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The objective of this research was to study the physical and chemical properties
of drilling mud mixed with powders of sugarcane bagasse, corn cob and rice straw as
additives for enhancement the filtration loss and viscosity. Drilling mud was mixed with
all additive powders in concentration of 1, 3 and 5% by weight and examined at 30, 60
and 80°C based on the API RP 13B-1 standard. Chemical properties, as the element and
mineral compositions of the additives were determined by X-ray fluorescence and X-
ray diffraction, respectively. The elemental compositions of the drilling mud before
mixing included MgO, Al>03, SiO», Ca0, Fe203, SrO, Rh2.03 and BaO. The minerals in
the drilling mud after mixing with the three additives at concentrations of 5% by weight
included barite, kaolinite, quartz, calcite, gypsum, rutile, and haematite. Specific
minerals in drilling mud include tobermorite found in sugarcane bagasse and magnesite
and periclase found in corn cob and rice straw. After mixing with all three additives, the
element and minerals compositions did not change with only slight variations in
temperature and concentration. The properties of tobermorite and periclase increased
the strength of the drilling mud and affected the rheological properties. Results analyzed

by electron microscopy found particles of these additives inserted between barite and
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bentonite, with heterogeneous distribution on the surface of the filter mud cake. Drilling
mud with corn cob powder mixed better than the other two additives. API filtration test
results indicated drilling mud mixed with sugarcane bagasse, corn cob and rice straw
performed better than water-based bentonite mud. Filtration loss and mud cake
thickness increased with the addition of additives and increasing temperature. Rice
straw did not improve drilling mud property because of a higher solid content than the
specified standards. Sugarcane bagasse showed higher potential than corn cob and rice
straw in enhancing the rheological properties and filtration loss in drilling mud with pH
value lower than water-based drilling mud. Cost comparisons determined that additives
of sugarcane bagasse and corn cob were cheaper than a fluid loss control agent and
viscosifier. Thus, sugarcane bagasse and corn cob are suitable additives in water-based

drilling mud for the enhancement of filtration loss and viscosity.
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Y = shear rate

Yo = yield point
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CHAPTER I

INTRODUCTION

1.1. Background of the problem and significance of the study

The main functions of drilling fluids include keeping the drill bit cool and clean
during drilling and providing hydrostatic pressure to prevent formation fluids from
entering into the well bore. 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. The filter cake must also be thin
and erodible to allow the product to flow into the wellbore during production (Jarrett
and Clapper, 2010). In Thailand, there are large quantities of sugarcane bagasse corn
cobs and rice straw consisting predominantly of cellulose, hemicellulose and lignin.
Cellulose quantities in the industrial waste products were 41.1, 39.35 and 37.70%,
hemicellulose 19.75, 22.9 and 22.06% , and lignin 22.91, 17.85 and 21.00% ,
respectively (Jiratpong and Songtanasak, 2011). Agriculturists with no funds to manage
waste materials burn crop by products to prepare the ground for the next cultivation.

Carboxymethylcellulose (CMC), a drilling fluid additive used primarily for
fluid-loss control is manufactured by reacting natural cellulose with monochloroacetic
acid and sodium hydroxide (NaOH) to form CMC sodium salt. The viscosity depends

largely on the molecular weight of the starting cellulose material (Hughes et al., 1993).



Drilling mud mixed with these materials enhances filtration loss. According to

API and Turkish Institute of Standards (TSE) limited a fluid loss of 15 ml or less

1.2. Research objectives

The main aim of this research was to enhance the efficiency of drilling mud and
also to: (1) study the physical and chemical properties of sugarcane bagasse, corn cob
and rice straw powder, (2) study the physical and chemical properties of water-based
drilling mud mixed with sugarcane bagasse, corn cob and rice straw powder, (3)
determine the effects of temperature and mixing ratio on the rheological properties of
drilling mud mixed with sugarcane bagasse, corn cob and rice straw powder, and (4)

compare the cost of these additives against commercial applications.

1.3.  Scope and limitation of the study

This research examined changes in the chemical and physical quantities of
water-based drilling mud mixed with sugarcane bagasse, corn cob and rice straw with
varying quantities of additives and temperature. This will study chemical and physical
qualification of additive for experiment of scientific trend of mud that is mixed with
additive already. Physical and chemical properties and rheological tests were conducted
at the laboratory of Suranaree University of Technology, Nakhon Ratchasima, Thailand
as follow:

1) Chemical properties of the additives were analyze both before and
after mixing with drilling mud to determine the mineral composition using X-ray
diffractometer ( XRD) . Element composition analyzes were determined by X- ray

fluorescence spectrometry (XRF).



2)  Physical properties included shape, size, and distribution of
additives, density, viscosity, API filtration, pH, resistivity, and solid content of the
drilling mud. Shape, size, and distribution of additives both before and after mixing
with drilling mud were determined by mud balance, direct-indicated viscometers, a
Baroid standard filter press, an analytical pH meter, a Baroid resistivity meter and a
Baroid oil - water report kit. Iltems which impacted on the structure and properties of
the drilling mud followed API, 1997. Mineral crystals, components and particle
morphologies were analyzed by a scanning electron microscope (SEM).

3) The qualification of each additive was compared before and after

mixing in the mud.

1.4 Thesis contents

Chapter 1 introduces the thesis by briefly describing the background of
problem and the significance of the study. The research objectives, scope and limitation
are identified. Chapter 11 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 1V 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. 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 Drilling mud

Drilling mud is usually classified as either water base muds (WBMSs) or oil base
muds (OBMs), depending upon the continuous phase of the mud. However, WBMs
may contain oil and OBMs may contain water.

2.2.1. OBMs: 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
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.

2.2.2. WBMs: 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. Oil 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 (Guichard et al., 2008).

2.3. Drilling mud properties with additives

Drilling mud properties after improvement by added additives

2.3.1 Thickeners: is a variety of compounds that are useful as thickeners is
polymer, pH responsive thickeners, and mixed metal hydroxides.

2.3.2 Lubricants: is a composition reduces friction, permeates drilling mud wall
cake, destroys binding wall cake, and reduces the differential pressure. Unfortunately,
many such compositions are toxic to marine life.

2.3.3 Viscosity control: The bentonites are highly colloidal and swell in water
to form thixotropic gels. This properties result 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. API 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.

2.3.4 Fluid loss additives: 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 (Jarrett



and Clapper, 2010). According to APl and Turkish Institute of Standards (TSE) limited
a fluid loss of 15 ml or less.

2.3.5 Weighting materials: there are many weighting materials, including
barite and iron oxides, which were used to increase the specific weight of slurry.
Conversely, the specific weight can be reduced by forming or by the addition of hollow

glass particles (Johannes, 2011).

2.4  Sugarcane bagasse

Sugarcane (Saccharum spp.) is a perennial monocot plant belonging to the grass
family (poaceae). Sugarcane is an important economic plant in many countries as it is
the main feedstock for the production of sugar as well as ethanol, with Brazil leading
the world production (Goldemberg, 2008 and De Souza, 2014). The plant originated
from Asia but it is well adapted to most important bioenergy crop. The production of
sugar from sugarcane generates two main types of wastes, the fibrous residue after
extraction of the juice (name bagasse), and the left over harvest residues (straw). The
sugarcane wastes are produced in large quantities, about 280 million tons of bagasse and
straw per year (Ortiz and De Oliveira, 2014), and they are likely to increase in the near
figure as this crop expands and new industrial plants are implemented. Currently,
sugarcane residues are mostly burned for the production of heat and electricity at the
sugar factory. However, they could also be used as feedstock for the production of other
high-value products in the context of the lignigocellulosic biorefinery (Jose del Rio,
2015).

In 2007, Thailand produced approximately 70 million tons of sugarcane and
became the world third sugar producer following Brazil and Australia, respectively.

Sugarcane bagasse, a byproduct of the sugar production industry, consists of cellulose



43.6%, hemicellulose 33.8%, lignin 18.1%, ash 2.3% and wax 0.8% on a dry weight
basis (Sun, 2004). It is an abundant source of lignocellulose that can be hydrolyses to
yield fermentable sugar for the production of value added bio- products such as lactic
acid, thus increasing the economy of the process. Other applications of sugarcane
bagasse are as sources of animal feed, energy, pulp, paper and boards (Banerjee and

Pandey, 2002).

2.5 Corncob

Maize cobs are a by-product of the maize crop, consisting of the central fibrous
rachis of the female inflorescence (the maize "ear"). While the whole maize ear (with
the grains, with or without the husks) is also sometimes called a maize cob, this
datasheet concerns only the maize cob without the grains. The development of maize
processing in the 20" century resulted in an increase in the volumes of this by- product
(Lenz, 1948). About 180 kg of cobs are obtained from each ton of maize shelled (Evers
and Kent, 1994). In the USA, it was estimated that about 50 million t of cobs were
produced annually in the 2000s, most of them being left on the field (Jansen, 2012), and
maize cobs are a major by-product in many maize producing countries. Maize cobs are
a highly fibrous product with many agricultural and industrial applications. In
agriculture, they are used for fuel, litter for poultry and other animals, mulch and soil
conditioner, and as fodder for ruminants despite their low nutritive value (Evers and
Kent, 1994; Jansen, 2012). Their absorbency and abrasiveness makes them useful for
several industrial applications. They can absorb finishing fluids, oil and water in
industrial applications, and also help to clean up industrial or environmental spills. They
are excellent carriers for vitamins and antibiotics in animal feed, and for herbicides and

pesticides in lawn care products. They are used for the production of chemicals such as
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furfural or the sugar replacement xylitol. Maize cobs are used to blast and polish many
materials, from jewelry, nuts and bolts, to golf club heads. More recently, maize cobs
were reported to be a potential cheap and promising source for sustainable energy

production (Evers and Kent, 1994; Jansen, 2012; Gohl, 1982).

2.6 Rice straw

Rice straw is the vegetative part of the rice plant (Oryza sativa L.), cut at grain
harvest or after. It may be burned and left on the field before the next ploughing,
ploughed down as a soil improver or used as a feed for livestock (Kadam, 2000). Rice
straw is a major forage in rice-producing areas.

Rice fraction is available in the form of rice hulls, rice tips, rice straw and rice
bran. These different parts of the rice plant are separated commercially and are widely
available from rice mills. The rice fraction is a common by-product when finished rice
is brought to market. Each of these products can be comminuted to very fine particle
sizes by drying the products and using hammer mills, cutter heads or other comminution

methods. Air classification equipment or other means can be used for separation of

desired ranges of particle sizes using techniques well known in industry (Boyce, 1997).

