside the filtrate pH.

Set up

The experimental set up consists of the water vacuum system as shown in 3jumad schematically
demonstrated in figure 33The machine helps to produce a suction pressure which exerts a downward
pulling effect on he mud and figure82 shows the agitatiorand heating of the mud samples using the hot
magnetic plates

Al [

Figure31 Hiltration set up using water vacuum system. Figure32 Agitation and heating of mud samples.
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Figure33 Schematic of filtration set up using water vacuum systéfghai project, 2004)

Precaution

1 Moistenthe filter paper with water to adhex to the Buchner funnel for proper filtration.

1 At the end of the experiment, disconnect the suction pipe from the suction beaker before turning
off the vacuum pump to avoid back flow of water into suction beaker.

1 Hold the sution beaker firmly with a clamfo avoid tripping over

1  When mixing the soda ash with salt water, do not mix any otutitives at the same time, and
mix gently.

Theory

In a porous, permeable formation, hydrostatic pressure compresses the liquid part of a drilling mud forcing
it into the formation. The solid part left behind, which is the filtetke or mud or wall cake, should have
properties good enough to reduce the loss of liquid called fluid loss, from the mud to the formation at a
very low rate. A thin filter cake is most desired as a thick cake continues to grow thicker and causes
problems sich as reducing the diameter of the hole, causing tight spots where the drill string can get stuck
(Van Dyke & Baker 1998yurthermore, if the fluid loss is high, sloughing and caving of formation would
result especially in shale formatiom addition to sloughing, formation damage may occur if the rate of
fluid loss is high, as water enters tiny opeagsnin the producing zone and blocking permeability by
expansion of surrounding rocks, hence a good filter cake is thin, slick and virtually impermeable. This could
be achieved by adding special agents to the drilling mud plaak tightly together andhelpto improve its

ability to form a filte cake omwall-building-ability
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Observation.

Figure35 Filter cakes formed using different additives and sea water source.

The views above show the filter cakdt len the filter papers which weracrapped off. It was observed that
the filter cakes from both fresh taprater and sea water sources usitige different additives were very

similar. The filter cakes using Ml PAC and CMC were thinner, pestyand weidied more. Those from

bentonite, starch and the pure sample were thicker, drier and more solid, and weighed less.

Results.

The results of the fluid experiments are represented in tables 8 through 12 using fresh water as the
continuous phase, and representegtaphically in figures 36 and 37. For sea water source, tables 13
through 17 show the results and represented graphically in figures 38 and 39.

Table8 Huid loss experiment results using fresh tap water for sample 1

Additives | Val. Of filtrate | Wt. Of cake| Viscosity Dial pH
(ml) (9)
600 300 mud mud
rpm rpm mix filtrate
Ml PAC 34 15.12 31 21 10.13 | 9.81
Starch 30 2.32 32 21 9.64 9.52
CMC 26 11.55 35 25 9.56 |9.46
Bentonite | 46 5.26 26 17 10.42 | 10.07
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Table9 Fluid loss experiment results using fresh tap water for sample 2

Additives | Vol. Of filtrate | Wt. Of cake| Viscosity Dial pH
(ml) (9)
600 300 mud mud
rpm rpm mix filtrate
MI PAC 28 13.43 35 24 10.25 | 9.68
Starch 41 6.77 34 23 10.33 | 10.03
CMC 26 13.58 46 32 10.08 | 9.76
Bentonite | 36 3.65 25 17 10.24 | 9.95
Tablel10 Fluid loss experiment result using fresh tap water for sample 3
Additives | Vol. Of filtrate | Wt. Of cake| Viscosity Dial pH
(ml) (9)
600 300 mud mud
rpm rpm mix filtrate
MI PAC 32 9.78 37 25 9.27 9.05
Starch 42 451 30 20 9.47 9.33
CMC 28 13.95 36 27 9.46 9.11
Bentonite | 43 5.15 32 19 9.56 9.33
Tablell Huid loss experiment results using fresh tap water for sample 4
Additives | Vol. Of filtrate | Wt. Of cake| Viscosity Dial pH
(ml) @)
600 300 mud mud
rpm rpm mix filtrate
MI PAC 30 13.78 35 24 10.00 | 9.66
Starch 40 6.48 40 27 10.24 |9.81
CMC 27 18.46 52 37 10.25 | 9.67
Bentonite | 36 4.27 26 18 10.19 | 10.01
Tablel2 Huid loss experiment results using fresh tap water for sample 5
Additives | Vol. Of filtrate | Wt. Of cake| Viscosity Dial pH
(ml) (9)
600 300 mud mud
rpm rpm mix filtrate
MI PAC 32 8.39 42 22 10.05 | 9.69
Starch 38 4.85 36 23 10.26 | 9.78
CMC 26 10.94 38 26 10.31 | 9.56
Bentonite | 40 4.4 27 18 10.26 | 9.93
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Figure37 Cake mass for diffrent samples and additives using fresh tap water source.

Table1l3 Huid loss experiment results using sea water for sample 1

Additives | Vol. Of filtrate | Wt. Of cake| Viscosity Dial pH
(ml) (9)
600 300 mud mud
rpm rpm mix filtrate
MI PAC 19 18.87 46 31 9.81 9.7
Starch 41 6.68 32 23 9.78 9.72
CMC 21 19.98 54 34 9.95 9.6
Bentonite | 40 5.24 33 23 9.87 9.57
Tablel4 Huid loss experiment results using sea water for sample 2
Additives | Vol. Of filtrate | Wt. Of cake| Viscosity Dial pH
(ml) (9)
600 300 mud mud
rpm rpm mix filtrate
MI PAC 14 19.71 59 41 9.83 9.8
Starch 46 6.2 34 24 9.73 9.75
CMC 16 24.1 45 29 9.76 9.73
Bentonite | 43 7.17 38 30 9.74 9.79

5| Page



Tablel5 Huid loss experiment results using sea water for sample 3

3

Additives | Vol. Of filtrate | Wt. Of cake| Viscosity Dial pH
(ml) (9)
600 300 mud mud
rpm rpm mix filtrate
MI PAC 24 12.48 46 32 9.65 9.69
Starch 44 5.4 36 25 9.72 9.72
CMC 23 10.03 47 34 9.65 9.64
Bentonite | 43 4,71 35 26 9.58 9.59
Tablel6 Huid loss experiment results using sea water for sample 4
Additives | Vol. Of filtrate | Wt. Of cake| Viscosity Dial pH
(ml) (9)
600 300 mud mud
rpm rpm mix filtrate
MI PAC 26 16.51 49 34 9.87 9.83
Starch 37 7.53 46 35 9.86 9.77
CMC 24 22.12 53 36 9.87 9.67
Bentonite | 34 4.83 48 36 9.79 9.67
Tablel7 Huid loss experiment results using sea water for sample 5
Additives | Vol. Of filtrate | Wt. Of cake| Viscosity Dial pH
(ml) )
600 300 mud mud
rpm rpm mix filtrate
MI PAC 25 13.02 46 30 9.8 9.62
Starch 36 5.75 44 33 9.65 9.61
CMC 20 18.37 50 34 9.73 9.58
Bentonite | 37 6.68 43 32 9.71 9.68
E EMI PAC
= W Starch
(@]
‘© mCMC
<
Q H Bentonite
©

samples

Figure38 Filtrate levels for diferent samples and additives using sea water source.
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Figure39 Cake mass for different samples and additives using sea water source.

Discussion andConclusion.

Starch is a polymer which thickens water thereby making it satédnl fluid loss, and increases plastic
viscosity as a consequence. It is unaffected by salinity or hardness, but thins when temperature is
increased. CMC is also a polymer which increases viscosity as well, and at higher concentrations, it
enhances fluidoss reduction even mordt is however degraded at high temperatures and would be less
effective in its fluid loss property in the presence of high salinity water above 50,000 mg/l chloride or Ca
concentrations above 100 mg/l. MI PAC, is an ultra lowosigcpolyanionic cellulose polymemhich also is
affected by temperature, but increases viscosifithe fluid part of the mud as they do not react with the
solids, becoming an integrated part of the fluid phase which makegabd fluid loss agent.

Apart from starch, the other additives would be affected by using sea water as the continous phase for the
experiment as it contains high amounts of chloride and calcium concentrations, therefore the mud samples
were prehydrated first for 6 hours with freslater, with agitation and heating, to allow for better mix.
Also, soda ash was added to the salt water to reduce the concentration of Ca.

From the figure 36 for fresh water sourdgecan be seen that the filtrate level measured using CMC as fluid
loss adiitive was less than it was with othadditives. Furthermore, the mass of filter calkkemed using
CMCas shown in figure 3Wwas more than with any other additives. This demonstrates the fact that a
thinner and less permeable cake was formed with Gl with any other additive a# produced the
highest resistance allowirthe least amount of fluid to pass through it, and its weight was more because it
retained more water than the other additives. Similar results were obtained using the sea water asurce
shown in figures 38 and 381 PAC also showed very good fluigsl@roperties in both water sources as it
was the next preferred in performance.

To conclude, both CMC and MI PAC are very good fluid loss additives producing filter cakes with desirable
fluid loss characteristics.

4.7 Experiment 6

Title: Hfects of viscosifieron Water Base Mud Premix.

Aim: To determine which viscosifier undstudy best increasedscosity of the Water Base Premix mud by
incremental addition of the viscosifiers.

Requirements Water Based mud premix, mud samples, viscosifigbentonite, CMC, Duo Tec NS, hand
mixer, fann viscometer.
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Procedure

250 ml of the WBM premix was measured out in a measuringdsyl and its viscosity and gel strengths
determined using the viscometer. Subsequentlyrdngof each vscosifier was measured amtixed with
the premix and the viscosities and gel strengths measuRegeatedly, 1 grarof each viscosifier was
added andhe viscosities and gel strengths measured until the total amount of added viecdgifeach
was 4 grams. The effect afiding these viscos#rsin increased quantities was observed to determine
which best increases viscosity

Results.

The results ar@resented in tabular form ashown in tables 18 throug®0.

Table18 Results showing effect of increased bentonite mass on WBM premix.

Sample| Mass of | Viscosity Dial| PV (cP)| YP Gel Strength
Bentonite(g) (Ib/100 (Ib/100 sq.feet)
600 | 300 sq. Feet) | 10 secs | 10 mins
rpm | rpm
WBM |0 93 62 31 31 9 13
Premix | 1 85 58 27 31 8 12
2 83 57 26 31 8 12
3 84 58 26 32 9 12
4 81 55 26 29 8 12

Tablel9 Results showing effect of increased Duo Tec mass @M\premix.

Sample| Mass of Duo| Viscosity PV (cP)| YP Gel Strength
Tec (9) Dial (Ib/100 (Ib/100 sq.feet)
600 | 300 sq. Feet) |10 secs |10 mins
rom | rpm
WBM |0 93 62 31 31 9 13
Premix | 1 98 70 28 42 10 15
2 137 |[125 |12 113 20 26
3 245 | 180 | 65 115 41 53
4 > 300 N/A N/A 66 81
Table20 Results showing effect of increased CMC mass on WBM premix.
Sample| Mass of| Viscosity Dial | PV (cP) YP Gel Strength
CMC (9) (Ib/100 (Ib/100 sq.feet)
600 | 300 sq. Feet) | 10 secs | 10 mirs
rpm rpm
WBM |0 93 62 31 31 9 13
Premix | 1 122 85 37 48 10 15
2 197 142 55 87 15 19
3 > 300 | 227 >73 > 87 22 27
4 > 300 N/A N/A 28 38
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Discussion and Conclusion.

The viscometer dial gauge has its reading from 0 to 300, so values written greater amdidte that
the values wenpast the highest point and off the scale. Valuesalhare blank on the table indicatbat
the values were not checkedrther, and those with N/A indicatéhat the values could not be found either
because one of the valuegas above 300 or there was a blank reading.

With reference to the tabls above it can be seen that with bentonite on the Premix WBM, its plastic
viscosity was reduced on the first addition of bentonite, and on subsequent additions, it remained steady
showing there was no effect afterwards. The yigldint however showed a somewhat steady trend on
increasing the amount of bentonite as was the gel strengths.

With an increasing amount of Duo Tec, the plastic viscosity decreased on adding the first conpsed,
but afterwards, was seen to increase sharply. The yield point however showed an increasing trend from the
start of its addition. The Gel strengths also increased with increasing amounts of Duo Tec.

With increased amounts of CMC, it showed botheady increase in both plastic viscosity and yield point.
The same can be said of the gel strengths, but when compared to Duo Tec, its increase in gel strength is not
as high as that got from addition of Duo Tec.

To conclude,rbm the above results, it cave said that both Duo Tec NS and CMC could be used to increase
the viscosity of the WBM Premikiut if a lower gel strength is needed, then CMC could be used, and if
otherwise, the Duo Tec NS could be applied. The bentonite additive gave the lowett effdncreased
rheological properties and would be the least recommended.

4.8 Experiment 7

Title: Effect of viscosifiers onheology ofdrilling mud samples

Aim: To determine which mud samples have the best viscagifgffects with increased amounts of
viscosifiers.

Requirement Mud samples, fresh wateviscometer, hand mixer, viscosifieygentonite, CMC and Duo
Tec NS, electronic weigh balance, measuring cylinder.

Procedure

5 grams of each mud sample wareeasuredand mixed in 250 nftesh tap water, he viscosities and gel
strengths measured after mixing vigorously. Following this, 1 gram of each of the viscosifierstudger
wasadded and mixed thoroughly. Repeatedly, 1 gram of each of the viscosifiers waktadte different
samples until the total amount of viscosifier for each was 4 grams. The viscosities and gel strengths at each
1 gram increase were measured.eTéffects of these increments in the quantities of visfiers on the
mud samples were invegated.

Results.

The results for the 5 different samples are represented in both tabular and graphical forms below;
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Results for sample 1.

Table21

Table22

Table23

Results showing effect of increased Duo Tec mass on sample 1 properties.

