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PORNTHIP KORSINWATTANA : EFFICIENCY ENHANCEMENT OF
DRILLING MUD BY USING FLY ASH AS AN ADDITIVE. THESIS

ADVISOR : BANTITA TERAKULSATIT, Ph.D., 159 PP.

DRILLING MUD/ FLY ASH/ ADDITIVE/ RHEOLOGY/ FILTRATION

The objective of this study is to investigate the physical and chemical properties
of fly ash and drilling mud mixed with fly ash by adding 1, 3 and 5 percentages by weight
at 30, 60 and 90°C. The 3 percentages of fly ash containing drilling mud mixed with other
additives contain dolomite, rice husk ash, lime and starch at 1, 3 and 5 percentages by
weight at 30 and 60°C. The methodology is to use the effect of temperature and mixing
ratio on rheological properties of drilling mud on Bingham and Power Law model. The
physical properties analysis includes the filtration, density, pH, resistivity, solid content
and sand content. The test procedures follow the APl RP 13B-1. The result of the 3
percentages by weight of fly ash at 30°C is used as a new-base drilling mud. The elements
and minerals composition of drilling mud mixed with fly ash and other additives also do
not change along with temperature. However, the percentages of elements and minerals
composition have changed by the mixing ratio of the chemicals including the barite 31.65
to 43.34, montmorillonite 18.66 to 30.60, kaolinite 7.47 to 22.07, quartz 5.88 to 15.70,
calcite 1.87 to 23.29, hematite 2.04 to 4.83, gypsum 0.42 to 2.33, dolomite 0.03 to 0.53,
anorthite 0.02 to 6.18 and anhydrite 0.06 to 1.19. The test results demonstrate that drilling
mud mixed with 3 percentages of fly ash and starch as an additive at 60°C that is the
appropriate drilling mud. The results of viscosity are 58 cP, density is 1.09 g/cm?®, pH is

10.69, filtration is 8.50 ml and resistivity is 2.73 Q2.m. Therefore, the fly ash can be used



to improve the rheological properties and pH of drilling mud. The cost is compared
between fly ash and other additives that drilling mud must be combined with other
additives that can be controlled filtration. Hence, drilling mud mixed with fly ash has

higher production cost.
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SYMBOLS AND ABBREVIATIONS

T = shear stress

T0 = yield stress

Y = shear rate

k = fluid consistency index

n = flow behavior index

Ua = apparent viscosity

Hp = plastic viscosity

Yp = yield point

i = viscometer dial reading

d300 = viscometer dial reading at 300 rpm
ds00 = viscometer dial reading at 00.rpm
N = range extension factor of the torque spring of the VG meter
rpm = rotational speed

Geli, = initial gel strength

Gelyp = 10 minutes gel strength

kg = kilogram

gm = gram

ml = milliliter

Y%ow/w = percentage of weight by weight

Temp. temperature



CHAPTER I

INTRODUCTION

1.1 Background of problems and significance of the study

Drilling mud is important to petroleum production due to its use to (1) clean
the rock fragment from beneath the bit and carry them to the surface, (2) exert
sufficient hydrostatic pressure against subsurface formations to prevent formation
fluids from flowing into the well, (3) keep the newly drilled borehole open until steel
casing can be cemented in the hole and (4) cool and lubricate the rotating drill string
and bit. The drilling mud composition is to a mainly bentonite and barite with the
water or oil bases, and other additives such as cement, lime, starch, graphite, lignite,
and carboxymethyl cellulose (CMC) etc. These additives are a costly and could be
imported from aboard. Fly ash is one of the additives to improve the efficiency of
drilling mud, which could replace: expensive additives. Because of the fly ash is an
industrial by-product from the combustion of coal in the power plants. The growing
problem of fly ash waste, there is a large number and the toxic of chemicals such as
lead, arsenic, mercury and radioactive uranium, which cause the environmental
problems. In a present, the main beneficial use of fly ash includes serving as a raw
material in concrete, grout and cement or as a fill material in stabilization projects and
roadbeds. Because of the coal fly ash is the light weight particle captured in the
exhaust gas by electrostatic precipitators and bag houses of coal power plants. Size of

fly ash is very fine with cement like properties and has long been used as an additive.



in cement. These properties of fly ash, it could be used as an additive in the drilling
mud mixing for an efficiency improvement, whereas can be used to replace some
expensive additives. In addition, the using of fly ash in drilling mud also avert an
increasing toxic threat to the environment or the disposal wastes by making them

more affordable (Larry, 2006).

1.2 Research objectives

The main aim of this research is to enhance the efficiency of drilling mud.
Some more objectives are (1) study the physical and chemical properties of fly ash,
(2) study the physical and chemical properties of water-based drilling mud mixed with
fly ash, (3) study the effect of temperature and mixing ratio on rheological properties

of drilling mud, and (4) comparison the cost of fly ash and other additives.

1.3 Scope and limitation of the study.

This research purpose is to study the chemical and physical properties of
water-based drilling mud mixed with fly ash while the fly ash concentration and
temperature were changed. It was collected from Mae Moh Power Plant, Lampang,
Thailand. The physical properties and rheological tests are operated in the laboratory
of Suranaree University of Technology. The chemical properties of additives are
analyzed both before and after mixed with mud for determine mineral crystals and
components in samples by using X-ray diffractrometer (XRD) and X-ray fluorescence
spectrometer (XRF). The physical properties test is followed API (1997) including
density, viscosity, API filtration, pH, sand content, resistivity and solid content of

drilling mud. The drilling mud mixed with additives are determined by mud balance,



direct-indicated Viscometers, Baroid standard filter press, analytical pH meter, Baroid
sand content set, Baroid resistivity meter, and Baroid oil - water retort Kit,
respectively which those properties affect to structure and properties of drilling mud
should follow (API, 1997). Economists wealthiest of fly ash will compare with other
additives after mixed with drilling mud by an appropriate ratio, which follow

Department of Primary Industries and Mines (DPIM, 2014).

1.4  Research methodology

The research methodology comprised five steps as shown in Figure 1.1,
including literature review, sample collection and preparation, laboratory tests
(physical and chemical property's testing), gathering the result of discussions,

conclusions, and thesis writing. Each step.is described as follows:

Literature review

!

Sample collection and preparation

v

Laboratory tests

v

\ 4 A 4
Physical properties tests Chemical properties tests

v

Data analysis and comparisons

y

Discussions and conclusions

y

Thesis writing and presentation

Figure 1.1 Research plan.



1.4.1 Literature review
A literature review was carried out to improve understanding drilling
mud properties. It is composed of reviewing and studying water-based drilling mud
and applications, using of other additives such as dolomite, lime, starch and rice husk
ash in drilling mud, fly ash properties and testing procedure. The sources of
information were from journals, researches, dissertation and books concerned.
1.4.2 Sample collection and preparation
The fly ash samples are from Mae Moh Power Plant of Lampang
province. The sample was prepared and tested in the laboratory of Suranaree
University of Technology. Fly ash was sieved a size less than 75 micrometers (mesh
No0.200) before stored in zip lock bags. This sample was divided into two parts for
chemical property's tests and physical properties tests after mixed with drilling mud.
A based bentonite-water suspension was prepared using 60 grams of bentonite per
1,000 grams of water and 100 grams of barite per 1,000 grams of water was added to
control density. The drilling mud samples were weighted of 1.00 to 1.4 grams per
cubic-centimeter. Various concentrations of fly ash were added to test as viscosities,
fluid loss additive, etc.
1.4.3 Laboratory tests
The laboratory tests were divided into two groups; physical and
chemical properties tests. The physical properties were determined in condition of
temperature at 30, 60 and 90°C, respectively. These samples were tested for each

condition. The methods were followed the relevant API standard practice.



1.4.3.1 Physical properties tests
The objective of physical properties was to measure

rheological characteristics of drilling mud with various shear rates. The test
procedures were followed API standard practice (APl RP 13B-1, 1997). The test was
performed by rotary Viscometer (Fann VG) which had geometry that gave the
following expression for a fit of the data to Bingham Plastic Model (APl RP 13D,
2010).

1.4.3.2 Chemical properties tests

The objective of chemical properties was to measure the
compositions and elements of the additives by using X-ray Diffractometer (XRD) and
X-ray fluorescence spectrometer (XRF), respectively.
1.4.4 Data analysis and comparisons

The research results are analyzed to optimize the drilling mud mix
ratio in terms of the physical and chemical properties. The results from the analysis
are used in the comparison with other additives.

1.4.5 Discussions and conclusions

The laboratory results of measurements in terms of plastic viscosity,
yield point, gel strength, filtrate volume, mud cake thickness and pH, are compared
those results from water-based mud and water-based mud mixing additives. Similarity
and discrepancy of results have been discussed. An influence of temperature that
affected to drilling mud properties parameters were described and the feasibility of
using water-base mud mixing additives in onshore and offshore well in Thailand was

also considered.



1.4.6 Thesis writing
All research activities, methods, and results are documented and
completed in the thesis. The research or findings will be published in the conference

proceedings.

1.5 Thesis contents

Chapter 1 introduces the thesis by briefly describing the background of
problem and the significance of the study. The research objectives, methodology,
scope and limitation are identified. Chapter Il summarizes results of the literature
review to improve an understanding of water-based drilling mud characteristics and
the factor that affects to mud properties. Chapter 111 describes the sample preparation
and the experimental procedure for laboratory tests. Chapter IV presents the results
obtained from the laboratory tests and comparison of the results between each mud
formula. Chapter V discusses and concludes the research results and provides

recommendations for future research studies.



CHAPTER II

LITERATURE REVIEW

2.1 Introduction

Relevant topics and previous research results were reviewed to improve
understanding of water-based drilling mud and applications, using of additives in
drilling mud, fly ash properties, and API stand practice. This chapter describes the
drilling mud rheology that is showed to important roles for mud characteristic. The
sources of information were from journals, researches, dissertation and books. The

results of the review are summarized.as follows.

2.2 Flyash

Ahmaruzzaman (2010) studied that fly ash, generated during the combustion
of coal for energy production; s an industrial by-product which is recognized as an
environmental pollutant. The fly ash is generally grey in color, abrasive, mostly
alkaline, and refractory in nature. There are very small size from 1-200 micrometers
and also contain different essential elements, including both macronutrients P, K, Ca,
Mg and micronutrients Zn, Fe, Cu, Mn, B, and Mo for plant growth. The fly ash from
pulverized coal combustion is used for mixing in portland-pozzolan cement. This
pozzolans are siliceous or siliceous and aluminous materials that together with water
and calcium hydroxide form cementitious products at ambient temperatures are also

admixtures. The geotechnical properties of fly ash (e.g., specific gravity, permeability,



an internal angular friction, and consolidation characteristics) make it suitable for use
in construction.
2.2.1 Type of fly ash

Ahmaruzzaman (2010) reported that the principal components of
bituminous coal fly ash that is silica, alumina, iron oxide, and calcium, with varying
amounts of carbon, as measured by the loss on ignition (LOI). Lignite and sub-
bituminous coal fly ash is characterized by higher concentrations of calcium and
magnesium oxide and reduced percentages of silica and iron oxide, as well as lower
carbon content, compared with bituminous coal fly ash. Very little anthracite coal is
burned in utility boilers, so there are only small amounts of anthracite coal fly ash.

2.2.2  Fly ash properties

Ahmaruzzaman (2010) studied the characterization of fly ash in terms
of composition, mineralogy, surface chemistry and reactivity which is of fundamental
importance in the development of various applications of fly ash.

Physical ‘properties: fly ash consists of fine, powdery particles
predominantly spherical in shape, either “solid or hollow, and mostly glassy
(amorphous) in nature. The carbonaceous material in the fly ash is composed of
angular particles. The particle size distribution of most bituminous coal fly ash is
generally similar to that of silt (less than a 75 um. or No. 200 sieve). Although sub-
bituminous coal fly ash is also silt-sized, it is generally slightly coarser than
bituminous coal fly ash. The specific gravity of fly ash usually ranges from 2.1 to 3.0,
while its specific surface area may vary from 170 to 1000 m?/kg. The color of fly ash
can vary from tan to gray to black, depending on the amount of unburned carbon in

the ash.



Chemical properties: fly ash is influenced largely by the properties of
the coal being burned and the techniques used for handling and storage. There are
four types, or ranks, of coal, each type vary in heating value, chemical composition,
ash content, and geological origin. Table 2.1 compares the normal range of the
chemical constituents of bituminous coal fly ash with those of lignite coal fly ash and

sub-bituminous fly ash.

Table 2.1 Normal range of chemical compositions for fly ash produced from different

coal types.
Component (%owt.) Bituminous Sub-bituminous Lignite
SiO, 20-60 40-60 15-45
Al,O3 5-35 20-30 10-25
Fe O3 10-40 4-10 4-15
CaO 1-12 5-30 15-40
MgO 0-5 1-6 3-10
SO3 0-4 0-2 0-10
Naz0 0-4 0-2 0-6
K20 0-3 0-4 0-4
LOI 0-15 0-3 0-5

2.3  Other additives

The purpose of additives is an improvement the drilling mud properties to
assist the thickeners, lubricant, bacteria, corrosion inhibitors, viscosity control, clay

stabilization, formation damage, shale stabilizer, fluid loss, scavengers and
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surfactants. Hence, the additives are used to study such as fly ash, dolomite, rice husk
ash, lime and starch. Chemical properties of the additives indicate to control pH,
increase viscosity and density, reduce fluid loss. The literature review of additives
shows below;

Amanullah and Long Yu (2005) studied that the environment friendly fluid
loss additives to protect the marine environment from the detrimental effect of mud
additives. Experimental results indicate that some of the starches have static and
dynamic fluid loss characteristics similar to or better than those of a widely used
modified starch used by the mud industry. The static fluid loss properties measured
after thermal treatment at different temperatures indicate that the newly developed
starch products can be used as fluid loss additives for drilling boreholes having
bottom hole temperature up to 150°C.

Gregory et al. (2012) illustrated that starch was added to some treatments to
determine whether it stabilized the coating and prevented vertical slumping. A
commercial fire protection gel coating was included in the study for comparison.
Coatings containing starch and the SB gel 'sample had negligible slumping during
burn tests while the commercial gel and the SB foam slumped severely during the
test. In rheology studies, samples containing starch had higher G’ (elastic modulus),
G’’ (viscous modulus), and higher yield stress than the commercial gel or SB samples
without starch. Surprisingly, the samples containing starch heated more slowly than
samples without starch. This could be explained, in part, by the continuous boundary
layer (crust) that formed during the burn test that shielded the substrate surface from
direct heat exposure, minimized the exposed surface area, and, initially, lowered

water vapor flux. Drying tests were performed at 44°C to determine how long the
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coatings could remain hydrated under severe conditions. The SB gel coatings
remained hydrated longer than the SB foam samples. Starch prolonged the drying
time (reduced evaporation rate) for both the SB foam and gel samples.
Kudaybergenov et al. (2012) investigated about thermally treated adsorbents
based on rice husks are an efficient absorber for heavy crude petroleum and petroleum
products, since they possess high porosity and reactive surface functionalities
including carboxyl, carbonyl and methylene groups. The results of the SEM studies
strongly indicate that thermal treatment is a suitable method to improve structure of
husk particles regarding porosity compared to virgin samples. The results of XRD and
SEM/EDAX microanalyses show that thermally treated rice husk consist mainly of
amorphous silica (SiO,). The optimal conditions for the treatment are as follows:
heating temperature 700 °C and sorption time 25 min in case of heavy crude
petroleum; under these conditions, the maximum sorption capacity of TRH700
reached about 15 g petroleum per gram of husks. In conclusion, this study
demonstrates the possibility to obtain effective petroleum adsorbents from rice husks,

which are currently considered to be an agricultural waste.

2.4  Drilling mud

Guichard et al. (2008) described the drilling mud. It is usually classified as
either water base muds (WBMs) or oil base muds (OBMs), depending upon the
continuous phase of the mud. However, WBMs may contain oil and OBMs may
contain water. They generally use hydrocarbon oil as the main liquid component, with
other materials such as clays or colloidal asphalts being added to provide the desired

viscosity together with emulsifiers, polymers, and other additives including weighting
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agents. Water may also be present, but in an amount not usually greater than 50% by
volume of the entire composition. If more than about 5% of water is present, the mud
is often referred to as an invert emulsion, i.e., a water-in-oil emulsion. They
conventionally contain viscosifiers, fluid loss control agents, weighting agents,
lubricants, emulsifiers, corrosion inhibitors, salt, and pH control agents. Water makes
up the continuous phase of the mud, and is usually present as at least 50 volume
percent of the entire composition. QOil is also usually present in small amounts, but
will typically not exceed the amount of the water, so that the mud will retain its
character as a water- continuous-phase material.

Johannes (2011) detailed about important parameters for characterizing the
properties of a drilling mud, which are viscosity, specific weight, gel strength, and
filtration. The viscosity is measured by means of a Marsh funnel. The funnel is
dimensioned so that the outflow time of 1 gt (926 ml) fresh water at 70°F (21°C) is 26
second. Viscosity is also measured with a rotational viscometer. The mud is placed
between two concentric cylinders. One cylinder rotates with constant velocity, while
the other is connected by spring. The torqueon this cylinder results in a deviation of
its position from rest, which may serve as a measure of viscosity. A filter press is
used to determine the wall-building characteristics of a mud. This press consists of a
cylindrical chamber, which is resistant to alkaline media. A filter paper is placed on
the placed on the bottom of the chamber. The mud is placed into the chamber and a
pressure of 0.7 MPa is applied. After 30 min the volume of filtrate is reported. The
filter cake is inspected visually and the consistency is noted as hard, soft, tough,
rubbery, or firm. Alkalinity is measured by acid-base titration, with methylorange or

phenolphthalein as an indicator. Phenolphthalein changes color at pH 8.3, whereas
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methylorange changes color at pH 4.3. At pH 8 the neutralization of the strongly
alkaline components such as NaOH is essentially complete. Further reduction of the
pH to 4 will also measure the levels of carbonates and bicarbonates that are present.
Colorimetric tests and glass electrode systems are used to determine pH.

Schroeder (1987) described the effects of temperature and various chemical
additives on the rheological filtration, and chemical properties of fluids and muds
under simulated circulating conditions can be elucidated in a roller over.

Johannes (2011) reported the drilling mud properties, which are developed
after improvement by added additives. Bentonite is highly colloidal and swells in
water to form thixotropic gels. This property results from their micaceous sheet
structure. Because of these viscosity-building characteristics, bentonite are used as
viscosity enhances or builders in such areas as drilling muds and fluids, concrete and
mortar additives, foundry and molding sands, and compacting agents for gravel and
sand, as well as cosmetics. Most bentonites that are found in nature are in their
sodium or calcium form- APl and Turkish Institute of Standards (TSE), apparent
viscosity of at least 15 cp is assumed to be an acceptable value which corresponds to
90 barrels per ton slurry yield.