2.7 APl recommended practices

The American Petroleum Institute has set forth numerous recommended
practices designed to standardize various procedures associated with the petroleum
industry. The practices are subject to revision from time-to-time to keep pace with
current accepted technology. One such standard is API Bulletin RP 13B,
“Recommended Practice Standard Procedure for Field Testing Water-Based Drilling

Fluids”. This Bulletin described the drilling fluid measurements of the primary
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characteristics of a drilling fluid. This research was focused to the section of (1)
viscosity and gel strength that measurement of mud related flow properties, (2) filtration
that measurement of liquid phase loss that exposed to permeable formations, and (3) pH
that measurement of the alkaline and acid relationship in the mud. (4) Resistivity that
measurement of drilling mud, filtration fluid and filter cake. (5) Solid content determine
the quantity of liquids and solids in a drilling fluid. In a retort test, a measured sample

of fluid is placed in a cup and heated until the liquid components had been vaporized.

2.8  Drilling fluid rheology

Numerous books had described about rheology of drilling fluid 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. There is a
rheological model describes the flow behavior of a fluid by developing a mathematical
relationship between shear stress and shear rate. In general, rheology of drilling fluid
was described by two widely used models, namely: Bingham plastic model and the
power law model. Another model that important is the herschel-buckley model. These

three models were discussed in this study.

2.8.1 Bingham plastic model
This model was defined by the relationship:
T = Tot+UpY (2.1)
where T = shear stress
To=Yyield stress
up= plastic viscosity

y = shear rate
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Bingham plastic fluid will not flow until the applied shear stress exceeds
the minimum yield stress. 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. Figure 2.1 shows a graphical representation of this model.
The plastic viscosity is the slope of the Bingham plastic line. The plastic viscosity

decreased with increased shear rate due to a phenomenon called “shear thinning”.

YIELD STRESS, T,

’L LIM T/y = PLASTIC
y==o0 VISCOSITY
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T I / 7/
! ;7 7
! /7
1 / // \_
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1 7/
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Figure 2.1 Flow curve for Bingham plastic model (after Riyapan, 2011)

2.8.2 Power law model
The power-law model was defined by the equation
T=ky" (2.2)
where T = Shear stress
k = Fluid consistency index
v = Shear rate

n = Flow behavior index
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The parameters, k and n are constants characteristic of a particular fluid.
k is a measure of the consistency of the fluid, the higher the value of k the more viscous
the fluid; n is a measure of the degree of non- Newtonian behavior of the fluid. Both
parameters, n and k, are obtained from 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 equation. For n greater than 1, the fluid is classified as
dilatant. Dilatant 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 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 and Figure 2.3 shows a graphical comparison of the Newtonian

model, Bingham Plastic model and the Power-Law model.
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Figure 2.2 Flow curve for Power law model. (after Riyapan, 2011)



12

TYPICAL
DRILLING
3 FLUID
SHEAR
STRESS,
1

SHEAR RATE,Y  —

Figure 2.3 Flow curve for typical drilling fluid in comparison with Newtonian,

Bingham plastic, and Power law model. (after Riyapan, 2011)

2.8.3 Herschel-bulkley model

Herschel-Bulkley model was defined by the equation

T = 1ytky" (2.3)
where 7= Shear stress

Ty= Yield stress

k = Fluid consistency index

v = Shear rate

n = Flow behavior index

This model also called the modified power law model and yield
pseudoplastic model. The model was used to describe the flow of pseudoplastic drilling
fluids, which require a yield 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
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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.

2.9 Natural materials used in drilling mud

Polymers have been used in drilling fluids since the 1930s (MI Swaco, 1998),
when cornstarch was introduced as a fluid- loss- control additive. Since that time,
polymers have become more specialized and their acceptance has increased accordingly.
Polymers are part of practically every water-base system in use today. Indeed, some
systems are totally polymer-dependent and are termed broadly as polymer systems. A
wide array of polymers is available today. Some polymers like starch, for instance
originate from natural.

Mahto and Sharma (2004) studied rheology of water-based drilling fluid using
tamarind gum and polyanionic cellulose (PAC). The tamarind drilling fluids gum are
economical than guar gum drilling fluids and tamarind gum is readily available in India,
thus is a more suitable drilling fluid. Combinations of tamarind gum, PAC, and
bentonite clay produce favorable rheological properties and optimum fluid loss at very
low concentrations. In addition, its effect on formation damage is less than guar gum
drilling fluids.

Korsinwattana (2014) studied of water-based drilling fluid using fly ash. 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
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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 do not change along with temperature. 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.

Boyce D. (1997) said the additive to reduce fluid loss from drilling fluids is
comprised of comminuted products from the rice plant or blends of other comminuted
plant materials with the rice products. Polymers to reduce fluid loss even lower and
friction-reducing materials may be added to the plant materials. The rice fraction alone
decreased fluid loss to a lower value than did the peanut hulls. | discovered, surprisingly,
that a synergistic effect was found with a mixture of rice fraction and peanut hulls. The
reason for the synergistic effect is not known, but it is believed to result from the
different hardness or shape of the particles resulting from the comminution process
applied to the different plant materials. Only water base was used for testing, but similar
seal action has been experienced in using the materials in oil base mud.

Riyapan (2011) study was developing water-based drilling fluid by using natural
rubber latex as an additive. The API fluid loss values of NRL containing mud indicated
a better fluid loss control properties at 3 and 5 percent NRL concentration compared to
the base bentonite mud about 5 and 10 percent improvement. The NRL containing mud
showed insignificant increasing in the filtration preventing properties after elevated
tested temperature to 80°C about 10 to 15 percent improvement without thermal

degradation and corrosive problems



CHAPTER 111

LABORATORY EXPERIMENTS

3.1 Introduction

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

properties tests and chemical properties tests.

3.2. Research methodology

The research methodology comprises five steps as shown in Figure 3.1,
including literature review, sample collecting, sample preparation and analisis for
determine  physical and chemical properties (physical property's testing, density,
rheology, API filtration, pH, resistivity and solid content of drilling fluid and chemical
property's testing), gathering the result of discussions, conclusions, and thesis writing.

Each step is described as follow.
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Step 1: Literature review

v

Step 2: Collecting sugarcane bagasse, corn cob and rice straw

v

Step 3: Preparing and analysis of the materials for determine
physical and chemical properties

Step 3.1:

1. Drying the samples
2. Samples analysis

XRD, XRF and SEM

Step 3.2: (API, 1997)
1.Mixing sugarcane bagasse, corn cob and rice
straw powder in drilling mud
Conditions:
- Adding different amounts of sugarcane
bagasse, corn cob and rice straw powder
(1, 3,5 %wt.)
- Varies temperatures (30, 60, 80 °C)
2.Testing density, viscosity, APl filtration, pH,
solid content, and resistivity
3.Analyzed the drilling mud with additives

- - XRD, XRF and SEM

v

Step 4: Collecting data and results of testing

Step 5: Conclusions, discussions and thesis writhing

Figure 3.1 Diagram showing the steps of methodology
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3.2.1. Literature review

A literature review was carried out to improve understanding of the
drilling mud properties. It is composed of reviewing and studying water-based drilling
mud and applications. The sources of information from journals, researches,
dissertation and books concerned.

3.2.2. Sample collection and preparation

Sugarcane bagasse was supplied by a sugar factory in Nakhon
Ratchasima, Thailand. The fragments were processed by milling to extract the
sugarcane juice. Corn cob and rice straw were collected at harvesting time in
Chaiyaphum Province, Thailand. They were air-dried, milled and sieved to less than 75
micrometers (200 mesh), then the material was divided into two parts for chemical
properties testing to determine elemental and mineral compositions by X- ray
fluorescence and X-ray diffraction respectively. Physical properties were tested by
mixing with water-based drilling mud. A water-based drilling mud suspension was
prepared using 60 grams of bentonite per litre of water, 100 grams of barite per litre of
water and various powder concentrations of sugarcane bagasse, corn cob and rice straw
in 1, 3 and 5% weight by weight added and mixed for 15 minutes using a high-speed
mixture. During powder mixing the sugarcane bagasse, corn cob and rice straw were
added slowly to the agitated base fluid to avoid lumps occurring within the mud system.
Various concentrations of sugarcane bagasse, corn cob and rice straw powder were
added to perform as a mud additive. These systems were prepared to compare the

properties of the mud.
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3.2.3 Laboratory tests
The laboratory tests were divided into two groups; physical and
chemical properties tests. The physical properties were determined in condition of
temperatures at 30, 60 and 80°C, respectively. The methods were followed the relevant
API standard practice (API RP 13B-1, 1997).
3.2.3.1 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 (API RP 13D, 2010) and was scanning
electron microscopy (SEM), respectively.
3.2.3.2 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) Data analysis and comparisons
The research results was analyzed to optimize the drilling mud
mix ratio in terms of the physical and chemical properties. The results from the analysis
were used in the comparison with other additives.
3.2.4 Collecting data and results of testing
Collecting data and testing results the research results are analyzed to
optimize the drilling mud mixed with sugarcanes bagasse, corn cob and rice straw will

be compared between before and after mixing. Determine components and properties
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of additives were added in drilling mud and efficiency of drilling mud which varies in
different temperatures
3.2.5 Discussions, conclusions and thesis writing

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.

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

proceedings

3.3 Sample preparation

Samples were air-dried and milled to a sieving size less than 75 micrometers
(200 mesh). The material was then divided into two parts to determine elemental and
mineral compositions by X-ray fluorescence and X-ray diffraction, respectively.
Physical properties were determined by mixing with water-based drilling mud. A water-
based drilling mud suspension was prepared using 60 grams of bentonite, and 100
grams of barite per litre of water. VVarious powder concentrations of sugarcane bagasse,
corn cob and rice straw at 1, 3 and 5% weight by weight were added and mixed for 15
minutes using a high-speed mixture. During mixing, sugarcane bagasse, corn cob and

rice straw powder were added slowly to the agitated base fluid to avoid lumps occurring
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within the mud system. Various powder concentrations of sugarcane bagasse, corn cob
and rice straw were added to form a mud additive. These systems were prepared to

compare the properties of the mud with commercial compositions shown in Table 3.1.