Wit. of | Wt of Duo Tec | viscosity Dial PV(cPh |YP Gel Strength

sample | (9) (Ib/200 | (Ib/100 sq.feet)

9 600 [ 300 sq.feet) [ 10 secs| 10 mins
rpm rpm

5 0 23 15 8 7 2 4

5 1 57 47 10 37 8 12

5 2 84 73 11 62 22 35

5 3 160 133 27 106 52 57

5 4 222 188 34 154 71 77

Results showing effect of increased Bentonite mass on sample 1 properties.

Wt. of | Wt. Of viscosity Dial PV(cP | YP Gel Strength

sample | Bentonite (g) (Ib/100 | (Ib/100 sg.feet)

(9 600 | 300 sq.feet) | 10 secs| 10 mins
rpm rpm

5 0 23 15 8 7 2 4

5 1 31 22 9 13 4 5

5 2 39 28 11 17 6 7

5 3 44 31 13 18 9 9

5 4 50 37 13 24 12 10

Results showing effect of increased CMC mass on sample 1 properties.

Wit. Of
Sample

()]

o oo o1 Ol

Wt. Of CM{g) | viscosity Dial

ArIWIN|IFL|O

600
rpm
23
71
145
252
>300

300
rpm
15
50
100
176

PV(cP

8

21
45
76

N/A

YP
(Ib/100
sq.feet)

29
55
100
N/A

Gel Strength

(Ib/100 sq.feet)
10 secs| 10 mins

4
10
15
25
34
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Figure42 Plot of gel strengths vs. increased mass for mud sample 1

Results for sample 2

Table24

Results showing effect of increased Duo Tech mass on sample 2 properties.

Wit. of | Wt of Duo viscosity Dal PV YP Gel Strength

sample | Tec(Q) (cP (Ib/100 | (Ib/100 sq.feet)

(9) 600 300 sq. 10 secs | 10 mins
rpm rpm feet)

5 0 31 22 9 13 5 5

5 1 70 63 7 56 9 19

5 2 123 100 23 77 35 38

5 3 186 158 28 130 57 62

5 4 246 207 39 168 74 82
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Table25 Results showing effect of increased Bentonite mass on sample 2 properties

Table26

Figure43 Plot of plastic viscosity vs. increasiemass for mud sample 2.

Wt. of | Wt. Of viscosity Dial PV YP Gel Strength
sample | Bentonite (cP (Ib/100 | (Ib/100 sq.feet)
(9) (9) 600 300 sq.feet) | 10 secs| 10 mins
rpm rpm
5 0 31 22 9 13 5 5
5 1 32 22 10 12 5 7
5 2 35 25 10 15 7 7
5 3 41 30 11 19 9 9
5 4 48 36 12 24 11 9
Results showing effect of increased CMC mass on sample 2 properties
Wt. Of | wt. Of viscosity Dial PV(cP | YP Gel Strength
Sample | CMC(g) (Ib/100 | (Ib/100 sq.feet)
(9) 600 300 sq. 10 secs | 10 mins
rpm rpm feet)
5 0 31 22 9 13 5 5
5 1 81 55 26 29 7 13
5 2 182 125 57 68 11 22
5 3 282 199 83 116 17 42
5 4 >300 N/A N/A 19 46
PV vs. Increased mass (samp
150
E Duo Tech
H Bentonite
U CMC
0 1 2 3 4
Increased mass (g
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Figure45 Plot of gel strengths vsncreased mas for mud sample 2

Results for sample 3

Table27 Results showing effect of increased Duo Tech mass on sample 3 properties.

Wt. of | Wt of viscosity Dial PV YP Gel Strength

sample | Duo Tec (cP (Ib/100 | (Ib/100 sq.feet)

(9 (9) 600 300 sq.feet) | 10 secs | 10 mins
rpm rpm

5 0 37 26 11 15 5 5

5 1 73 68 5 63 12 15

5 2 129 102 27 75 34 38

5 3 195 172 23 149 61 71

5 4 250 215 35 180 78 78

Table28 Results showing effect of increased Bentoaitnass on sample 3 properties.

Wt. of | Wt. Of viscosity Dial PV YP Gel Strength

sample | Bentonite(g) (cP (Ib/200 (Ib/100 sq.feet)

(9 600 | 300 sq.feet) | 10 secs | 10 mins
rpm rpm

5 0 37 26 11 15 5 5

5 1 35 24 11 13 4 5

5 2 40 29 11 18 8 8

5 3 48 35 13 22 10 8

5 4 56 41 15 26 12 10
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Table29 Results showing effect of increased CMC mass on sample 3 properties.

Wt. Of | Wt. Of viscosity Dial PV(cP | YP Gel Strength
Sample| CMC(g) (Ib/200 | (Ib/100 sqg.feet)
(9) 600 300 sqg.feet) | 10 secs 10
rpm rem mins
5 0 37 26 11 15 5 5
5 1 72 50 22 28 6 13
5 2 150 105 45 60 9 21
5 3 258 186 72 114 14 33
5 4 >300 N/A N/A 23 48
100 PV vs. Increased mass (samp
o
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o ¥ Bentonite
0 - U CMC
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Figure48 Plot of gel strengths vs. incessed mass for mud sample 3.

64| Page



Results forsanple 4

Table30 Results showing effect of increased Duo Tec mass on sample 4 properties.

wt. of | wt of Duo viscosity Dial PV YP(Ib/100 | Gel Strength

sample| Tec(g) (cP) sq.feet) (Ib/100 sq.feet)

) 600 | 300 10 secs | 10 mins
rpm rpm

5 0 28 19 9 10 3 5

5 1 74 62 12 50 12 16

5 2 133 97 36 61 31 36

5 3 193 168 25 143 60 65

5 4 253 220 33 187 79 83

Table31 Results showingffect of increased Bentonitenass on sampld properties

wt. of | Wt. Of viscosity Dial PV (cP) | YP(Ib Gel Strength
sample | Bentonite /100 sqg. | (Ib/100 sq.feet)
(9) (9) 600 rpm | 300 rpm feet) 10 secs | 10 mins
5 0 28 19 9 10 3 5

5 1 27 20 7 13 4 7

5 2 37 27 10 17 8 8

5 3 42 31 11 20 9 9

5 4 47 36 11 25 12 10

Table32 Results showing effect of increased CMC mass on sample 4 properties.

Wit. Of

Wit. Of

Sample | CMC(g)

(¢)]
5

5
5
5
5

AWML O

viscosity Dial

600 rpm | 300 rpm
28 19

85 59

175 123

292 215
>300

PV (cP)

26
52
77

N/A

YP

(Ib/200

sg.feet)

10

33

71

138
N/A

Gel Strength
(Ib/100 sg.feet)

10 secs
3

9

12

22

36

10 mins
5

17

27

44

60
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Results for sample 5
Table33 Results showig effect of increased Duo Tec mass on sample 5 properties.
wt. of | wt of viscosity Dial PV (cP) [ YP Gel Strength
sample| Duo Tec (Ib/200 | (Ib/100 sq.feet)
(9) (9) 600 rpm | 300 rpm sqg.feet) | 10 secs | 10 mins
5 0 31 20 11 9 4 4
5 1 68 58 10 48 9 15
5 2 117 95 22 73 31 40
5 3 180 151 29 122 55 60
5 4 235 207 28 179 75 80
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Table34 Results showing effect of increased Bentonite mass on sample 5 properties.

wt. of | Wt. Of viscosity Dial PV (cP) | YP Gel Strength
sample | Bentonite (Ib/100 | (Ib/100 sq.feet)
(9) (9) 600 rpm | 300 rpm sq.feet) | 10 secs | 10 mins
5 0 31 20 11 9 4 4

5 1 33 23 10 13 6 7

5 2 44 31 13 18 9 9

5 3 53 39 14 25 11 11

5 4 60 45 15 30 14 10

Table35 Results showing effect of imeased CMC mass on sample 5 properties.

Wt. Of | Wt. Of | viscosity Dial PV(cP) | YP Gel Strength
Sample| CMC(g) (Ib/100 | (Ib/100 sg.feet)
(9) 600 rpm | 300 rpm sq.feet) | 10 secs | 10 mins
5 0 31 20 11 9 4 4
5 1 82 54 28 26 6 13
5 2 165 110 55 55 10 22
5 3 265 189 76 113 17 38
5 4 >300 N/A N/A | 30 65
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Figure53 Plot of yield point vsincreased mass for mud sample 5
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Discussion and Conclusion.

Results shown for all the samples for plastic viscosity, yield point and gel strengths sheinelhiatrend.

With regards toplastic viscosity, increasing the masses of the different additives showed that CMC gave the
highest plastic viscosities, followed by Duo Tec, then BentoMitieh regards to yield point, Duo Tec
produced the highest yield pats, followed ty CMC, then Bentonite. The lateend wasalso observed

with regards to gel strengthgith increasing mass of additives.

CMC is a natural polymer type material with long chain lengihg is water soluble At lower
concentrations, it deficculates clay suspensions in much the same manner as lignosulfonate. This results in
fluid loss and yield point reductions. As the concentration is increased, the viscosity of the liquid phase
(water) is increased since plastic viscosity is primarilyation of both the viscosity of the liquid phase and

the volume of solids in the mud, and fluid loss is further reduced. Therefore, addition of more CMC is
detrimental if the target is to lower the plastic viscosity and increase the yield point, as thdamtural
tendency to deflocculate and to build plastic viscosity.

On the other hand, Duo Tec i©gh molecular weighbiopolymer that also increases viscosity of the mud.

its structure is such that it has long chains, which attract and tangle masikre increasing the yield point

more than plastic viscosity. This is a very desirable quality or characteristic in a viscosifier as it is necessary
for good hole cleaning, and lower plastiscosities are also desirableittWhigh plastic viscositiemsshown

with CMC increasethe viscosity at the drill bit is also increased, and this results in a higher rate of
penetration (ROR)Furthermoere, high plastic viscosity increases the pressure drop down the drill string
which results in a reduction in thevailable flow rate, hence retards or offsets any increase in lifting
abilities of cuttings to the surface.

The gel strengths also are seen to be higher for Duo Tec than for the other two additives. This thioxotropic
behavior exhibited by Duo Tec is alsadesirable property if for some reason, operation stops, and
circulation of the mud seizes for some time. Then, the cuttings suspending ability would be an advantage
for this additive unlike with CMC and bentonite. Hence, its ability gelate is a propelitdesired in drilling
operations.
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In conclusion, all three are viscosity builders, but CMC and Duo Tec show more superior quality than
bentonite as they are special viscosity builders used in areas where bentonite is not well suited for
example, when lowsolids mud are requiredCMC, shows a higher PV when increased and a lower YP
compared to Duo Tec, but this is not so desirable as a viscosifier property, hence Duo Tec would be
recommended for use for increasing the viscosity of the mud. However, CM& shdetter fluid loss
characteristic than the other additives.

4.9 Experiment 8

Title: Aging and Temperature effectsn mud sample rheology.

Aim: To determine the effect faemperature and different aging times on the rheological properties of
drilling mud samples.

Requirement mud samplesfann 35 SA viscometer, oven, viscosifiebgntonite, CMC and Duo Tec NS,
hand mixer, fresh water, sea water, measuring cylinders, thermometer.

Procedure

a) With fresh tap water from the university laboratory as the continuous phase used
5 grams of each of the mud sampleere weided out and mixed i250 mlfresh tapwater. 1 gram
of each of the viscosifiers was weighed out and added to the various samples with thorough
shearirg for 10 minutes afterwards. After mixing properly, the samples were allowed to stand for
16 hours both atambient temperature and at 74C in the oven. At the end of the period, the
viscosities and gel mingthswere measured. The same procedure was repeated for the different
samples as the were allowed to age for 2@4 and 32hours at both ambient temperates and
74°C. The viscometer cup was always heated t8C74vhen dealing with the samples coming out
from the oven to maintain the same temperature. The effects of temperature and aging on their
rheological properties were determined from the values of swad viscosities and gel strengths
from the viscometer.

b) With Sea water.
5 grams of each mud samples were weighed out and poured in 100 ml of fresh tap water in order
to prehydrate the mud. This was agital, slightly heated, then allowed a waititigne of 3 hours.
Afterwards, 150 ml of sea water was measured out separately and 0.9 gram of soda ash introduced
into the sea water and stirred gently. The pH was noticed to have increased from 7.47 to 9.95. The
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prehydrated mud was then mixed with the sea watedastirred to homogenize the mixture, and
afterwards, 1 gram of each of the additives added in turns (one additive for one experiment).
After mixing properly, the samples were allowed to stand for 16 hours both at ambient
temperature and at 74C in theoven. At the end of the period, the viscosities and getrsgths
were measured. The same procedure was repeated for the different samplesyag/¢ne allowed

to age for 2024 and 32hours at both ambient temperatures and @ The viscometer cup was
always heated to 74 when dealing with the samples coming out from the oven to maintain the
same temperature. The effects of temperature and aging on their rheological properties were
determined from the values of measwteiscosities and gel strengths frahe viscometer.

Theory

The concept of aging is important in simulating theperties of drilling mud at bottom hole conditions
from the surface conditions as the properties at the surface do not in any way give a true picture of bottom
hole conditions. Aging is a process in which drilling fluids previously subjected to a pksbdap are
allowed to more fully develop their rheological and filtration properties. Aging takes place when the mud is
left inactive for a period and is done under conditions which vary from static to dynamic and from ambient
to highly elevated temperanes. 74C was used as the elevated temperature to simulate the temperature
down hole in T@gnder where geothermal drilling would be carried out.

Set ugApparatus

Figure55 Fann 35 SA viscometer.
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Figure56 Aging mud samples at ambient temperater Figure57 Aging samples in the oven at 74 deg. C

Observation.