Jarrett and Clapper (2010) investigated that filtration control is an important
property of a drilling fluid, particularly when drilling through permeable formations,
where the hydrostatic pressure exceeds the formation pressure. It is important for a
drilling fluid to quickly form a filter cake to effectively minimize fluid loss, but which
also is thin and erodible enough to allow product to flow into wellbore during
production to APl and Turkish Institute of Standards (TSE) limited a fluid loss of 15

ml or less.
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2.5 Drilling mud improvement

Petchote and Sikong (2005) studied the properties of drilling mud blended
with dolomite powder and fly ash in order to improve the formula of drilling mud
with low cost. Furthermore, the properties of dolomite and fly ash affected on
properties of drilling were also investigated such as particle size distribution, density,
pH, viscosity and dispersion of drilling mud. It was found that drilling mud, which
have the properties of barite: dolomite: fly ash. The good suspension property of
drilling mud is 70:10:20 and 70:30:0 of barite: dolomite: fly ash; respectively, when
the 3 % weight of bentonite was added. The formula of 70:5:25 and 70:0:30 were also
good suspension when the 3% by weight of bentonite and 0.6 g/l of CMC were added.
4 formulas of drilling mud follow the drilling mud properties of API standard.

Xianghai Meng et al. (2012) indicated the rheological properties of bentonite
dispersion with carbon ash are improved markedly in yield point (YP), and especially
for the low solid content of bentonite dispersion. The filtration and density test are
also carried out using an’ API Filter Press and mud. balancer respectively. From the
results, it could be observed that the filtrate loss and filter cake thickness increase
dramatically whereas the density of bentonite dispersion decreases slightly as the
addition of carbon ash increases. Furthermore, the stability of bentonite dispersion
incorporated with carbon ash is evaluated. The experimental results indicate that
carbon ash is better than RM in stability. Through this study, carbon ash is an
excellent potential additive for improving the rheological properties of water-based

drilling fluids.
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Vassilios et al. (2009) concluded the results of an extensive study investigating
whether addition of 3% w/w Greek lignite to 6.42% w/w water—bentonite
suspensions, after being exposed to high temperatures, can prevent gelation and
control filtration characteristics. Two different bentonites and eight lignites from
different Greek basins have been used while a commercial lignite product has been
used as standard. The lignite-free bentonite suspensions heated to 177 °C for 16 hours
(thermal aging) thicken considerably, increasing the yield stress and the yield point.
Furthermore, addition of lignite in most cases provided very good filtration control of
the water—bentonite suspensions after exposure to 177 °C, with some Greek lignites
being superior to the commercial product. The same lignite parameters examined for
rheological control, were also examined to determine their effect on fluid loss of these
suspensions for both bentonites. The content of humic and fulvic acids of two groups
of lignites showed weak inverse correlations with the fluid loss volumes for both
bentonites, while all other parameters did not seem to directly correlate with the

effectiveness of the lignite.

2.6  Drilling mud rheology

Rheology described the drilling mud and models that used to explain fluid
flow behavior. Rheology is the science of flow and deformation of matter. It describes
the interrelation between force, deformation and time. The rheological model
describes the flow behavior of a fluid by developing a mathematical relationship
between shear stress and shear rate. In general, drilling mud rheology is described by
two widely used models, namely: the Bingham plastic model and the Power law

model. These two models are discussed in this study.
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2.6.1 Bingham plastic model
Bingham plastic fluid that have a linear shear stress and strain rate
relationship require a finite yield stress before they begin to flow. Several examples
are clay suspensions, drilling mud, etc. Once the yield stress has been exceeded,
changes in shear stress are proportional to changes in shear rate and the constant of
proportionality is called the plastic viscosity. The graphical representation of this
model has shown in Figure 2.1. The plastic viscosity decreased with increased shear

rate due to a phenomenon called “shear thinning”.
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Figure 2.1 Flow curve for Bingham plastic model.

2.6.2 Power law model
The log-log plot of shear stress versus shear rate when n = 1, the fluid
behaves as a Newtonian fluid and the Power law equation is identical to the
Newtonian fluid. For n greater than 1, the fluid is classified as dilatants. Dilatants
fluids are shear rate dependent. Their apparent viscosities increase with increase in

shear rate. If n is less than 1, then the fluid is referred as pseudoplastic. Pseudoplastic
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fluids are also shear rate dependent with their apparent viscosities decreasing as shear

rate decreases. Figure 2.2 shows the graphical representation of Power law fluids.
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Figure 2.2 Flow curve of Power law model.

This model also called the modified power law model and yield pseudoplastic
model. The model is used to describe the flow of pseudoplastic drilling muds that
require stress to initiate flow. A rheogram of shear stress minus yield stress versus
shear rate is straight line on log-log coordinates. This model is widely used because it
(1) describes the flow behavior of most drilling fluid, (2) includes a yield stress value
that important for several hydraulic issues, and (3) includes the Bingham plastic and
Power law model as special cases. The rheological parameters recorded in an API
Drilling Fluid report are plastic viscosity and yield point from Bingham plastic model.

These two terms can be used to calculate key parameters for other rheological models.



18

2.7  Cost of drilling mud chemicals

Department of Primary Industries and Mines, DPIM (2014) and reported
drilling muds, which are generally expensive. They are essential to calculated and
compare its cost between fly ash drilling mud system and conventional drilling mud
system that used in drilling well. Table 2.2 lists the cost of chemicals used in drilling

mud and this was later used to evaluate cost of drilling mud system.

Table 2.2 Cost of drilling chemicals.

- . Cost/Unit
Drilling mud chemicals Formula .
(Baht/Metric ton)
Bentonite Al,034Si0,H,0 600
Barite BaSO, 3,895
Lime CaO 3,895
Starch (C6H1005)n 12,900
Dolomite (Ca,Mg)CO3 350
Sodium
CMC 58,000
carboxymethyl cellulose
Flv ash Silica; alumina, iron 200
y oxide, and calcium oxide




CHAPTER 111

METHODOLOGY

3.1 Introduction

The objective of the experiments is to estimate the effects of temperature and
mixing ratio on rheological and physical properties of drilling mud mixed with
additives. This chapter includes the sample collection, sample preparation, testing
instruments and experimental methods. The tests divide into two groups; physical

properties tests and chemical properties tests.

3.2 Sample collection

The fly ash is obtained from Mae Moh Power Plant at Lampang province.
Bentonite is supported:from Thai Nippon Chemical Industry Co., Ltd. Barite was
assisted from Weatherford ‘International Thailand-Company. The other additives are

purchased from store, Thailand.

3.3 Sample preparation

The fly ash and other additives were prepared and tested at laboratory of
Suranaree University of Technology. These additives divide into two parts for
chemical property’s tests by sieving size less than 75 micrometers (mesh No.200)
before stored in zip lock bags for X-ray diffraction (XRD) and X-ray fluorescence
(XRF) tests. Physical property tests by mixing with water-based drilling mud. A

water-based drilling mud suspension prepares to use 60 grams of bentonite per 1,000
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grams of water and 100 grams of barite per 1,000 grams of water was added to control

density.

3.4  Typical well drilling
The range of drilling mud’s density for typical well drilling is 1.5 to 8.5

percentages bentonite weight by volume. Mud weight varied around 8.85 to 18
pounds per gallon depends on graded bentonite and drilled formations (MI-Swaco,
1998). Figure 3.1 demonstrates the composition and nature of common drilling muds

The curves show the increasing of viscosity with percentage of bentonite solids.
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Figure 3.1 Yield curve for typical clays (modified from Gatlin, 1960).
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Since the grade of bentonite clay that uses in the experiment is not Wyoming
grade. It is necessary to find the appropriate amount of bentonite that meets the
viscosity required for typical well drilling. Table 3.1 shows bentonite water-based
suspension at 2, 4, 6, and 8 percentages bentonite weight by volume meet a minimum
required viscosity for typical well drilling. Therefore, the experiment has been

selected 6 percentages of bentonite weight by volume as a base composition.

Table 3.1 Bentonite water-based suspension.

Bentonite Average apparent viscosity
(Yoweight by volume) (cP)
2 6.0
4 12.5
6 21.5
8 39.0

A water-based bentonite suspension was prepared using 60 grams of bentonite
per 1,000 grams of water and 100 grams of barite added to control density. The mud
components are mixed for 15 minutes using a high-speed mixture. During mixing, the
fly ash was slowly to agitated base fluid to avoid a lump occurring within the mud
system. The testing mud samples are weighted of 1.10 grams per cubic-centimeter
(9.20 pound per gallon) containing 6 percentages bentonite weight by volume as a
based composition. The mud weight are measured by mud balance that is an API
standard instrument for testing mud weight (Figure 3.2). Various concentrations of fly
ash and the other additives are added to perform as a mud additive. These systems
were prepared to compare the properties of the mud. The formulations of the mud are

shown in Table 3.2.
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Figure 3.2 Mud balance.

Table 3.2 Compositions of drilling mud samples.

Composition of mud | Bentonite Bentonite Bentonite Bentonite
mud +1%fly ash +3%fly ash +5%fly ash
mud mud mud
Water (gram) 1,000 1,000 1,000 1,000
Barite (gram) 100 100 100 100
Bentonite (gram) 60 60 60 60
Flyash  (gram) - 11.6 34.8 58.0

3.5 Chemical properties tests

The objective of chemical ‘property’s testing is to determine the mineral
crystals and components of samples by using X-ray fluorescence spectrometer (XRF)
and X-ray diffractrometer (XRD).

Sample preparations were sieved by the mesh No. 200 (0.075 mm) and was
dried at 60°C in the oven for 24 hours.

3.5.1 X-ray fluorescence

Samples are prepared to use 0.5 to 1.0 gram. Samples are compacted
and spread out to the holder. Sample holders are analyzed by X-ray fluorescence

spectrometer (XRF), Holiba-XGT 5200 (Figure 3.3) and spent time to 200 seconds
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per sample. A typical X-ray generator passes an electric current through a filament,
which cases an electron to be emitted. These electrons are then accelerated by high
voltage (usually somewhere between 20 and 100 kV) towards an anode (target).
Results are analyzed in the spectrum, including Rayleigh and Compton
scattered characteristic line from the X-ray generator, peak caused by X-ray
diffraction, and sum/escape peak. A quantitative technique, the peak height of any
element is directly related to the concentration of that element within the sampling

volume. The XRF results are presented as the percentage of major elements.
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Figure 3.3 Horiba (XGT-5200) X-ray fluorescence.

3.5.2 X-ray diffraction
Amount of 1.0 to 1.5 grams of samples are compacted and spread out
to holder. Sample holder is analyzed by X-ray diffractrometer (XRD), Bruker-D2
Phaser (Figure 3.4) and spent time 15 minutes per sample. XRD performed on

polycrystalline material the incident X-ray beam is diffracted by innumerous
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crystallites in specific 2 Theta directions. Data is recorded the exact 2 Theta positions
a narrow slit in front of a point detector is required. Conditions of analysis include a
Cu standard ceramic sealed tube (0.4x12 mm), X-ray generation (30 kV, 10mA),

angular range analysis (20, 5° to 80°) and accuracy (+0.02° throughout the entire

measuring range)

Results are calculated relative intensity, divide the absolute intensity of

every peak by the absolute intensity of the most intense peak, and then convert to a

percentage.
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Figure 3.4 Bruker (D2 Phaser) X-ray diffractrometer.

3.6  Physical properties tests
The physical properties consist of density, rheology, filtration, hydrogen ion,

resistivity, solid content and sand content. They are determined following API

standard.
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3.6.1 Rheological tests

The rheological calculation, it is appropriate to discuss some basic
drilling fluid flow properties, determination of rheological parameters that describe
the flow behavior of a fluid.

Apparent viscosity is a rheological property calculated from rheometer
readings. It measures the shear rate of drilling fluid specified by API. Apparent
viscosity is expressed in centipoises (cP), it indicates the amount of force required to
move one layer of fluid in relation to another. The apparent viscosity can calculate
from equation 3.1

Plastic viscosity is the shearing stress in excess of yield point that will
induce a unit rate of shear. It is that part of flow resistance caused by mechanical
friction, which occurs: (1) between the solids in the mud, (2) between the solids and
the liquid that surrounds them, and (3) with the shear of the liquid itself. Therefore, all
practical viscosities can be calculated from equation 3.2 and its range value that used
in well drilling is shown in Figure 3.5

Yield point is the second component of resistance to flow in drilling
fluid. It is a measurement of electro-chemical or attractive forces in a fluid underflow
condition. These forces are a result of negative charges located on or near the particle
surfaces and are dependent on: (1) the surface properties of mud solids, (2) volume
concentration of solids, and (3) the electro-chemical environment of ions. The yield
point could be regulated by the use of chemical additives. Therefore, it dictates the
nature and degree of treatment necessary to maintain a desirable fluid viscosity. The
yield point value can be calculated from equation 3.3 and its range value that used in

drilling well is shown in Figure 3.5
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Gel strength is a measurement of the thixotropic properties of drilling
fluid under static condition. Similar to the yield point, gel strength is a measure of the
electro-chemical attractive forces between solid particles. Yield point and gel strength
are the result of the flocculation forces of a thixotropic fluid. Gel strength is measured
by rotational speed of 3 rpm. The drilling fluid is allowed to stand undisturbed for 10
seconds and 10 minutes that are referred to initial gel strengths and 10 minutes gel
strength respectively, at which time of an outer cup is rotated at 3 rpm and the
maximum deflection of the dial is recorded. The gel strength results are reported in
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Figure 3.5 Plastic viscosity and yield point ranges for water-based mud

(modified from MI-Swaco, 1998).
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Drilling mud is tested for the rheological properties at 30, 60 and 90°C.
The Rheology testing is carried out by a Fann 35SA model Viscometer (Figure 3.6)
and measured by using six rotational speeds (3, 6, 100, 200, 300 and 600 rpm) for the

viscosity, yield point and gel strength that relate to flowing properties of drilling mud.

Figure 3.6 Fann (35SA'115 Volt) Viscometer.

The apparent viscosity, plastic viscosity and yield point are calculated

from 300 and 600 rpm reading following formulas from API standard.
Ha = (goo/2 (3.1)
Hp = 600/ h300 (3.2)

Yp = 300/ Hp (3.3)
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where Ua = apparent viscosity (cP)
wp = plastic viscosity (cP)
vo = Yield point (Ib¢100 ft*)

It is the rotational coaxial cylinder type used to measure the viscosity
of the drilling mud. The shear stress is determined as a function of the shear rate. The
drilling mud is calculated by the shear rate and shear stress relationships. The

equations are as follows:

1= 0.01066¢; N (3.4)
vy =1.703rpm (3.5)
where t = shear stress (Ibs/ft?)

v = shear rate (sec™)

¢i = viscometer dial reading

N = range extension factor of the torque spring of the VG meter
rpm = rotational speed.

The power law model’s parameters in the term of behavior index (n)

and consistency (k) are calculated from viscometer reading using following equations.

n= 3.322'09((])@0/(])300) (36)

k = 5100500/511" (3.7)
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Where, n = flow behavior index
k = fluid consistency index
dsoo =  Viscosity dial reading at 600 rpm

d300 = Vviscosity dial reading at 300 rpm

3.6.2 Static filtration tests
Filtration is tested by using Fann filter press (Figure 3.7) which
determines the API filtrate loss through standard filter paper and the filter cake
thickness under static conditions. It consists of fluid cup support by a frame, a
filtering medium and a pressurized nitrogen gas cylinder and regulator. A graduated
cylinder is used to measure the discharged filtrate. The 100 psig is applied to a
column of fluid for the 30 minutes period, which filtrate volume and filter cake

thickness are measured and recorded.

Figure 3.7 Fann (series 300) filter press.
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3.6.3 Hydrogen ion tests
The hydrogen ion (pH) measurements of the fluids are conducted by
using the glass electrode pH meter (OAKTON pH 700 model) (Figure 3.8). The
instrument determines the pH of an aqueous solution by measuring the electro-
potential generated between a glass electrode and a reference electrode. Measurement
and adjustments of pH are fundament of drilling fluid control. Clay interactions,
solubility of various components and effectiveness of additives are all dependent on

pH, as in the control of acidic and sulfide corrosion processes.

Figure 3.8 OAKTON (pH 700 model) pH meter.

3.6.4 Resistivity tests
The drilling mud, filtrate and mud cakes are measured by the Fann 88C
model resistivity meter (Figure 3.9). The resistivity meter provides a direct digital
reading of resistivity in three ranges, including 2, 20, and 200 Q/m® The direct

measurement of the sample’s resistivity and temperature is in the transparent cell.
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Instrument calibration is used salt solution and calculated the correction factor for

accurate data.

Figure 3.9 Fann (88C model) resistivity meter.

3.6.5 Sand content tests
Fann sand content set (Figure 3.10) is used for determining the account
of sand and defined as the percentage by volume of solids in the drilling mud that
retained on 75 micrometers (N0.200 mesh) sieve. The excessive sand makes a filter
cake thickness with increasing; because abrasive wear of a pump parts, a bit and pipe
and may settle when circulation is stopped and interferes with the pipe move-mentor

the setting of the casing.
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Figure 3.10 Fann sand content set.

3.6.6 Solid content tests
Fann oil and water retort kit (Figure 3.11) is used for determining the
account of water and solid defined as the percentage by volume in the drilling mud.
The excessive sand makes a filter cake thickness with increasing due to abrasive wear
of the pump parts, the bit and pipe and may settle when circulation stopped and

interfered with the pipe move-mentor the setting of the casing.

Figure 3.11 Fann retort Kit.



CHAPTER IV

RESULTS AND DISCUSSIONS

4.1 Introduction

This chapter describes the data analysis and results of laboratory experiments
used to determinate their chemical, physical, rheological properties and the cost of
new invented mud are compared with a common mud system that used in well

drilling. The results of the experiment and analysis are displayed below.

4.2  Determination of chemical properties

The objectives of these tests are to determine the elements and minerals of
drilling mud both before and after mixed with additives. The step of methods is the
rheological and physical properties. These results lead to the determination that the
most suitable mixing ratios ‘and-temperature of drilling mud mixed with additives.

4.2.1 Chemical properties before mixing of drilling mud

The elements are determined by an X-ray fluorescence spectrometer.
The minerals are measured by an X-ray diffractrometer. Tables 4.1 and 4.2 show the

major elements and minerals of materials before mixing.



Table 4.1 Major elements of varying materials using X-ray fluorescence.
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Major elements Materials i
(weight %) Barite | Bentonite | Fly ash | Dolomite Rice Lime
husk ash
SiO; 17.86 59.32 34.90 5.48 96.73 -
Fe,03 1.24 10.34 1551 2.16 - 0.13
CaO - 4.24 16.57 89.37 1.34 99.58
Al,O; - 10.65 18.98 2.99 - -
SO3 27.08 8.40 - - 0.29
K,0 - 1.38 1.85 - 1.93 -
MgO - 10.51 2.92 - - -
TiO, - 3.56 0.87 - - -
BaO 53.82 - - - - -
Total 100 100 100 100 100 100
Table 4.2 Mineral contents of varying materials using X-ray diffraction.
Materials Minerals (weight %0)
Barite | Bentonite Fly ash Dolomite Lime
Quartz 21.33 5 24.26 3.49 -
Anhydrite 1.35 - 14.28 - -
Hematite - 6.38 20.46 - -
Calcite - 6.79 15.33 73.20 100
Montmorillonite - 56.69 - - -
Barite 77.32 - - - -
Dolomite - - - 23.31 -
Gypsum - 4.62 - - -
Anorthite - 8.52 - - -
Lime - - 8.44 - -
Kaolinite - 17.00 - - -
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Table 4.2 Mineral contents of varying materials using X-ray diffraction (continued).

Materials

Minerals (weight %)

Barite

Bentonite

Fly ash

Dolomite

Lime

Mullite

17.23

4.2.2 Chemical properties after mixing of drilling mud

Drilling mud mixed with additives by varies mixing ratio and

temperature are measured by the X-ray fluorescence and X-ray diffraction to

determine the compositions of the element and mineral. Tables 4.3 and 4.4 are display

X-ray fluorescence and X-ray diffraction of drilling mud mixed with additives.