3.4 Typical well drilling

The range of drilling mud density for typical well drilling was 1.5 to 8.5
percentages bentonite weight by weight. Mud weight varied around 8.85 to 18 pounds
per gallon depends on graded bentonite and drilled formations (MI Swaco, 1998).
Figure 3.2 demonstrates the composition and nature of common drilling muds. The

curves show the increasing of viscosity with percentage of bentonite solids.

Table 3.1 The compositions of drilling mud mixed with additives

Additive (Yow/w)
Temperature
No. C) Base Rice
SCB Corn cob
straw
100 g of barite and 60 g of

1 30 ; - - -

bentonite
100 g of barite and 60 g of

2 60 ; - - -
bentonite

3 80 100 g of barite gnd 60 g of - i i
bentonite

4 30 100 g of barite z?md 60 g of 1 i i
bentonite

5 30 100 g of barite gnd 60 g of 3 i i
bentonite

6 30 100 g of tt))arlte gnd 60 g of 5 i i
entonite

7 60 100 g of barite z_ind 60 g of 1 i i
bentonite

8 60 100 g of barite gnd 60 g of 3 i i
bentonite

9 60 100 g of tE)arlte gnd 60 g of 5 i i
entonite




Table 3.1 The compositions of drilling mud mixed with additives (continued)
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Additive (Yow/w)
Temperature
No. (°C) Base Rice
SCB Corn cob
straw
10 80 100 g of barite gnd 60 g of 1 i i
bentonite
11 80 100 g of barite gnd 60 g of 3 i i
bentonite
12 80 100 g of kl?arlte z_:md 60 g of 5 i i
entonite
13 30 100 g of barite gnd 60 g of i 1 i
bentonite
14 30 100 g of kliarlte z_:md 60 g of i 3 i
entonite
15 30 100 g of barite z_md 60 g of i 5 i
bentonite
16 50 100 g of barite gnd 60 g of i 1 i
bentonite
17 60 100 g of tk)Jarlte z_ind 60 g of i 3 i
entonite
18 60 100 g of barite gnd 60 g of i 5 i
bentonite
19 80 100 g of barite gnd 60 g of i 1 i
bentonite
20 80 100 g of kt)Jarlte z_ind 60 g of N 3 i
entonite
21 80 100 g of barite gnd 60 g of \ 5 i
bentonite
29 30 100 g of barite gnd 60 g of i i 1
bentonite
23 30 100 g ofkt))arlte z_:md 60 g of . i 3
entonite
24 30 100 g of barite qnd 60 g of i i 5
bentonite
o5 60 100 g of barite z_ind 60 g of i i 1
bentonite
26 60 100 g of barite {ind 60 g of i i 3
bentonite
27 60 100 g of barite z_;md 60 g of i i 5
bentonite
28 80 100 g of barite 'flnd 60 g of i i 1
bentonite
29 80 100 g of barite z_;md 60 g of i i 3
bentonite
30 80 100 g of barite z_;md 60 g of i i 5
bentonite
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Figure 3.2 Yield curve for typical clays (modified from Gatlin, 1960).

Since the grade of bentonite clay that uses in the experiment was not Wyoming grade.

It is necessary to find the appropriate amount of bentonite that meets the viscosity

required for typical well drilling. Table 3.2 shown the bentonite water-based suspension

at 2, 4, 6, and 8 percentages bentonite weight by weight meet a minimum required

viscosity for typical well drilling. Therefore, the experiment has selected 6 percentages

of bentonite weight by volume as a base composition.



Table 3.2 Bentonite water-based suspension.
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Bentonite Average apparent viscosity
(%weight by volume) (cP)
2 6.0
4 125
6 215
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

powders of material was slowly to agitated base fluid to avoid a lump occurring within

the mud system. The testing mud samples were 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 were measured by mud balance that

is an API standard instrument for testing mud weight ( Figure 3. 2).

Various

concentrations of sugarcane bagasse, corn cob and rice straw 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 3.3.
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Figure 3.3. APl Mud balance

Table 3.3 Compositions of drilling mud samples

Composition of Bentonite | Bentonite+1% | Bentonite+3% | Bentonite+5%
mud (grams) mud additives additives additives

Water 1000 1000 1000 1000
Barite 100 100 100 100
Bentonite 60 60 60 60

sgg:srgg”e . 11.6 34.8 58.0
Corn cob - 11.6 34.8 58.0
Rice straw - 11.6 34.8 58.0

3.5 Chemical properties tests

Chemical properties of additives are analyzed both before and after mixed with

drilling mud for determine mineral composition by using X-ray Diffractometer (XRD).

The element composition analyzes by X-ray fluorescence spectrometer (XRF). Sample

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

oven for 24 hours.
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3.5.1 X-ray fluorescence

Samples were prepared to use 0.5 to 1.0 grams. Samples are compacted
and spread out to the holder. Sample holders were analyzed by X-ray fluorescence
spectrometer (XRF), Holiba- XGT 5200 and spent time to 100 seconds per sample. A
typical X-ray generator passes an electric current through a filament, which cases an
electron to be emitted. These electrons were then accelerated by high voltage (usually
somewhere between 20 and 100 kV) towards an anode (target). 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 were presented as the percentage
of major elements.

Results were analyze 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.

B =

e
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Figure 3.4 Horiba (XGT-5200) X-ray fluorescence.
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3.5.2 X-ray diffraction

X-ray diffractometer (XRD), Bruker-D2 Phaser and spent time 10
minutes per sample. XRD performed on polycrystalline material the incident X-ray
beam was diffracted by innumerous crystallites in specific 2 Theta directions. Data was
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 (26, 5° to 80°) and accuracy (+0.02°
throughout the entire measuring range). Results were 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 by software TOPAS.

012016

gINAIY

Figure 3.5 Bruker (D2 Phaser) X-ray diffractometer.
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3.6  Physical properties test

The physical properties were studied the density, rheology, filtration, hydrogen
ion, resistivity and solid content. They were determined following API standard. The
mineral crystals, components and particle morphologies analyze by Scanning electron
microscope (SEM).

3.6.1 Rheological tests

The objective of rheological tests were to measure the viscosity and gel
strength that relate to the flow properties of mud. Rheology was the science of
deformation and flow of matter by maked certain measurements on a fluid it was
possible to determine how that fluid will flow under a variety of conditions, including
temperature, pressure and shear rate. In this study, the test procedures had been
followed the recommended practice of standard procedure for field testing drilling fluid

(APl Recommended Practice, 2010).

Figure 3.6 Fann 35SA model viscometer.
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3.6.2 Rheological parameters

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. The 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 3.7

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 3.6
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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 Ib/100ft2.
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Figure 3.7 Plastic viscosity and yield point ranges for water-based mud (Modified

from MI-Swaco, 1998). 3.4.2 Static filtration tests
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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.

The apparent viscosity, plastic viscosity and yield point are calculated

from 300 and 600 rpm reading following formulas from API standard.

where

Ha = ¢600/2 (3.1)
Hp = d600/ G300 (3.2)
Hp = h300/Mp (3.3)

la = apparent viscosity (cP)
up = plastic viscosity (cP)
up = Yield point (Iby/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:

where

©=0.01066¢; N (3.4)
vy =1.703rpm (3.5
T = shear stress (Ibg/ft?)

v = shear rate (sec™)

¢i = viscometer dial reading

N = range extension factor of the torque spring of the VG meter

rpm = rotational speed.
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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= 3.32210g (dps00/d300) (3.6)
k=5.10¢300/511" (3.7)
where n = flow behavior index

k = fluid consistency index

ds00 = Viscosity dial reading at 600 rpm

d300 = Vviscosity dial reading at 300 rpm

3.6.3 Static filtration tests

Static filtration control is necessary in order to control the characteristics
of the filter cake deposited downhole. It is the cake which is the source of filtration-
related drilling problems. We were interested in the thickness of the cake, its
permeability, slickness, and texture. Filtrate volume is only one of the indicators that
can be used to evaluate filtration characteristics of a mud. Therefore we should concern
ourselves with all the cake characteristics rather than only with the filtrate volume. The
filter press being used should meet specifications as designated in the API
Recommended Practice and conducted in the manner suggested. The API fluid loss was
conducted at 100 psi (6.9 bar) pressure, and was recorded as the number of milliliters
lost in 30 min.

The experiment was conducted by Baroid standard filter press rig
laboratory model 821 ( Figure 3.8). The test procedures had been followed the
recommended practice of standard procedure for field testing drilling fluid ( API

Recommended Practice, 2010).
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Figure 3.8 Baroid standard filter press.

3.6.4 Hydrogen ion tests

The hydrogen ion (pH) measurements of the fluids were conducted
using glass electrode pH meter, OAKTON pH 700 model (Figure 3.9). The instrument
determines pH of an aqueous solution by measuring the electro-potential generated
between a glass electrode and a reference electrode. Measurement of drilling fluid (or
filtrate) pH and adjustments to the pH are fundamental to drilling fluid control. Clay
interactions, solubility of various components and effectiveness of additives are all
dependent on pH, as in control of acidic and sulfide corrosion processes. The test
procedures were followed the recommended practice of standard procedure for field

testing drilling fluid (API Recommended Practice, 2010).
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Figure 3.9 pH meter

3.6.5 Resistivity tests

The Model 88C Resistivity Meter (Figure 3.10) measures the resistivity
of drilling mud, filtration fluid and filter cake to APl Recommended Practice 13B-1.
Field and laboratory personnel rely on this instrument to evaluate formation
characteristics from electric logs. Resistivity is the ability of a material to resist
conduction; conductivity is the reciprocal of resistivity. A direct digital readout of
resistivity in three ranges: 2, 20 and 200 ohm-meters/meters2.

Instrument calibration were used salt solution and calculated the

correction factor for accurate data.



34

Figure 3.10 Fann (88C model) resistivity meter.

3.6.6 Solid content tests

Fann Oil & Water Retort Kit (Figure 3.11) was used to determine the
quantity of liquids and solids in a drilling fluid. In a retort test, a measured sample of
fluid is placed in a cup and heated until the liquid components have been vaporized.
The vapors are passed through a condenser and collected in a graduated cylinder or
centrifuge tube that has been calibrated to record the volume of the condensed liquids
at 20°C. The distillate is read directly as volume percent of the solids sample's original
volume. Suspended and dissolved solids were determined by subtracting these from
100 percent of the initial sample. For fresh-water fluids, the relative amount of barite
and clay can be estimated. Corrections must be made for salt in the calculation for solids

content by volume.
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Figure 3.11 Fann retort Kit.