It was observed that after aging for a period of tinlee Mud-Duo Tec mix showed it had swollen more,

but showed an uneven dispersion in appearance as if it had patches all over. Thbektodite mix
however shows it has been well hydrated, but there is a separate layer of clear water on the top and the
mud at the base. The Mu@€MC mix shows a behaviour which is inbetween these two. This observation is
more with the sea water source and at ambient temperature.
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Results
The results are given in forms of tables and charts for each of the mudlessnas shown below;
Results for sample 1

Table36 Aging results for fresh water at ambient temperature for sample 1

Aging Additiv | Viscosity Dial | PV YP Gel Strength Start | End
time es (cP (Ib/100sq.fe | (Ib/100 sq.feet) pH pH
(hrs) et)
600 300 10secs | 10 mins
rpm rpm
16 Bent 35 23 12 11 5 7 10.22 | 9.83
CMC | 96 65 31 34 7 13 10.23 | 9.85
Duo 58 47 11 36 13 17 9.98 9.11
20 Bent 25 17 8 9 5 7 10.22 | 9.93
CMC 95 65 30 35 8 12 10.23 | 9.93
Duo 67 54 13 41 16 16 9.98 9.13
24 Bent 37 25 12 13 7 8 10.22 | 9.69
CMC |75 52 23 29 5 10 10.23 | 9.40
Duo 63 50 13 37 14 15 9.98 8.89
32 Bent 30 20 10 10 5 6 10.22 | 9.56
CMC |71 48 23 25 5 10 10.23 | 9.45
Duo 58 45 13 32 13 15 9.98 9.06
PV VS. AGING TIME (SAM 1 FRESH AM YP VS. AGING TIME (SAM 1 FRESH /
40 = 50
7 30 - — 3 40 T =
< 20 o Bont 8 30 '-_.\l\-—-o-sent
—
% 10 '_‘Qg_-.-cm S5 20 —8-CMC
a 10 ——‘_—*—A‘— Duo
0 ' ' ' '==fe—Duo > 0 : : : ,
16 ?O . 24 32 16 20 24 32
Aging time (hrs) Aging time (hrs)

Figure58 PV vs. Aging time, fresh water ambient, sample 1 Figure59 YP vs. Aging time, fresh water ambient, sample 1

GS VS AGING TIME (SAM 1 FRESH ¢

= 20 H Bent 10 secs
% 15 ® Bent 10 mins
o
= 10 & CMC 10 secs
= 5 - E CMC 10 mins
)
0] 0. H Duo 10 secs

16 20 24 32 & Duo 10 mins

Aging time (hrs)

Figure60 Gel strengths 8. Aging time for fresh water at ambient temperature for sample 1.
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Table37 Agng results for fresh water at 74 degree celcifes sample 1

Aging Additiv | Viscosity Dial | PV YP Gel Strength Start | End
time es (cB (Ib/100sq.fe | (Ib/100 sq.feet) pH pH
(hrs) et)
600 300 10secs | 10 mins
rpm rpm
16 Bent 24 17 7 10 6 6 10.22 | 9.19
CMC 35 24 11 13 5 8 10.23 | 9.50
Duo 47 38 9 29 10 10 9.98 8.90
20 Bent 19 13 6 7 5 6 10.22 | 9.57
CMC 49 34 15 19 8 10 10.23 | 9.54
Duo 52 43 9 34 13 13 9.98 8.65
24 Bent 24 15 9 6 4 4 10.22 | 9.59
CMC 45 31 14 17 6 9 10.23 | 9.50
Duo 50 41 9 32 12 12 9.98 8.25
32 Bent 22 15 7 8 5 5 10.22 | 9.31
CMC 36 25 11 14 5 7 10.23 | 9.17
Duo 46 37 9 28 9 10 9.98 7.41
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=
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Figure61 PV vs. Aging time, fresh water 7@ for sample 1 Figure62 YPvs. Aging time, fresh water 7€ for sample 1
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Figure63 Gel strengths vs. Agg time for fresh waterat 74°C for sample 1
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Table38 Aging results for seavater at ambient temperature for sample 1

Aging time| Additiv | Viscosity Dial | PV YP Gel Strength Start End
(hrs) es (cB (Ib/100sqg. | (Ib/100 sq.feet) pH pH
feet
600 300 10secs | 10 mins
rpm rpm
16 Bent 13 8 5 3 2 3 9.97 9.80
CMC |31 18 13 5 2 5 9.90 9.85
Duo 75 61 14 47 10 12 9.80 9.65
20 Bent 18 10 8 2 3 3 9.97 9.77
CMC |26 15 11 4 2 2 9.90 9.80
Duo 78 63 15 48 11 13 9.80 9.47
24 Bent 13 8 5 3 2 3 9.97 9.74
CMC | 28 16 12 4 2 4 9.90 9.83
Duo 74 63 11 52 11 12 9.80 9.50
32 Bent 12 8 4 4 3 3 9.97 9.73
CMC |24 14 10 4 2 3 9.90 9.78
Duo 80 66 14 52 12 14 9.80 9.37
PV VS AGING TIME (SAM1 SEA Al YP VS. AGING TIME (SAM 1 SEA A
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Figure64 PV vs. Aging time, sea watambient for sample 1 Figure65 YP vsAging time, sea water ambient for sample 1
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Figure66 Gel strengths vs. Aging time for sea water at ambientrtperature for sample 1
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Table39 Agng resuls for seawater at 74 degree celciufor sample 1

Aging Additiv | Viscosity Dial | PV YP Gel Strength Start End
time es (cB (Ib/100sq.ft | (Ib/100 sq.t) pH pH
(hrs) )
600 300 10 secs 10 mins
rpm rpm
16 Bent 10 7 3 4 3 3 9.97 8.37
CMC 15 9 6 3 1 3 9.90 8.03
Duo 68 52 16 36 13 15 9.80 7.83
20 Bent 11 8 3 5 2 2 9.97 7.96
CMC 17 10 7 3 1 3 9.90 8.06
Duo 66 52 14 38 12 15 9.80 7.74
24 Bent 10 7 3 4 2 2 9.97 8.19
CMC 16 10 6 4 3 4 9.90 7.86
Duo 65 50 15 35 13 15 9.80 7.72
32 Bent 8 6 2 4 3 3 9.97 7.98
CMC 10 6 4 2 0 3 9.90 7.90
Duo 65 50 15 35 13 15 9.80 7.73
20 PV VS AGING TIME (SAM 1 SEA7 YP VS. AGING TIME (SAM 1 SEA 7
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Figure67 PV vs. Aging timesea water 74C for sample 1 Figure 68 YP vsAging time, sea water 74C for sample 1
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Figure69 Gel strengths vs. Aging time faea water at 74 C for sample 1
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Results for sample 2

Table40 Aging results for fresh water atrabient temperature for sample 2

Aging | Additives | Viscosity Dial| PV YP Gel Strength Start | End
time (cP (Ib/100sq.feed) | (Ib/100 sqg.feet) pH pH
(hrs)
600 | 300 10 secs | 10 mins
rom | rpm
16 Bent 40 26 14 12 6 7 10.24 | 9.82
CMC 93 63 30 33 8 14 10.16 | 9.71
Duo 60 47 13 34 14 15 9.92 9.21
20 Bent 35 25 10 15 7 7 10.24 | 9.79
CMC 101 | 68 33 35 9 15 10.16 |9.40
Duo 64 51 13 38 15 15 9.92 8.89
24 Bent 35 24 11 13 6 7 10.24 |9.82
CMC 96 64 32 32 8 12 10.16 | 9.51
Duo 60 48 12 36 14 15 9.92 8.90
32 Bent 42 28 14 14 5 5 10.24 | 10.20
CMC 69 44 25 19 3 5 10.16 | 10.13
Duo 52 41 11 30 11 14 9.92 9.27
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Figure70PV vs. Aging time, fresh water ambient for sample 2 Figure71 YPvs. Aging time, fresh water ambient, sample 2
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Figure72 Gel strengths vs. Aging time for fresh water at ambient temperature for sample 2.
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Table41 Agdng results for fresh water at 74 degree celcius for sample 2

16 20 24 32
Aging time (hrs)

Aging Additives | Viscosity PV YP Gel Strength (Ib/100 Start | End
time Dial (cP (Ib/100sq.feel) | sq.feet) pH pH
(hrs)
600 | 300 10 secs | 10 mins
rem | rpm
16 Bent 34 |22 12 10 6 6 10.24 | 9.54
CMC 46 | 30 16 14 6 8 10.16 | 9.45
Duo 47 | 38 9 29 10 10 9.92 8.35
20 Bent 22 |16 6 10 6 6 10.24 | 9.50
CMC 46 |31 15 16 6 8 10.16 | 9.50
Duo 49 |41 8 33 10 10 9.92 8.20
24 Bert 25 |17 8 9 5 5 10.24 | 9.43
CMC 45 |31 14 17 5 9 10.16 | 9.44
Duo 46 | 38 8 30 10 10 9.92 8.00
32 Bent 23 | 16 7 9 5 5 10.24 | 9.20
CMC 37 |25 12 13 5 8 10.16 | 9.15
Duo 46 | 38 8 30 10 10 9.92 7.41
PV VS AGING TIME (SAM 2 FRESH 0 YP VS. AGING TIME (SAM 2 FRESH
15 'b.i §30 - —
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Figure73PV vs. Aging time, fréswater 74 C for sample 2

Figure74 YP vsAging time, fresh water 74C for sample 2
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Figure75 Gel strengths vs. Aging timfer fresh water at 74 C for sample 2
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Table42 Aging results for seavater at anbient temperature for sample 2

Aging Additives | Viscosity Dial | PV YP Gel Strength Start | End
time (cP (Ib/100 (Ib/100 sq.feet) pH pH
(hrs) sq.feet)
600 300 10 secs 10 mins
rrm rpm
16 Bent 11 6 5 1 3 3 9.87 9.71
CMC 23 13 10 3 0 2 9.92 9.71
Duo 75 60 15 45 11 13 9.81 9.44
20 Bent 13 8 5 3 3 4 9.87 9.72
CMC 26 15 11 4 1 3 9.92 9.83
Duo 77 63 14 49 11 14 9.81 9.50
24 Bent 13 8 5 3 3 2 9.87 9.68
CMC 26 15 11 4 2 4 9.92 9.69
Duo 80 63 17 46 12 14 9.81 9.39
32 Bent 14 8 6 2 2 3 9.87 9.70
CMC 31 18 13 5 3 5 9.92 9.77
Duo 84 67 17 50 12 15 9.81 9.61
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Figure76 PV vs. Aging time, sea water ambient for sample 2Figure77 YP vsAging time, sea water ambient for sample 2
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Figure78 Gel strengthsss. Aging timeor sea water at ambient temperature fosample 2
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Table43 Agng results for seavater at 74 degree celcius for sample 2

Aging Additives | Viscosity Dial | PV YP Gel Strength (Ib/100 Start | End
time (cP | (Ib/100sq.feet | sq.feet) pH pH
(hrs)
600 300 10secs | 10 mins
rpm rpm
16 Bent 12 9 3 6 3 3 9.87 | 8.10
CMC 14 8 6 2 1 2 9.92 | 7.98
Duo 70 54 16 38 14 17 9.81 | 7.79
20 Bent 11 8 3 5 2 2 9.87 | 8.07
CMC 15 9 6 3 2 3 9.92 |8.10
Duo 71 55 16 39 14 16 9.81 | 7.81
24 Bent 12 8 4 4 3 3 9.87 | 8.10
CMC 17 10 7 3 3 4 9.92 | 8.00
Duo 62 48 14 34 12 15 9.81 | 7.70
32 Bent 12 9 3 6 3 3 9.87 | 7.98
CMC 17 11 6 5 4 4 9.92 | 8.01
Duo 69 54 15 39 14 16 9.81 | 7.60
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Figure79PV vs. Aging time, sea wat@4’ C for sample 2

Figure80 YP vs. Aging time, sea water 7&@for sample 2
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Figure81 Gel strengths vs. Agg time for sea water at 74C for sample 2
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Results for sample 3

Table44 Aging results for fresh water atrabient temperature for sample 3

Aging | Additives | Viscosity Dial | PV YP Gel Strength Start | End
time (cP | (Ib/100sq.feet) | (Ib/100 sqg.feet) pH pH
(hrs)
600 300 10 secs | 10 mins
rpm rpm
16 Bent 45 30 15 15 8 8 10.35| 9.98
CMC 107 74 33 41 10 18 10.21| 10.03
Duwo 66 55 11 44 15 16 9.93 | 9.29
20 Bent 42 28 14 14 7 7 10.35( 10.15
CMC 100 68 32 36 9 16 10.21| 9.71
Duo 58 47 11 36 13 14 9.93 | 8.97
24 Bent 43 28 15 13 6 7 10.35| 10.06
CMC 93 63 30 33 8 13 10.21| 10.15
Duo 64 50 14 36 14 15 9.93 | 9.15
32 Bent 40 26 14 12 5 7 10.35| 10.26
CMC 83 55 28 27 7 10 10.21| 10.27
Duo 57 46 11 35 13 15 9.93 | 9.10
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Figure82 PV vs. Aging time, fresh watemnabient for sample 3  Figure83 YP vs. Agingriie, fresh waterambient for sample 3
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Figure84 Gel strengths vs. Aging timir fresh water at ambient temperature for sample 3
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Table45 Agdng results for fresh wateat 74 degree celcius for sample 3