Table 4.3 Elements of drilling mud mixed with additives using X-ray fluorescence.

Sample Major elements (weight %0)

No. Al,O3 SiO, SO; CaO Fe,O; BaO Total
1 10.9 32.8 13.8 1.8 8.8 31.9 100
2 12.1 45.2 16.3 W\ 8.5 16.2 100
3 11.5 42.8 18.7 38 9.6 13.6 100
4 10.9 42.0 15.7 2.9 14.7 13.8 100
S 10.9 314 10.5 12.9 14.2 20.1 100
6 12.2 32.4 11.3 15.8 11.2 17.1 100
7 12.2 40.6 14.3 11.7 10.4 10.8 100
10 9.3 38.8 17.5 5.1 10.1 19.2 100
14 9.6 30.0 12.8 11.1 8.0 28.5 100
16 75 48.5 16.9 3.6 8.4 15.1 100
20 9.5 20.3 9.3 23.7 12 25.2 100
24 11.1 31.3 17.1 1.9 19.5 19.1 100
28 8.8 35.7 12.2 11.4 12.9 19.0 100
33 13.0 55.1 13.8 4.1 6.8 7.2 100
37 13.5 355 14.2 9.2 14.3 13.3 100

45 10.0 41.6 12.3 9.4 13.3 13.4 100

48 10.0 45.9 18.9 10.0 10.4 4.8 100
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Table 4.4 Mineral contents of variation materials using X-ray diffraction.

Minerals (weight %0)

Ne. Bar. | Qtz. | Cal. | Hem. | Mont. | Gyp. | Dol. | Kao. | Anor. | Anh.
1 |4374| 1181 | 337 | 368 | 2315 | 161 | 037 |11.33| 0.72 | 0.49
2 [4220| 1198 | 6.96 | 3.66 | 2487 | 055 | 0.27 | 835 | 0.87 | 0.29
3 | 4252 | 1335 | 250 | 3.33 | 2579 | 059 | 0.27 | 1050 | 0.75 | 0.40
4 | 4249 | 1022 | 443 | 418 | 2540 | 113 | 0.31 | 9.80 | 1.17 | 0.87
5 |10.16 | 36.77 | 462 | 3.14 | 28.02 | 275 | 0.09 | 747 | 6.18 | 0.80
6 |3756| 1044 | 504 | 483 | 3060 | 107 | 041 | 770 | 1.16 | 1.19
7 | 4207 | 1079 | 421 | 331 | 2544 | 221 | 0.13 | 1098 | 0.33 | 0.54
10 |4287 | 1233 | 348 | 323 | 25.05 | 159 | 0.12 |10.29 | 091 | 0.14
14 | 3492 | 9.23 | 2136 | 225 | 1866 | 3.96 | 0.34 | 806 | 052 | 0.70

16 |41.25| 940 | 1.87 | 296 | 26.29 | 158 | 040 |13.10| 284 | 0.31
20 | 3542 | 691 |2329| 341 | 1934 | 118 | 023 | 884 | 093 | 045
24 | 4112 | 10.70 | 268 | 2.82 | 2255 | 513 | 0.21 |12.05| 253 | 0.21
28 | 3465 | 588 |11.25| 279 |.23.27 | 525 | 0.37 |11.02 | 5.46 | 0.06
33 |3165| 830 | 433 | 225 | 2623 | 1.20 | 0.03 | 22.07 | 3.79 | 0.15
37 | 3439 | 1570 | 548 | 2.04 | 26.08 | 141 | 0.24 | 1212 | 1.68 | 0.86
45 4243 | 1322 | 6.01 | 452 | 2351 | 130 | 019 | 756 | 047 | 0.79
48 4311 | 1275 | 6.30 | 397} 2098 | 180 | 053 | 996 | 0.02 | 0.58

*Bar. = barite, Qtz. = quartz, Cal = calcite, Hem. = hematite, Mont. = montmorillonite,

Gyp. = gypsum, Dol. = dolomite, Kao. = kaolinite, Anor. = anorthite and Anh. = anhydrite

4.3 Determination of physical properties

The varied composition of drilling mud mixed with additives describes by
Table 4.5. Base-composition consists of 1,000 grams of water, 100 grams of barite,
and 60 grams of bentonite. Additives include a fly ash, dolomite, rice husk ash, lime,
and starch. The water-based drilling mud is mixed with 3 percentages of fly ash. It is
the appropriate value. Therefore, the 3 percentages of fly ash are the new-base drilling

mud that mixed with other additives.



Table 4.5 The compositions of drilling mud mixed with additives.
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Temperature Fly ash | Additives
No. Base
(°C) (Yow/w) | (Yow/w)
1 30 100 g of barite and 60 g of bentonite - -
2 60 100 g of barite and 60 g of bentonite - -
3 90 100 g of barite and 60 g of bentonite - -
4 30 100 g of barite and 60 g of bentonite 1 -
5 30 100 g of barite and 60 g of bentonite 3 -
6 30 100 g of barite and 60 g of bentonite 5 -
7 60 100 g of barite and 60 g of bentonite 1 -
8 60 100 g of barite and 60 g of bentonite 3 -
9 60 100 g of barite.and 60 g of bentonite 5 -
10 90 100 g of barite and 60 g of bentonite 1 -
11 90 100 g of barite and 60 g of bentonite 3 -
12 90 100 g of barite'and 60 g of bentonite 5 -
1%
13 30 100 g of barite and 60 g of bentonite - ]
dolomite
3%
14 30 100 g of barite and 60 g of bentonite - _
dolomite
5%
15 30 100 g of barite and 60 g of bentonite - _
dolomite
) ) 1% rice
16 30 100 g of barite and 60 g of bentonite -
husk ash
3% rice
17 30 100 g of barite and 60 g of bentonite -
husk ash
. i 5% rice
18 30 100 g of barite and 60 g of bentonite -
husk ash
19 30 100 g of barite and 60 g of bentonite - 1% lime
20 30 100 g of barite and 60 g of bentonite - 3% lime
21 30 100 g of barite and 60 g of bentonite - 5% lime
22 30 100 g of barite and 60 g of bentonite - 1% starch
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Table 4.5 The compositions of drilling mud mixed with additives (continued).

Temperature Fly ash | Additives
No. Base
(°C) (Yow/w) | (Yow/w)
23 30 100 g of barite and 60 g of bentonite - 3% starch
24 30 100 g of barite and 60 g of bentonite - 5% starch
) ) 1%
25 30 100 g of barite and 60 g of bentonite 3 )
dolomite
: : 3%
26 30 100 g of barite and 60 g of bentonite 3 _
dolomite
5%
27 30 100 g of barite and 60 g of bentonite 3 ]
dolomite
; : 1%
28 60 100 g of barite and 60 g of bentonite 3 _
dolomite
) ] 3%
29 60 100 g of barite and 60 g of bentonite 3 _
dolomite
) ) 5%
30 60 100 g of barite and 60 g of bentonite 3 )
dolomite
1% rice
31 30 100 g of barite and 60 g of bentonite 3 husk ash
3% rice
32 30 100 g of barite and 60 g of bentonite 3 husk ash
) ) 5% rice
33 30 100 g of barite and 60 g of bentonite 3
husk ash
1% rice
34 60 100 g of barite and 60 g of bentonite 3
husk ash
) ) 3% rice
35 60 100 g of barite and 60 g of bentonite 3
husk ash
5% rice
36 60 100 g of barite and 60 g of bentonite 3

husk ash
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Table 4.5 The compositions of drilling mud mixed with additives (continued).

No. Temperature Base Fly ash | Additives
(°C) (Yow/w) | (Yow/w)
37 30 100 g of barite and 60 g of bentonite 3 1% lime
38 30 100 g of barite and 60 g of bentonite 3 3% lime
39 30 100 g of barite and 60 g of bentonite 3 5% lime
40 60 100 g of barite and 60 g of bentonite 3 1% lime
41 60 100 g of barite and 60 g of bentonite 3 3% lime
42 60 100 g of barite and 60 g of bentonite 3 5% lime
43 30 100 g of barite and 60 g of bentonite 3 1% starch
44 30 100 g of barite and 60 g of bentonite 3 3% starch
45 30 100 g of barite.and 60 g of bentonite 3 5% starch
46 60 100 g of barite and 60 g of bentonite 3 1% starch
47 60 100 g of barite and 60 g of bentonite 3 3% starch
48 60 100 g of barite'and 60 g of bentonite 3 5% starch

4.3.1 Rheological properties and parameters

The shear stress and shear rate values for all six viscometer readings of

water-based drilling mud describe by. Table-4.6. The average viscometer reading is

used to calculate the shear stress and shear rates by following equations 3.4 and 3.5 in

previous chapter. The calculated shear stresses are plotted against shear rates in order

to choose the best-fit curve for Bingham Plastic model, which they are fitted with a

linear correction representing in Figure 4.1. The result of a graph can be inferred that

the fluid is tended to be a Bingham Plastic fluid, showing the consistency plot of

water-based drilling mud under temperature at 30°C.




Table 4.6 Results of shear stress and shear rates from water-based drilling mud.

rpm average reading y (sec™h) 1 (Ibe/ft?)
600 46 1021.8 0.099
300 38 510.9 0.082
200 34 340.6 0.074
100 31 170.3 0.067

6 29 10.2 0.063

3 28 5.1 0.060

The Bingham Plastic model demonstrates the appropriate rheological model
for other drilling mud samples. The water-based drilling mud samples are categorized
into ten different groups of testing temperature (30, 60 and 90°C) and mixing ratios.

Their consistency curves are plotted in Figures 4.2 through 4.16.

0.120 ~
. 0.100 A
£ 0.080 A
=2
% 0.060 1 y = 4E-05x + 0.0612
B 0,040 - R2=0.9933
S
< 0.020 -
0.000 T T T T T 1
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Shear rate (sec!)

Figure 4.1 Consistency plot of water-based drilling mud with a linear correction.
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Figure 4.2 Consistency plot of drilling mixed with fly ash at 30°C.
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Figure 4.3 Consistency plot of drilling mixed with fly ash at 60°C.
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Figure 4.4 Consistency plot of drilling mixed with fly ash at 90°C.
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Figure 4.5 Consistency plot of drilling mixed with dolomite at 30°C.
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Figure 4.6 Consistency plot of drilling mixed with rice husk ash at 30°C.
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Figure 4.7 Consistency plot of drilling mixed with lime at 30°C.
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Figure 4.8 Consistency plot of drilling mixed with starch at 30°C.
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Figure 4.9 Consistency plot of new-base drilling mixed with dolomite at 30°C.
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Figure 4.10 Consistency plot of new-base drilling mixed with dolomite at 60°C.
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Figure 4.11 Consistency plot of new-base drilling mixed with rice husk ash at 30°C.
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Figure 4.12 Consistency plot of new-base drilling mixed with rice husk ash at 60°C.
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Figure 4.13 Consistency plot of new-base drilling mixed with lime at 30°C.
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Figure 4.14 Consistency plot of new-base drilling mixed with lime at 60°C.
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Figure 4.15 Consistency plot of new-base drilling mixed with starch at 30°C.
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Figure 4.16 Consistency plot of new-base drilling mixed with starch at 60°C.
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Table 4.7 Rheological parameters of drilling mud mixed with additives.

Bingham Plastic model

Power Law model

Test Apparent i
Mud L Plastic | _ Gelin Gelyo
Temp. - viscosity o Yield point K ) )
No. Composition viscosity ) n (Ibg/100 ft°) | (Ibg/100 ft°)
(°C) (cP) (Ib¢/100 ft) (eqcP)
(cP)
30 1 | Base 23 8 30 0.27 3554 27 31
4 | Base+1%fly ash 18 9 18 0.41 1088 19 26
5 | Base+3%fly ash 39 5 67 0.10 19598 21 22
6 | Base+5%fly ash 39 8 62 0.15 14097 22 19
13 | Base+1%dolomite 24 9 30 0.29 3262 22 33
14 | Base+3%dolomite 25 9 31 0.29 3286 28 38
15 | Base+5%dolomite 25 8 35 0.24 4735 33 37
16 Bf’ﬁeﬂ%fice husk 23 8 30 0.28 3365 22 28
as
17 Bahse+3%fice husk 20 10 20 0.42 1087 15 19
as
18 Bahse+5%fice husk 18 11 15 0.50 584 9 9
as
19 | Base+1%lime 23 9 28 0.31 2795 24 33
21 | Base+5%lime 23 11 24 0.39 1533 21 26

1%



Table 4.7 Rheological parameters of drilling mud mixed with additives (continued).

Bingham Plastic model

Power Law model

Testing Apparent i
No. Mud . Plastic . _ Gelin Gelyg
Temp. - viscosity _ _ Yield point K ’ ’
Composition viscosity ) n (Ib¢/200 ft°) | (Ibg/100 ft)
(°C) (cP) (Ibg/200 ft°) (eqcP)
(cP)
30 22 | Base+1%starch 24 9 30 0.31 2880 26 35
23 | Base+3%starch 27 8 38 0.22 5880 34 41
24 | Base+b%starch 27 7 39 0.21 6287 32 40
60 2 | Base 31 8 47 0.19 8713 30 32
7 | Base+1%fly ash 18 6 24 0.26 2992 28 35
8 | Base+3%fly ash 28 5 46 0.16 9198 10 13
9 | Base+5%fly ash 26 4 45 0.11 12124 12 10
90 3 | Base 37 2 64 0.10 19001 37 42
10 | Base+1%fly ash 16 5 22 0.23 3296 27 35
11 | Base+3%fly ash 28 6 45 0.15 9947 11 13
12 | Base+5%fly ash 26 7 37 0.21 5945 5 10
30 5 | New-base 39 5 67 0.10 19598 21 22
25 New-base'+ 43 6 76 0.09 22985 32 18
1%dolomite

0S



Table 4.7 Rheological parameters of drilling mud mixed with additives (continued).

Testing Apparent Bingham Plastic model Power Law
erp, No. Muq | viscosity | | | model Gelin 2 Gelyo 2
cc) Composition (cP) Plastic Yield point . K (Ibs/100 ft°) | (Ib{/100 ft°)
viscosity (cP) | (Iby#/100 ft%) (eqcP)
30 26 | New-base + 3%dolomite 43 6 74 0.10 | 21763 31 34
27 | New-base + 5%dolomite 47 9 7 0.15 | 16763 24 25
31 aNsiW_base +1%rice husk 35 5 60 0.11 | 16481 21 36
32 aNsiW_base +3%rice husk 32 5 54 0.11 | 14886 31 34
33 Q'Siw-base +5%rice husk 20 5 30 0.20 | 5155 21 19
37 | New-base+1%lime 46 8 77 0.12 | 20154 32 12
38 | New-base+3%lime 51 13 76 0.10 | 24291 26 19
39 | New-base +5%lime 41 10 62 0.18 | 11713 11 18
43 | New-base+1%starch 46 6 81 0.09 | 25222 31 15
44 | New-base+3%starch 40 4 72 0.07 | 25731 24 18
45 | New-base +5%starch 47 6 83 0.09 | 25014 26 19
60 8 | New-base 28 5 46 0.16 9198 10 13
28 | New-base+ 1%dolomite 30 5 50 013 | 12251 20 8

19



Table 4.7 Rheological parameters of drilling mud mixed with additives (continued).

Testing Apparent Bingham Plastic model Power Law
No. Mud o model Gelin Geljp
Temp. o viscosity i _ i ) )
cc) Composition (cP) Plastic Yield point . K (Ibs/100 ft°) | (Ib{/100 ft°)
viscosity (cP) | (Ibg/100 ft?) (eqcP)
60 29 | New-base + 3%dolomite 31 6 51 0.13 | 12492 20 17
30 | New-base + 5%dolomite 38 6 64 0.12 | 16744 26 9
34 | New-base +1%rice husk 23 6 34 0.20 5801 24 10
35 iIS:w-base +3%rice husk 21 4 35 0.13 8708 32 32
36 iIS:w-base +5%rice husk 34 4 61 0.08 | 19784 22 35
40 iIS:W-baseﬂ%lime 33 9 48 0.22 7662 14 6
41 | New-base+3%lime 40 8 63 0.16 | 13467 15 18
42 | New-base +5%lime 34 8 51 0.18 9584 21 13
46 | New-base+1%starch 51 18 66 0.28 7634 23 25
47 | New-base+3%starch 129 58 142 0.37 | 10306 68 44
48 | New-base+5%starch - - - - - 131 130

¢S
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4.3.2 Rheological behavior of drilling mud

The rheological parameters of water-based drilling mud and drilling
mud mixed with additive samples are summarized in Table 4.6. The additives are
divided into five parts, consisting of fly ash, dolomite, rice husk ash, lime, and starch.
The theological data of total test are shown in Appendix A. The Power Law model
parameter in the term of flow behavior index (n) and consistency (k) is calculated by
equation 3.6 and 3.7 as shown in the previous chapter. The index n indicated that all
drilling mud samples exhibited pseudoplastic flow with n less than 1. As mentioned
above, the flow behavior of typical drilling mud usually acted between the Bingham
Plastic and Power Law model. It is called pseudoplastic fluid. The trendy consistency
factor of drilling mud sample increases as the increasing of fly ash. The constant is
similar to the apparent viscosity of the fluid that described the thickness of the fluid.
The Power Law model did not describe the behavior of drilling fluids exactly, but the
constant n and k normally describe in the interest of hydraulic utilization that is used
in hydraulic calculations:

4.3.3 Filtration properties of drilling mud

The aim of filtration is to create a low-permeability mud cake to seal
between the wellbore and the formation. Control of fluid loss restricts the invasion of
the formation by filtrate and minimizes the thickness of mud cake. Table 4.8 shows
the average API static filtration loss within 30 minutes of drilling mud mixed with
additives. Total data testing of filtration properties and mud cake thickness are

displayed in Appendix A.
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The plot of filtration properties of water-based drilling mud is
measured at 30°C and elevated temperature (Figure 4.17). The filtration properties of
drilling mud mixed with additives are shown in Figures 4.18 through 4.25. These
graphs show time-dependent filtration behavior of water-based drilling mud and
indicate that the fluid loss exponentially increases as the time increase. The
decreasing of filtrate volume is resulted from continuous mudcake deposition and
compactions until the formation of a constant thickness and stable mud cakes have

been formed completely.

Table 4.8 API static filtrate loss of drilling mud mixed with additives.

Temp. Filtrate loss (ml)

ccy | No . . . . . .
1 min 4 min 9 min 16 min 25 min 30 min

30 1 2.5 55 8.5 115 14.5 16.0

60 2 2.5 6.5 95 13.0 16.5 18.0

90 3 3.0 6.5 11.0 14.5 18.5 20.0

30 4 2.5 6.0 10.0 13.5 17.5 195

5 5.0 10.5 17.0 24.0 32.0 37.0

6 9.0 17.0 26.0 36.0 47.0 53.0

60 7 2.5 7.5 125 17.0 21.5 24.0

8 12.0 26.0 40.5 56.5 73.0 80.0

9 13.0 25.5 41.0 58.0 74.5 83.5

90 10 4.5 9.5 15.5 20.0 25.0 27.0
11 17.0 36.0 57.5 79.5 102.5 113.0

12 19.0 37.0 59.5 82.0 105.5 116.5

30 13 2.5 6.0 9.0 12.0 15.5 17.0
14 2.0 55 8.5 11.0 14.0 16.0

15 2.0 4.5 8.0 11.5 14.5 16.0

16 2.0 5.0 8.0 11.0 13.5 15.0

17 3.0 55 9.0 12.5 16.0 175

18 3.5 6.5 9.5 13.0 16.5 18.5

19 2.5 6.0 10.0 13.0 16.0 17.0




55

Table 4.8 API static filtrate loss of drilling mud mixed with additives (continued).