3.6.7 Scanning Electron Microscope

Scanning electron microscope ( SEM), JEOL JSM-6010LV (Figure
3.12) is a type of electron microscope that produces images of a sample by scanning it
with a focused beam of electrons. The electrons interact with atoms in the sample,
producing various signals that contain information about the sample's surface
topography and composition. The electron beam was generally scanned in a raster scan
pattern, and the beam's position was combined with the detected signal to produce an
image. SEM can achieve resolution better than 1 nanometer. Specimens can be
observed in high vacuum, in low vacuum, in wet conditions (in environmental SEM),

and at a wide range of cryogenic or elevated temperatures.



Figure 3.12 JEOL JSM-6010LV Scanning Electron Microscope.
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CHAPTER IV

RESULTS AND DISCUSSIONS

4,1 Introduction

This chapter describes the data analysis, result and discussions of experiment.
Drilling fluid samples were tested and analyzed to determine physical and chemical

properties. The results of experiment and discussion are below.

4.2 Chemical property

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 sugarcanes
bagasse, rice straw, and corn cob as an additives.

4.2.1 Chemical properties of bentonite and mud additives

The elements were determined by an X-ray fluorescence spectrometer.
Major material elements before mixing the drilling mud with additives concentrations
at 5% weight by weight and various temperatures measured by X-ray fluorescence

(Table 4.1.) included MgO, Al,Os, SiO,, CaO, Fe,0s, SrO, Rh,03 and BaO (Figure 4.1).
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Figure 4.1 Compositions of additives before mixing using X-ray fluorescence.
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Figure 4.2 Compositions of additives after mixing using X-ray fluorescence
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Table 4.1 Compositions of bentonite mud and additives before mixing, and drilling

mud mixed with 5% w/w of additives at 30°C using X-ray fluorescence.

Drilling mud (weight, %)
Elements Bentonite | Bagasse, Rice Corn cob, Ba(s)e+5 |§>65§+5 Baose+
mud, % % straw, % % % % rice 5%
bagasse | straw corn
cob
MgO 3.915 1.829 2.604 4.345 - - 4.628
Al2O3 11.394 5.389 - - 14,913 | 13.518 | 15.424
SiO, 50.527 60.119 75.498 35.733 55.231 | 53.233 | 52.423
P20s - 3.599 - - - - -
SO3 23.073 5.913 - 4.272 18.122 | 16.266 | 14.236
K20 0.561 6.444 12.819 34.678 - - -
CaOo 2.752 8.589 5.665 - 2.564 3.105 2.687
Fe 03 4.769 5.021 - 6.657 5.747 6.354 7.712
SrO 0.343 - - - 0.131 | 0.182 | 0.226
Rh,03 0.267 0.686 0.170 0.981 0.329 | 0.487 -
BaO 2.073 - - - 2.963 | 6.483 | 1.952
Cl - - - 9.702 - - -
MnO, - 0.484 2.380 0.400 - - -
Others 0.326 1.927 0.864 3.232 - 0.372 0.712
Total 100 100 100 100 100 100 100

The elements of drilling mud after mixing with 5% weight by weight of
sugarcane bagasse, rice straw, and corn cob depended on the additives. Elements in
sugarcane bagasse, rice straw and corn cob included MgO, SiO», K0, CaO, Fe,03,
Rh203 and MnO2 shown in Figure. 4.2. However, Al,Oz and P>Os were specific to
sugarcane bagasse, Cl shows in corn cob and SO3 was represented in both sugarcane

bagasse and corn cob.
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The minerals were analyzed by X-ray diffraction and the material
contents after mixing are shown in Table 4.2. Sugarcane bagasse, corn cob and rice
straw powder cannot be analyzed by X-ray diffraction as they are amorphous materials
(Figure Al to Figure A3). Dominant minerals in the drilling mud after mixing with the
three additives at a concentration of 5% weight by weight included barite, kaolinite,
quartz, calcite, gypsum, rutile and haematite shown in Figure 4.3. However, variations
of specific minerals in the drilling mud and increased concentrations of tobermorite of
tobermorite and periclase affected the rheological properties. Generally, periclase
(MgO) is used as a coating in the ceramics industry with moisture resistance which
increases durability surface luster and scratch protection. A significant amount of
tobermorite leads to a denser and more stable sample structure which increase the

strength of the drilling mud and affects the rheological properties (Kolias et al, 2005).

Table 4.2 Minerals of drilling mud mixed with 5% weight by weight of additives at

30°C using X-ray diffraction.

) Drilling mud (weight, %)
Minerals i
Bentonite Base+5% Base+5% Base+5%
mud bagasse rice straw corn cob
Quartz 23.537 7.345 10.301 4.782
Kaolinite (Bish) 9.700 32.402 30.54 34.698
Hematite 1.021 0.770 1.137 1.371
calcite 6.000 7.494 1.040 1.151
Barite 46.526 42.747 44113 49.814
Magnesite 0.499 - 0.312 0.942




30°C using X-ray diffraction. (Continued)
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Table 4.2 Minerals of drilling mud mixed with 5% weight by weight of additives at

) Drilling mud (weight, %)
Minerals :
Bentonite Base+5% Base+5% Base+5%
mud bagasse rice straw corn cob
Pyrolusite 0.360 0.475 0.627 0.632
Gypsum 4.076 5.566 5.256 2.646
Periclase 4.390 - 4.351 1.337
Tobermorite 3.538 1.741 - -
Total 100 100 100 100
O Quartz & Kaolinite (Bish) Hematite
O calcite Barite & Magnesite
g Pyrolusite Gypsum = Periclase
= Tobermorite
Base+5% | mr e N
Co rncob = I.I.I.I.I:I.I.I.I.I.I.I.I.I.I.I.I.I f H
Base+5% T —
rice straw = —
Base+5% oA "0*0‘0*3‘0*0‘0*0*0"3*3‘:*0*0*0*0*0*0*0*0"&E:}N\
bagasse M fetotetotototototelo ot o e o e to e et o e 0 5
Bentonite |mmrrmmTIIT
mud ''''''''''''''''''''''''
0% 20%

Figure 4.3 Minerals of additives after mixing using X-ray diffraction.
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Commander Sample ID (Coupled TwoTheta/Theta)
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Figure 4.4 XRD of drilling mud mixed with 5% of corn cob at 80°C. This figure

showed main minerals are compose of Barite and Quartz.
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Figure 4.5 XRD of drilling mud mixed with 5% of sugarcanes bagasse at 80°C. This

figure showed main minerals are compose of Barite and Quartz.
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Commander Sample ID (Coupled TwoTheta/Theta)

1 5%_80.raw
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500-] Ba | PDF 49-1091 Co2 P2 O7 Cobalt Phosphate
I PDF 82-0636 Cd6 ( Si12 Al12 048 ) Cadmium Aluminum Silicate
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§ PDF 36-1734 C10 H12 09 ‘2 H2 O Xylan dihydrate
Ba PDF 02-0471 Si O2 Quartz
PDF 24-1206 S Sulfur
400 | PDF 03-0018 Na - Al - Si - O - O H - H2 O Bentonite

Counts

8-
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24
3
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T
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Figure 4.6 XRD of drilling mud mixed with 5% of rice straw at 80°C. This figure

showed main minerals are compose of barite, quartz and sulfur.

4.3  Physical properties

The varied composition of drilling mud mixed with additives are shown in Table
3.1. Base-composition consisted of 1,000 grams of water, 100 grams of barite, and 60
grams of bentonite. Additives included sugarcane bagasse, corn cob and rice straw at
appropriate values.
4.3.1 Rheological properties and parameters
Shear stress and shear rate values for all six viscometer readings of
water-based drilling mud are shown in Table Al. Average viscometer readings were
used to calculate the shear stress and shear rates, following equations 3.4 and 3.5 in the
previous chapter. Calculated shear stresses were plotted against shear rates to determine
the best-fit curve for the Bingham plastic model. Graphical results inferred that the fluid

tended to behave as a Bingham plastic fluid. Consistency plots of water-based drilling
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mud under a temperature of 30°C are shown in Figures4.7. Graphs plotted between
shear stresses and shear rates under temperatures of 30, 60 and 80°C are shown in Figure
4.8

The Bingham plastic model demonstrates the appropriate rheological
model for other drilling mud samples. Water- based drilling mud samples were
categorized into four different groups of testing temperature (30, 60 and 80°C) and

mixing ratios. Their consistency curves are plotted in Figures 4.9 to 4.11.
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Figure 4.7 Consistency plot of water-based drilling mud with a linear correction.
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Figure 4.8 Consistency plot of water-based drilling mud.

Water based drilling mud and drilling mud mixed with additives
follow behavior depending on the temperature. However, fluid flow properties cannot
be exactly matched with either the Bingham plastic or power law models. Most of the
drilling muds demonstrated the flow behavior in between the Bingham plastic and the
power law model.