Aging | Additives | Viscosity Dial | PV YP Gel Strength Start | End
time (cPB | (Ib/100sq.feet) | (Ib/100 sq.feet) pH pH
(hrs)
600 300 10 secs | 10 mins
rpm rpm
16 Bent 31 19 12 7 5 5 10.35| 9.33
CMC 60 40 20 20 7 8 10.21| 9.80
Duo 50 42 8 34 12 11 9.93 | 8.46
20 Bent 23 15 8 7 4 5 10.35| 9.67
CMC 48 32 16 16 7 8 10.21| 9.81
Duo 53 45 8 37 13 12 9.93 | 8.09
24 Bent 26 17 9 8 4 5 10.35| 9.86
CMC 44 30 14 16 5 6 10.21| 9.77
Duo 46 43 3 40 10 10 9.93 | 8.01
32 Bent 27 18 9 9 6 6 10.35| 9.67
CMC 54 36 18 18 7 9 10.21| 9.61
Duo 51 44 7 37 10 11 9.93 | 7.64
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Figure85 PV vs. Aging time, fresh water 7€ for sample 3 Figure86 YP vs. Aging time, freshater 74° C for sample 3
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Figure87 Gel strengths vs. Agindnhe for fresh water at 74 C for sample 3
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Table46 Aging results for seavater at ambient temperature for sample 3

Aging | Additives | Viscosity Dial PV | YP Gel Strength| Start | End
time (cP | (Ib/100sq.feet | (Ib/100 sq.feet) pH pH
(hrs)
600 300 10 secs | 10 mins
rpm rpm
16 Bent 12 8 4 4 3 3 9.88 | 9.75
CMC 26 15 11 4 2 3 9.86 | 9.78
Duo 72 54 18 36 10 12 9.81 | 9.55
20 Bent 13 8 5 3 3 4 9.88 | 9.70
CMC 25 14 11 3 1 2 9.86 | 9.69
Duo 70 53 17 36 10 12 9.81 | 9.32
24 Bent 12 7 5 2 2 3 9.88 | 9.66
CMC 25 14 11 3 2 3 9.86 | 9.67
Duo 68 54 14 40 9 13 9.81 | 9.37
32 Bent 13 9 4 5 4 4 9.88 | 9.68
CMC 29 17 12 5 2 5 9.86 | 9.69
Duo 89 68 21 a7 12 15 9.81 | 9.40
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Figure88 PV vs. Aging time, sea water amiefor sample 3 Figure89 YP vs. Aging timegs water ambient for sample 3
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Figure90 Gel strengths vs. Aging time for sea water at ambient temperature for sample 3
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Table47 Adng results for sea water at 74 degree celcius for sample 3

Aging | Additives | Viscosity Dial PV | YP Gel Strength| Start | End
time (cPB | (Ib/100sq.feet | (Ib/100 sq.feet) pH pH
(hrs)
600 300 10 secs | 10 mins
rpm rpm
16 Bent 10 7 3 4 2 3 9.88 |8.21
CMC 15 9 6 3 2 3 9.86 | 8.09
Duo 63 52 11 41 11 12 9.81 |7.86
20 Bent 11 8 3 5 2 2 988 |8.12
CMC 17 10 7 3 3 4 9.86 | 8.09
Duo 60 46 14 32 10 12 9.81 | 7.73
24 Bent 11 8 3 5 3 3 9.88 | 8.05
CMC 10 6 4 2 0 3 9.86 | 8.06
Duo 63 50 13 37 12 14 9.81 |7.62
32 Bent 11 8 3 5 2 3 9.88 | 8.06
CMC 18 11 7 4 4 4 9.86 | 7.85
Duo 66 52 14 38 12 15 9.81 | 7.67
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Figure91 PV vs. Aging time, sea watet @4° C for sample 3

Figure92 YP vs. Aging time, semater at 74 C for sample
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Figure93 Gel strengths vs. Aging time for seaater at 74 C for sample 3
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Results for sample 4

Table48 Aging results for fresh water atrabient temperature for sample 4

Aging | Additives | Viscosity Dial PV YP Gel Strength| Start | End
time (cB | (Ib/100sq.feet | (Ib/100 sq.feet) pH pH
(hrs)
600 300 10 secs | 10 mins
rpm rpm
16 Bent 36 24 12 12 5 6 10.37 | 10.24
CMC 99 68 31 37 9 17 10.29| 9.83
Duo 70 55 15 40 16 17 9.95 | 9.13
20 Bent 36 25 11 14 6 5 10.37| 10.14
CMC 90 61 29 32 8 13 10.29| 10.11
Duo 73 59 14 45 17 17 9.95 |9.16
24 Bent 39 26 13 13 7 8 10.37| 10.14
CMC 94 64 30 34 8 15 10.29| 9.82
Duo 67 59 8 51 14 15 9.95 |9.18
32 Bent 45 31 14 17 6 6 10.37| 10.25
CMC 84 58 26 32 7 13 10.29| 10.22
Duo 58 47 11 36 13 15 9.95 | 8.98
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Figure94 PV vs. Aging time, freshater ambient for sample 4  Figure95 YP vs. Aging time, fresh water ambient for sample 4
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Figure 96 Gel strengths vs. Aging time fordsh water at ambient temperature for sample 4
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Table49 Agng results for fresh water at 74 degree celcius for sample 4

Aging | Additives | Viscosity Dia PV YP Gel Strength| Start | End
time (cP | (Ib/100sq.feet | (Ib/100 sq.feet) pH pH
(hrs)
600 300 10 secs | 10 mins
rpm rpm
16 Bent 28 18 10 8 5 5 10.37| 9.71
CMC 57 39 18 21 8 9 10.29| 9.54
Duo 55 44 11 33 12 12 9.95 | 8.16
20 Bent 27 18 9 9 5 5 10.37 | 9.64
CMC a7 32 15 17 7 7 10.29| 9.62
Duo 52 44 8 36 11 11 9.95 | 8.71
24 Bent 28 18 10 8 5 5 10.37| 9.67
CMC 47 32 15 17 7 10 10.29| 9.56
Duo 52 44 8 36 12 12 9.95 | 8.11
32 Bent 26 17 9 8 5 5 10.37| 9.58
CMC 60 41 19 22 8 11 10.29| 9.65
Duo 51 43 8 35 10 11 9.95 | 7.61
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Figure97 PV \s. Aging time, fresh water 7AC for sample 4

Figure98 YP vs. Aging time, fresh wat@4°C for sample 4

GS VS AGING TIME (SAM 4 FRESH

16 20
Aging time (hrs)

24

14

& 12 H Bent 10 secs
3 10 .

H Bent 10 mins

S s
g 6 i CMC 10 sect
3)’ 4 H CMC 10 mins
© 2 E Duo 10 secs

0

i Duo 10 mins
32

Figure99 Gel strengths vs. Aging time for fresh water at®2@ for sample 4
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Table50 Aging results for sea wateait ambient temperature for sample 4

Aging | Additives | Viscosity Dial PV | YP GelStrength Start | End
time (cPB | (Ib/100sq.feet | (Ib/100 sq.feet) pH | pH
(hrs)
600 300 10 secs | 10 mins
rpm rpm
16 Bent 12 7 5 2 3 3 9.89 | 9.69
CMC 30 18 12 6 3 6 9.81 | 9.68
Duo 82 72 10 62 12 15 9.87 [ 9.45
20 Bent 12 8 4 4 3 3 9.89 | 9.61
CMC 28 16 12 4 1 3 9.81 | 9.64
Duo 85 68 17 51 12 15 9.87 | 9.44
24 Bent 14 9 5 4 4 4 9.89 | 9.52
CMC 29 16 13 3 2 3 9.81 | 9.58
Duo 86 68 18 50 13 16 9.87 | 9.00
32 Bent 14 9 5 4 4 5 9.89 | 9.59
CMC 34 20 14 6 3 7 9.81 | 9.80
Duo 76 66 10 56 11 14 9.87 [ 9.42
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Figurel00PV vs. Agingiine, sea waterambient for sample 4 Figure1l01YP vs. Aging time, sea water ambient for sample 4
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Figurel02 Gel strengths vs. Aging time feea water at ambient temperature for sample 4
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Table51 Agdng results for sea water at 74 degree celcius for sample 4

Aging | Additives | Viscosity Dial PV | YP Gel Strength| Start | Erd
time (cP | (Ib/100sqg.feey) | (Ib/100 sq.feet) pH | pH
(hrs)
600 300 10 secs | 10 mins
rpm rpm
16 Bent 10 7 3 4 2 2 9.89 | 7.92
CMC 19 11 8 3 3 5 9.81 | 7.99
Duo 72 55 17 38 14 17 9.87 | 7.94
20 Bent 11 8 3 5 3 3 9.89 | 7.96
CMC 17 10 7 3 2 4 9.81 | 7.86
Duo 68 53 15 38 13 15 9.87 | 7.67
24 Bent 11 8 3 5 3 3 9.89 | 7.93
CMC 20 12 8 4 4 6 9.81 | 7.73
Duo 68 51 17 34 14 16 9.87 | 7.60
32 Bent 13 10 3 7 3 3 9.89 | 7.73
CMC 23 14 9 5 4 4 9.81 | 7.70
Duo 62 48 14 34 13 17 9.87 | 7.82
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Figure103PV vsAging time,sea water 74 C for sample 4

Figure104 YP vsAging time, sea water 74C for sample 4
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Figurel05 Gel strengths vs. Aging time faea water at 74 C for sample 4
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Results for sample 5

Table52 Aging results for fresh water atrabient temperature for sample 5

Aging | Additives | Viscosity Dial PV | YP Gel Strength, Start | End
time (Cp) | (Ib/100sq.feet | (Ib/100 sq.feet) pH pH
(hrs)
600 300 10 secs | 10 mins
rpm rpm
16 Bent 25 17 8 9 4 5 10.32| 9.52
CMC 76 50 26 24 3 7 10.30| 9.41
Duo 52 41 11 30 12 14 9.93 |8.74
20 Bent 26 18 8 10 5 6 10.32| 8.60
CMC 75 50 25 25 5 11 10.30| 9.32
Duo 51 41 10 31 12 14 9.93 | 8.57
24 Bent 26 18 8 10 5 5 10.2|9.24
CMC 80 53 27 26 6 11 10.30| 9.33
Duo 49 39 10 29 12 14 9.93 | 8.46
32 Bent 26 17 9 8 4 5 10.32| 9.67
CMC 66 44 22 22 3 7 10.30| 9.68
Duo 62 50 12 38 15 17 9.93 | 9.08
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30 40
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Figurel06 PV vs. Aging time, fresh water ari@nt for sample 5 Figurel07 YP vsAging time, fresh water ambient for sample 5

GS VS AGING TIME (SAM 5 FRESH ¢/

N
o

M Bent 10 secs

a1
|

=
o
g 15 ~ H Bent 10 mins
o
g 10 i CMC 10 sect
;’ @ CMC 10 mins
O

M Duo 10 secs

o
|

16 32 & Duo 10 mins

20 24
Aging time (hrs)

Figurel08 Gel strengths vs. Aging time for fresh water at ambient temperatdioe sample 5
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Table53 Agdng results for fresh water at 74 degree celcius for sample 5

Aging | Additives | Viscosity Dial PV | YP Gel Strength| Start | End
time (cPB | (Ib/100sq.feet | (Ib/100 sq.feet) pH pH
(hrs)
600 300 10 secs | 10 mins
rpm rpm
16 Bent 17 11 6 5 3 3 10.32| 8.29
CMC 36 24 12 12 3 6 10.30| 9.20
Duo 45 37 8 29 9 10 9.93 | 7.66
20 Bent 20 13 7 6 3 3 10.32| 9.11
CMC 35 23 12 11 4 4 10.30| 9.15
Duo 43 36 7 29 9 9 9.93 | 8.11
24 Bent 18 13 5 8 3 3 1032 9.14
CMC 37 25 12 13 4 6 10.30| 9.28
Duo 42 35 7 28 10 10 9.93 | 7.64
32 Bent 19 13 6 7 4 4 10.32| 9.50
CMC 30 24 6 18 3 7 10.30| 9.37
Duo 42 35 7 28 9 10 9.93 | 7.65
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Figure109 PV vs. Aging time, fresh water 7@for sample 5

Figure110 YP vs. Aging time, fresh water %@ for sample 5
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Table54 Aging results for sea wateait ambient temperature for sample 5

Aging | Additives | Viscosity Dial PV |YP Gel Strength| Start | End
time (cP | (Ib/200sq.feet | (Ib/100 sq.feet) pH pH
(hrs)
600 300 10 £cs | 10 mins
rpm rpm
16 Bent 13 7 6 1 2 2 9.73 | 9.54
CMC 30 17 13 4 1 2 9.78 | 9.61
Duo 74 65 9 56 11 12 9.79 |9.26
20 Bent 11 6 5 1 2 3 9.73 | 9.58
CMC 27 16 11 5 2 4 9.78 | 9.60
Duo 82 66 16 50 11 14 9.79 |9.35
24 Bent 11 7 4 3 2 4 9.73 | 9.45
CMC 16 9 7 2 1 3 9.78 |9.42
Duo 67 59 8 51 11 13 9.79 | 9.11
32 Bent 12 8 4 4 3 4 9.73 | 9.69
CMC 23 13 10 3 0 2 9.78 | 9.77
Duo 79 61 18 43 12 15 9.79 | 9.31
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15 A / pud
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Figurel12PV vs. Aging time, sea water ambient for sample 5 Figure113 YP vs. Aging time, sea water ambient for sample 5
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Figurell4 Gel strengths vs. Aging time for sea watar ambient temperature for sample 5
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Table55 Agng results for sea water at 74 degree celcius for sample 5

Aging | Additives | Viscosity Dial PV YP Gel Strength| Start | End
time (cB | (Ib/100sq.feet | (Ib/100 sqg.feet) pH pH
(hrs)
600 300 10 ses | 10 mins
rpm rpm
16 Bent 7 5 2 3 2 2 9.73 | 7.91
CMC 16 10 6 4 2 3 9.78 | 7.88
Duo 63 49 14 35 11 13 9.79 | 7.66
20 Bent 10 7 3 4 2 3 9.73 | 7.88
CMC 17 9 8 1 2 4 9.78 | 7.89
Duo 59 47 12 35 11 14 9.79 | 7.56
24 Bent 13 10 3 7 3 3 9.73 | 7.82
CMC 12 7 5 2 2 2 9.78 | 7.82
Duo 66 51 15 36 14 16 9.79 | 7.45
32 Bent 12 9 3 6 2 2 9.73 | 7.82
CMC 15 9 6 3 1 3 9.78 | 7.84
Duo 61 47 14 33 13 16 9.79 | 7.74
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40
15 =
g [ — 5
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Figure115PV vs. Aging time, sea water %@ for sample 5

Figure 116 YP vs. Aging time, sea water 7@ for sample 5
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Discussion an@onclusion

For thisexperiment, the effect of temperaturesalinity and agingare investigated on the rheological
properties of thevarious mud samples and on tladitives. Different comparisons would be made to
better understand the effects of these parameters incorporating different water sources and additives.