Temp. Filtrate loss (ml)
coy | N : : : : : :
1 min 4 min 9 min 16 min 25min | 30 min
30 20 2.5 55 8.5 11.5 145 16.0
21 2.5 55 8.5 12.0 15.0 16.5
22 2.5 55 9.5 12.5 15.5 17.0
23 2.0 5.0 8.0 10.5 13.5 15.0
24 2.0 4.5 7.5 10.0 12.5 14.0
25 5.0 11.5 18.0 26.0 33.0 36.5
26 55 13.0 21.0 28.5 37.0 415
27 6.5 13.0 21.0 28.5 37.0 41.0
60 28 9.0 18.5 27.0 37.5 49.5 55.0
29 8.0 18.0 28.5 40.5 53.0 59.0
30 9.5 20.5 32.5 45.5 59.0 65.0
30 31 4.5 10.5 18.0 22.0 29.0 32.0
32 2.5 10.0 15.0 21.0 27.5 30.5
33 2.0 9.0 135 19.0 26.0 28.5
60 34 7.5 17.0 27.0 37.5 50.0 56.0
35 7.5 16.5 26.0 36.0 48.0 55.0
36 55 15.0 21.0 29.0 38.0 42.0
30 37 6.0 13.0 20.5 28.5 36.5 40.5
38 7.0 16.5 25.0 35.0 44.0 495
39 8.0 17.5 26.0 36.0 475 51.5
60 40 8.0 17.5 28.0 40.0 52.5 58.5
41 9.0 19.5 32.0 45.0 59.0 66.0
42 13.0 24.5 40.0 57.0 73.0 83.0
30 43 5.0 10.5 17.0 22.5 30.0 33.0
44 5.0 10.0 16.0 22.5 29.0 32.5
45 4.5 10.0 15.5 21.5 27.5 30.5
60 46 4.5 7.5 10.5 135 17.0 18.0
47 2.0 4.0 55 6.5 8.0 8.5
48 2.0 3.0 4.5 55 6.0 7.0
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Figure 4.17 Static filtration and time of water-based drilling mud.

The drilling mud mixed with additives on filtration properties at 30°C
has shown in Figures 4.18 through 4.22. The static filtration curves indicate that at
water-based drilling mud compares the drilling mud mixed with 1, 3 and 5
percentages of additives at 30°C. They are tested for determine the appropriate
amount of additives for control filtration loss of ‘drilling mud after mixing with fly

ash.
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Figure 4.18 Static filtration of fly ash versus time at 30°C.
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Figure 4.19 Static filtration of dolomite versus time at 30°C.
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Figure 4.20 Static filtration of rice husk ash versus time at 30°C.
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Figure 4.21 Static filtration of lime versus time at 30°C.
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Figure 4.22 Static filtration of starch versus time at 30°C.

The appropriate additive is 3 and 5 percentages of starch. They can
control fluid loss both low and high temperatures. The other additives include 3, 5
percentages of dolomite, respectively 1 percentage of rice husk ash and 3 percentages
of lime, decreasing the fluid loss but it is not significant for drilling mud. Filtration
behavior analyses of the drilling mud'at/60 and 90°C are demonstrated in Figure 4.23.
The static fluid loss values of drilling mud mixed with 3 percentages of fly ash
indicate to the increasing of filtration. However, other properties of 3 percentages of
fly ash are improved the drilling mud characterizations. Therefore, the drilling mud
mixed with 3 percentages of fly ash is used to new-base composition of drilling mud.

The new-base drilling mud mixed with additives is displayed in
Figures 4.24 through 4.31 that tested to solve the problem of filtration and improve

rheological properties.
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Figure 4.23 API filtrate loss at 30 minutes of drilling mud.
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Figure 4.24 Static filtration of dolomite in new-base mud versus time at 30°C.
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Figure 4.25 Static filtration of dolomite in new-base mud versus time at 60°C.
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Figure 4.26 Static filtration of rice husk ash in new-base mud versus time at 30°C.
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Figure 4.27 Static filtration of rice husk ash in new-base mud versus time at 60°C.
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Figure 4.28 Static filtration of lime in new-base mud versus time at 30°C.



90 7 —o—New-base
80 1 —B—New-base+1%lime
—~ 70 7 —A—New-base+3%lime
% 60 1  —o—New-base+5%lime
S 50
% 40 A
E 30 A
L 20 A
10 A
0 T T T T T |
0 5 10 15 20 25 30

Time (min)

Figure 4.29 Static filtration of lime in new-base mud versus time at 60°C.
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Figure 4.30 Static filtration of starch in new-base mud versus time at 30°C.
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Figure 4.31 Static filtration of starch in new-base mud versus time at 60°C.

The mudcake thickness of the drilling mud mixed with additives is
shown in Figure 4.32. The new-base drilling mud mixed with additives displayed in
Figures 4.33 through 4.36. The histograms show that the mudcake thickness is
depending on the additives concentration and temperature increasing. The mudcake
qualities deposited by the-additive containing -drilling mud are measured. The
slickness and toughness of starch in drilling mud are more than water-based drilling
mud, but the dolomite, rice husk ash, and lime are less than water-based drilling mud.
Because of the starch property could be improved the stability and lubricity of
mudcake. The quality of mudcake that referred to build up on the borehole wall,
helping for reduces the formation damage and the chance of differential sticking of

drill pipe.
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Figure 4.32 Mudcake thickness of fly ash containing drilling mud at 30, 60 and 90°C.
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Figure 4.33 Mudcake thickness of dolomite in new-base at 30 and 60°C.
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Figure 4.34 Mudcake thickness of rice husk ash in new-base at 30 and 60°C.
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Figure 4.35 Mudcake thickness of lime in new-base at 30 and 60°C.
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Figure 4.36 Mudcake thickness of starch in new-base at 30 and 60°C.

4.3.4 Density of drilling mud
Hydrostatic pressure is required to prevent the borehole wall from
caving in and to keep formation fluid from entering the wellbore. The results of
density of drilling mud after- mixing additives describe by Figures 4.37 through 4.40.
The result demonstrates the ability of additives to provide weight to drilling mud. The
range of drilling mud mixed with additives is 1.10 to 1.14 g/cm® or 9.16 to 9.50 Ib/gal.
The density slightly decreases as the temperature increase; however, the concentration

of additives increased as the density increased.
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Figure 4.37 Density of fly ash containing mud at 30, 60 and 90°C.

Density (Ib/gal)

9.6 - ——Fly ash
—&—Dolomite
95 1  —A—rice husk ash
—o—1|j
9.4 - lime
—X—starch
9.3
9.2 &
9.1 1
9.0 . . . .

1 2 3

4 S)

Additives concentration(%ow/w)

Figure 4.38 Density of additives containing mud at 30°C.
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Figure 4.39 Density of additives containing new-base mud at 30°C.
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Figure 4.40 Density of additives containing new-base mud at 60°C.
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4.3.5 The pH of drilling mud
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Table 4.9 and Figures 4.41 through 4.47 summarize the test

results on the pH of drilling mud before and after mixing additives at 30, 60 and 90°C.

They describe the pH of mud and mud filtrates for filtration test.

Table 4.9 The pH of drilling mud mixed with additives.

pH reading

No. Sample 1 " 3 Average
1 Mud 9.98 9.94 9.95 9.95
Mud filtrate 9.77 9.70 9.705 9.72
) Mud 9.78 9.75 9.75 9.76
Mud filtrate 9.62 9.61 9.61 9.61
3 Mud 9.50 9.52 9.52 9.51
Mud filtrate 9.38 9.37 9.36 9.37
4 Mud 10.91 10.86 10.87 10.88
Mud filtrate 10.60 10.63 10.61 10.61
5 Mud 11.45 11.48 11.46 11.46
Mud filtrate 11.60 11.60 11.59 11.60
6 Mud 11.35 11.40 11.66 11.47
Mud filtrate 11.69 11.69 11.66 11.68
7 Mud 10.59 10.61 10.73 10.64
Mud filtrate 10.85 10.72 10.72 10.76
3 Mud 11:13 11.21 11.29 11.21
Mud filtrate 11.68 11.66 11.67 11.67
9 Mud 11.30 11.37 11.41 11.36
Mud filtrate 11.60 11.61 11.61 11.61
10 Mud 10.30 10.42 10.48 10.40
Mud filtrate 10.90 10.90 10.91 10.90
1 Mud 10.97 11.10 11.18 11.08
Mud filtrate 11.43 11.43 11.45 11.44
12 Mud 11.15 11.16 11.32 11.21
Mud filtrate 11.44 11.43 11.46 11.44
13 Mud 9.90 9.93 9.92 9.92
Mud filtrate 9.64 9.67 9.62 9.64




Table 4.9 The pH of drilling mud mixed with additives (continued).
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No. Sample 1 PH ;ezadmg 3 Average
14 Mud 9.93 9.92 9.95 9.93
Mud filtrate 9.69 9.67 9.65 9.67
15 Mud 9.99 9.95 9.94 9.96
Mud filtrate 9.79 9.70 9.66 9.72
16 Mud 9.89 9.86 9.84 9.86
Mud filtrate 9.69 9.70 9.71 9.70
17 Mud 9.88 9.80 9.81 9.83
Mud filtrate 9.66 9.65 9.64 9.65
18 Mud 9.74 9.75 9.71 9.73
Mud filtrate 9.63 9.60 9.57 9.60
19 Mud 10.31 10.15 10.12 10.19
Mud filtrate 9.89 9.86 9.82 9.86
20 Mud 10.47 10.48 10.46 10.47
Mud filtrate 10.08 10.06 10.09 10.08
21 Mud 10.87 10.84 10.88 10.86
Mud filtrate 10.70 10.71 10.7 10.70
22 Mud 9.89 9.83 9.85 9.86
Mud filtrate 9.74 9.67 9.71 9.71
23 Mud 9.82 9.79 9.78 9.80
Mud filtrate 9.72 9.66 9.62 9.67
24 Mud 9.72 9.72 9.7 9.71
Mud filtrate 9.50 9.54 9.53 9.52
25 Mud 11.52 11.53 11.56 11.54
Mud filtrate 11.64 11.64 11.65 11.64
26 Mud 11.46 11.48 11.47 11.47
Mud filtrate 11.62 11.64 11.63 11.63
07 Mud 11.47 11.44 11.46 11.46
Mud filtrate 11.58 11.61 11.63 11.61
28 Mud 11.22 11.33 11.39 11.31
Mud filtrate 11.62 11.66 11.68 11.65
29 Mud 11.12 11.17 11.25 11.18
Mud filtrate 11.45 11.50 11.55 11.50
30 Mud 10.87 10.95 11.00 10.94
Mud filtrate 11.40 11.43 11.45 11.43




Table 4.9 The pH of drilling mud mixed with additives (continued).
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No. Sample 1 PH ;ezadmg 3 Average
31 Mud 11.20 11.31 11.31 11.27
Mud filtrate 11.30 11.37 11.36 11.34
39 Mud 11.06 11.07 11.12 11.08
Mud filtrate 11.19 11.23 11.23 11.22
33 Mud 10.70 10.73 10.81 10.75
Mud filtrate 11.16 11.18 11.19 11.18
34 Mud 10.82 10.88 10.94 10.88
Mud filtrate 11.32 11.35 11.34 11.34
35 Mud 10.78 10.87 10.94 10.86
Mud filtrate 11.25 11.28 11.27 11.27
36 Mud 10.59 10.65 10.71 10.65
Mud filtrate 11.14 11.18 11.16 11.16
37 Mud 11.53 11.51 11.53 11.52
Mud filtrate 11.67 11.68 11.68 11.68
38 Mud 11.52 11.52 11.50 11.51
Mud filtrate 11.64 11.71 11.69 11.68
39 Mud 11.49 11.52 115 11.50
Mud filtrate 11.60 11.67 11.72 11.66
40 Mud 11.19 11.19 11.20 11.19
Mud filtrate 11.43 11.46 11.50 11.46
a1 Mud 11.08 11.12 11.14 11.11
Mud filtrate 11.38 11.44 11.44 11.42
42 Mud 11.00 11.08 11.12 11.07
Mud filtrate 11.43 11.48 11.53 11.48
43 Mud 11.26 11.25 11.28 11.26
Mud filtrate 11.40 11.47 11.48 11.45
44 Mud 11.17 11.26 11.24 11.22
Mud filtrate 11.32 11.35 11.32 11.33
45 Mud 11.19 11.20 11.22 11.20
Mud filtrate 11.30 11.32 11.32 11.31
16 Mud 10.86 10.86 10.95 10.89
Mud filtrate 11.36 11.42 11.43 11.40
47 Mud 10.68 10.65 10.74 10.69
Mud filtrate 11.23 11.17 11.24 11.21




Table 4.9 The pH of drilling mud mixed with additives (continued).
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No. Sample 1 PH ;ezadlng 3 Average
48 Mud 10.67 10.66 10.65 10.66
Mud filtrate 11.35 11.03 10.86 11.08
10.0
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98 Base mud filtrate
z 9.7 |
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9.4
9.3
30 60 90
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Figure 4.41 pH of water-based drilling mud.
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Figure 4.42 pH of drilling mud mixed additives at 30°C.
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Figure 4.45 pH of mud filtrate for additives containing mud at 30°C.
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Figure 4.46 pH of new-base mud mixed additives at 60°C.
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Figure 4.47 pH of mud filtrate for additives containing mud at 60°C.

The result indicates that the pH increased as the increasing
concentration of fly ash and lime, but the pH is slightly decreased when the dolomite,
rice husk ash and starch concentration increased. Temperature effect to the pH value
by the increasing of temperature causes the pH decreasing. The pH of the filtrate for
filtration test is more than the pH of drilling mud.

4.3.6 Solid content in drilling mud

Solids are usually classified as high gravity solid (HGS) that referred
to barite and other weighting agents. Low gravity solid (LGS) consists of clays,
polymers and bridging materials deliberately put in the mud, plus drilled solids from
dispersed cuttings and ground rock. The amount and type of solids in the mud affect a
number of drilling mud properties. The results of solid content describe in Figures

4.48 through 4.51.
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Figure 4.48 Solid content of drilling mud mixed with fly ash at 30, 60 and 90°C.
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Figure 4.49 Solid content of drilling mud mixed with additives at 30°C.



14.0
120 —=R
o Y
S 100 8
& 80 |
c
8 6.0 —&—dolomite
=S 40 - —A—rice husk ash
P 50 - —©—lime
—¥—starch
0.0 . . . .
1 2 3 4 5
Additives concentration (Yow/w)

Figure 4.50 Solid content of new-base mud mixed with additives at 30°C.
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Figure 4.51 Solid content of new-base mud mixed with additives at 60°C.
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High solids content (HGS) will increase plastic viscosity and gel
strength. High solids muds have much thicker filter cakes and slower drilling rates.
Analysis of results represents to the adding additives to water-based drilling mud led
to the increasing the solids. However, the increasing of temperature effect to the solid
content decreased. Moreover, the starch is an LGS improving rheological properties
of drilling mud.

4.3.7 Sand content of drilling mud

Large particles of sand in the mud cause abrasion on the pump parts,
tubular, measurement while drilling equipment and downhole motors. The drilling
mud should not have sand content more than 0.3 percentages. The Sand content must
be more than 0.075 millimeters or 200-mesh. The results illustrate by Figures 4.52
through 4.55 show relationship between sand content with concentration of additives
to add in base and new-base drilling mud. The sand contents are value more than 0.3
percentages; nevertheless, the water-based drilling mud is used to standard that is 0.5
percentages. The ranges of sand content are 0.5 to 2.percentages; expect the rice husk
ash is 1.5 to 10 percentages. It is sieved through No.200-mesh, thus particle of rice
husk ash equals the screen of sand content set and sand size. Therefore, the rice husk

ash is a high sand content. The sand content increase when the temperature increased.
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Figure 4.52 Sand content of drilling mud mixed with fly ash at 30, 60 and 90°C.
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Figure 4.53 Sand content of drilling mud mixed with additives at 30°C.
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4.3.8 Resistivity of drilling mud
The results of resistivity are illustrated in Figures 4.56 through 4.63.
Resistivity of drilling mud decreased as additive’s concentration and temperature
increased, excepted starch increased while resistivity increased. The resistivity of

Mud filtrate is more than drilling mud and mud cake thickness, respectively.
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Figure 4.56 Resistivity of drilling mud at 30, 60 and 90°C.



6.0 —o—Base —&— Base+1%fly ash

—— Base+3%fly ash —©—Base+5%fly ash

5.0 — .

\ ]

&
o
=

Resistivity (€.m)
w
o

2.0
1.0
0.0
30 60 90
Temperature (°C)

Figure 4.57 Resistivity of drilling mud mixed with fly ash at 30, 60 and 90°C.
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Figure 4.58 Resistivity of drilling mud mixed with additives at 30°C.
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Figure 4.59 Resistivity of additives containing mud filtrate at 30°C.
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Figure 4.60 Resistivity of additives containing new-base mud at 30°C.
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Figure 4.61 Resistivity of additives containing new-base mud filtrate at 30°C.
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Figure 4.62 Resistivity of additives containing new-base mud at 60°C.
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Figure 4.63 Resistivity of additives containing new-base mud filtrate at 60°C.

4.4  Cost analysis

There are good reasons to improve drilling mud properties. Drilling mud may
represent 5 to 15 percentages of drilling costs. Furthermore, increasing environmental
concerns have limited the use of some of the meost effective drilling muds and
additives. At the same time,“as part of the industry’s drive for improved cost-
effectiveness, drilling mud performance has come under ever scrutiny. Therefore, it is
important to study and match the API standard, and the drilling mud mixed with fly
ash. It is shown in Table 4.10. The drilling mud formula (70:10:20) includes barite:

dolomite: fly ash and 3% bentonite (Petchote and Sikong, 2005).



Table 4.10 Comparison between

the appropriate drilling mud formula and API

standard.
Drilling mud Formula Viscosity (cP) | Density (g/cm?®) pH
Standard API 35-78 1.00-1.35 9.9-12
New-base + 3% starch 58.00 1.09 10.69
70:10:20 78.10 1.12 9.97

These drilling mud formulas above reach the drilling mud properties of API

standard. Therefore, it is essential to compare them cost between the appropriate

drilling mud formulas. Table 4.11 indicates the cost of each drilling mud formula.

Table 4.11 Cost of the appropriate drilling mud formula.

Drilling mud Formula Cost (Baht/Ton)
New-base + 3% starch 3,879
70:10:20 2,343

Consequently, the cost of new-base drilling mud mixed with 3 percentages

of starch that is a costly more than the drilling mud (70:10:20) formula.




CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

It is based on the results of drilling mud mixed with additives properties
acquired from the previous chapter. The testing samples are divided into two parts
that an additive containing mud and additives containing new-base mud. The
conclusions of this study are as follows.