All these three additives were graphical in the same direction. For
all tested temperatures, results indicated a significant increase in the apparent viscosity
as additive concentration increased. This was due to a greater colloidal fraction of
bentonite and the three additives in the mud sample that resulted in increasing flow
resistance. Results indicated that the plastic viscosity of the three additives containing
mud slightly increased with increasing additives concentration from 1 to 5% for all

tested temperatures.
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Figure 4.9 Consistency plot of drilling mixed with sugarcane bagasse (SCB) at (A)

30°C, (B) 60°C, and (C) 80°C
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Figure 4.10 Consistency plot of drilling mixed with rice straw at (A) 30°C, (B) 60°C,

and (C) 80°C
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Figure 4.11 Consistency plot of drilling mixed with corn cob at (A) 30°C, (B) 60°C,

and (C) 80°C.
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Figure 4.12 Viscosity of drilling mud mixed with sugarcanes bagasse (A) Apparent

viscosity, (B) Plastic viscosity and (C) Yield point
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Figure 4.13 Viscosity of drilling mud mixed with rice straw (A) Apparent viscosity,

(B) Plastic viscosity and (C) Yield point
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Figure 4.14 Viscosity of drilling mud mixed with corn cob (A) Apparent viscosity,

(B) Plastic viscosity and (C) Yield point
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Elevated temperature treatment from 30°C to 80°C slightly decreased the plastic
viscosity. The trend of the line indicated that the mud behaved as non-Newtonian, with
shear- thinning as temperatures increased (up to 80°C) displaying lower plastic
viscosities and higher yield stress. The influences of temperature on the apparent

viscosity, plastic viscosity and yield stress are shown in Figures 4.12 to 4.14

4.3.2 Rheological behavior of drilling mud

Rheological parameters of water-based drilling mud and drilling mud
mixed with additive samples are summarized in Table 3.1. The additives were divided
into three parts, consisting of sugarcane bagasse, corn cob and rice straw. Rheological
data of total tests are shown in Appendix A. 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 follows the parameters of Bingham plastic and
power law models as a pseudoplastic fluid. The consistency factor of the drilling mud
samples tended to increase with increasing quantities of added materials. The constant
was similar to the apparent viscosity of the fluid that described the thickness of the
fluid. The power law model did not exactly describe the behavior of drilling fluids but
the constants n and k normally describe hydro mechanical utilization used in hydraulic

calculations.
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4.3.3 Filtration properties of drilling mud

The aim of filtration is to create a low-permeability mud filter cake as a
seal between the wellbore and the formation. Control of fluid loss restricts invasion of
the formation by filtrate and minimizes the thickness of the mud filter cake. Table A3
shows the average API static filtration loss within 30 minutes for drilling mud mixed
with additives. Drilling mud mixed with powder of sugarcane bagasse, rice straw and
corn cob at temperatures of 30, 60 and 80°C are shown in Figures 4.15 to 4.17 and
compare the three additives mixed into the drilling mud.

The histograms show time-dependent filtration behavior of bentonite drilling
mud and mud additives mixed with sugarcanes bagasse, corn cob and rice straw.
Filtration loss of drilling mud mixed 1% weight by weight of corn cob at a temperature
of 30°C did not improve fluid loss control. Drilling mud mixed with 5% weight by
weight of sugarcane bagasse at temperatures of 60 and 80°C showed the greatest
potential to control fluid over corn cob and rice straw.

The filtration properties of drilling mud mixed with additives are shown in
Figures 4.18 to 4.22. These histograms show time-dependent filtration behavior of
water-based drilling mud and indicated that fluid loss increased exponentially with
time. Decrease of filtrate volume resulted from continuous mud filter cake deposition
and compactions until the complete formation of a constant thickness and stable mud

filter cake.
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Figures 4.15 Filtration loss of drilling mud mixed with additives at temperature 30°C

I rrrryr

bt e R S o e B

=33
folNolNo)]
SSC 82923878
SSS%%%CCC
QDD | e | LIFLIFLIFL LI
SO FPES568 =
XrcexommoOoo
SESSSSSER
AMWOAMLO ML
+ + + R 4
288888888
T C T C © © © C O
[ialaaaaNaaNaaNaalaalaaJanl
I 5 o o 5
Trrrrlrrrrrrrrrrrrrrr1rr1rrr1r1
o Lo o Lo o
N - i

(Jw) sso7 uoneyi

5.47

4
min)

VTime (

3

Figures 4.16 Filtration loss of drilling mud mixed with additives at temperature 60°C
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Figures 4.17 Filtration loss of drilling mud mixed with additives at temperature 80°C

Drilling mud mixed with additives on filtration properties at 30°C is
shown in Figure 4.18. The static filtration curves compared water-based drilling mud
with drilling mud mixed with 1, 3 and 5% of additives at 30°C and determined the
appropriate amount of additives to control the filtration loss of drilling mud. Figure 4.18
shows drilling mud with 1% weight by weight of additives. Filtration loss of drilling
mud mixed with corn cob was higher than the base, sugarcane bagasse and rice straw

at 30°C.
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of additives at 30°C
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Figures 4.19 Filtration loss of drilling mud mixed with sugarcanes bagasse at (A)

30°C, (B) 60°C and (C) 80°C
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Figures 4.20 Filtration loss of drilling mud mixed with rice straw at (A) 30°C, (B)

60°C and (C) 80°C
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Figures 4.21 Filtration loss of drilling mud mixed with corn cob at (A) 30°C, (B)

60°C and (C) 80°C
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Figures 4.19 shows the time-dependent filtration behavior of drilling
mud indicating that fluid loss increased exponentially with time and temperature. As
concentrations of additive powders increased the fluid loss decreased. Concentration at
5% weight by weight of the three additives showed high potential. Filtration behavior
analyses of the drilling mud at 30, 60 and 80°C are shown in. Figures 4.19. The static
fluid loss values of drilling mud mixed with 1, 3 and 5% weight by weight of rice straw,

sugarcane bagasse and corn cob powders indicated increasing filtration.

Sugarcane bagasse additive gave the lowest filtration loss at 60°C and
corn cob showed low filtration loss at 80°C. Drilling mud mixed with additives at
concentrations of 3 and 5% weight by weight recorded sugarcane bagasse with low
filtration loss. Comparing the filtration properties of the three additives, sugarcane
bagasse showed optimum improvement filtration loss control.

Mud filter cake thickness of drilling mud mixed with additives is shown
in Figure 4.22. The histograms show that the mud filter cake thickness depended on the
increase in additive concentration and temperature. Mud filter cake qualities deposited
by the additive containing drilling mud were measured. The slickness and toughness of
sugarcane bagasse, corn cob and rice straw in drilling mud were more than water-based
drilling mud as the cellulose property improved the stability and lubricity of the mud

filter cake.
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Figure 4.22 Mud filter cake thickness of (A) sugarcanes bagasse, (B) corn cob, and (C)

rice straw containing drilling mud at 30, 60, and 80°C
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4.3.4 pH of drilling mud

Table A4 and Figures 4.23 had summarized the test results on the pH of
drilling mud before and after mixing additives at 30, 60 and 80°C. They describe the
pH of mud and mud filtrates for filtration test.

A hydrogen ion (pH) of drilling mud mixed with powders of sugarcane
bagasse, corn cob and rice straw were indicated in Figure 4.24. The pH decreased as
the additives concentration increased. Generally, corrosion rate decreases as pH
increased. Temperature effect to the pH value by the increasing of temperature causes
the pH decreasing. The pH of the filtrate for filtration test was higher than the pH of

drilling mud.

12.00 ;
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8.00 -

Temperature (°C)

& Base+1%Rice straw Base+3%Rice straw £ Base+5%Rice straw
B2 Base+1%Bagasse O Base+3%Bagasse B2 Base+5%Bagasse

B Base+1%Corn caob B Base+3%Corn cob 2 Base+5%Corn cob
m Base

Figures 4.23 pH of drilling mud mixed with additives.
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Figure 4.24 pH of drilling mud mixed additives at (A) 30°C, (B) 60°C, and (C) 80°C.
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4.2.5 Resistivity of drilling mud

The results of resistivity were illustrated in Figures 4.25and 4.26. The
resistivity of drilling mud decreased as additives concentrations and temperature
increased, excepted starch increased while resistivity increased. The resistivity of mud

filtrate was higher than drilling mud and mud cake thickness, respectively.
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Figure 4.25 Resistivity of drilling mud with additives at 30, 60 and 80°C.
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Figure 4.26 Resistivity of drilling mud with (A) sugarcanes bagasse, (B) rice straw,

and (C) corn cob at 30, 60 and 80°C



4.3.6 Density of drilling mud

Hydrostatic pressure was 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 4.27 to 4.30. The result
demonstrates the ability of additives to provide weight to drilling mud. The density
slightly decreases as the temperature increase in drilling mud mixed with sugarcane

bagasse, corn cob and rice straw; however, the concentration of additives increased as

the density increased.
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Figure 4.27 Density drilling mud mixed with sugarcanes bagasse at 30, 60 and 80°C.
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Figure 4.28 Density drilling mud mixed with rice straw at 30, 60 and 80°C
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Figure 4.29 Density drilling mud mixed with corn cob at 30, 60 and 80°C
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Figure 4.30 Density drilling mud mixed with various additives at (A) 30°C, (B) 60°C,

and 80°C.



4.3.7 Solid content of drilling mud

Solids were 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 4.31
through 4.32. Solid content property of drilling fluid mixed with 1 and 3 percent corn

cob was in standard range. Concentration of 1, 3 and 5 percent sugarcanes bagasse at

initial temperature was in standard range.

Corn cob

21% @30 °C E3% @30 °C 85% @30 °C
21% @60 °C 3% @60 °C B85% @60 °C
E1% @80 °C m3% @80 °C m5% @80 °C

Rice straw

Sugarcanes

bagasse

0.0 10.0 20.0 Soﬁ%%onteﬁ?@/o) 50.0 60.0 70.0

Figure 4.31 Solid content of drilling mud mixed with additives various additives at

30, 60 and 80°C
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Figure 4.32 Solid content of drilling mud mixed with (A) sugarcanes bagasse (SGB),

(B) rice straw and (C) corn cob at 30, 60 and 80°C
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4.3.8 Morphology property

The morphology (texture), crystalline structure and orientation of the
drilling mud both before and after mixing with sugarcane bagasse, rice straw and corn
cob were recorded with a scanning electron microscope (SEM) to produce images by
scanning with a focused beam of electrons. The electrons interacted with atoms in the
sample, producing various signals that contained information about the additives before
mixing, as shown in Figures 4.33 to 4.35. The surface topography of the mud filter cake
samples is shown in Figures 4.36 to 4.38. The three additives showed dominant features
as bars and fibers. After mixed with the drilling mud, these experiments used mud
filter cake to test, the interaction of the additives with barite and bentonite; however,

they were unable to dissolve in water and the additives were visible as bars.

SElI 10kV WD12mm $540 x1,100 10pm.
SUT 5464

Figure 4.33 Surface topography of corn cob particles rounded stick shapes with surface

pores.
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Figure 4.34 Surface topography of leaf and stems rice straw with the dominant

feature as long sticks.

Figure 4.35 Surface topography of sugarcane bagasse as characteristic long fibrous

sticks that can adsorb fluid.
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Figure 4.36 Surface topography of drilling mud mixed with 5% corn cob at 30°C
showing particles of corn cob powder inserted heterogeneously between
barite and bentonite. The particles are rounder than the other two additives,

partly porous but not connected, therefore fluid can enter via the pores.

f s

SEI 10kV. ;WD12

mm.SSSCID.
suT LT 2

Figure 4.37 Surface topography of drilling mud mixed with 5% rice straw at 30°C

showing mud filter cake on the surface. The particles are heterogeneous

with high solid content.
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Figure 4.38 Surface topography of drilling mud mixed with 5% sugarcanes bagasse at
30°C showing the particles interfering with bentonite and barite and not
homogeneous. Particles distributed on the surface of the mud filter cake

making it stronger.