Temperature Effects.

A comparison for fresh water source and at both ambient and increased temperaturé®shdwed that
the plastic viscosity, yield point and gel strengths generally decreased for all saanplesiditiveswith
increase in temperature.

A comparison between sea water sources at both ambient and increased temperaturdCo$iidwed that
with increase in the temperaturahe plastic viscosities reduced for all mud samples and additives, and the
yield point almost showed similaesults, but with very negligibliecrease with Bentonite additive. The gel
strength increased for Duo Tec, but reduced for both Bentonite and CMC.

Salinity Effects.

A comparison between fresh water source at ambient tenapigre and sea water source (higher salinity)

also at ambient temperature showed that an increase in salinity caused the plastic viscosity and yield points
reduced with CMC and Bentonite, but increased with Duo Tec. The gel strengths however incretdsed for

3 mud additives used when salinity was increased.

A comparison between fresh water source at elevated temperature 6€ &hd sea water source also at
74°C for all mud samples showed that plastic viscosity, yield point and gel strengths increabed fbec,
but reduced for Bentonite and CMC.

Aging Effects.

Unfortunately, the values were not all consistent for this part of the experiment, and it was very difficult to
say what the effects of aging are on the mud sample rheologies and on the addié®edticould be as a
result of the aging times being too close to each other and needed to be spaced a little futher from each
other, or that more aging times were needed to be able to get a trend on the effectiveness of aging.

Some points which were werclear though, were observed from the results of tables and graphs, they
include;

1 For all 5 mud samples, using fresh water source and at both ambient temperature 20dGMIC
gave the highest plastic viscosity.
1 For all 5 mud samples, using sea waterreseland at both ambient temperature and °@2 Duo Tec
gave the highest plastic viscosity.
1 For all 5 mud samples, using both sea water and fresh water sources, and for both ambient
temperature and 72C, Duo Tec dominated showing the highest yield poinbwk, CMC next,
then bentonite.
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1

For all 5 mud samples, using only sea water sources at ambient temperature ¥Ddtid yield

point effects of Do Tec vere very conspicuous compared to when fresh water was used for both
temperatures, that is, the gap beten the yield points of Duo Tec as against those of bentonite
and CMC was very huge.

Just like the point immediately mentioned above, the same can be said for the gel strengéi. For

5 mud samples, using only sea water sources at ambient temperatur@4@q the gel strengths of

Duo Tec were very conspicuous compared to when fresh water was used for both temperatures,
that is, the gap between the gel strengths of Duo Tec as against those of bentonite and CMC was
very huge.

To conclude, the following fe&were established from the experimental results;

a)
b)

c)
d)

e)

4.10

Generally, increase in temperature reduces plastic viscosity and yield point for both fresh and sea
water sources.

With sea water, Duo Tec would gelate when temperature is increased, it has a high ggttstre
while CMC and bentonite have reduced gel strengths with increase in temperature.

Duo Tec gave more superior gel strengths and yield painsea water than any other additive.

CMC only has an advantage over Duo Tec in fresh water, if high plastisityi is desired,
otherwise, Duo Tec shows more superior rheological properties especially in sea water where
salinity is higher, than CMC and bentonite.

Aging effects were inconclusive, but a greater part generally showedrnbiagasing the aging time
decreased rheological properties.

Experiment 9

Title: Filtrate Analysis

Aim: To determme the alkalinity, calcium and magnesium, and dbicontent of thedifferent filtrate s of
mud sample 5.

Requirement mud sample Siltrates using dferent additives fromboth sea and fresh water sourcgsm
fluid loss experimentphenolphthalein indicator, methyl orange indicator, hydrochloric acid.
Procedure

The filtrates of mud sample Bbtained from the filtration experimentsising the different additiveg,
bentonite, CMC, MI PAC and starch and also using the two water saufieesh tap water and sea water,
were analyzed in the laboratory by the laboratory staff in thaiversity for the above mentioned tesfEhe
results were analyzed and compared.

Theory

a)

Alkalinity is a measure of the combining power of a base with an acid. It is a detection of the
amount of acid required to reduce the pH of a solution to a specified valiffer&nt amounts of
acids are required to reduce the pH of different solutions due to the presence of buffering ions and
substances that react with the acid in addition to the hydroxyl ions in solution. Two filtrate
alkalinities namely the phenolphthaletfiltrate alkalinity, R and methyl orange filtrate alkalinity,

Mg otherwise known as total alkalinitgre normally measured. The phenolphthalein alkalinity is
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the number of cubic centimeters of 0.02 normaSd) or HCI necessary to reduce the pH of btc
filtrate to 8.3, which is the colour change end point of phenolphthalein indicator solution. The
methyl orange alkalinity is a measure of the amount of the same acid needed toer¢de pH of

the filtrate to 4.5 which is the colour change end point wfethyl orange indicator solution.
The presence of carbonate (€&Pand bicarbonate (HGQions in the mud filtrates is the reasdor
titrating to these specific end point values. The carbonate ion reacts withtadiorm bicarbonate.

This reaction is completed when the pH is reduced to 8.3. Furthermnexgralization reaction of

all the OHions is essentially completat this pH. Therefore, phenolphthalein alkalinity is a measure
of the combined contributions of hydroxyl and carbonate alkalinities.

‘0 §'00 00 QHE Y

0 60 ©°08 0§ QR E

As the pH is further reduced to 4.5, the bicarbonates amdp converted to Cand water when
they react with acid.

066 00606 00 QA

Stoichiometry classification ascribes the entire alkalinity to bicarbonate, carb@matehydroxide
and assumes the aence of other (weak) inorganic or organic acids such ais,gillwsploric, and
boric acids. It further presupposes the incompatibility of hydroxide and bicarbonate alkalkinities.

Based on this classification;
§ Carbonate (C§) alkalinity is present when phenolphthalein alkalinity is not zero but is less
than total alkaliniy.
1 Hydroxide (OH alkalinity is present if phenolphthalein alkalinity is more than half the total
alkalinity.

1 Bicarbonate (HCQ alkalinity is present if phenolphthalein alkalinity is less than half the
total alkalinity.

These relationships may be caltgd using the following scheme, where P is phenolphthalein alkalinity
and T is total alkalinity. Select the smaller value of PTd?)( Then, carbonate alkalinity equals twice the
smaller value. When the smaller value is P, the balan@P]Tis bicarboate. When the smaller value is-(T
P), the balance (2P) is hydroxidéArnold. E et al, 1992l results are expressed as CaCO

b) Salinity is another vital aspect of mud filtrate analysis. It is measured by titration of the filtrate for
chloride ion corentration and is reported as chloride concentration in mg/l or as sodium chloride
(NaCl) concentration in mg/The chloide content is measured using lohr@matography method.

The sodium chloride concentration is equal to 1.65 times the chloride coratent. The degree of
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hydration of mud is reduced by increaksalinity due to increaseftbcculation whichinturn reduce
plastic viscosity and increases fluid loBse yield point and gel strength will also tend to increase.
Monitoring the chloride contet of a mudfiltrate is a means of detecting a salt water flow or the
drilling of salt.Make up water should also be titrated for chlorides in order to determine whether
an increase in filtrate chlorides has come from the formation water or from the maketgr.

¢) Calcium and magnesium ions in a mud have serious effects on clay behavior. They cause a
reduction in the degree of hydratioand promote flocculation and aggregation of the clay particles
as they replace the sodium ions on the clays. This wouddltréo increases in yield point, gel
strength and fluid loss of the mud. Lots of organic treating agents are also sensitive to calcium and
magnesium concentrations therefore, it is necessary to monitor the concentration of these ions in
the mud filtrate. In summary, an increasing trend of total hardness or sudden increase to values
above 200 mg/l signals the presence of calcium or magnesium in the filtrate. The harmful effects on
mud properties will be increased fluid loss, yield point, ang gel strendid.pH will decrease,
especially from addition of magnesium, and the plastic viscosity will tend to decrease as the
hardness ions reduce the hydration of the clay plateldise atomic absorption spectrometig
used for determining the calcium and magnasicontents of the mud filtrate in the laboratory.

Results

Results from the filtrate analysis are shobelowin the tabless6 through60 below;

Table56 Filtrate alkalinity results using the different additives and freshptavater source.

samples | start vol. Acid| vol. Acid| P M; cqQ HCQ OH
pH for for M; | (meg/l) (meqg/l) | (meg/l) | (meg/l) | (meg/l)
P (ml) (ml)
MI PAC | 9.199 0.177 1.522 0.4419 3.3633 | 0.8838 |2.4795 | N/A
CMC 9.492 0.261 1.189 0.8703 3.0933 | 1.7406 | 1.3527 | N/A
Starch 9.834 0.631 1.921 1.2623 2.5803 | 2.5246 | 0.0557 | N/A
Bentonite | 9.710 0.479 1.573 1.1963 2.7370 |2.3926 | 0.3444 | N/A
Table57 Filtrate alkalinity results using the different additives and sea water source.
samples | start vol. Acid| vol. Acid| P M cqQ HCQ OH
pH for for Mt | (meqg/l) (meg/l) | (meqg/l) [ (meqg/l) | (meg/l)
P (ml) (ml)
MI PAC | 9.706 1.326 4.502 6.6306 15.8780 | 13.2612 | 2.6168 | N/A
CMC 9.889 1.361 4414 6.8059 15.2651( 13.6118| 1.6533 | N/A
Starch 9.870 1.491 4,771 7.45% 16.3975( 14.9110| 1.4865 | N/A
Bentonite | 9.898 1.503 4.959 7.5136 17.2828 | 15.0272 | 2.2556 | N/A
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Table58 Chloride concentration results usingféierent additives for both fresh and sea water sources.

Cl concentration.

Sample concentration (mg/I
Fresh water pure sample 28.705
MI PAC 255.520
CMC 25.490
starch 16.570
Bentonite 18.365
Sea water pure sample 4070.000
MI PAC 4260.000
CMC 4256.000
Starch 3986.000
Bentonite 3872.000

Teble 59 Magnesium concentratiomesultsusing different alditives for both fresh and sea water sources.

Mg concentration.

Sample concentration (mg/I
Fresh water pure sample 0.612
MI PAC 1.250
CMC 1.291
starch 0.983
Bentmite 1.111
Sea water pure sample 193.353
MI PAC 185.925
CMC 156.205
Starch 188.708
Bentonite 164.693
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Ca concentration.

Table60 Calcium concentration results using diffent additives for both fresh and sea water sources.

Sample concentration (mg/I
Fresh water | pure sample 2.920
MI PAC 11.120
CMC 8.894
starch 2.243
Bentonite 2.880
Sea water pure sample 8.519
MI PAC 33.197
CMC 5.980
Starch 10.033
Bentonite 4.258

Discussion and @clusion
a) Filtrate Alkalinity test

Filtrate Alkalinity tets are carried out mainly to detmine, the amount of acith mlneeded to neutralize

the filtrate to a pH of 8.3 and afterwards to 4ahd also to check thhydroxyl, carbonate or bicarbonate
ions present in the filtrate The pHof filtrates got using sea water, are higher than those got using fresh
water, hence a higher amount of acid is needed for neutralization to the end point pH for both
phenolphthalein and total alkalinitgs evident in table§6 and 57. The meq/l has also been given for all the
various additives. In terms of the amountshofdroxyl,carbonde and bicarbonate ions presenising the
stoichiometry classification, only carbonates and bicarbonates are present in these filtrates.

b) hloride concentration.

Increase in salinity results to a decrease in the degree of hydration, and the flocculation tendency is also
increased, affecting the filtration and flow properties of mud in a huge way. The vyield point, gel strength
and fluid loss vl have increased tendencies. The pH would also be decreased and a slight increase in total
hardness may be observed. Increased salinity will also cause dehydration of the mud patrticles, which in
turn reduces the plastic viscosity and increases fluid. IBes concentrations of chloride above acceptable
levels, lignosulfonate concentrations should be increased, as it protects the mud particles from dehydration
effects of high salinity. It would also cause deflocculation thereby reducing yield point astdegejths.

For the results shown in table 58e chloride ion in sea water for all additives used is more than for fresh
water, however, the range is within acceptable levels of not more than 10,000 mg/l, which is desirable.

¢) Caand Mgoncentration

When these are present in base water for drilling mud mix, they replace the sodium ions in the mud
consequently, reducing the hydration degree, enhancing flocculation and aggregation of the mud or clay
platelets, which would lead to increases in yield poime, gfrength and fluid loss of the mud. As the pH of
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mud filtrates got from the fluid loss experiment are less than 10.5 for both sea and fresh water, it shows
that Ca and Mg are both presenvalues of these above 200 mg/l shows the existence or preseince o
calcium or magnesium in the filtrate and the above harmful effects would be expected. With addition of
magnesium especially, the pH will decrease and the plastic viscosity will tend to decrease as the hardness
ions reduce hydration of the clay platelet§hey also affect some additives, for example, starch will
perform quite well at high calcium concentrations, bOMC will lose its ability to hydrate as calcium
concentration is increased. At 1000 mg/l, it becomes inactive. If both are found in excarsdrehtment

for both would be differently, first of all, trying to maintain a mud with a minimum slaljds content for

both types of contaminant as the effect of the contaminant on the clay solids is responsible for the changes
in mud properties that ocur. Using soda adlo precipitate calciumis a very good method of eliminating
calcium as it increases the pH and reduces the solubility of calcium. Caustic is applied for precipitating
magnesium as it increased the pH,and when it gets to 10, precipitéiggins and stops when it gets to a

pH of 10.5.