5.1.1 Chemical properties

The results of element and mineral analysis found that the temperature
in the study is 30, 60 and 90°C, which not change the structure of element and mineral
of drilling mud. Hence, the drilling mud after mixed with additives are changed the
content of elements and minerals that depended on the mixing ratio. The percentages
of fly ash consist of silicon '34.90, aluminum 18.98, calcium 16.57, iron 15.51 and
other elements 14.04. The percentages of major elements of drilling mud include
silicon content range between 20.3 to 55.1, barium 4.8 to 31.9, sulfur 9.3 to 18.9,
calcium 1.7 to 23.7, aluminum 7.5 to 13.5, iron 6.8 to 19.5 and other elements found a
little.

The mineralogical composition of fly ash depends on the geological
factors which related to the formation and deposition of coal. The percentages of
dominate minerals of fly ash are quartz 24.26, anhydrite 14.28, hematite 20.46, calcite

15.33, mullite 17.23 and lime 8.44. The percentages of major minerals of the drilling
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mud consist of barite range between 31.65 to 43.47, montmorillonite 18.66 to 30.60,
kaolinite 7.47 to 22.07, quartz 5.88 to 15.70, calcite 1.87 to 23.29, hematite 2.04 to
4.83, Gypsum 0.42 to 2.33, dolomite 0.03 to 0.53, anorthite 0.02 to 6.18 and anhydrite
0.06 to 1.19, respectively.
5.1.2 Physical properties

The drilling mud mixed with fly ash explicated the shear thinning fluid by giving flow
behavior index less than one that indicated pseudo-plastic flow. The drilling mud
mixed with three percentages of fly ash is the best composition to improve drilling
mud properties and to use the new-base drilling mud. The appropriate additives
containing new-base mud at 30 and 60°C are described below.

The rheological properties of three percentages of starch containing in
new-base mud are the appropriate mud properties that the plastic viscosity 58
centipoise, yield point 142 Ib¢100ft*, gel strength 68 Iby100ft* in initial and 44
Ib#/100ft? in 10 minutes, respectively. These results reach the drilling mud properties
of API standard.

There are 8.5 and' 7.0 milliliters’ API static filtration of three and five
percentages of starch mixing drilling mud, respectively. This concentration is suitable
for control fluid loss at 60°C. The mudcake thickness of them is 2.99 and 2.66
millimeters. The slickness and lubricity of mudcake relate to the lubricity of drilling
string when drilling operation. API static filtration of 3 and 5 percentages starch
mixing drilling mud, which are 8.5 and 7.0 ml. Thus, the suitable concentration is to
control fluid loss at 60°C. The mudcake thickness of them is 2.99 and 2.66 mm. The
slickness and lubricity of mudcake that relate to lubricate drilling string when drilling

operation.
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The increasing density depends on the amount of weighting materials.
The range of drilling mud mixed with additives is 1.10 to 1.14 g/cm® or 9.16 to 9.50
Ib/gal. Hence, dolomite is a maximum weighting material. The dolomite optimizes to
increase density nevertheless, the density decreases as temperature increases.

The pH range of drilling muds is 10.66 to 11.54. It can minimize
corrosion problems of steel in drilling mud circulation process. The additives mixing
drilling mud optimize all concentration at both 30 and 60°C.

The high concentration of additives affected the increasing solid and
sand contents. Standards of solid and sand contents are less than 10 and 0.3
percentages, respectively. The solid contents of one percentage of rice husk ash and
starch mixing new-base drilling mud are in a range of standards, but sand content is
overrated. Large particles of sand in the mud cause abrasion on pump parts, tubular,
measurement while drilling equipment and downhole motors. Furthermore, the
increasing solid content has the effect as differential sticking, slower drilling rates,
circulation and surge and swab pressure.

The resistivity slightly decreased while temperature and concentration
of additives increased, except rice husk ash and starch.

5.1.3 Cost analysis

The comparison between drilling muds mixed with fly ash that the
formula of a new-base mixed with three percentages of starch has higher cost of the
drilling mud including barite: dolomite: fly ash (70: 10: 20) formula. However, the fly
ash can enhance the properties of drilling mud by using with other additives, which is

quite suitable for using in drilling mud system.
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5.2 Recommendations

The research investigation and results lead to recommendation area for further
studies including that the drilling mud mixed additives should be investigated at
elevated temperatures more than 60°C and varied percentage of fly ash as a base
composition. The additives should be sieved before mixed with water-based drilling
mud, in order to reduce the solid and sand contents. The starch limits are to burn at
high temperature (more than 70°C) and to appear decomposition. Therefore, the fluid
loss should be modified natural or synthetic polymer such as cellulose, CMC,

polyacrylamide, etc.
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Fann viscometer data and parameters for all tested.
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Table A1 Water-based drilling mud at 30°C (No.1).
Reading | Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec?) | (Ibg/ft?)
600 44 46 47 48 46.3 | 1021.8 | 0.099
300 37 37 41 38 38.3 | 510.9| 0.082
200 34 34 36 35 34.8 | 340.6| 0.074
100 32 31 33 30 31.5| 170.3| 0.067
6 30 29 32 27 29.5 10.2 | 0.063
3 27 29 31 25 28.0 51| 0.060

PV 7 9 6 10 8

AV 22 23 23.5 24 23

YP 30 28 35 28 30

Gelin 27

GEllo 31

Table A2  Water-based drilling mud at 60°C (No.2).

Reading.| Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec?) | (Ibi/ft?)
600 65 63 61 59 62.0 | 1021.8 | 0.132
300 54 59 54 51 545 | 510.9| 0.116
200 53 56 51 48 52.0 | 340.6| 0.111
100 50 52 51 46 498 | 170.3| 0.106
6 41 46 47 42 44.0 10.2 | 0.094
3 30 33 32 37 33.0 51| 0.070

PV 11 4 7 8 8

AV 32.5 315 30.5 29.5 31

YP 43 55 47 43 47

Gelin 30

Ge|10 32
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Table A3 Water-based drilling mud at 90°C (No.3).
Reading | Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec?) | (Ibg/ft?)
600 76 75 71 70 73.0 | 1021.8 | 0.156
300 74 70 66 63 68.3| 510.9| 0.146
200 74 68 70 60 68.0 | 340.6| 0.145
100 70 65 67 57 64.8 | 170.3| 0.138
6 52 51 57 46 51.5 10.2 | 0.110
3 37 39 42 37 38.8 51| 0.083

PV 2 5 5 7 5

AV 38 37.5 355 35 37

YP 72 65 61 56 64

Gel;y, 37

Gelyg 42

Table A4 Water-based drilling mud mixed with 1 percent fly ash at 30°C (No.4).

Reading | Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec™) | (Ibg/ft?)
600 36 37 35 35 35.8 | 1021.8 | 0.076
300 26 27 28 27 27.0 | 510.9| 0.058
200 25 24 25 22 24.0 | 340.6| 0.051
100 21 19 22 19 20.3 | 170.3| 0.043
6 20 18 22 20 20.0 10.2 | 0.043
3 19 23 26 18 215 51| 0.046

PV 10 10 7 8 9

AV 18 18.5 17.5 17.5 18

YP 16 17 21 19 18

Gelin 19

Ge|10 26
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Table A5 Water-based drilling mud mixed with 3 percent fly ash at 30°C (No.5).
Reading | Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec?) | (Ibg/ft?)
600 78 78 76 79 77.8|1021.8 | 0.166
300 74 75 70 71 72.5| 510.9| 0.155
200 72 72 69 68 70.3 | 340.6| 0.150
100 68 66 65 64 65.8 | 170.3| 0.140
6 45 46 37 48 44.0 10.2 | 0.094
3 21 23 22 30 24.0 51| 0.051

PV 4 3 6 8 5

AV 39 39 38 39.5 39

YP 70 72 64 63 67

Gel;y, 21

Gelyg 22

Table A6 Water-based drilling mud mixed with 5 percent fly ash at 30°C (No.6).

Reading | Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec™) | (Ibg/ft?)
600 80 82 72 74 77.0 | 1021.8 | 0.164
300 75 73 64 66 69.5| 510.9| 0.148
200 72 69 63 59 65.8 | 340.6| 0.140
100 67 60 60 52 59.8| 170.3| 0.127
6 41 35 32 30 34.5 10.2 | 0.074
3 22 22 19 18 20.3 51| 0.043

PV 5 9 8 8 8

AV 40 41 36 37 39

YP 70 64 56 58 62

Geli, 22

Ge|10 19
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Table A7 Water-based drilling mud mixed with 1 percent fly ash at 60°C (No.7).
Reading | Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec?) | (Ibg/ft?)
600 36 37 37 31 35.3|1021.8 | 0.075
300 30 29 31 28 29.5| 510.9| 0.063
200 28 27 29 22 26.5| 340.6| 0.056
100 25 23 26 29 25.8 | 170.3| 0.055
6 29 24 30 22 26.3 10.2 | 0.056
3 28 28 35 28 29.8 51| 0.063

PV 6 8 6 3 6

AV 18 18.5 18.5 15.5 18

YP 24 21 25 25 24

G8|in 28

Ge|10 35

Table A8  Water-based drilling mud mixed with 3 percent fly ash at 60°C (No.8).

Reading | Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec™) | (Ibg/ft?)
600 59 59 52 54 56.0 | 1021.8 | 0.119
300 54 52 46 51 50.0 | 510.9| 0.107
200 50 49 44 48 47.8 | 340.6 | 0.102
100 47 44 40 44 43.8| 170.3 | 0.093
6 16 16 15 17 16.0 10.2 | 0.034
3 10 10 13 11 11.0 51| 0.023

PV 5 7 6 3 5

AV 29.5 29.5 26 27 28

YP 49 45 40 48 46

Gelin 10

Ge|10 13
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Table A9  Water-based drilling mud mixed with 5 percent fly ash at 60°C (No.9).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec?) | (Ibg/ft?)
600 54 54 50 52 52,50 | 1021.8 | 0.112
300 49 50 45 50 48,50 | 5109 | 0.103
200 46 47 42 47 4550 | 340.6 | 0.097
100 42 43 38 43 4150 | 170.3| 0.088
6 15 17 16 17 16.25 10.2 | 0.035
3 12 12 10 12 11.50 51| 0.025
PV 5 4 5 2 4
AV 27 27 25 26 26
YP 44 46 40 48 45
Gel;y, 12
Ge|10 10
Table A10 Water-based drilling mud mixed with 1 percent fly ash at 90°C
(No.10).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibg/ft?)
600 41 41 41 42 41.33 | 1021.8 | 0.088
300 38 34 35 34 35.33 | 5109 | 0.075
200 37 33 34 31 33.67 | 340.6| 0.072
100 36 30 31 28 31.33 | 170.3| 0.067
6 35 30 32 31 32.00 10.2 | 0.068
3 27 34 32 35 32.00 51| 0.068
PV 3 7 6 8 6
AV 20.5 20.5 20.7 21 21
YP 35 27 29.3 26 29
Gelin 27
Ge|10 35




Table A11 Water-based drilling mud mixed with 3 percent fly ash at 90°C
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(No.11).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec?) | (Ibg/ft?)
600 57 57 56 57 56.75 | 1021.8 | 0.121
300 50 53 50 51 51.00 | 5109 | 0.109
200 46 50 46 49 47.75| 340.6| 0.102
100 42 46 42 45 43.75 | 170.3| 0.093
6 18 19 19 20 19.00 10.2 | 0.041
3 11 12 13 16 13.00 51| 0.028
PV 7 4 6 6 6
AV 28.5 28.5 28 28.5 28
YP 43 49 44 45 45
Gelin 11
GE'lo 13
Table A12 Water-based drilling'mud mixed with 5 percent fly ash at 90°C
(No.12).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibg/ft?)
600 51 51 51 51 51.00 | 1021.8 | 0.109
300 38 48 43 47 44.00 | 5109 | 0.094
200 36 44 38 45 40.75 | 340.6 | 0.087
100 33 42 35 41 37.75| 170.3| 0.080
6 14 17 18 19 17.00 10.2 | 0.036
3 5 10 10 11 9.00 51| 0.019
PV 13 3 8 4 7
AV 25.5 25.5 25.5 25.5 26
YP 25 45 35 43 37
Gelin 5
Ge|10 10
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Table A13  Water-based drilling mud mixed with 1 percent dolomite at 30°C
(No.13).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec?) | (Ibg/ft?)
600 46 46 48 48 47.00 | 1021.8 | 0.100
300 38 37 40 39 38.50 | 5109 | 0.082
200 34 35 37 36 35.50 | 340.6 | 0.076
100 31 31 34 32 32.00 | 170.3| 0.068
6 28 27 32 27 28.50 10.2 | 0.061
3 22 28 33 27 27.50 51| 0.059
PV 8 9 8 9 9
AV 23 23 24 24 24
YP 30 28 32 30 30
Gelin 22
Gelyo 33
Table A14  Water-based drilling mud mixed with 3 percent dolomite at 30°C
(No.14).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibg/ft?)
600 48 48 49 51 49.00 | 1021.8 | 0.104
300 39 39 41 41 40.00 | 5109 | 0.085
200 36 36 37 37 36.50 | 340.6 | 0.078
100 33 32 35 33 33.25| 170.3| 0.071
6 31 31 34 30 31.50 10.2 | 0.067
3 28 31 38 32 32.25 51| 0.069
PV 9 9 8 10 9
AV 24 24 24.5 25.5 25
YP 30 30 33 31 31
Gelin 28
Ge|10 38
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Table A15 Water-based drilling mud mixed with 5 percent dolomite at 30°C
(No.15).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec?) | (Ibg/ft?)
600 49 50 50 51 50.00 | 1021.8 | 0.107
300 42 42 42 43 42,25 | 5109 | 0.090
200 39 38 40 40 39.25| 340.6| 0.084
100 35 35 36 35 35.25| 170.3| 0.075
6 34 34 37 32 34.25 10.2 | 0.073
3 33 33 37 33 34.00 51| 0.072
PV 7 8 8 8 8
AV 24.5 25 25 25.5 25
YP 35 34 34 35 35
Gelin 33
GE'lo 37
Table A16  Water-based drilling mud mixed with 1 percent rice husk ash at 30°C
(No.16).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibg/ft?)
600 44 45 48 49 46.50 | 1021.8 | 0.099
300 35 36 40 42 38.25| 5109 | 0.082
200 32 33 36 36 34.25| 340.6| 0.073
100 29 29 32 32 30.50 | 170.3| 0.065
6 25 26 30 25 26.50 10.2 | 0.056
3 22 25 28 24 24.75 51| 0.053
PV 9 9 8 7 8
AV 22 225 24 24.5 23
YP 26 27 32 35 30
Gelin 22
Ge|10 28
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Table A17  Water-based drilling mud mixed with 3 percent rice husk ash at 30°C
(No.17).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec?) | (Ibg/ft?)
600 40 40 40 41 40.25 | 1021.8 | 0.086
300 29 30 30 31 30.00 | 510.9| 0.064
200 26 26 27 26 26.25 | 340.6| 0.056
100 22 21 23 21 21.75| 170.3| 0.046
6 17 16 18 16 16.75 10.2 | 0.036
3 15 14 19 15 15.75 5.1 0.034
PV 11 10 10 10 10
AV 20 20 20 20.5 20
YP 18 20 20 21 20
Gel;y, 15
GE'lo 19
Table A18 Water-based drilling mud mixed with 5 percent rice husk ash at 30°C
(No.18).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibg/ft?)
600 35 35 37 37 36.00 | 1021.8 | 0.077
300 25 25 26 26 25,50 | 510.9| 0.054
200 21 20 22 21 21.00 | 340.6 | 0.045
100 17 16 17 16 16.50 | 170.3 | 0.035
6 11 11 14 11 11.75 10.2 0.025
3 9 10 9 9 9.25 51| 0.020
PV 10 10 11 11 11
AV 175 175 18.5 18.5 18
YP 15 15 15 15 15
Gelin

Ge|10
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Table A19  Water-based drilling mud mixed with 1 percent lime at 30°C (No.19).
Reading | Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec?) | (Ibg/ft?)
600 41 43 50 49 45.75 | 1021.8 | 0.098
300 35 35 37 41 37.00 | 5109 | 0.079
200 31 32 35 36 33.50 | 340.6| 0.071
100 28 28 31 32 29.75| 170.3 | 0.063
6 26 28 31 32 29.25 10.2 | 0.062
3 24 29 33 31 29.25 51| 0.062

PV 6 8 13 8 9

AV 20.5 21.5 25 24.5 23

YP 29 27 24 33 28

Gel;y, 24

Gelyo 33

Table A20  Water-based drilling mud mixed with 3 percent lime at 30°C (No.20).

Reading | Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec™) | (Ibg/ft?)
600 48 49 51 51 49.75 | 1021.8 | 0.106
300 41 41 42 41 41.25| 5109 | 0.088
200 38 37 38 37 3750 | 340.6 | 0.080
100 34 33 37 32 34.00 | 170.3| 0.072
6 32 33 37 31 33.25 10.2 | 0.071
3 31 33 40 33 34.25 51| 0.073

PV 7 8 9 10 9

AV 24 24.5 25.5 25.5 25

YP 34 33 33 31 33

Gelin 31

Gelyg 40
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Table A21  Water-based drilling mud mixed with 5 percent lime at 30°C (No.21).
Reading | Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec?) | (Ibg/ft?)
600 43 44 47 47 45.25 | 1021.8 | 0.096
300 33 34 36 35 3450 | 5109 | 0.074
200 30 29 31 29 29.75 | 340.6 | 0.063
100 25 24 26 25 25.00 | 170.3 | 0.053
6 21 19 24 19 20.75 10.2 | 0.044
3 21 19 26 19 21.25 51| 0.045

PV 10 10 11 12 11

AV 21.5 22 23.5 23.5 23

YP 23 24 25 23 24

Gel;y, 21

Ge|10 26

Table A22  Water-based drilling mud mixed with 1 percent starch at 30°C (No.22).

Reading | Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec™) | (Ibg/ft?)
600 47 47 49 49 48.00 | 1021.8 | 0.102
300 38 37 42 38 38.75| 5109 | 0.083
200 35 35 40 36 36.50 | 340.6 | 0.078
100 32 32 36 33 33.25| 170.3| 0.071
6 29 27 35 31 30.50 10.2 | 0.065
3 26 27 35 31 29.75 51| 0.063

PV 9 10 7 11 9

AV 23.5 23.5 24.5 24.5 24

YP 29 27 35 27 30

Gelin 26

Ge|10 35
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Table A23  Water-based drilling mud mixed with 3 percent starch at 30°C (N0.23).
Reading | Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec?) | (Ibg/ft?)
600 51 52 54 55 53.00 | 1021.8 | 0.113
300 44 45 47 46 4550 | 5109 | 0.097
200 42 42 44 43 42,75 | 340.6| 0.091
100 39 38 40 40 39.25| 170.3 | 0.084
6 37 37 42 39 38.75 10.2 | 0.083
3 34 37 41 38 37.50 51| 0.080

PV 7 7 7 9 8

AV 25.5 26 27 27.5 27

YP 37 38 40 37 38

Gel;y, 34

Gelyg 41

Table A24  Water-based drilling mud mixed with 5 percent starch at 30°C (No.24).