4.4  Cost analysis

Drilling fluids are generally expensive, and it is necessary to calculate and
compare the costs of sugarcane bagasse, corn cob and rice straw with fluids
commercially used in drilling systems. Table 4.3 lists the costs of chemicals used in
drilling fluids to evaluate the cost of drilling fluid systems.

Sugarcane bagasse, corn cob and rice straw prices were compared with the costs
of additives for the viscosifier and fluid loss control agents. The cost for the three
additive were cheaper than the fluid loss control agents and proved cost effective and

environmentally friendly.



Table 4.3 Cost of drilling fluid chemicals.
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Chemicals Cost (Baht) Unit (Kg) égﬁgig)

API Bentonite 11,400 1,000 11.40
Barite 5,000 1,000 5
PAC Polymer 72,000 25 2,880
Guar Gum 368 1 368
Xanthan Gum 320 1 320
Gellan Gum 1,770 1 1,770
CMC Gabrosa HV TECH 200,000 1,000 200
Sugarcanes bagasse* 500 1,000 0.50
Corn cob* 650 1,000 0.65
Rice straw* 1,400 1,000 1.40

*Sugarcanes bagasse, Corn cob and Rice straw were the ex-factory. It does not include

a cost of the process materials, material handling and storage, packaging, transport

and other indirect materials.
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4,5 Summary of chemical and physical properties of drilling mud

mixed with powder of sugarcanes bagasse, corn cob and rice straw

Analysis result of drilling mud mixed with powder of sugarcanes bagasse, corn
cob and corn rice straw be summarized the chemical and physical properties in Table
4.4,

An analysis of the physical experiment, found that the sugarcanes bagasse and
corn cob can improved efficiency the viscosity, rheology and API filtration loss of
water bentonite mud. Rice straw did not improved solid content. When increasing the
temperature of drilling mud mixed with sugarcane bagasse at each concentrations did
not optimized viscosity and solid content. Corn cob was relatively effective at
concentrations of 1 and 3 percent by weight, where the temperature did not affect the
performance of drilling mud.

In term of chemical properties, characterizes of sugarcane bagasse and rice
straw are long, and the length but corn cob is rounded. Consequently, the solid content
and viscosity of corn cob were better than the two above material. Sugarcane bagasse
was improved the best of filtration loss property. From research study represent that the
chemical properties of drilling mud mixed with all of study materials is slight effect
from temperature, due to the variation of temperature did not change the structure but

change a slight content of elements and minerals of drilling mud.



Table 4.4 Summarized comparison of the chemical and physical properties of drilling mud mixed with sugarcanes bagasse, corn cob and

rice straw as additives.
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Table 4.4 Summarized comparison of the chemical and physical properties of drilling mud mixed with sugarcanes bagasse, corn cob and

rice straw as additives (continued)
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Table 4.4 Summarized comparison of the chemical and physical properties of drilling mud mixed with sugarcanes bagasse, corn cob and

rice straw as additives (continued)

§ Chemical property Physical property
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Table 4.4 Summarized comparison of the chemical and physical properties of drilling mud mixed with sugarcanes bagasse, corn cob and

rice straw as additives (continued)

§ Chemical property Physical property
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Gyp=5.65 interfering wit
Ba0=3.21 Tob=187 bentonite and They are cost PV and YP
o0=2 barite. It ; effective and increase. n at
arite. It canno . °
b environmentally q 30°C b
Sio-5495 | QuaT69 ¢ friendly eureases out
o = . INCreases
S0s-18.65 é:lo: 73?2.825 homogeneous. orees
80 | ALOs=1481 | g /i'ce R temperature
Fe203=5.45 B
BaO=3.54 Cyp=587 rose.
' Tob=1.89

1 = Better, | = Worse, - = Unaltered
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Table 4.4 Summarized comparison of the chemical and physical properties of drilling mud mixed with sugarcanes bagasse, corn cob and

rice straw as additives (continued)

- Chemical property Physical property
g Viscosity - %
< = |2
Samples | & 5 S |5 | 2|2 | Costanalysis | Remarks
S | XRF XRD SEM 2 |y | ol « g | I |2 |8
-~ < o — t"_D'.
8 a < |3
si0r52.65 | 21152 Dri_llir:jg n_]tl.;]d
S03=15.23 — o . . mixed wi
30 | ALOs-1423 | SATLS2 | Particle ofrice |-, g R 1% rice
- straw powders
Fe203=6.21 Gyp=4.23 - straw
BaO=2.52 yp=a. are thin sheet .
Per=4.85 and long Cost of rice po_wders can
105, | shape. Mud straw is cheaper |  !Mprove
: 505236 | Q071052 | filter cake than fluid loss | filtration
Rice 501623 | "o have them on control agent 105
straw | 60 | AlO=1258 | o2~ /T YYY Y [ " | viscosity and
(1%) Fe205-5.98 G?/Lzs 52 thhe Surf%c?' They are cost | o ctivity.
BaO=-3.58 i The particle effectlve and Density and
A are environmentally | pH decrease.
o Qua=10.63 eterogeneous, friendly. Solid content
Si0=54.32 | < o cs thus, solid i
SO=1528 | o oo content was increases
80 | Al:0s=14.85 | 20 oo high R A R O O A B higher than
Fe203=6.85 Gyp=4.85 standard of
Ba0=3.20 Por_5 0 ten percent.

1 = Better, | = Worse, - = Unaltered
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Table 4.4 Summarized comparison of the chemical and physical properties of drilling mud mixed with sugarcanes bagasse, corn cob and

rice straw as additives (continued)

= | Chemical property Physical property
3 1, )
o Viscosity n v
o T |2
Samples | & 5 2|5 | 2|8 | Costanalysis | Remarks
S XRF XRD SEM > =|T!21|8
@ = 21213 n > < |5
-~ < <|< |7 o = | T
@ <
o Z =
. Qua=10.85
Si0,=54.36 ~ -
30 | Aroriass Cali85 | Particle of rice Ll dr b R ?Tzli!:g‘;g"‘r;tl?‘d
FeanzG.és gar4_54.13928 straw powders 3% rice straw
Ba0=3.55 Pg'rp:; 32 are thin sheet i powders can
: and Iong COSF orrice - |mpr0ve
- shape. Mud straw is cheaper | filtration loss
: 505623 | JTIE2S | ilter cake than fluid loss | and viscosity.
Rice 50:-1832 | " 0 | have them on control agent, | After mixed
straw | 60 | Al:0s=14.85 — /84 4\ i & 4 LhLl et ' additives,
_ Bar=42.32 the surface. They are cost :
BaO=3.25 Per=4.98 The particle effective and and resistivity
are environmentally |  decrease.
Qua=10.87 heterogeneous, friendly. Solid content
Si02=55.32 Kao—=34.23 thus, solid increases
S0:-1432 | c2" "o content was higher than
80 ﬁelzgziélsgs Bar=4.4.42 h|gh ‘L ~L T l T wL l wL T standard of
Ba0O=2.35 Sypr'gg ten percent.
er=3.78

1 = Better, | = Worse, - = Unaltered
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Table 4.4 Summarized comparison of the chemical and physical properties of drilling mud mixed with sugarcanes bagasse, corn cob and

rice straw as additives (continued)

§ Chemical property Physical property
S Viscosity n %
o T |2
Samples | £ 5 2|5 | 2|8 | Costanalysis | Remarks
S XRF XRD SEM 2 213123
@® S| 21213 n ® =
a 2 < | 5
N’ ~+
. Qua=10.30
SOr 0323 | Ka0=30.54 Drilling mud
30 ,SA(|)23c>31:ESi§652 Cal-104 | Particle of rice | | | » | 4 | 4 | 4 RN mixed with
Fe:05635 | bA=4411 | straw powders 5% rice straw
Ba0-354 | P °2% | are thin sheet _ powders can
: and IOng COSF of rice - |mpr0ve
SOy | QU103 shape. Mud straw is cheaper fulgat_uon Ic_Jtss
Rice SO 1y | Ka0=3056 filter cake than fluid loss azﬁ;’r'sr%?)s(:eé"
) Cal=1.12
Fe,03=5.25 o the surface. They are cost density. pH
(5%) Bao-463 | P42 | The particl i  restetiv
: Per=4.85 € paruicte effective and | and resistivity
X are environmentally |  decrease.
_ eterogeneous i Solid content
: ua=10.23 it friendly.
2602:15;293;6 Sao=31.56 thus, solid y increases
3=10. .
N Cal=1.52 content was higher than
80 ﬁéigz;é‘g? Bar—43.23 high Vi A standard of
BaO=-2 56 Gyp=4.65 ten percent.
Per=4.25

1 = Better, | = Worse, - = Unaltered
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Table 4.4 Summarized comparison of the chemical and physical properties of drilling mud mixed with sugarcanes bagasse, corn cob and

rice straw as additives (continued)

— | Chemical propert Physical propert
3
S Viscosity n W
S = 1|2
Samples | £ 5 S |5 | 2|2 | Costanalysis | Remarks
S | XRF XRD SEM 2 | » 21328
@ = 25| n|kK|Z =
—_~ < < < Y o = —
a 7 < | 8
-’ ~+
Si02=52.36 Qua=8.23 Particle of corn .
S03=13.96 Kao=35.21 cob powders Drilling mud
Al,03=16.52 | Cal=1.63 inserted mixed with
30 Fe203:=6.74 Bar=48.95 between barite l T T T T T l l T l 1% corn Cob
Eﬂa%iég% Sg’rp:lzé? and bentonite. powders can
go=o. : They were Cost of corn improve
Si0=54.23 | Qua=4.36 Eﬂemge”?"“j cob is cheaper | filtration loss
Corn SOs=1545 | Kao=36.22 ‘:)te‘gf‘er; rf‘r'r’](: than fluid loss and
60 | Al20=17.45 | Cal=1.85 ol vl l=1rlelrletlelrly control agent. viscosity.
cob Fea0s=7.65 | Bar=51.33 particies are They are cost | Density, pH
(1%) BaO=1.85 Gyp=3.54 round more : d,
Mgo=5.65 Per=1.87 than two effective and and
additiyes. environmentally resistivity
Si0=5321 | Qua=4.22 Porous in the friendly. decrease.
SO==15.41 | Kao=31.25 | Partbutitnot Solid content
Alb03=17.23 | Cal=1.85 connect, less than
80 | Fe,0s6.85 | Bar—4325 | therefore fluid | + | T | T [ L | T L L L standard of
BaO=2.54 Gyp=1.22 can enter into
Mgo=4.65 | Per=1.63 the porous. ten percent.