For the results shown in figures 59 and 60, the values of both calcium and magnesium were more in sea
water source than in the fresh water source filtrates. However, all values of calcium and magnesium
showel that they were less than 200 mg/l, which is desirable.

To conclude, the amounts ahloride, calcium and magnesium are within acceptable range and further
treatment would not be needed in the mud.

4.11 Experiment 10

Title: Downhole Simulation Test

Aim: To simulate downhole pressure effects.

Requirement Bentonite sample, reactocjJeansandfrom Fang beachpressure gauge, fresh water, hand
mixer.

Procedure

Attach thenecessary fittings and accessories to the reactor as shown in the scheetatic Next,
measue out100 gof mud, and mix with water until homogeneity is @bbed.

Scenario 1 Pour dry sand half way ughe reactor, and then add the mud to spread all over the sand. Allow
for a periodof 30 minutego develop,then, increasinghe pressure gradually i0.2 barand observeWhen

the pressure reache® bar, bleedoff the pressureand observewith the tap at the bottom closedhitially

and later opened The start time wa4.1:00 hours and the experiment was faduration of 90 minutes. It
was left to develop further and at 11:00 hours the next day, observatidrany developments would be
noted.

Scenario 2Pourdry sandhalf way up the reactoand then addvater into the reactorActively mix the
sand and water to uniform maghen, remove excess water in the reactéour in already mixed od and
allow waitingfor 30 minutes and afterwards, apppressure increnentally in 0.2 baand observdor any
changesWith the bottom tap initially closed and later opened continue with pressure increase and
observe.

Precaution.

Care was taken not to exceed 2.5 bar becanfdhe ill-nature of the reactor as some internal cias were
noticed around its structure
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Set up.
The schematic of the reactor fitted with theecessary accessories is preserietbw;

Tap

— pressure source

pressure (compressed air)
gauge
air
polymer jacket
. mud layer
filter cake

sand/clay formation

tap

filtrate.

Figure118 Schematic of downhole simulatioexperimentequipment.

Resultsand Observation

Scenario 1 After 30 minutes of waitinga thin distinctive layer developedeparating the mud from the
sand formationas can be seeim figures 119 and 120t had a height of 3mm when measured

Figure119 Formation of thin layer of filter cake. Figure120 Section showing thin filter cad layer.
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With increag in pressure to 2 bait was observed that the distinctive layer thickness separating the mud
from the sandformation had increased t@0 mm. Thigemained steady evewhen pressurevas bled off.
After a wait period @& 24 hours,it was observed thathe thickness again had incresb just slightly by 2
mm. Just a few drops of filtrate were got whire tap at the bottomwasopen.

T

Figurel21Formation of thicker layer bfilter cake. Figurel22 Section showing thicker filter cake layer.

10 minutes after a wait time df4 hourswhich was 11:10 hours the next dayessure was again increased
gradually, and a crack was observed auad, just between the distinctive layer and the sand forioat

as can be seen in figure 12Bhis was with the bottom tap closed. With further increase in pressure, the
crack expanded causing the sand formation to be separated from the other partsvas shéigure 124

Figure123 Crackbetween filter cake and formation Figurel24 Expansion of crack due to pressure.
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With this large gap produced, the pressure wasdbbff, with no significant reduction in the gap, but once
the tap below was open, both parts separated by the gap wexenited again, lapping perfectly
Additionally, the distinctive layer was poked by passing a long metallic object through the mutbl#yier
layer, and a hard surface was met

Scenario 2 After waiting for30 minutes and pressure was increased gradually, the filtrate kept dropping
from the bottom part but no distinctie layer was seen like in the case where the formatias dry as
shown in figures 125 and 126

Figurel25 Set up with wet sand formaon. Figurel26 Section showing mud and formation layers.

Further incease in pressure kept the filtrate pouring from the bottom, and the mud height or layer was
reduced in thickness argrogressively became thinnas seen in figures 127 and 1Z&he distinctive layer
was however not seen easily due to the fact that it veaset formation, but when poked with a hard
metallic object, it showed a very hard surface had also apesl just beneath the mud layer as shown in
figure 129.
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Figurel27 Reduced mud layer in wet fonation

Figurel29 Ascertainingdfilter cake cevelopment on the wet sand formation by poking with a hard metallic object.

Discussion and Conclusion

Scenario 1As clean sand from Fang beach was used, the particles are large, well rounded and well sorted,
which indicates a high porosjtgnd after allowing to stand for 30 minutes without any pressure increase, it
can be said tht the developed thin distinctivéayer, which would otherwise be referred to as theud or

filter cake, was formed by reaction between the mud and the sand. At the time, no filtrate was seen even
with the bottom tap open meaning that the hydrostatic prass in the reactor wasither less than or

equal to the formationpressure whichdenotes an under balanced or balanced hole respectively. With
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increa® in pressure to 2 bait was noticed that little drops of filtrate were seen from the bottom tap and
the thickness of the distinctive layewhich is the filter cakeincreased. Here, the increased pressure
caused the liquid part of the mud to mix and penetrate further into the filter cake layer already established
to increase its thickness. At this junctioih can be said that the hydrostatic pressure of the mud in the
reactor was greater than theasd formation pressure, representiragn over balaned hole. With increased
waitingtime of 24 hours, the thickness of the filter cake only slightly increase fey millimeters which
shows that an impermeable layer of filter cake had been formvlith restrictedmuch passager loss of

fluid through it.

Thecrack observed from figure 123 above is a resukk@hpressed air escaping through the sides of the
reactor and straight into the sand formation which therpseated it from a well formed impenetide filter

cake layer. With increased pressure, and the bottom tap closed, the crack size was seen to increase.
Reducing the pressure by bleeding thfe pressure spply and allowing some of it to escape by opening the
bottom tap sealed off thegap.

Scenario 2 Unlike in the first scenario, the sand formation in the second was a wet formdtioreasing

the pressure caused the filtrate to drip from the bottom tap éoimeaning that the hydrostatic pressure

was higher than the formation pressuréhe height of the mud column in the reactor was also seen to
reduce more meaning it had lost some of its volume, in this case, its liquid part, to the wet formation.
Visibility of this distinctively filter cake layer was difficult and not obvious, but it was proven after some
time that the pressure increase had caused the formation of a hard layer when the layer was poked with a
hard metallic object as shown above in figure 129

To concludea hole can be balanced, underbalanced or oveneda depending on the balandetween
the hydrostatic pressure anthe formation pressure as proven the experiment. Also, a filter cake layer is
formed with increased pressure until a cartahickness isgached after which it becomes panetrable. A
good filter cake should be thin, slick and virtually impermeable.

Additional Information.

In reality, a balance must be struck between these various pressures (hydrostatic and formationgmessur
so as to avoid downhole problems, for example, with the formation pressure greater than the hydrostatic
pressure of the drilling mud, if not checked, then formation fluid enters into the well causing a kick, which if
not controlled quickly, could reduio a blow out.
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5. Discussion

A typical drilling operation can vary in cost ranging from about $20(@08 small land rig in an established
area to more than $150,000 a day for a modern offshoreAlmput U.S $40,000,000 or more can be used
for exploration in deep water. Thesalues show that a drilling operation is a very expensive venture which
should be handled in the best and most efficient manner possible, as returns on investment are affected
significantly depending on performance effectiess. The drilling fluid plays several fundamental roles in
drilling wells. The safety and economics of the drilling operation could be highly compromised if the mud
properties (physical, chemical and rheological) are inaccurate. The drilling mud caid be Isa the single

most essential systenin safe, efficient and economic drilling, therefore, its significance cannot be
overemphasized. Its performance must be monitored and mud properties tested frequently and results
documented in order to have a sucs#d operation. There is no room for error, as a little miscalculation
could be very negative, even fatal in some extreme cases, therefore a mud program which has been
carefully planned must be in place.

For the purpose of this project, 10 different expeéants have been carried out on 5 different mud samples
to investigate the effects of various drilling mud additives their properties and performances. The
rheological properties (plastic viscosity, yield point and gel strength) as well as physicatipsogs fluid
loss, sand content, are very important in mud property and performance evaluasothey give an
indication of what actions are to be taken in the case that adjustments of the mud properties are required.

As WBM was used, experiments wegarged out on both types of base water (fresh tap water and Fang
sea water) to check their suitability for use as the continuous phase for mud mbtiegconcentrations of
contaminants, in this case, chloride ions, calcium and magnesium ions, were detdras they affect mud
and additive performance.

Muds that have a high tendency to absorb water and increase in volume are said to possessvghod
abilities and are desirable for coating the sidewalls of the well bore. A free standing swell test was
performed on all mud samples to determine theivell abilities The mud samples were allowed an equal
waiting time of 18 hours in water, and their swell volumes checked afterwards. A swell volume above the
12-16 ml mark on a graduated cylinder is saidb® desirable, while below or equal to the-@tml mark
signifies a pooswell ability

When clay or shale formations are being drilled, tendencies are highstizé would absorb water as they

have strong affinity for water molecules, and when this happens, rdwilt is sloughing of the shale
formation. Swelling clays and shales can also impede drilling, cause hole enlargement, increase viscosity
and damage oiproducing zones. In order to avoid this, additives are used that inhibit the flow of water
into the shale formations. Mdsof them act by encapsulating the mud, forming a protective coating around
them, so tte flow of water is inhibited.Glycol and KCI were used for this purpdset other combinations

such as KCl and a polymer such as polyacrylamide, dgined large popularity for use as inhibitive agents.

Solids present in the mud in very high amounts can increase wears on downhole equipment and other mud
circulatory equipment such as pumps and valves. The abrasive nature of these sand atiste$riction

when it moves against the surfaces of these equipment, therefore the sand content should be as reduced
as possible which can be achieved by use of proper solids control equipment. A sand content test was
carried out using a 200 standard meshesszeve to obtain the volume percent of sand contained in the
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mud. API specification indicates that sand content below 2 % is desirable, and above this value, it has to be
controlled.

For muds which are very thiadnd viscous, they make pumping very difficaround the mud circulatory
system and also bring about high pressure losses. This in turn will not allow for good bottom hole cleaning
since there is not enough pressure to lift the cuttings. In this cdispersant®r deflocculants are added to

thin out the muds. They are mainly anionic in nature and act by deflocculating the clay particles by
neutralizing the positive charge on the edge and increase the negative charge dentity day platelets.
Sodum pyrophosphate decahydrate, SPP and sodium hexametaphosphate, SHMP were the two
polyphosphates used as thinners in this project to reduce viscosity of drilling mud. Another common
polyphosphate commonly used is sodium acid pyrophosphate, SAPP. Homeverpopularly used and
applied thinners are lignosulfonate, lignites and tannins.

For the purpose of increasing viscosity of drilling mud, different viscosifiers were put to the test. Viscosifiers
used include bentonite, Duo Tec NS and CMC. With incremsednts of these additives progressively,
their effect on viscositand rheological propertiewas determined.

Varying the temperature at ambient temperature and at elevated temperature SfC7#4hich is the
temperature in Tgnder for geothermal drillinga& done to investigate the effects on the mud samples and
additives. Since application of heat causes a lot of changes in mud samples and additive, effects could be
attributed to the complicated interplay of several causes, some of which are dwrenantthan others.

Factors such as reduction in the degree of hydration ofdbenter ions changes in the flocculation and
aggregation of clay particles, changes in the dispersion of associated clay micelles and increased thermal
energy of the clay micelles glul cause a lot of variations since all are happening simultaneously when
temperature is varied. Determination of the mud conditions at the surface may be easy, booitvisere

near telling the real story or giving a true representation of what hapmkvenhole, and to get an idea of
bottom hole conditions at the surface, the concept of aging was applied, which is the process by which mud
samples previously sheared are allowed some hours, normally from 16 hours and above, to develop fully,
their rheologtal and filtration properties. It is done when mud is left inactive, for example during tripping.
For this project, it was difficult to tell the effects of aging as the trend could not easily be ascertained, so
facts on the aging aspects were inclusivet, generally, aging tends to reduce rheological properties of the
mud. More aging times and longer aging times should have been tested to give a better understanding of
the effects of this concept on mud sample properties and on additives as well.

Filtrate analysis was carried out in order to determine the alkalinity of the mud filtrates, and also to
determine the level of calcium and magnesium concentrations present. This analysis is important as these
contaminants affect mud performance downhole, it givasidea of what treatments should be given to

the mud to get the contaminants to acceptable levels that would not cause any form of problems down in
the well bore.

Pressure variations downhole could also cause a lot of differences in the behaviors dbimuéation of
downhole pressures in order to determine effect on fluid loss, and filter cake formation was carried out.
The results showed the relationship between a balanced, underbalanced and overbalanced hole, as
functions between the hydrostatic presgiand formation pressure balancdressures of not more than

2.5 bars were used for this experiment, but it would have been more interesting to have varied pressures
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above this value to get a better understanding of the concepts mentioned. The developinitdr cakes
were also seen when the formation was dry, and felt when the formation was wet, which made visibility of
the filter cake very difficult.
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6. Conclusion.

Within the limits of experimental erroiinvestigations have been a#&d out to determine the effects of
additives on the physicohemical properties of 5 different mud samples at varying conditions. The findings
from this study showed that all mud samples used had a good swellability and could be used for coating of
the dde walls of well bore. In the swell inhibitive test, inhibition was mainly due to the potassium ions
present in KCI, and that glycol could not effectively inhibit absorption of water except in combination with
KCIl. Even though both polyphosphates presdntdid their jobs of reducing viscosity, sodium
pyrophosphate decahydrate showed more superior thinning effects than sodium hexametaphosphate.