Reading | Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec™) | (Ibg/ft?)
600 51 52 55 55 53.25|1021.8| 0.114
300 45 45 48 46 46.00 | 510.9| 0.098
200 42 42 44 43 42,75 | 340.6| 0.091
100 38 39 41 39 39.25| 1703 | 0.084
6 35 36 40 34 36.25 10.2 | 0.077
3 32 35 40 34 35.25 51| 0.075

PV 6 7 7 9 7

AV 25.5 26 27.5 27.5 27

YP 39 38 41 37 39

Gelin 32

Gelyg 40




106

Table A25 New-based drilling mud mixed with 1 percent dolomite at 30°C (No.25).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibg/ftY)
600 84 82 90 91 86.75 | 1021.8 | 0.185
300 78 78 84 85 81.25| 5109 | 0.173
200 75 74 79 80 77.00 | 3406 | o0.164
100 70 71 75 75 72.75| 1703 | 0.155
6 48 47 48 42 46.25 10.2 | 0.099
3 32 26 18 28 26.00 51| 0.055
PV 6 4 6 6 6
AV 42 41 45 455 43
YP 72 74 78 79 76
Gelin 32
GEllo 18
Table A26  New-based drilling mud mixed with 3 percent dolomite at 30°C (No.26).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibg/ftY)
600 83 85 87 86 85.25 | 1021.8 | 0.182
300 79 81 78 80 79.50 | 5109 | 0.169
200 77 77 73 74 75.25 | 3406 | 0.160
100 66 72 66 70 68.50 | 170.3 | 0.146
6 43 45 37 43 42.00 10.2 | 0.090
3 31 40 34 37 35.50 51| 0.076
PV 4 4 9 6 6
AV 41.5 425 43.5 43 43
YP 75 77 69 74 74
Gelin 31
Ge|10 34
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Table A27 New-based drilling mud mixed with 5 percent dolomite at 30°C (No.27).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibi/ft?)
600 91 101 90 93 93.75 | 1021.8 | 0.200
300 79 90 84 85 8450 | 5109 | 0.180
200 73 87 80 81 80.25| 340.6| 0.171
100 65 77 74 75 72.75| 1703 | 0.155
6 40 46 42 48 44.00 10.2 | 0.094
3 24 37 25 37 30.75 51| 0.066
PV 12 11 6 8 9
AV 45.5 50.5 45 46.5 47
YP 67 79 78 77 75
Gel;y, 24
GE'lo 25
Table A28 New-based drilling mud mixed with 1 percent dolomite at 60°C (No.28).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibg/ftY)
600 59 60 60 61 60.00 | 1021.8 | 0.128
300 56 55 53 55 54.75| 5109 | o0.117
200 55 52 50 52 52.25| 3406 | 0.111
100 52 45 45 48 4750 | 170.3| 0.101
6 28 23 19 25 23.75 10.2 | 0.051
3 20 12 8 13 13.25 51| 0.028
PV 3 5 7 6 5
AV 29.5 30 30 30.5 30
YP 53 50 46 49 50
Gelin 20
Ge|10 8
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Table A29 New-based drilling mud mixed with 3 percent dolomite at 60°C (No.29).
Reading | Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec™) | (Ibg/ftY)
600 62 61 63 62 62.00 | 1021.8 | 0.132
300 56 57 56 S57 56.50 | 510.9 0.120
200 53 54 52 54 53.25 | 340.6 0.114
100 51 50 47 49 49.25 | 170.3| 0.105
6 28 28 29 28 28.25 10.2 | 0.060
3 20 21 17 20 19.50 5.1 0.042

PV 6 4 7 5 6

AV 31 30.5 31.5 31 31

YP 50 53 49 52 o1

Geli, 20

GEllo 17

Table A30 New-based drilling mud mixed with 5 percent dolomite at 60°C (N0.30).

Reading | Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec™) | (Ibi/ft?)
600 78 78 76 75 76.75 | 10218 | 0.164
300 73 73 68 68 70.50 | 5109 | 0.150
200 70 68 62 65 66.25 | 340.6 | 0.141
100 67 63 59 60 62.25| 170.3 0.133
6 29 27 19 28 2575 | 10.2] 0,055
3 26 11 9 10 14.00 5.1 0.030

PV 5 5 8 7 6

AV 39 39 38 37.5 38

YP 68 68 60 61 64

Geli, 26

Ge|10 9




109

Table A31  New-based drilling mud mixed with 1 percent rice husk ash at 30°C
(No.31).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibi/ft?)
600 72 70 70 69 70.25 | 1021.8 0.150
300 65 67 65 63 65.00 | 5109 | 0.139
200 54 66 63 62 61.25 | 340.6 0.131
100 41 65 62 59 56.75 | 170.3 0.121
6 19 60 59 53 47.75 10.2 | 0.102
3 21 55 36 48 40.00 51| 0.085
PV 7 3 5 6 5)
AV 36 35 35 34.5 35
YP 58 64 60 57 60
Geli, 21
Gelyo 36
Table A32 New-based drilling mud mixed with 3 percent rice husk ash at 30°C
(No.32).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Iby/ft?)
600 62 62 65 65 63.50 | 1021.8 | 0.135
300 55 57 61 62 58.75 | 510.9 0.125
200 51 56 58 62 56.75 | 3406 | o0.121
100 49 55 54 61 5475 | 170.3 0.117
6 45 54 49 55 50.75 10.2 | 0.108
3 31 42 34 42 37.25 5.1 0.079
PV 7 5 4 3 5
AV 31 31 32.5 32.5 32
YP 48 52 57 59 54
Gelin 31
Gelyg 34
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Table A33  New-based drilling mud mixed with 5 percent rice husk ash at 30°C
(No.33).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibg/ft?)
600 36 36 45 45 40.50 | 1021.8 0.086
300 33 33 35 40 35.25 | 510.9 0.075
200 32 33 33 39 34.25| 340.6 | 0.073
100 28 30 37 41 3400 | 1703 | 0.072
6 20 30 27 40 29.25 10.2 | 0.062
3 21 19 19 24 20.75 5.1 0.044
PV 3 3 10 5 5
AV 18 18 22.5 22.5 20
YP 30 30 25 35 30
Geli, 21
GE'lo 19
Table A34 New-based drilling mud mixed with 1 percent rice husk ash at 60°C
(No.34).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibi/ft?)
600 45 45 46 48 46.00 | 1021.8 | 0.098
300 39 41 37 43 40.00| 9109 | 0.085
200 35 38 35 39 36.75| 340.6 | 0.078
100 33 35 33 33 3350 | 170.3 0.071
6 19 14 13 9 13.75| 10.2| 0.029
3 24 9 10 7 12.50 5.1 0.027
PV 6 4 9 5 6
AV 22.5 22.5 23 24 23
YP 33 37 28 38 34
Geli 24
Ge|10 10
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Table A35 New-based drilling mud mixed with 3 percent rice husk ash at 60°C
(No.35).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Iby/ft?)
600 42 49 40 40 42.75 | 1021.8 0.091
300 41 44 37 34 39.00 | 510.9 0.083
200 40 41 37 33 37.75| 340.6| 0.080
100 40 41 39 31 37.75| 1703 | 0.080
6 38 36 38 27 34.75 10.2 0.074
3 32 33 32 24 30.25 51| 0.064
PV 1 5 3 6 4
AV 21 24.5 20 20 21
YP 40 39 34 28 35
G8|in 32
GEllo 32
Table A36 New-based drilling mud mixed with 5 percent rice husk ash at 60°C
(No0.36).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Iby/ft?)
600 70 68 70 69 69.25 | 1021.8 | 0.148
300 68 68 68 67 67.75 | 510.9 0.144
200 68 68 69 63 68.25 | 340.6 | 0.146
100 67 66 64 69 66.50 | 1703 | 0.142
6 47 60 54 63 56.00 10.2 0.119
3 22 34 35 41 33.00 5.1 0.070
PV 2 0 2 2 2
AV 35 34 35 34.5 35
YP 66 68 66 65 66
Gelin 22
Ge|10 35
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Table A37 New-based drilling mud mixed with 1 percent lime at 30°C (N0.37).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibi/ft?)
600 78 78 76 79 77.8 1 1021.8| 0.166
300 74 75 70 71 725 | 5109 | 0.155
200 72 72 69 68 70.3 | 340.6| 0.150
100 68 66 65 64 65.8 | 170.3| 0.140
6 45 46 37 48 44.0 10.2 | 0.094
3 21 23 22 30 24.0 51| 0.051
PV 4 3 6 8 5.3
AV 39 39 38 39.5 38.9
YP 70 72 64 63 67.3
Gelin 21
Gelyg 22
Table A38 New-based drilling mud mixed with 3 percent lime at 30°C (No.38).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibi/ft?)
600 104 111 100 96 102.75 | 1021.8 0.219
300 97 94 83 84 89.50 | 5109 | 0.191
200 92 85 77 79 83.25| 3406 | 0.177
100 83 77 69 71 75.00 | 1703 | 0.160
6 43 44 38 36 4025 | 102 0.086
3 26 29 19 26 25.00 51| 0.053
PV 7 17 17 12 13
AV 52 55.5 50 48 51
YP 90 77 66 72 76
Gelin 26
Ge|10 19
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Table A39 New-based drilling mud mixed with 5 percent lime at 30°C (No.39).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibi/ft?)
600 89 82 78 78 81.75|1021.8 | 0.174
300 81 73 65 69 72.00 | 5109 | 0.154
200 67 67 60 65 64.75| 340.6 | 0.138
100 62 61 50 58 57.75| 1703 | 0.123
6 32 36 28 38 33.50 10.2 | 0.071
3 11 19 18 23 17.75 51| 0.038
PV 8 9 13 9 10
AV 44.5 41 39 39 41
YP 73 64 52 60 62
Gel;y, 11
Gelyp 18
Table A40 New-based drilling mud mixed with 1 percent lime at 60°C (N0.40).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibi/ft?)
600 65 65 69 68 66.75 | 1021.8 | 0.142
300 55 60 53 62 5750 | 5109 | 0.123
200 49 54 56 58 54.25| 340.6| 0.116
100 46 46 43 50 46.25 | 170.3| 0.099
6 12 18 21 14.75 10.2 | 0.031
3 14 11 8 9.75 51| 0.021
PV 10 5 16 9
AV 32.5 32.5 34.5 34 33
YP 45 55 37 56 48
Geli, 14
Gelqg 6
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Table A41  New-based drilling mud mixed with 3 percent lime at 60°C (No.41).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibi/ft?)
600 80 78 76 83 79.25 | 10218 | 0.169
300 70 70 67 77 71.00| 5109 | o0.151
200 65 66 60 72 65.75 | 340.6 | 0.140
100 60 60 54 66 60.00 | 170.3| 0.128
6 32 33 28 40 33.25 10.2 | 0.071
3 15 19 18 20 18.00 51| 0.038
PV 10 8 9 6 8
AV 40 39 38 415 40
YP 60 62 58 71 63
Gel;y, 15
Gelyp 18
Table A42 New-based drilling mud mixed with 5 percent lime at 60°C (No0.42).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibi/ft?)
600 70 69 65 64 67.00 | 1021.8 | 0.143
300 59 62 55 60 59.00 | 5109 | 0.126
200 54 57 51 56 5450 | 340.6| 0.116
100 47 ol 46 52 49.00 | 170.3 0.104
6 25 26 25 26 25.50 10.2 | 0.054
3 21 19 13 17 17.50 51| 0.037
PV 11 7 10 4 8
AV 35 34.5 325 32 34
YP 48 55 45 56 51
Gelin 21
Gelyp 13
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Table A43  New-based drilling mud mixed with 1 percent starch at 30°C (No.43).
Reading | Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec™) | (Ibi/ft?)
600 84 80 82 83 82.25|1021.8 | 0.175
300 81 77 77 79 78.50 | 510.9 0.167
200 80 75 74 86 78.75 | 3406 | 0.168
100 78 69 69 76 73.00| 1703 | 0.156
6 50 49 35 55 47.25 10.2 0.101
3 31 16 15 15 19.25 5.1 0.041

PV 3 3 5 4 4

AV 42 40 41 41.5 41

YP 78 74 72 75 75

Gel;y, 31

Ge|10 15

Table A44 New-based drilling mud mixed with 3 percent starch at 30°C (No.44).

Reading | Reading | Reading | Reading | Average Y T

RPM #1 #2 #3 #4 reading | (sec) | (Ibg/ft?)
600 77 76 81 83 79.25 | 1021.8 | 0.169
300 76 73 75 79 75.75| 5109 | 0.161
200 74 70 69 75 72.00 | 340.6 0.154
100 72 68 65 71 69.00 | 170.3 0.147
6 48 49 48 51 49.00 10.2| 0.104
3 24 24 18 26 23.00 5.1 0.049

PV 1 3 6 4 4

AV 38.5 38 40.5 41.5 40

YP 75 70 69 75 72

Geli, 24

Ge|10 18
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Table A45 New-based drilling mud mixed with 5 percent starch at 30°C (No0.45).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibi/ft?)
600 87 92 99 100 94.50 | 1021.8 | 0.201
300 82 88 90 94 88.50 | 5109 | 0.189
200 80 86 86 90 85.50 | 340.6| 0.182
100 74 82 74 85 78.75| 1703 | 0.168
6 57 62 56 59 5850 | 10.2| 0.125
3 26 24 19 27 24.00 51| 0.051
PV 5 4 9 6 6
AV 43.5 46 49.5 50 47
YP 77 84 81 88 83
G8|in 26
GE'lo 19
Table A46  New-based drilling mud mixed with 1 percent starch at 60°C (No0.46).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibi/ft?)
600 100 103 102 102 | 101.75|1021.8 | 0.217
300 79 89 82 86 84.00 | 5109 | 0.179
200 75 80 80 78 78.25| 340.6 | 0.167
100 72 75 74 72 73.25| 1703 | 0.156
6 25 35 27 40 31.75 10.2| 0.068
3 23 29 25 25 25.50 51| 0.054
PV 21 14 20 16 18
AV 50 51.5 51 51 51
YP 58 75 62 70 66
Gelin 23
Ge|10 25
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Table A47 New-based drilling mud mixed with 3 percent starch at 60°C (No0.47).
RPM Reading | Reading | Reading | Reading | Average Y T
#1 #2 #3 #4 reading | (sec™) | (Ibi/ft?)
600 266 268 252 249 | 258.75(1021.8 | 0.552
300 198 223 188 193 200.50 | 510.9 0.427
200 185 208 167 177 184.25 | 340.6 0.393
100 169 179 148 157 163.25 | 170.3 0.348
6 78 109 45 106 8450 | 102| 0.180
3 68 68 44 64 61.00 51| 0.130
PV 68 45 64 56 58
AV 133 134 126 124.5 129
YP 130 178 124 137 142
Gelin 68
Gelyp 44
Table A48 New-based drilling mud mixed with 5 percent starch at 60°C (No0.48).
Reading | Reading | Reading | Reading | Average Y T
RPM #1 #2 #3 #4 reading | (sec™) | (Ibi/ft?)
600 304 304 304 304 | 304.00|1021.8| 0.648
300 304 304 304 304 | 304.00| 5109 0.648
200 303 304 304 304 | 303.75| 340.6 | 0.648
100 303 303 304 304 | 30350| 170.3| 0.647
6 134 136 134 142 136.50 10.2 0.291
3 131 122 130 126 127.25 5.1 0.271
PV 0 0 0 0 0
AV 152 152 152 152 152
YP 304 304 304 304 304
Gelin 131
Gelyo 130




Mudcake thickness data for all fluids tested.

Water-based drilling mud at 30, 60 and 90°C.

Water-based drilling mud mixed with 1, 3 and 5 percent fly ash at

Water-based drilling mud mixed with 1, 3 and 5 percent fly ash at

Water-based drilling mud mixed with 1, 3 and 5 percent fly ash at

Table A49
Mudcake thickness Average
No. (mm)
#l | #2 | #3 | (Mm)
1 3.80 | 3.84 | 3.79 3.81
2 3.96 | 3.14 | 4.60 3.90
3 492 | 492 | 5.72 5.19
Table A50
30°C.
Mudcake thickness Average
No. (mm)
#1 | #2 | #3 | (Mm)
4 5.10 | 450 | 6.92 5.51
5 10.10 | 11.68 | 10.16 | 10.65
6 10.80 | 10.12 | 1242 | 11.11
Table A51
60°C.
Mudcake thickness Average
No. (mm)
#1 | #2 | #3 | (MmM)
7 6.84 | 5.10 | 7.24 6.39
8 12.06 | 12.90 | 12.54 | 12.50
9 1254 | 14.76 | 13.02 | 13.44
Table A52
90°C.
Mudcake thickness Average
No. (mm)
#1 | #2 | #3 | (Mm)
10 9.70 | 8.34 | 1090 9.65
11 15.70 | 20.00 | 15.28 | 16.99
12 18.90 | 21.28 | 18.84 | 19.67
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Water-based drilling mud mixed with 1, 3 and 5 percent dolomite

Water-based drilling mud mixed with 1, 3 and 5 percent rice husk

Water-based drilling mud mixed with 1, 3 and 5 percent lime at

Water-based drilling mud mixed with 1, 3 and 5 percent starch at

Table A53
at 30°C.
Mudcake thickness Average
No. (mm)
#1 | #2 | #3 | (MmM)
13 442 | 442 | 3.86 4.23
14 3.96 | 4.06 | 4.18 4.07
15 392 | 420 | 4.12 4.08
Table A54
ash at 30°C.
Mudcake thickness Average
No. (mm)
#1 | #2 | #3 | (Mm)
16 3.82 | 3.96 | 3.81 3.86
17 438 | 434 | 3.98 4.23
18 448 | 4.36 | 4.08 4.31
Table A55
30°C.
Mudcake thickness Average
No. (mm)
#1 | #2 |43 | (MmM)
19 439 | 432 | 3.94 4,22
20 342 | 3.92 | 4.12 3.82
21 3.90 | 3.86 | 3.96 3.91
Table A56
30°C.
Mudcake thickness Average
No. (mm)
#1 | #2 | #3 | (MmM)
22 4.00 | 412 | 452 4.21
23 3.52 | 3.67 | 4.20 3.80
24 3.36 | 294 | 3.00 3.10
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New-based drilling mud mixed with 1, 3 and 5 percent dolomite at

New-based drilling mud mixed with 1, 3 and 5 percent dolomite at

New-based drilling mud mixed with 1, 3 and 5 percent rice husk

New-based drilling mud mixed with 1, 3 and 5 percent rice husk

Table A57
30°C.
Mudcake thickness Average
No. (mm)
# | #2 | w3 | (MmM)
25 794 | 9.92 | 9.92 9.26
26 10.32 | 10.22 | 10.20 | 10.25
27 11.24 | 10.32 | 9.37 10.31
Table A58
60°C.
Mudcake thickness Average
No. (mm)
#l | #2 | w3 | (M)
28 13.62 | 13.52 | 14.42 | 13.85
29 16.82 | 17.68 | 17.88 | 17.46
30 17.80 | 18.10 | 17.98 | 17.96
Table A59
ash at 30°C.
Mudcake thickness Average
No. (mm)
#1 | #2 |43 | (MmM)
31 9.22 | 7.98 | 9.98 9.06
32 7.30 | 8.22 | 8.84 8.12
33 7.14 | 6.88 | 7.56 7.19
Table A60
ash at 60°C.
Mudcake thickness Average
No. (mm)
#1 | #2 | #3 | (MmM)
34 13.68 | 13.64 | 12.90 | 13.41
35 12.32 | 12.16 | 12.56 | 12.35
36 1148 | 12.24 | 1146 | 11.73




New-based drilling mud mixed with 1,3 and 5 percent lime at

New-based drilling mud mixed with 1, 3 and 5 percent lime at

New-based drilling mud mixed with 1, 3 and 5 percent starch at

New-based drilling mud mixed with 1, 3 and 5 percent starch at

Table A6l
30°C.
Mudcake thickness Average
No. (mm)
# | #2 | w3 | (MmM)
37 10.64 | 11.52 | 10.42 | 10.86
38 11.62 | 11.92 | 11.48 | 11.67
39 11.22 | 12.14 | 12.02 | 11.79
Table A62
60°C.
Mudcake thickness Average
No. (mm)
#l | #2 | w3 | (M)
40 17.16 | 16.94 | 16.26 | 16.79
41 17.32 | 18.94 | 17.58 | 17.95
42 18.14 | 18.62 | 19.38 | 18.71
Table A63
30°C.
Mudcake thickness Average
No. (mm)
#1 | #2 |43 | (MmM)
43 10.20 | 10.92 | 10.30 |- -10.47
44 992 | 934 | 11.42| 10.23
45 8.72 | 9.96 | 8.30 8.99
Table A64
60°C.
Mudcake thickness Average
No. (mm)
#l | #2 | #3 | (Mm)
46 346 | 484 | 4.90 4.40
47 340 | 2.86 | 2.72 2.99
48 240 | 2.08 | 3.50 2.66
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Resistivity data for all tested.