1 = Better, | = Worse, - = Unaltered
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Table 4.4 Summarized comparison of the chemical and physical properties of drilling mud mixed with sugarcanes bagasse, corn cob and

rice straw as additives (continued)

= | Chemical propert Physical propert
3
S Viscosity - w
< = D2
Samples | £ 5 S |5 | 2|2 | Costanalysis | Remarks
< XRF XRD SEM 2 | % | T|2|8
@ = 213/ n|K|Z =
S~ < < < U o = —
a 7 < | 8
-’ ~+
Si02=53.52 Qua=4.22 Particle of corn .
S03=15.85 Kao=33.65 cob powders Drllllrzjg mt:}d
Al203=14.62 Cal=1.45 inserted mixe Wlt
30 | Fe0s-655 | Bar-48.25 between barite B R B N R IR A B IR 3% corn cob
Eﬂa%ié'zg Sg’rp:lzﬁg and bentonite. powders can
go=>. ' They were Cost of corn improve
Si0r53.21 | Quas.63 | leterogeneous cob is cheaper | filtration loss
Com S0:=1632 | Kao=36.21 b‘:)t ‘t:f” rI‘r';‘ed than fluid loss and
60 | AkO=17.99 | Cal=125 etter. The vlia el abula oL |y |y | contolagent viscosity.
cob Fes0:-8.25 | Bar=51.23 | Particlesare They are cost | Density, pH
(3%) BaO=1.25 | Gyp=2.44 round more ; q
Mgo=3.21 | Per=2.03 than two effective and and
additives. environmentally | resistivity
Si0~51.32 | Qua=352 | Porousinthe friendly. decrease.
S03=16.23 Kao=35.12 part but it not SOI|Id c%ntent
Al;03=15.85 | Cal=1.98 connect, ess than
80 Fe203=6.45 Bar=47.32 therefore, fluid ‘L ‘L T ‘l’ T ‘L ‘L ‘L ‘L ‘L standard of
BaO=2.54 Gyp=2.85 can enter into
M90:532 Per=1.98 the porous' ten percent

1 = Better, | = Worse, - = Unaltered
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Table 4.4 Summarized comparison of the chemical and physical properties of drilling mud mixed with sugarcanes bagasse, corn cob and

rice straw as additives (continued)

= | Chemical propert Physical propert
3
S Viscosity n W
< = D2
Samples | £ 5 S |5 | 2|2 | Costanalysis | Remarks
< XRF XRD SEM 2 | % | T|2|8
@ = 213 I n|K|2 =
—~ < < < o o = —
a 7 < | 8
-’ ~+
Si02=52.43 Qua=4.78 Particle of corn L
S03=14.24 Kao=34.69 cob powders Drllllrzjg mt:}d
Al203=15.42 Cal=1.15 inserted mixe Wlt
30| Fe0-771 | Bar-4981 between barite IR N R R A 5% corn cob
Eﬂac())j?s(s) Sg’rp:lzéi‘r’ and bentonite. powders can
go=2. ’ They were Cost of corn impl’OVG
Si0-54.32 | Qua-4.85 bitteégger?ﬁ)? o cob is cheaper | filtration loss
Corn S0s=14.23 Kao=35.23 better. Th than fluid loss and
60 | AlkO=1632 | Cal=125 etter. The viadl e tula oL L] g | contolagent viscosity.
cob Fe:05-7.23 | Bar=5032 | Particlesare They are cost | Density, pH
(5%) BaO=1.23 Gyp=3.21 round more : d,
Mgo=4.32 | Per=1.85 than two effective and and
additives. environmentally | resistivity
Si0=5385 | Qua=4.25 | Porousinthe friendly. decrease.
S03=15.23 Kao=33.52 part but it not Sr?'“?] cor;}tent
Al,03=16.25 | Cal=1.63 connect, igher than
80 Fe20:=6.52 Bar=48.32 therefore, fluid | T T T T l | l | T standard of
BaO=2.12 Gyp=1.98 can enter into
M90:465 Per=1.56 the porous' ten percent

1 = Better, | = Worse, - = Unaltered
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

5.1 Introduction

This chapter is divides into two parts, which are conclusions and
recommendations. In conclusion part, it presents the conclusion from three main
sections (1) chemical property and (11) physical property of drilling mud mixed with
three additives and (I11) cost analysis of drilling mud and additives, respectively. In

recommendation part, it consist of some recommendations for the future study.

5.2 Conclusions

Based on the results of powders of sugarcanes bagasse, corn cob and rice straw
containing mud properties testing obtained from the experiment, some conclusions
were reached as below.

5.2.1 Chemical propertie

The elemental composition of drilling mud before mixing included
MgO, Alx0s, SiO,, CaO, Fex03, SrO, Rh203 and BaO, while the composition after
mixing with sugarcane bagasse, rice straw and corn cob as additives consisted of MgO,
Si0, K20, Ca0, Fe203, Rh203 and MnO.. However, Al203 and P.Os were specific to
sugarcane bagasse, Cl to corn cob and SOz was represented in both sugarcane bagasse
and corn cob. The dominant minerals in the drilling mud after mixing with the additives

at a concentration of 5% weight by volume for all three materials included barite,
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kaolinite, quartz, calcite, gypsum, rutile, and haematite. However, variations of specific
minerals in the drilling mud were represented by tobermorite in sugarcane bagasse and
magnesite and periclase in corn cob and rice straw. Tobermorite and periclase (MgO)
increased the strength of drilling mud, which affected the rheological properties.
Therefore, mixing with additives improves the strength of mud filter cake and well wall
coating.

5.2.2 Physical properties

Drilling fluid with the composition of sugarcane bagasse, rice straw and
corn cob powder shows characteristic pseudoplastic flow with a flow behavior index, n
less than one.

Apparent and plastic viscosities of drilling mud mixed with these
additives showed an increased trend of yield point and gel strength. These properties
increased the efficiency of cuttings removal during the drilling mud flow from the hole
bottom up to the surface. Moreover, the effectiveness of cleaning the hole with
suspended weight cuttings increased.

At higher temperature, sugarcane bagasse powder and corn cob showed
high apparent and plastic viscosities and hardness of gel strength. However, the plastic
viscosity was lower at higher temperatures, as water evaporated leaving greater
amounts of hard solid. From the lab experiments, drilling mud agglomerated when the
temperature increased.

At 5% ratio concentration, the rheological properties of sugarcane
bagasse, rice straw and corn cob were most suitable for mixing with water- based
drilling mud. Additive comparison results showed that sugarcane bagasse had the best

rheological properties, followed by corn cob and rice straw respectively.
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Filtration loss rate accorded with the API static filtration loss of drilling

mud mixed with 3% and 5% of sugarcane bagasse powder, rice straw and corn cob.

Filtration loss rates decreased 30% for sugarcane bagasse powdery 18% for rice straw

and 21% for corn cob compared to base bentonite mud at 30°C.

At 80°C, the API static filtration loss of drilling mud with sugarcane
bagasse, rice straw and corn cob increased to 40, 20 and 33% respectively, resulting in
more effective filter prevention.

At 1% concentration of sugarcane bagasse, rice straw and corn cob was
the optimum for API static filtration loss in drilling mud, with increased effectiveness
of water loss prevention. Experiment results showed that 1% of corn cob produced a
higher filtration loss than base bentonite mud. On the other hand, drilling mud with a
composition of sugarcane bagasse and rice straw showed the least filtration loss.

Mud filter cake thickness of drilling mud from a mixture of drilling fluid
and additives increased with higher additive concentration. Particles of additives were
distributed on the surface of the mud filter cake making it stronger as the particles
inserted between barite and bentonite.

Scanning electron microscopy showed that parts of the additives had
stick shapes. The particles were heterogeneous, dissoluble and the level of solids was
high. Corn cob mixed better than the other two additives because the particle shapes
were rounded. Mud filter cake of rice straw was visible as pieces of leaf and stems.

The pH values of drilling mud mixed with sugarcane bagasse ranged
from 8.47 to 9.98, rice straw from 8.39 to 9.97 and corn cob from 8.76 to 9.84. The pH
value decreased as the temperature increased and also decreased when adding additive.

Corrosion occurred as the temperature increased with depth and higher additive
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concentration. A suitable pH level for drilling fluid mixed with additive ranged from of
10 to 12.

Density increased with increasing concentration of addictive and
decreased with rising temperature. Sugarcane bagasse powder had the highest density
followed by corn cob and rice straw. Drilling mud mixed with sugarcane bagasse and
corn cob showed similar densities.

When the concentration increased, the solid content rate also increased.
Drilling fluid with sugarcane bagasse powder showed levels of solid content ranging
from 4 to 30, with rice straw at 12 to 64 which was higher than the standard of 10%
lower. Silicon dioxide (SiO2) content in rice straw was 75% which correlated with the
solid content in the drilling mud; drilling fluid with corn cob showed similar results at
4 to 16.

Resistivity of drilling mud mixed with all additives slightly decreased
while temperature and concentration of additives increased. Drilling mud mixed with
sugarcane bagasse and rice straw powder improved resistivity, while addition of corn
cob decreased the resistance but was still usable as a drilling mud.