Furthermore, samples 4 and 5 were seen to have the least sand contents both in volume and weight
percents, while ample 2 had the highest sand content. With regards to viscosity, both CMC and Duo Tec
NS have shown that they can increase viscosity well enough, however, Duo Tec would be recommended
more for use as its plastic viscosity is not as high as that got usi@ga@d it has better yield points and gel
strengths which are desirable of a viscosifier.

In addition, CMC has been proven to have very good fluid loss properties compared to other additives used,
but Ml PAC has been seen to be another fluid loss agemtctra competitively giveimilar results as CMC

and should be used as an alternative. Both would be recommended as fluid loss agents, allowing the mud
sample to produce filter cakes of desirable properties.

The effects of aging were difficult to tell from the experiments, but gengrélshowed that aging reduced
rheological properties. Temperature effects also showed that increasing temperature generally reduced
rheological properties. Filtrate analysis showed that the levels of calcium, magnesium and chlorides present
in the filtrates were at acceptable levels and further treatment would not be necessary.

With increase in pressures downhole, filter cake development occurs, and when the hydrostatic pressure is
greater than the formation pressure, the hole is said to be over balarRedersing this shows that the
hole is underbalanced, and both pressures are equal, then it is said to be balanced.

To conclude, drilling muds are meant to perform multiple functions at the same time, so the mud sample to
use and additives to apply rest @he shoulders of the mud engineer. He determines what is to be done
depending on the operational conditions he faces during the drilling process.
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7. Limitations of project.
Some challenges were met during the course of this project work whichémmay or the other, cut short
and affected some experimental values that would have been significant parts of the project.

Unavailability of most of the standard equipment used in mud tests was a key limitation. The mud balance
which is used to measure rdudensity was unavailable, the sand content kit, for measuring the sand
content in the mud was also not available. Other standard equipment such as the filter press and retort kit
were also unavailable. Availability of these would have made the projece mmdormative as more tests

would have been carried out. However, a fann 35 SA viscometer was provided which is a key equipment in
mud tests.

Some key additives such as lignosulphates, lignosulfonates, polyacrylamides solutions and a host of others
which would have made for better comparison, more enriching information and provided more results
were also not at hand, so what was available was used.

Finally, time was a challenge to this project. More could have been done if the time was available, but
within the time frame set for this project, not so much more could have been achieved.
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8. Recommendation.

To give a clearer picture of the interpretation to most of the experimental results, the elemental make up
or constituents of each of thenuds sample should be sought after as this information was not provided
along with the mud samples. This would to a large extend tell more about the behaviors of the mud
samples when different additives and conditions are applied on them, especiallyifiteefrom different
sources.

Furthermore, a wider range of additives, polymers and inorganic salts should be used in the experiments,
as this would give a better and broader understanding of drilling mud additives and their effects on drilling
muds.

In addition, for future works on the aging and temperature experiments, | would suggest using a number of
aging temperatures unlike only ambient temperature and 74 degree Celsius used in this project, and also
giving more gaps between the aging times poss#ging for days and weeks to get more accurate and
clearer results.

For experiments on the downhole simulation tests, superior quality reactors made of materials that can
withstand pressure to at least 6 bars should be used to fully appreciate the effepi®ssure variation
downhole. Also, more should be done mathematically in terms of calculations downhole meaning that the
height of mud column, density of mud, diameter of reactor and some other dimensions and parameters
should be obtained.

Finally, pragcts of this nature should be done as a joifit@hd 10" semester project as the experiments
were time consuming, and to achieve better results, longer waiting times are required to simulate
downhole conditions.
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Appendix

Al. Magnesium concentration for Fang sea water.

SOLAAR AA Report

Operator Mames: labadm
Reasults Fye:

Report Dare: 17=-12-2013 15:0004E

CAS0LAARNMUMDATANMIG 171213 5l

Spectrometer Parameters - Mg

Elerment: Mg

M avedarnglh: 285 3nm
Backgrownd Correciion: D2
Signal Type: Continuows
Measswrarment Tame: 4, 0sacs
Lise RSO Test: No

Flame Type: Air-C2H2
Mabwliser Lipiake. dsecs
Biwmer Haight: 7,06mm

Sampling: Mane

Calfibration AMode: Normeal
Concantratian Linits: mgil
Excess Curvaturs Limis: -10% to +40%
Standard 1 0. 5000
Standard 2 10000

Lamp Currand. 75%
Oplirmise Spectromelsr Paramedars: Mo
MNumber OF Resampoles. 3

Flame Parameters - Mg
Fuel Flow: 1,1L'min
Surmar SfabiVsation: Omins
Oiptirmrse Burrer Haighd: No

Sampling Parameters - Mg

Avxilary Oxicarmt. OfF
Optimise Fuel Flow: No

Calibration Parameters - Mg
Lirme Fi: Segmented Curve: Use Stared Catbrafion: Mo
Sealed Lints: mail Secaling Facitar: 1,0000
Rescale Limut 10,0% Failure Action: Flag and Continue:
Standard 3 22,0000

Element Audit Trail - Mg

Mo chamges ara recordad for this aleameant

Sample ID Sigmal
Abes
Mg Blank -0, 000
Mg Standard 1 0,249
Mg Standard 2 0. 483
big Standard 3 0,871
Mg Sea Wabar Mg CMC 0,783
Mg Sample ID 2 0,834
Mg Sea Water Mg CMC 0,839
Mg Sea Water Mg CMC 0,836

Solution Results - Mg

Rsd Conc Cormrected Conc
P gL mgil

=09 0,0000

(R~} 0, 5000

0,6 41,0000

a1 2, 0000

Q.0 1,5910

o3 1,8912

.3 11,8048

a8 1,895 S48 0535

A2. Calcium concentration for Fang sea water.

SOLAAR AA Report

Operator Name: labadm
Results File:

Calibration Mode: Normal
Concentration Units: mg/L
Excess Curvature Limits: -10% to +40%
Standard 1 1,0000
Standard 2 5,0000

Report Date: 02-12-2013 13:-

CASOLAARMMDATAM Calcium ds 021213.sir

Calibration Parameters - Ca
Line Fit: Segmented Curve Use Stored Calibration: Mo
Scaled Units: mg/L Scaling Factor: 1,0000
Rescale Lirmit: 10,0% Failure Actiorn: Flag and Continue
Standard 3 10,0000

Element Audit Trail - Ca

No changes are recorded for this element

Sample ID Signal
Abs
Ca Blank -0,000
Ca Standard 1 0.032
Ca Standard 2 0,157
Ca Standard 3 0,305
Ca Sea dil x 10 0678
Ca Sea del x 20 0388
Ca Sample ID 3 0,386

Solution Results - Ca

Rsd Conc Corrected Conc
%% mallL mgfL

55.9 0,0000

0.5 1,0000

0.4 5 0000

0.3 10,0000

0.2 22 5604 C 22 5604 C

0.0 12,7742 C 127742 C

0,2 12,7244 C 127244 C
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A3. Chloride concentration for Fang sea water.

BReport date:
Printed D=

Ident:
Fuaialwy=is £@oms
Files:

Meathod:

Bun operator:
Analysis namber s

ELUEHT :
L =

Taemperature:
Fressure:

Ccuantitation method:

M Rete=ntion

mE—-12-2013 14:31:19
Dorte Spangsmark

havwand ZO00O0x R
Q2-12—2013 14z H B
HCODZ14Z1 . CHW Last aSaweal
wemrksted kKb3I—H132 . .mow
orte Spangeamasrk

2471

3.2 mM HazoO3 F 1.0 mM HaHcO3

1.00 mLsmin
20 .07C
TO.0 bar

Cas T o

Height UTEZ: ng?ﬂ Hams=
: IR LR F i i oone
S g:i? 1i3 2.1 D.821 swlphate
3 1D . Q0 S99, 19 EB5.924 B.272

This report
METROHAM LTD

Fepaorts datea:s
FPrinted bDy:

Ident:
Analysis £from:s
Filez:

Mathad =

ha= Deen created Dy

IC Met

B1. Chloride concentration for sea water, pure sample 5

17-12-2013 O0%:3IF:a47
Dorte Spangsmarck

Sea =ample 5 2000x
AT—12—2013F O:22:z47
WA TODR D CHW

Last sawve:

az—-12-2013 14:231:1%

o2=12-2013 1

il

HODZLE2ZL - CHW
WCOZ2LAa2]1 . CHW
HCO2142L . CHW

Bun operator s

Last Sawra:s
waerkated KBEI-HLIZ mtw

A7=12—-2013 O0F:IAZ=47T

lLast sawa: 16§-12-Z013
= Dorte Spangsmark
Analyeis mumbers s 2503
ELUENT = 3.2 mM Ha2oo3 J L0 = NHaHOO3
L s A0 mlsmin
Temperatmere o 20 ._.a%c
Fressuoes: FTO.0 bhar
- s R
pr =
B8 ]
|
b5 1
25
0 !
1
15
- | -
| |1 £ g_
| =1 " £ -
| ot PN N . W . I A o B
chi (R
| 1
| - i
|
=
|- v - . v ——
o 1 3 EY 4 s & - = - ..
Cuantitation method: Custom
Bl Faetesntion Height Area o o B arne EL S
i m Y s ac Mg L
1 1.96 1.03 1i1.072 Lo =L u] KCL7FO0922  CHW
= F .45 T .22 203 _55=2 Z.0O35 chlorids HCLTO0S22  CHW
= 4 .0z L.44 131 .96 o.zz5 nitrate FCATOS22 L CHW
a 5. DB Z .81 30 .925 o.489 sulphate MTATOS22 L CHW
- 10.00 42 .29 257 .515 Z2.7Fa9
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B2. Chloride concentration for sea water filtrate with starch and sample 5.

Report date:
Printed Dy:

Idant:
Anmlysis Erom:
File:

Method:
R g s o s
Analysis n

ELUEMT

Flcoms:
Temperatores -
Fressurce:

LA

17-12-2013 09:=19:45
Dorte Spangsmarck

Sea Sctarch 2000
A7T—L2—-201L3 090945
MCLTOS09  CHW

Last sSave:

warkated KDI-HI1I3IZ . mow

Dorte Spangsmark
asoz

=
3.2 mMM MazZoco3d /7 1.0 mif NaHCO3
1.00 mL/s/min
za.o*c

TO.0Q bDax

A7—12-2013 O9:19:45

Last save: 16—-12-2013 1L

1
S0 % I
30 1
2=
| (| |
20 (
LES
| |
(T | ]
' g s
5
B -
PTY o S o N o 1
-5
=N
o 1 z £ * - T 5 - "
Qusntitation methods: Custom
No Retencion Height Area Conc. rMame Fila
n BT TV S mas L.
T Z.45 Is.7=2 139,323 1.883 chloride WELTOSOS . CHW
z 4oz 125 1ol 38a oli1es mitrate HOLT0S03 | CHW
3 s.08 2 .86 31.360 o.ass sulphate HC1TOI0D . CHW
E] IG.00 a0.62 TA1. 068 F. a4
This ]

port has
METROHM 1.7T0

been created by IC Met

B3. Chloride concentration for sea water filtrate with CMC and sample 5.

Report date:
FPrinted by:

Tdent
ABnalysis from:
File:

et hod:
Fun operator:s
Analysis number:

ELUSHT :
FLow:

Temperatuse:
Pressurea :

17—-12—2013 0F:07:02
Dorte Spangsmark

Sea CHMC 2000x
17—12—2013 08:57: 0L

HCL7FOBST . CHW

Last sSave

wmrksted kKoI-—HLIZ2.mow
Dorte Spangsmark
2501

.2 mM Ha2co3 4 1.0 mk HaHCo3
1.00 mlsemin

20 . 0TC
T1L .0 bar

W |
:g
1 1
] S0 |
5 |
| |
| 30/ f
| 25 |
| | |
2w 1
i
| s 1
1 1 11
| £
p L 1N
' | 1 E s
| =l . E :
| TR A
e
{ | - - o -
s i = 3 4 = & T
Quantitation maetihod: Castom
N = Hamme
Ret tion Height Area Last=tal=]
e seen min ELc mvy*sec mgs L
1 1.96 1.93 14.774 O . 000 )
= Z.45 39.52 ZLZ.B59 Z_.128 chlorice
3 q.02 1.54 12 . 636 a.238 nitrate
L] G0 Z.093 Z4.412 D.544 sulphate
a4 10.00 a5 .32 Z74.581 2.210

s 17—12-2013 03:07:02

Last sawe: L&6—12-20L3 1

Eile

KCLTOEST . CHW
HCLTOBST . CHW
HWEL1TOEST O CHW
HCLTOEST . CEHW
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B4. Chloride concentration for sea water filtrate with Bentonite and sample 5.

Report date:
Printed by:

Ident:
Analysis fTrom:
File:

mmeThod s
Run opaerator:
Analysis number:

17-12—2013 08:54:15%
Dorte Spangsmark

Sea BENTO 2000

17=12—-2013 0H:44:189

HCLTOE44 . CHW Last save:
wmrkated kKb3I—H13Z . mow
Dorte Spangsmarck

2500

ELUENT 3.2 mM Ha2Cco3 4 1.0 mM HaHCD3
E Loz 1.00 smilSmin
Temperatures: 20.0%c
Pressurea: T1.0 bac
1 T | o - - o - S o B
| | 3
£ -
=
| =
| 3s |
E L |
1 |
1
5 |
|
{ am |
| |
15 1
| 11
| |
1
=
| s s
1 | =
1
o — — e - - L _—
| chil
| 5|
|
| 1o S o o S
o _z 4 5 & _T
guantitation method: Custom
e Retentiomn Height Rrea Come Hame
mim mi mVr sac mg s L
1 Z2.45 35.41 193 .549% L.936 chlaoride
2 4.02 1.8%9 15.715 . 296 nitrate
3 6.07 z.38 28 .077 o.444 sulphate
3 10.00 EEE] Z37.438 Z.671%

17=12—2013 08:54:1%

Last gawvea:

o ke

File

HC170844 . CHW
HCLTOBA4 . CHW
MOTA VOSSR

B5. Chloride concentrati on for sea water filtrate with Ml PAC and sample 5.