Water-based drilling mud at 30°C (No.1).
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Table A65
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (2.m) (Q.m) (Q.m)
Mud 77.7 | 5.06 | 4.98 | 4.98 5.01 4.90
Mud filtrate 75.9 | 6.15 | 6.01 | 5.98 6.05 591
Mud cake 79.0 4.02 4.02 3.93
Table A66 Water-based drilling mud at 60°C (No.2).
Temp. | #1 \ #2 \ #3 | Average Correct value
Sample o
CF) (Q.m) (€.m) (Q.m)
Mud 79.7 | 475 | 474 | 4.62 4.70 4.60
Mud filtrate 76.1 | 5.65 | 5.47 | 5.33 5.48 5.36
Mud cake 78.2 3.46 3.46 3.38
Table A67 Water-based drilling mud at 90°C (No.3).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (.m) (Q.m) (€Q.m)
Mud 79.3| 442 | 439 | 4.38 4.40 4.30
Mud filtrate 76.5/5:19 | 5.22 {.5.24 5.22 5.10
Mud cake 79.5 3.29 3.29 3.22
Table A68 Water-based drilling mud mixed with 1 percent fly ash at 30°C
(No.4).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (Q.m) (Q.m) (©.m)
Mud 78.2 | 4.28 | 4.18 | 4.13 4.20 4.10
Mud filtrate 76.2 | 5.20 | 5.00 | 5.29 5.16 5.05
Mud cake 78.4 3.40 3.40 3.33
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Table A69 Water-based drilling mud mixed with 3 percent fly ash at 30°C
(No.5).
Temp. #1 \ #2 \ #3 | Average Correct value
Sample o
(F) (2m) (Q.m) (Q.m)
Mud 76.4 | 2.80 | 2.83 | 2.83 2.82 2.76
Mud filtrate 76.1 | 2.66 | 2.61 | 2.62 2.63 2.57
Mud cake 775 2.47 2.47 2.42
Table A70 Water-based drilling mud mixed with 5 percent fly ash at 30°C
(No.6).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample 0
(F) (Q.m) (Q.m) (©.m)
Mud 73.8| 257 | 259 | 241 2.52 2.47
Mud filtrate 723 214 | 212 | 2.09 2.12 2.07
Mud cake 75.2 2.28 2.28 2.23
Table A71 Water-based drilling mud mixed with 1 percent fly ash at 60°C
(No.7).
Temp. #1 \ #2 \ #3 | Average Correct value
Sample o
(F) (.m) (Q.m) (€Q.m)
Mud 785 4.16 | 3.95 | 3.85 3.99 3.90
Mud filtrate 74.7| 5.03 | 490 | 4.83 4.92 4.81
Mud cake 78.4 3.99 3.59 3.51
Table A72 Water-based drilling mud mixed with 3 percent fly ash at 60°C
(No.8).
Temp. | #1 \ #2 \ #3 | Average Correct value
Sample o
(°F) (Q.m) (Q.m) (©.m)
Mud 80.6 | 1.82 | 1.75 | 1.68 1.75 1.71
Mud filtrate 78.8| 2.10 | 2.15 | 1.67 1.97 1.93
Mud cake 79.5 2.18 2.18 2.13
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Table A73 Water-based drilling mud mixed with 5 percent fly ash at 60°C
(No.9).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (Q.m) (€.m) (Q.m)
Mud 80.3| 1.79 | 1.76 | 1.72 1.76 1.72
Mud filtrate 79.0 | 1.69 | 1.66 | 1.65 1.67 1.63
Mud cake 79.5 2.88 2.88 2.82
Table A74 Water-based drilling mud mixed with 1 percent fly ash at 90°C
(No.10).
Temp. #1 \ #2 \ #3 | Average Correct value
Sample o
(F) (©.m) (Q.m) (Q.m)
Mud 85.9| 3.33 | 3.35 | 3.38 3.35 3.28
Mud filtrate 779 | 453 | 440 | 4.35 4.43 4.33
Mud cake 79.5 3.72 3.72 3.64
Table A75 Water-based drilling mud mixed with 3 percent fly ash at 90°C
(No.11).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (Q.m) (Q.m) (©.m)
Mud 82.6| 158 | 1.55 | 1.57 1.57 1.53
Mud filtrate 78.7 | 1.63 | 1.58 | 1.57 1.59 1.56
Mud cake 79.0 2.25 2.25 2.20
Table A76 Water-based drilling mud mixed with 5 percent fly ash at 90°C
(No.12).
Temp. #1 \ #2 \ #3 | Average Correct value
Sample o
F) (Q.m) (€Q.m) (€Q.m)
Mud 819 | 1.69 | 1.68 | 1.68 1.68 1.65
Mud filtrate 81.1| 1.61 | 1.60 | 1.61 1.61 1.57
Mud cake 78.9 2.13 2.13 2.08




Table A77 Water-based drilling mud mixed with 1 percent dolomite at 30°C
(No.13).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (Q.m) (€.m) (Q.m)
Mud 72.7| 5.70 | 5.47 | 5.38 5.52 5.40
Mud filtrate 71.6 | 6.80 | 6.71 | 6.66 6.72 6.58
Mud cake 73.5 4.33 4.33 4.23
Table A78 Water-based drilling mud mixed with 3 percent dolomite at 30°C
(No.14).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (Q.m) (Q.m) (©.m)
Mud 77.2| 5.45 | 533 | 5.33 5.37 5.25
Mud filtrate 748 | 6.78 | 6.77 | 6.78 6.78 6.63
Mud cake 76.6 4.58 4.58 4.48
Table A79 Water-based drilling mud mixed with 5 percent dolomite at 30°C
(No.15).
Temp. #1 \ #2 \ #3 | Average Correct value
Sample o
(F) (.m) (€.m) (€Q.m)
Mud 77.2| 530 | 5.28 | 5.28 5.29 5.17
Mud filtrate 76.9 | 6.69 | 6.53 | 6.46 6.56 6.42
Mud cake 79.4 4.45 4.45 4.35
Table A80 Water-based drilling mud mixed with 1 percent rice husk ash at
30°C (No.16).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample 0
(F) (Q.m) (Q.m) (©.m)
Mud 73.5| 5.23 | 5.12 | 5.17 5.17 5.06
Mud filtrate 71.2 | 6.18 | 6.14 | 6.06 6.13 5.99
Mud cake 75.0 421 4.21 4.12
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Table A81 Water-based drilling mud mixed with 3 percent rice husk ash at
30°C (No.17).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (Q.m) (€.m) (Q.m)
Mud 74.0| 5.09 | 5.03 | 5.03 5.05 4.94
Mud filtrate 75.9 | 5.60 | 5,52 | 5.50 5.54 5.42
Mud cake 78.1 4.04 4.04 3.95
Table A82 Water-based drilling mud mixed with 5 percent rice husk ash at
30°C (No.18).
Temp. #1 \ #2 \ #3 | Average Correct value
Sample o
(F) (m) (Q.m) (Q.m)
Mud 785 | 453 | 451 | 4.48 451 441
Mud filtrate 78.0 | 495 | 4.88 | 4.85 4.89 4.79
Mud cake 79.7 3.72 3.72 3.64
Table A83 Water-based drilling mud mixed with 1 percent lime at 30°C
(No.19).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (Q.m) (Q.m) (©.m)
Mud 75.3| 532 | 519 | 5.08 5.20 5.08
Mud filtrate 76.3 | 6.26 | 6.20 | 6.17 6.21 6.07
Mud cake 80.0 4.10 4.10 4.01
Table A84 Water-based drilling mud mixed with 3 percent lime at 30°C
(No.20).
Temp. #1 \ #2 \ #3 | Average Correct value
Sample o
(F) (.m) (Q.m) (€Q.m)
Mud 75.8 | 5.01 | 5.04 | 5.15 5.07 4.96
Mud filtrate 76.5| 6.20 | 6.06 | 6.00 6.09 5.95
Mud cake 79.0 4.28 4.28 4.19
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Table A85 Water-based drilling mud mixed with 5 percent lime at 30°C
(No.21).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (Q.m) (€.m) (Q.m)
Mud 78.1| 464 | 443|432 4.46 4.37
Mud filtrate 77.1| 552 | 541|542 5.45 5.33
Mud cake 79.2 3.33 3.33 3.26
Table A86 Water-based drilling mud mixed with 1 percent starch at 30°C
(No.22).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample 0
(F) (Q.m) (Q.m) (©.m)
Mud 79.6 | 5.20 | 5.13 | 5.01 5.11 5.00
Mud filtrate 77.1| 6.59 | 6.53 | 6.37 6.50 6.35
Mud cake 79.4 3.33 3.33 3.26
Table A87 Water-based drilling mud mixed with 3 percent starch at 30°C
(No.23).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (Q.m) (Q.m) (©.m)
Mud 778 | 5.26 | 5.14 | 5.14 5.18 5.07
Mud filtrate 75.1 | 6.45 | 6.39 | 6.39 6.41 6.27
Mud cake 77.3 4.63 4.63 4.53
Table A88 Water-based drilling mud mixed with 5 percent starch at 30°C
(No.24).
Temp. #1 \ #2 \ #3 | Average Correct value
Sample o
F) (Q.m) (€Q.m) (€Q.m)
Mud 76.7 | 5.62 | 5,58 | 5.48 5.56 5.44
Mud filtrate 743 | 651 | 6.25 | 6.27 6.34 6.20
Mud cake 77.9 5.05 5.05 4.94




Table A89 New-based drilling mud mixed with 1 percent dolomite at 30°C
(No.25).
Samol Temp. #1 \ #2 \ #3 | Average Correct value
ample o
(F) (2.m) (Q.m) (Q.m)
Mud 73.6 | 2.80 | 2.79 | 2.77 2.79 2.73
Mud filtrate 746 | 233 | 239 | 2.32 2.35 2.30
Mud cake 77.6 2.57 2.57 2.51
Table A90 New-based drilling mud mixed with 3 percent dolomite at 30°C
(No.26).
Samol Temp. #1 \ #2 \ #3 | Average Correct value
ample o
(F) (©.m) (Q.m) (Q.m)
Mud 75.6 | 2.72 | 2.67 | 2.60 2.66 2.60
Mud filtrate 7241 230 | 2.28 | 2.26 2.28 2.23
Mud cake 75.9 2.62 2.62 2.56
Table A91 New-based drilling mud mixed with 5 percent dolomite at 30°C
(No.27).
Samol Temp. | #1 | #2 | #3 | Average | Correctvalue
ample o
(°F) (Q.m) (Q.m) (©.m)
Mud 754 | 2.68 | 2.63 | 2.62 2.64 2.59
Mud filtrate 70.2 | 232 | 229 | 2.28 2.30 2.25
Mud cake 74.3 2.58 2.58 2.52
Table A92 New-based drilling mud mixed with 1 percent dolomite at 60°C
(No.28).
Sampl Temp. | #1 \ #2 \ #3 | Average Correct value
ample 0
(CF) (Q.m) (Q.m) (©.m)
Mud 753 | 235 | 224|211 2.23 2.18
Mud filtrate 69.0| 2.13 | 2.12 | 2.14 2.13 2.08
Mud cake 77.8 2.40 2.40 2.35




Table A93 New-based drilling mud mixed with 3 percent dolomite at 60°C
(No.29)
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (Q.m) (€.m) (Q.m)
Mud 81.5| 2.09 | 2.05| 2.02 2.05 2.01
Mud filtrate 7751 196 | 1.97 | 1.98 1.97 1.93
Mud cake 78.2 2.23 2.23 2.18
Table A94 New-based drilling mud mixed with 5 percent dolomite at 60°C
(No0.30).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample 0
(F) (Q.m) (Q.m) (©.m)
Mud 82.0| 2.01 | 2.01 | 1.98 2.00 1.96
Mud filtrate 78.0| 2.01 | 1.99 | 197 1.99 1.95
Mud cake 77.1 2.78 2.78 2.72
Table A95 New-based drilling mud mixed with 1 percent rice husk ash at
30°C (No.31).
Temp. #1 \ #2 \ #3 | Average Correct value
Sample o
(F) (2m) (Q.m) (€Q.m)
Mud 76.8| 3.24 | 3.16 | 3.11 3.17 3.10
Mud filtrate 77.3| 277 | 272 | 2.71 2.73 2.67
Mud cake 78.4 920 3.25 3.18
Table A96 New-based drilling mud mixed with 3 percent rice husk ash at
30°C (No.32).
Temp. | #1 \ #2 \ #3 | Average Correct value
Sample o
(°F) (Q.m) (Q.m) (©.m)
Mud 78.1| 3.36 | 3.27 | 3.24 3.29 3.22
Mud filtrate 775 | 3.02 | 298 | 2.97 2.99 2.92
Mud cake 77.9 3.08 3.08 3.01
Table A97 New-based drilling mud mixed with 5 percent rice husk ash at
30°C (No.33).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (Q.m) (Q.m) (©.m)
Mud 78.3| 3.40 | 3.46 | 3.44 3.43 3.36
Mud filtrate 77.0 | 3.17 | 3.11| 3.15 3.14 3.07
Mud cake 77.3 3.32 3.32 3.25
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Table A98 New-based drilling mud mixed with 1 percent rice husk ash at
60°C (No.34).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (Q.m) (€.m) (Q.m)
Mud 82.7| 2.28 | 2.26 | 2.22 2.25 2.20
Mud filtrate 77.7 | 236 | 230 | 2.29 2.32 2.27
Mud cake 79.3 2.57 2.57 2.51
Table A99 New-based drilling mud mixed with 3 percent rice husk ash at
60°C (No.35).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(°F) (Q.m) (Q.m) (©.m)
Mud 82.7 | 2.55 | 2.50 | 2.45 2.50 2.45
Mud filtrate 77.1| 252 | 248 | 247 2.49 2.44
Mud cake 78.5 3.15 3.15 3.08
Table A100 New-based drilling mud mixed with 5 percent rice husk ash at
60°C (N0.36).
Temp. #1 \ #2 \ #3 | Average Correct value
Sample o
(F) (.m) (Q.m) (€Q.m)
Mud 79.0 | 3.03 | 2.96 | 2.94 2.98 2.91
Mud filtrate 75.2 | 2.87 | 2.80 | 2.78 2.82 2.75
Mud cake 75,2 3.55 3.55 3.47
Table A101 New-based drilling mud mixed with 1 percent lime at 30°C (N0.37).
Temp. #1 \ #2 \ #3 | Average Correct value
Sample o
(F) (.m) (Q.m) (€Q.m)
Mud 774 | 240 | 2.33 | 2.30 2.34 2.29
Mud filtrate 74.2 | 2.05 | 2.06 | 2.06 2.06 2.01
Mud cake 76.4 2.25 2.25 2.20
Table A102 New-based drilling mud mixed with 3 percent lime at 30°C (No0.38).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (Q.m) (Q.m) (©.m)
Mud 73.3| 221 | 216 | 2.15 2.17 2.13
Mud filtrate 719| 1.85 | 181 | 1.79 1.82 1.78
Mud cake 745 2.05 2.05 2.00
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Table A103 New-based drilling mud mixed with 5 percent lime at 30°C (N0.39).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
F) (Q.m) (Q.m) (Q.m)
Mud 725| 216 | 211 | 2.17 2.15 2.10
Mud filtrate 71.7 | 1.85 | 1.83 | 1.84 1.84 1.80
Mud cake 73.8 2.27 2.27 2.22
Table A104 New-based drilling mud mixed with 1 percent lime at 60°C (N0.40).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (Q.m) (Q.m) (©.m)
Mud 810 192 | 1.90 | 1.92 1.91 1.87
Mud filtrate 77.1 | 2.09 | 2.02 | 2.03 2.05 2.00
Mud cake 77.9 2.43 2.43 2.38
Table A105 New-based drilling mud mixed with 3 percent lime at 60°C (No.41).
Temp. | #1 [ #2 | #3 | Average | Correctvalue
Sample o
(F) (Q.m) (Q.m) (©.m)
Mud 81.0| 183 | 1.82 | 1.79 1.81 1.77
Mud filtrate 7771 182 | 1.79 | 1.78 1.80 1.76
Mud cake 77.6 1.98 1.98 1.94
Table A106 New-based drilling' mud mixed with 5 percent lime at 60°C (N0.42).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (Q.m) (Q.m) (©.m)
Mud 80.2 | 1.79 | 1.69 | 1.66 1.71 1.68
Mud filtrate 75.2| 1.68 | 1.65 | 1.64 1.66 1.62
Mud cake 75.8 2.20 2.20 2.15
Table A107 New-based drilling mud mixed with 1 percent starch at 30°C (No.43).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (Q.m) (Q.m) (©.m)
Mud 76.6 | 3.13 | 3.02 | 2.95 3.03 2.97
Mud filtrate 745 | 2.70 | 2.66 | 2.63 2.66 2.60
Mud cake 77.4 2.68 2.68 2.62
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Table A108 New-based drilling mud mixed with 3 percent starch at 30°C (No.44).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
F) (Q.m) (Q.m) (Q.m)
Mud 76.1 | 3.14 | 311 | 3.11 3.12 3.05
Mud filtrate 73.1] 2.89 | 2.82 | 2.79 2.83 2.77
Mud cake 79.0 3.01 3.01 2.94
Table A109 New-based drilling mud mixed with 5 percent starch at 30°C (No.45).
Temp. #1 \ #2 \ #3 | Average Correct value
Sample o
(F) (€.m) (Q.m) (Q.m)
Mud 73.4 | 3.62 | 3.55 | 3.55 3.57 3.49
Mud filtrate 69.9 | 3.20 | 3.11 | 3.09 3.13 3.06
Mud cake 74.9 3.28 3.28 3.21
Table A110 New-based drilling mud mixed with 1 percent starch at 60°C (No.46).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample 0
(F) (Q.m) (Q.m) (©.m)
Mud 81.8| 233 | 2.42 | 2.38 2.38 2.32
Mud filtrate 76.7 | 2.65 | 2.59 | 2.55 2.60 2.54
Mud cake 7.9 2.42 2.42 2.37
Table A111 New-based drilling-mud mixed with 3 percent starch at 60°C (N0.47).
Temp. | #1 | #2 | #3 | Average | Correctvalue
Sample o
(F) (€2.m) (Q.m) (€Q.m)
Mud 53.1| 2.81 | 281 | 2.76 2.79 2.73
Mud filtrate 743 | 3.03 | 2.98 | 2.96 2.99 2.92
Mud cake 76.9 2.93 2.93 2.87
Table A112 New-based drilling mud mixed with 5 percent starch at 60°C (N0.48).
Temp. #1 \ #2 \ #3 | Average Correct value
Sample o
(CF) (Q.m) (Q.m) (©.m)
Mud 774 | 3.25 | 3.20 | 3.29 3.25 3.18
Mud filtrate 76.2 | 3.23 | 3.13 | 3.12 3.16 3.09
Mud cake 72.9 3.08 3.08 3.01




Solid and sand contents data for all fluids tested.
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Table A113  Solid and sand contents all drilling mud.
No Average solid content Average sand content
' Water (ml) Solid (%) (%0)
1 49.0 7.6 0.50
2 48.0 7.5 0.58
3 48.0 7.4 0.58
4 48.0 9.9 1.25
5 47.0 10.9 1.50
6 48.0 11.4 2.00
7 47.5 9.5 1.25
8 46.0 10.8 1.50
9 39.0 11.2 2.00
10 45.0 9.0 1.25
11 48.5 10.7 1.50
12 455 10.8 2.00
13 48.0 8.1 0.50
14 48.0 8.3 0.75
15 47.5 8.9 0.50
16 47.0 8.7 1.50
17 47.0 9.0 5.00
18 46.5 9.8 10.00
19 455 9.8 0.75
20 45.0 10.3 1.00
21 39.5 10.9 1.50
22 48.0 8.3 0.83
23 475 8.5 0.50
24 47.0 8.9 0.50
25 47.0 10.6 1.50
26 46.0 11.4 1.50
27 455 12.6 1.00
28 47.0 9.7 1.50
29 475 10.5 1.50
30 475 12.5 1.50
31 47.0 9.8 2.00
32 47.0 11.9 3.50
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Table A113  Solid and sand contents all drilling mud (continued).
Average solid content
No. Average sand content
Water (ml) Solid (%)
33 47.5 12.0 7.50
34 47.0 9.6 2.00
35 46.5 10.1 5.00
36 455 11.8 8.00
37 47.0 10.8 1.00
38 46.0 11.8 1.50
39 47.0 12.5 2.00
40 47.5 9.4 1.50
41 46.0 10.1 1.50
42 47.5 10.6 1.50
43 47.0 9.7 1.50
44 46.0 10.4 1.50
45 45.0 10.7 1.50
46 47.5 9.0 2.00
47 47.0 9.9 2.00
48 31.0 10.4 2.00
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Figure A8. XRD of water-based drilling mud mixed with 3 percentage of fly ash at 30°C (No.5).
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Figure A9. XRD of water-based drilling mud mixed with 3 percentage of dolomite at 30°C (No.14).
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Figure A10. XRD of water-based drilling mud mixed with 1 percentage of rice husk ash at 30°C (No.16).
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Figure Al11. XRD of water-based drilling mud mixed with 3 percentage of lime at 30°C (N0.20).
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Figure A12. XRD of water-based drilling mud mixed with 5 percentage of starch at 30°C (No.24).
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Figure A13. XRD of new-based drilling mud mixed with 1 percentage of dolomite at 60°C (No.28).
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Figure Al14. XRD of new-based drilling mud mixed with 5 percentage of rice husk ash at 30°C (No.33).
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Figure A15. XRD of new-based drilling mud mixed with 1 percentage of lime at 30°C (N0.37).
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Figure A16. XRD of new-based drilling mud mixed with 5 percentage of starch at 30°C (No.45).
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Figure A17. XRD of new-based drilling mud mixed with 5 percentage of starch at 60°C (No.48).
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Efficiency Enhancement of Drilling Mud by Using Fly Ash as an
Additive

P. Korsinwattana & B. Terakulsatit

Suranaree University of Technology, Nakhon Ratchasima, Thailand

ABSTRACT: The objective of this study to investigate the properties of drilling mud mixed with fly ash in
order to enhance the formula of drilling mud. The drilling mud was mixed with concentration of various fly
ashes in 3. 5 and 7% w/v and was examined based on the API RP13B-1 standard such as density, viscosity,
filtration, resistivity, pH and sand content. This mud was tested their rheological properties at 30, 60 and 90°C
using Bingham-Plastic model. Analysis of result indicates that the rheological properties of drilling mud mix-
ing 3% fly ash are enhanced in apparent viscosity (18-21cP), vield point (27-30 Ibf/100 ft7), gel strength (6-13
1b£/100 ft7) and pH (11-12), while the plastic viscosity and density slightly decreased with increasing tempera-
ture. These results represent that the fly ash containing mud showed insignificant increasing in the potential
for rheological after elevated test at 90°C without thermal gradient and corrosive problem. The increasing of
apparent viscosity and low plastic viscosity of the drilling mud can prevent the borehole problems such as
surge and swab pressure, differential sticking and slow rate of penetration. The gel strength increasing can
enhance the suspending of cutting and weighting materials when the circulation 1s ceased, and the increasing
of yield point can improve the carrying capacity of drilling mud while drilling circulation periods. From the
result of the API filtration tests represent that the increasing of the filtrate loss and mud cake thickness with
mncreasing in percentage of fly ash and temperature, the sand content is also increased by adding a percentage
of fly ash, which resulting the fluid loss and the smaller borehole size. In conclusion, the drilling mud mixed
with 3% fly ash at temperature to 30°C testing is a high potential additive for enhancement the rheological
properties of water-base drilling mud, especially in the increasing of apparent viscosity, yield point, gel
strength, pH, and high efficiency of resistivity reduction. However, the high concentration of fly ash aftects to
the increasing of the filtrate loss, mud cake thickness and sand content.

1 INTRODUCTION such as extraction of valuable minerals, water pollu-
tion control, and production of ceramic products,
composite materials, agriculture, building materials,
paint, and plastic industries. Many investigators have
also been carried out towards effective utilization of
fly ash with understanding the potential environmen-
tal pollution and health impacts associated with the
disposal of fly ash by land filling. More recently, the
details of fly ash utilization as resource materials
have been reviewed by (Ahmaruzzaman, 2010). In
oil well drilling applications, fly ash is commonly
used for the stabilization of drilling fluid wastes to
avold ground water contamination (Deeley et al.,
1987: Thompson, 1994). It is also used as a foama-
ble drilling fluid for deep water offshore drilling op-
erations (Totten et al., 1997).

Therefore, using of fly ash in order to avert an in-
creasing toxic threat to the environment, or disposal
by making them more affordable. An economically
viable solution to this problem should include utili-
zation of fly ash for additive in the drilling mud. Pe-

Drilling mud is important to petroleum production
due to its use for protecting a lost circulation, con-
trolling hydrostatic pressure in the well bore, mimi-
mizing fluid loss across permeable formations, and
transporting rock cuttings to the surface. The drilling
mud composition is a bentonite and barite with the
base, and other additive such as cement, lime, starch.
graphite, lignite, and sodium carboxymethyl cellu-
lose (Benchabane and Bekkour, 2006).These addi-
tives are a high cost and could be imported from
aboard. Fly ash (a mixture of mineral oxides) is a
pozzolanic material and is considered as a major en-
vironmental pollutant in the ‘recent-past’. Coal
thermal power plant produces a huge amount of fly
ash that creates severe waste disposal and environ-
mental problems. In this regard. a good deal of work
has been undertaken worldwide for the efficient uti-
lization of fly ash. Utilization of fly ash as a resource
material has been studied extensively in many areas
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troleum industries have been used drilling mud for
(1) clean the rock fragment from beneath the bit and
carry them to the surface, (2) exert sufficient hydro-
static pressure against subsurface formations to pre-
vent formation fluids from flowing into the well, (3)
keep the newly drilled borehole open until the steel
casing can be cemented in the hole. and (4) cool and
lubricate the rotating drill string and bit. Thus, using
fly ash is additive in the drilling mud

The objective of this paper is to study the effi-
ciency enhancement of drilling mud mixed with fly
ash on rheological properties of various tempera-
tures. According to the Bingham - plastic model, the
theological properties are to investigate the apparent
viscosity (AV). plastic viscosity (PV), yield point
(YP) and gel strength.

o

MATERIALS AND EXPERIMENTAL
METHODS

o

1 Materials

The Fly ash is obtained from Mae Moh Power Plant
of Lampang province. Bentonite supports from Thai
Nippon Chemical Industry Co., Ltd. Barite is as-
sisted from Weatherford International Company,
Thailand.

Generally, the ranges of the drilling mud density
of typical well drilling are 1.5 to 8.5 %w/v of ben-
tonite, mud weight varies around 8.85 to 18ppg(1.06
to 2.16 g/em”) depended on graded bentonite and
drilled formations (MI-Swaco,1998). The previous
literature of specific gravity of the materials 1s in-
cluding a barite of 4.24 g/cm” and bentonite of 2.37
gfc1113(Petcllode and Sikong, 2003). In the Figure 1
demonstrates the composition and nature of common
drilling mud. The curve shows the increasing of vis-
cosity with a percentage of bentonite solids (Gatlin,
1960).
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Figure 1. Yield curve for typical clays(after Gatlin, 1960).
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Since the grade of bentonite that use in the ex-
periment is not Wyoming grade. It is necessary to
find the appropriate amount of bentonite that meet
the viscosity requirement for typical well drilling.
Table 1 shows bentonite water-based suspension at
2.4, 6, and 8 %w/v of bentonite at 300C. There-
fore, the experiment was selected 4%w/v of ben-
tonite as a base composition.

Table 1. Bentonite water-base suspension .

Bentonite Average apparent viscosity (AV)
Yow/v cP
2 6.0
4 12.5
6 215
8 39.0

2.2 Experimental methods

2.2.1 Sample preparation

The materials are divided into two parts for chemical
properties test by sieving size less than 75 microme-
ters (mesh No.200) for x-ray diffraction (XRD) and
x-ray fluorescence (XRF) testing. Physical
properties test by mixing with water-based drilling
mud. A water-based drilling mud suspension is
prepared using 40 grams of bentonite per liter of
water; 120 grams of barite per liter of water and
various con-centrations of fly ashes in 3, 5 and 7%
w/v are added to mixing water-based drilling mud.
The components are mixed for 15 minutes by using
the high-speed mixture. During mixing, the fly ash is
added slowly to agitated base fluid to avoid a lump
occurring within mud system. The mud weight is
measured by mud balance which is an API standard
instrument for the testing mud weight. Various
concentrations of fly ash are added to perform as a
mud additive. These systems are prepared to
compare the properties of the mud. Table 2 shows
the formula of the drilling mud.

Table 2. Composition of drilling mud testing.

Composition Water Barite Bentonite Fly ash
ml g g g
Mud 1.000 120 40 -
Mud+3%fly ash 1,000 120 40 31
Mud+5%fly ash 1,000 120 40 52
Mud+7%fly ash  1.000 120 40 73

2.2.2 Rheological tests

Drilling mud is tested for the rheological properties
at 30, 60 and 90°C. The Rheology testing is carried
out by a Fann 35Sa model Viscometer and measure
by use six rotational speeds (3. 6, 100, 200, 300 and
600 rpm) for the viscosity. yield point and gel
strength that relate to flow properties of drilling
mud. The apparent viscosity, plastic viscosity and
yield point are calculated from 300 and 600 rpm
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reading following formulas from API (API Recom-
mended Practice, 1997).

Ua = Peoo/2 (D
L = dsoo/d300 2)
Yo = $300/p (3)

where p, = apparent viscosity (cP): Hp= plastic vis-
cosity (cP); yp = Yield point (Ibg100 £t7).

Filtration is tested by using Baroid standard filter
press rig laboratory model 821 which determines the
API filtrate loss through standard filter paper and the
filter cake thickness under static conditions. It con-
sists of fluid cup support by a frame, a filtering me-
dium and a pressurized nitrogen gas cylinder and
regulator. A graduated cylinder is used to measure
the discharged filtrate. The 100 psig is applied to a
column of fluid for the 30 minute period, which fil-
trate volume and filter cake thickness, are measured
and recorded.

2.3 Hydrogen ion tests

The hydrogen ion (pH) measurements of the fluids
are conducted using the Metrohm 713 modelglass
electrode pH meter. The instrument determines the
pH of an aqueous solution by measuring the electro-
potential generated between a glass electrode and a
reference electrode. Measurement and adjustments
of pH are fundamental of drilling fluid control. Clay
interactions, solubility of various components and
effectiveness of additives are all dependent on pH, as
in the control of acidic and sulfide corrosion pro-
cesses.

2.4 Resistivity tests

The Fann resistivity meter model 88 is measuredthe
drilling mud, filtrate and mud cake.The resistivity
meter provides a direct digital reading of resistivity
in three ranges 2. 20, and 200 Q/m’* and direct meas-
urement of the sample temperature in the transparent
cell. Instrument calibrationis using salt solution and
calculated the correction factor for accurate data.

2.5 Sand content tests

Baroid sand content set determines the account of
sand and defined as the percentage by volume of sol-
ids in the drilling mud that retainedon75 microme-
ters (No.200mesh) sieve. The excessive sand makes
a filter cake thickness with increasing:because abra-
sive wear of pump parts, bit and pipeand may set-
tlewhen circulation is stopped and interfere with pipe
movement or the setting of the casing.

(V5]

3 RESULTS

3.1 Characterization of fly ash

The composition of fly ash is determined by XGT-
5200 X-ray fluorescence microscope (XRF) at room
temperature and the composition of fly ash result is
shown in Table 3. The main elements include Si, Ca,
Fe. S, K and Mg. X-ray diftraction (XRD) is used to
study the structure of fly ash and the result is shown
n Figure 2.

Table 3. Composition of fly ash.

o

Component o
Si 38.60
Ca 2332
Fe 21.70
S 10.49
K 2.41
Mg 236
Ti 0.57
Others 0.56
Q Q- Si0,
0 10 20 30 0 0 60 70 80

20 (%)

Figure 2. X-ray diffraction patterns of fly ash.

3.2 Influence of flv ash on rheological properties of
water-base drilling mud

The effects of fly ash on rheological properties of
water-base drilling mud, drilling mud is added into
fly ash at different concentrations (3, 5 and 7%w/v
respectively. 1.e. 3%w/v means 3 g of fly ash 1s -
froduced into 100 ml of water-base drilling mud at
32/100 ml). The rheological property results are
shown in Figure 3-5. The viscosity is explained in
Figure 3. including appearance viscosity (AV) and
plastic viscosity (PV), which can analyze the flowa-
bility of drilling mud.The previous literatures, the
AV reflect the flowability of drilling mud and is re-
lated to the rate of penetration, and the PV caused by
the friction between the suspended particles and in-
fluenced by the viscosity of the base liquid (Falode

[¥5]




156

et al., 2008). From the Figure 3(a), the AV of drill-
ing mud amalgamate fly ash increase gradually as
the addition of fly ash enlarge, which illustrate that
the drilling mud mixed with fly ash has the better
flowability and can prevent the borehole problem
such as surge. swab pressure.differential stick and
slow rate of penetration, nevertheless, the effect of
temperatures are increased on viscosity.
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Plastic viscosity (cP)
.

ted

Fly ash (%w/v)

—— 300C.
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90°C

w

I
—_
=3
=

Fly ash (%ow/v)
Figure 3. Viscosity of drilling mud mixed with fly ash:
(a) Appearance viscosity (AV): (b) Plastic viscosity (PV).

Yield point (YP) is important in determining
pump capacity and the amount of pressure 1s applied
to flow the mud from static positions. Figure 4 de-
scribe the YP of mud with various fly ash concentra-
tions. The YP increases when the addition of fly ash
into drilling mud but concentration of fly ash and
temperature are not signiticant for yield point.

The initial and 10 minutes gel strength of drilling
mud mixed with fly ash are investigated and the re-
sults are plotted as function of fly ash concentration
and temperature as shown in Figure 5.

The results showed the 10 minutes gel strength is
greater than initial gel strength because of more un-
disturbed mud, standing time would lead mud to
from stronger gel structure compared to less undis-
turbed time.

Uy

10 min gel strength (1by/100£1%)

?)

Initial gel strength (1b/1001t

Figure 5. Gel strength of drilling mud mixed with fly ash:
(a) Initial gel strength: (b) 10 minutes gel strength.
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Figure 4. Yield point of drilling mud mixed with fly ash.
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API static filirate loss and filter cake thickness
within 30 minutes of drilling mud mixed with fly ash
at the other temperatures are shown in Figure 6. The
plot of the filtration properties of drilling mud that
measured at 30, 60 and 90°C. Both of the graphs
show time-dependent filtration behavior of drilling
mud and indicate that the fluid loss exponentially in-
crease as the time and temperature increase. The
thickness of the filter cake deposited from the drill-
mg mud on filter paper. The graph exhibits the
thickness as the fly ash concentration and tempera-
ture increasing. As reported, the fluid loss of benton-
ite dispersions with carbon ash increased obviously.
As carbon ash was added, the change of surface
charge of bentonite particles weakened the capacity
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of bonding water (Xianghai et al, 2014). It refers
more solid materials settled on formation wall, easier
to collapse and the hole becomes smaller.
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Figure 6. Filtration of drilling mud mixed with fly ash:
(a) Filtrate loss: (b) filter cake thickness.

3.3 The effect of fly ash density, pH and resistivity
of water-base drilling mud

Mud density slightly decreased with increasing tem-
perature. However, the density of drilling mud is in-
creased by adding fly ash content with increasing.
The relative of density, temperature and fly ash con-
tent are shown in Figure 7.
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Figure 7. Density of drilling mud mixed with fly ash.

0

At ambient temperatures, as the pH increases, cor-
rosion rates rapidly decrease. Rates are much slower
in alkaline fluids than in acidic fluids. Little reduc-
tion in corrosion rate is obtained as pH is increased
above 10.5(Baker Hughes, 1999). However, the pH
decreased as the temperature increased.

A hydrogen ion (pH) of drilling mud mixed with
fly ash is indicated in Figure 8. The pH increased as
the fly ash concentration increased. It is implied that
the greater of fly ash presence, the more mud alka-
linity. Generally, corrosion rate decreases as pH in-
creases.
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Figure 8. pH of drilling mud mixed with fly ash.

The results of resistivity are illustrated Figure 9.
The resistivity of a mud decreased as fly ash concen-
tration and temperature increased. However, control
of the resistivity of a mud and mud filtrate may be
desirable to better evaluate formation characteristics
from electric logs (APIRecommended Practice,
1997).

7.0

6.0
5.0
4.0
3.0

2.0

Resistivity (€2.m)

1.0 |

0.0 L L
0 1 2 3

4 5 [ 7
Fly ash (%ow/v)

Figure 9. Resistivity of drilling mud mixed with fly ash.

3.4 Stability of flv ash on sand content of water-
base drilling mud

The sand content is also increased by adding the
and 7 percentage of fly ash on drilling mud.
The results are 1. 1.5 and 2.5 percentages of sand
content, respectively. However influence of tem-
peratures is unatfected to the sand content.

3.5

on
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4 CONCLUSIONS AND DISCUSSION

From the result of the drilling mud mixed with con-
centration of various fly ashes in 3. 5 and 7%w/v
that measured at 30, 60 and 90°C, represent that the
drilling mud mixed with 3%w/v of the fly ash at
30°C testing is a high potential additive for en-
hancement the rheological properties of water-base
drilling mud, especially in the increasing of appar-
entviscosity, yield point, gel strength and pH, and
high efficiency of resistivity reduction. However,
the high concentration of fly ash affects to the in-
creasing of the filtrate loss, mud cake thickness and
sand content.
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