Report date:
Frinted by:

Ident =

Analysis from:
File:

MeTheoad =

Run operator:
Analysis numizer s

ELUENT:
Flestas

Temperature:
Pressures:

17=-12—2013 0&:41:35
Dorte Spandgdsmark

Sea PRC  2000x

17—12—-2013 O08:31:35

HCLTOB31 . CHW Last saver
wvarksted kKb3I-—-H132.mtw
Dorste Spangsmark

2499

I.Z2 mM HaZ2CO3 4 1.0 mM Napco3

1.00 mLsmin
20, 0%C
FL.-.0 bar

i .
| | =
| -
[l
35 f
| | |
|
30/
| 5| |
[ | 1]
- |
| | 1
| (S
|
10 =
| | =
[ , £ 2
5 " =
| s L E— L —_ —
| *lemt
s
|
| -
L o . = A A . i T
Quantitation method: Castoam
o Fece=ntlicon Height Ares Conc . M ame
mi T Rty my*=sac mey s L
1 1.74a 1 .a0 14.763 o.o00
= > .45 3IB.TL 213.0a8 2.130 chicride
3 4 .02 2.27 189.886 o, 356 mitrate
4 a. 06 2.21 34 . 265 o.54a1 sulphate
k] i1o0.00 45 .29 280 .39 3 3. o277

Last save:

17—12-2013 O:41:35

File

HC1LTOEIL . CHW
XL TFODIL - CEHW
MCLTOB3L . CHW
HO17O831 . CHW

16—-12-2013 1

1Le—12—-2013 1
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C1. Chloride concentration for fresh water filtrate with pure sample 5.

C2. Chloride concentration for fresh water filtrate with Ml PAC and sample 5.

Beoepart date:
Praintced =
Taent:
Analwsis from:

Ansly=mis musoen s

ELIERNT =

1GE—1Z—2013 15:11=41
Dorte Spanasmarikc

1E—n2—=2o1d la===3 4L
HeLELAEE - che La=t
rmrksred KDI—HLI2 st

Dorte SpangsSmark
=450

.2 mM Ha2OoS3 4 1.0

Sawre s

Lot 2

1.90 mLsmin
Temoeratases Z0 .G
Pres Sure s TO.0 bar
- i .
caa] i :
(L
a0
&k
E
0
n 3
o
=
a =z E] a = & -
Cuantitation method: s s
Mo @ BEetention Height e SO . Hame
min e Pt e
a 1 .95 2.87 320 .91% o . OO0
= = . aa AEO .55 sSTa.LTE S.T7aLl chlocride
3 3 _9a 169 13 .TOE Q. oo
- &.-.01 Lr=2.24 A=Za7T . 0OZE 1w . TFO02
a

This repaort has

METROHM LTD

FEeport dates
Frinted bys:

Tclent s
mnalysis Lrams:
File:=
Modified]
MatThod:

Foam
Ana

oparator:
lysis number:

ELLUENT

Flaws
Temperatirs:

T 3o .00

16-12-2013 15z:12:

porte Spangsmark

FW FPARC

=}
LE.-—:[Z—ZQ 14:36:

=clBlE436 . chw

20

24

wamrksted kb3I-H132.mbw

Dorte Epanqsna:k
Fa9l

3.2 mM Ma2C03

1.00 mi.fmin

Deen cresmted Dy [T Heo

Liast Sawe:t

Last Save:

1.0 mM HaHoo3

mM a3

16—12-2013 14:54:58

Eulphars

20.0%C
Pressure: 3.0 barc
o o o o o - B
MR
| | =
1 1
MY
: T
i
ot |
| |
S
|
| e |
300 I
| k']
| =
b1 ] =
; - [ 2
| | N
(Lo s L | i
| % I ]
13 — - e ————T - E— .
chl B — B B S B B
- - 1 z 3 4 5 L - _ R
Cuantitation method: Cust oo
Ho Retentiocn Haeight Drea [al=T L™ Hame
min m R T =y S L
1 1.76& 52 .18 AE@. S . 0ed
=2 1.95% B.&1 55 .603 o. oo
3 2.45 SRS .30 SL11l.424 51.103 chloride
dq 3.49 1.24 14.314% D.391 bromide
5 6.03 119.59 13239 .101 21.157 aulphatse
5 1g.00 1i76.92 G905 . 364 TE.E51

This report has been creatad by IC Het

METROHM LTD

16—12=-2013

Laat mawe:

File

193347

1LEe—12—2013 1

w1 EGLAd2E L chor
ol ELA T3 Cha
LGl A2 S . Sh
xcl161423 . chiw

File

HoLELAZRE . chw
=cl6l436. chy
HOLiELa3IE. ol
Mol 61436 . chw
RolELASE . chuw

16—-1=2=2013 1
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C3. Chloride con

Report dakte:
Primted Bys

Tadent =

Arnalysis

£ romsz
File:

Run operator:
Aol ymis moaambe T

ELUERT:

Flaows
Temperatura:
PEeSssSure:

Cuantitation o

Mo Recention
1 182
-] 1.95
3 2.494
4 &.05%
E ] To . a0

This report has
METROHM LTD

Feport date:

centration for fresh water fil

16—12=2013 15:12:58
Dorte Spangsmark

W BEHTC) S
16—-12—-20 14:=49:=08
el 5l 44 5L che

La=st Save:s

wmrksted kbE3I—-HLIZ.mTw
Dortce Spangsmark
= 2492

trate with Bentonite and sample 5.

Last Sawes3

3.2 mM Hazcox S 1.0 =M HaHo03

1.00 ml/min
20.0°C
0.0 bar
=
=
=
£
i i
= i
- r
|
E S |
E & R T
Thod = CustTos
Height Acaa Conc -
m mVT sec gL L
1.24 13.469 0. o0
Zz.33 15 -003% .00
Te.15 367 .32 32.673
i105.86 117T6.7T2Z8 18.592
TATH BT isTZ . sTa 2E . FE4

beesn cceated by IC Het

chloride
sulphate

16—12—-2013 14:39:08

1E—-12=Z2013 1

Eile

EclE1445 . shiw
w1 ELA49 . chw
xel 61449 . char
w1618 4 5. chw

C4. Chloride concentration for fresh water filtrate with CMC and sample 5.

Erintad ey

Tclent
Amalysis

from:
Files=

Method:
Fun aperatbtor s
Analysis n ==

ELUEHNT 3

ElL o &

Tempaerature:
Fressuare:s

|
'lﬂ:

g 283838

'EER:

o0 1

guantication methnods

e et ent ion
i

1 1.79
= P T
a Z.aa
- .06
ES 2 .68

This report has
METROHM LTD

16—-12—201L3 1S:0%:3532
Dorte Spanagsmark

e  CHC
16—L2—Z F AS:0L:52
oL ELSOL . CHW

vamrkated kKb3I—HL3IZ . mTw
ODoroeae Spangsmark
24593

Lot

.2 mM HaZcnk3I S 1.0 e HaECO3

1. 00 mml.fmmisn
Zo .0
TO .0 bDar

- ihloride |

v ®
a __ 3____ B 3 ___ jf N
Chuas T om

Heignt Srea CoTice .-
Eor s B mog & L
2 .06 21 .500 [ T Y]
- 33 G358 o Do
BT LG 509 . .936 5. 098
o9 .63 1115-4«40 17 .-.623

204 .92

16580 515

beaen creatod Dy IS et

chloride
sulphate

mATes o

Last sawe:

16—12=2M013 150932

16=-12—201L3 1

suhe

. bl

Filke

R LELSDL - CHW
LSS0 o CEHW
1S LSO L T
HCLELSDE CHW
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C5. Chloride concentration for fresh water filtrate with starch and sample 5.

Report date: 16-12-2013 15:22:15
printed by: Dorte Spangsmark
Tdent: FH Starchibx
Pmalysis from: 1E—-12=2013 :12:15
Fila: HC1E1512 . CHE Last save: 16E-12-2013 15:22:15
Mathod: yarksced kbh3I-HL3Z.mbw Last sawe: 16-12=2013 1
Run aperator: Dorke Spangamark
analysis number: 494
ELUEMT: %.2 mM HazZodld S 1.0 mM HMaHCO3
Flow: 1.00 mL/min
Temperature: 20.0%C
Freasgure: 70.0 bar
1l - o o - o o - o o
: 'wm; ii
ml 1
| I
ol I
{ ] ]
i i !I
- = R |
! [ € [ [
6l |
| | |
| ™ . =
1 | ]
Al |
il
3 |
L . ' .
1 : 1 |
| 1 2 ]
l._ 1
- |
| [N — Y T e S— e - - _— —
chl !
_14:-—— — — e — — —— — — - —
] N 1 - | . | - | & 7 B — | ~miin
guantitation method: Custom
Ho Retention Height Area Conc. Name File
mi iy mf v e walL
1 L.82 1.6 15.464 0. 000 WC161512 . CHW
2 1.96 5.82 36.235 o.000 ¥CLR1512 . CHW
3 2.44 6Z.1% 331.4%85 1.314 chloride KC161512 . CHE
4 a.06 53,80 1055.452 16.67% sulphate HC16E1512 . CHW
] 10.00 163.27 143H.B45 IENEN

This report has been created by IC Het
METROHM LTD
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Dla. Magnesium concentration of fresh and sea water filt rates with all additives.
SOLAAR AA Report

Cparafor Mems: labadm Repart Date; 16-12-2013 14
Resuits File:  CASOLAARMDATAMagnesium 151213 sk

Spectrometer Parameters - Mg

Elarmant. Mg Magsiremen Mode ! Absorbance

Wavelength: 2685 2nm Handpass: 0,50m Lamp Cument- 75%

Beckgrownd Comachon: D2 High Resolubon: Off Oplimisa Spectrometer Pavamslers: No
Slgnal Type: Continuows Resamplas: Fast Number OF Resamples: 3
Magsuramaent Tirme: 4 Jsecs Fliar Mode: Na

Lisa RS0 Test: Mo

Flame Parameters - Mg

Flame Type: Aar-CIHZ Fuel Faw: 1,1Limin Auxliary Owidant: OF
Nebuiiser Upfake: 4secs Burmar Stghiligation: Omans Opfimiza Fus! Flow: No
Burmer Haight: 7,0mm Qptimise Burner Hight: No
Sampling Parameters - Mg

Sarmplng: None

Calibration Parameters - Mg
Callbration Mode: Normal Ling Fit: Segmented Curve Lise Sfared Cafibration: No
Comeaniralion Units mg/l Scaled Units; mgil Spaiing Fachor: 1,0000
Excass Clvature Limits: -10% lo +40% Rageale Limi 10,0% Failure Action: Flag and Cantinue
Standard 1 00,5000 Standard 3 2,0000
Standard 2 1,0000

Element Audit Trail - Mg
No changes are recorded for this element

Solution Results - Mg

Sample ID Signal Rsd Cong Corrected Conc
Abs % mall mgiL

g Blank 0,000 =54 0 0000

Mg Standard 1 0,248 02 0 5000

Mg Standard 2 0472 o5 10000

Mg Standard 3 0,867 0,5 20000

Mg FW Pure 5 5 0,299 35 05120 06120

Mg FW PAC 0,581 09 12404 12484

Mg FW CMC 0,509 08 12914 12014

Mg FW Starch 0,333 27 0,683 0,685

Mg FW Bento 0522 08 11106 1,1108

Mg Kontrol 4 mg 0482 0g 0 9755 0,6755

Mg Sea Starch 0828 0s 1BET1 188,7070

Mg Sea Sample 5 0845 04 18535 193,3626

Mg Sea Banto 0,740 18 15469 184,627

Mg Sea CMC 0708 a7 1 5620 156,2045

My Sea PAC 0818 na 18503 1853250
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D1b. Magnesium concentration of fresh and sea water filtrates with all additives.
Thermo =X '

SCIENTIFIC

: 5 ®
Operator Name: labacm Regort Dafe: 16-12-2013 14 46 23
Reswuits Fie: CASOLAARM'DATAWagnesum 151213 sir

General Parameters
Aerthod © Magnesium 2013 Operator  ‘abadm insorument Mode - Flame

Atosampler
Use SFi: No

Method Audit Trail
16-12-2013 12:58:13 labadm-AALBORG-B827DD38
created

Analysis Details

Analysss Name: Anatysis 1 16-12-2013 Spectromefer S Seres 711692 v1,30
Operator Nevne: labsdm

Current OQ Test Reswt Not Avadable Cwrenf PQ Test Reswit: Not Available
Lamp Information

Element{s) Serial Number mA Hours

Mg nia na

Sample Details

No Sampie Id Sampile Mass Dilution Ratio
1 FWPue S S 1 0000 10000

2 FwW PAC 1 0000 1 0000

3 FwW CcMmC 10000 1. 0000

a FW Starch 1 ccoo 1.0000C

5 FW Berto 1 CO00 1.00C00
(=] Sea STARCH 10000 10 0000
7 Sea Starch 1 0000 20.0C0CcC
8 Kontrol 1 mg 10000 1.0000

e Sea Starch 1 .000C0 100 0CC0
10 Sea Sample 5 1 .0000 100 0000
11 Sea Sento 1,0C00 100, 0000
2 Sea CMC 1.0C00 100,.0C00
3 Sea PAC 1.0C00 100.0C00
14 Sampie 1D 14 1.0C00 1,0000
15 Sample 1D 15 1.0CcC0 1,0000
16 Sampie 1D 16 1.0000 1.0000
77 Sampie 1D 17 1.0CC0 1.,0000
18 Sampie 1D 18 1.0000 1,0000
9 Sampie ID 19 1.0C00 1.0000
20 Sample 1D 20 1.00C0 1,0000

D1c. Magnesium concentration of fresh and sea water filtrates with all additives.
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