5.2.3 Cost analysis

Price comparisons and economics of sugarcane bagasse, corn cob and
rice straw proved to be cheaper than chemical additives but costs did not include
processing materials. Thus, sugarcane bagasse and corn cob are suitable for use in
drilling fluid systems. They are ecologically friendly biopolymers which are affordable

in Thailand and can minimize drilling mud cost in drilling operations.
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53 Recommendations

The uncertainties and inadequacies of this research investigation and
subsequent results lead to recommended areas for further study as follows:

e The thermal behavior of drilling mud with the three materials should be
examined at temperatures above 80°C to delineate the range of the
usable temperature without serious thermal degradation of additives.

e The concentration of sugarcanes bagasse powder, rice straw and corn
cob additives should be tested at less than 1% and more than 5%.

e Powders of sugarcane bagasse, rice straw and corn cob are difficult to
mix in fluids as they do not dissolve in water. Thus, drilling mud texture
is heterogeneous, with additives still visible in suspension. Emulsifiers
could be added to resolve this problem.

e The effect of salinity or electrolyte on water-based drilling mud mixed
with all three additives should be tested. Electrolytes such as sodium
chloride, potassium chloride or lime are commonly used in drilling fluid
and influence bentonite clay suspension.

e The effect of material size on the performance of drilling mud should be

tested.

e To assess future performance of filtration loss or other properties in
drilling mud, the lignin and cellulose of sugarcane bagasse powder, rice
straw and corn cob should be extracted before mixing.

e Comparisons should be made with other commercial additives for better

efficiency, availability, environmental effects and low cost factors.
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Table Al: Rheological parameters of mud samples

Test Mud Aperent Bingham Plastic Model Power Law model
temperature | NoO. composition viscosity | Plastic viscosity | Yield point Gelin | Gelio
(°C) (cP) (cP) (Ibs/100ft?) " “
30 1 Base 15 8.8 12,5 0.498 4.9 8 9
4 Base+1% SCB 20 11 18 0.471 1.7 14 15
5 Base+3% SCB 16 15 25 0.453 12.0 17 21
6 Base+5% SCB 39 19 41 0.391 26.6 20 23
13 Base+1% Corn cob 17 9 17 0.432 8.9 10 14
14 Base+3% Corn cob 24 15 18 0.532 6.0 12 20
15 Base+5% Corn cob 25 1% 20 0.508 7.5 18 20
22 Base+1% Rice straw 16 10 12 0.545 3.7 7 8
23 Base+3% Rice straw 23 15 S 0.595 3.7 8 10
24 Base+5% Rice straw 25 21 19 0.606 4.6 14 15
60 2 Base 19.5 8 23 0.331 20.1 13 14
7 Base+1% SCB 18 8 21 0.339 17.4 14 15
8 Base+3% SCB 26 8 16 0.429 8.5 9 17
9 Base+5% SCB 41 18 46 0.356 35.2 22 26
16 Base+1% Corn cob 21 8 26 0.309 24.9 23 25
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Table Al: Rheological parameters of mud samples (continued)

Test Mud Aperent Bingham Plastic Model Power Law model
temperature | No. composition viscosition | Plastic viscosity | Yield point i ‘ Gelin | Geliwo
(°C) (cP) (cP) (Ibs/100ft?)
60 17 Base+3% Corn cob 23 9 29 0.310 27.7 18 22
18 Base+5% Corn cob 33 13 40 0.312 38.7 25 28
25 Base+1% Rice straw 22 10 23 0.392 14.6 10 12
26 Base+3% Rice straw 22 9 26 0.328 22.8 20 20
27 Base+5% Rice straw 27 13 27 0.413 15.5 22 24
80 3 Base 28.6 53 46.8 0.139 111.8 14 15
10 Base+1% SCB 22 6 33 0.198 57.8 20 25
11 Base+3% SCB 27 14 23 0.471 10.0 14 18
12 Base+5% SCB 44 21 45 0.397 28.5 20 26
19 Base+1% Corn cob 22 9 25 0.343 20.7 26 28
20 Base+3% Corn cob 21 10 23 0.379 15.5 15 16
21 Base+5% Corn cob 39 15 47 0.317 43.7 28 32
28 Base+1% Rice straw 22 9 26 0.326 22.9 18 19
29 Base+3% Rice straw 26 10 32 0.304 31.6 28 29
30 Base+5% Rice straw 30 11 29 0.349 22.9 22 26
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Table A2: Results of shear stress and shear rates from water-based drilling mud.

rpm Average reading Shear rate Shear stress
600 30 10218 0.064
300 21 5109 0.045
200 17 340.6 0.036
100 13 1703 0.028
6 9 10.2 0.019
3 7 51 0.015
Table A2-1: Viscosity of bentonite mud at 30°C
RPM Dial reading 0
o 1 2 3 4 Avg. Reading Reading
600 29 29 31 31 30.00 30
300 20 21 22 22 21.25 21
200 17 17 18 18 17.50 17
100 13 13 14 14 13.50 13
6 9 9 9 9 9.00 9
3 8 8 7 8 7.75 7




Table A2-2: Viscosity of bentonite mud at 60°C

RPM Dial reading 0
® 1 2 3 4 Avg. Reading Reading
600 39 39 39 39 39.00 39
300 31 31 31 31 31.00 31
200 27 28 27 28 27.50 27
100 23 23 23 23 23.00 23
6 17 18 18 17 17.50 17
3 14 14 14 14 14.00 14
Table A2-3: Viscosity of bentonite mud at 80°C
RPM Dial reading 0
® 1 4 3 4 Avg. Reading Reading
600 55 57 58 59 57.25 57
300 49 52 54 53 52.00 52
200 46 50 52 45 48.25 48
100 41 44 47 41 43.25 43
6 19 20 22 18 19.75 19
3 14 13 15 14 14.00 14




Table A3: API static filtrate loss of drilling mud mixed with additives.

100

Filtration Loss (ml.)

Temp.

*C) N 1 min 4 min 9min | 16min | 25min | 30 min
30 1 2.5 6 10 125 17 19
60 2 3 8 12.5 17 21 23
80 3 3 8.5 14 17 22 24
30 4 2.5 5.5 9 12 15.5 17
30 ) 1.5 4 6.75 95 12 13.25
30 6 1.5 4.5 7.25 9.5 13 135
60 7 2 5 8 11 14 15.5
60 8 2 5 8 11 14 15.25
60 9 2.5 4.75 7.5 10.5 13 14.25
80 10 2.5 6.5 10.25 14 17.5 19.75
80 11 2.5 6.25 10 135 17 18.5
80 12 2 5 7.5 10.5 13 145
30 13 3 7 11 145 18.5 20.5
30 14 2 5.5 8.5 11.75 15 16.5
30 15 2 4.5 7.75 10.75 135 15
60 16 2.5 9.5 9 12 15.25 16.75
60 17 3 6.5 10 13.5 17 18.5
60 18 2.5 BB 8.5 11.5 14.5 16
80 19 2.5 6 9.5 13 16 175
80 20 3.5 7.5 115 155 17 21
80 21 25 5.5 8.5 115 145 16
30 22 1.2 4.6 7.2 10 13 14.4
30 23 2 5 8 11 14 15.5
30 24 2 5 8 11 14 15.5
60 25 2 5.8 8.5 13.5 16.5 18.5
60 26 2 5 8.5 11.5 14 15.75
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Table A3: API static filtrate loss of drilling mud mixed with additives (continued).

Temp. No Filtration Loss (ml.)

*C) ' 1 min 4 min 9min | 16 min | 25min | 30 min
60 27 2 4 8 11 14 14.25
80 28 2.5 6.5 9.5 14.5 18 20
80 29 2.5 6.5 10.5 14.5 18.25 20.25
80 30 2.5 6.5 9 13.5 17 19

Table A4: The pH of drilling mud mixed with additives.
No. Samples g reading Average
#1 #2 #3
Mud 10.32 10.35 10.36 10.34
' Mud filtrate 9.78 9.96 972 9.82
Mud 10.2 10.27 10.3 10.26
? Mud filtrate 8.78 921 892 897
Mud 1012 10.14 10.14 1013
° Mud filtrate 897 8.86 9.00 8.95
Mud 974 991 10.30 9.98
) Mud filtrate 9.57 9.56 943 952
Mud 922 927 919 923
° Mud filtrate 9.10 912 927 9.16
Mud 9.05 910 9.38 918
° Mud filtrate 8.82 8.72 877 8.77
Mud 953 952 952 952
! Mud filtrate 951 952 950 951
Mud 8.82 893 8.63 8.79
| Mud filtrate 8.77 8.86 861 8.75
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Table A4: The pH of drilling mud mixed with additives (continued)

No. Samples P reading Average
#1 #2 #3

Mud 8.79 8.72 8.63 8.71
’ Mud filtrate 8.68 8.68 8.66 8.67
Mud 931 941 932 935
0 Mud filtrate 927 9.25 924 925
Mud 8.64 8.66 8.6 8.63
H Mud filtrate 856 851 853 853
Mud 8.45 852 843 8.47
2 Mud filtrate 842 844 841 842
Mud 9.68 9.83 10.00 984
s Mud filtrate 9.58 9.38 940 945
Mud 9.40 941 941 941
H Mud filtrate 922 923 924 923
Mud 912 913 914 913
o Mud filtrate 8.96 896 8.98 897
Mud 9.60 941 945 949
0 Mud filtrate 957 9.02 9.03 921
Mud 923 922 924 923
Y Mud filtrate 843 842 8.42 8.42
Mud 8.76 885 8.88 8.83
10 Mud filtrate 8.88 876 8.79 8381
Mud 948 949 951 949
o Mud filtrate 9.04 9.04 9.06 9.05
Mud 918 917 917 917
20 Mud filtrate 850 848 849 849
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Table A4: The pH of drilling mud mixed with additives (continued).

No. Samples PH reading Average
#1 #2 #3
Mud 875 878 876 876
2t Mud filtrate 848 848 849 848
Mud 997 9.96 998 997
? Mud filtrate 9.36 935 9.39 937
Mud 9.49 959 954 954
23 Mud filtrate 9.38 9.39 9.35 937
Mud 914 915 915 915
> Mud filtrate 9.07 9.07 9.05 9.06
Mud 9.89 9.90 991 9.90
2 Mud filtrate 9.02 911 9.80 931
Mud 8.84 8.86 8.88 8.86
20 Mud filtrate 8.83 8.84 8.84 884
Mud 878 875 875 876
2! Mud filtrate 8.70 8.73 8.73 8.72
Mud 9.26 9.38 9.39 934
28 Mud filtrate 899 9.03 9.01 901
Mud 850 848 8.46 848
2 Mud filtrate 848 841 841 843
Mud 8.38 8.39 8.39 8.39
% Mud filtrate 8.26 8.28 8.28 827




Table A5: The solid content and milliliter of drilling mud with additive.

%Solid ml. of water
SGB RS CcC
No. Temperature (°C) Temperature (°C)
(Yow/w) (Yow/w) (Yow/w) 30 60 80 30 60 80
1123 - - 7.8 8.8 9.5 28.0 455 455
41710 1 - - 7.6 22.0 28.0 41.0 39.0 39.0
58|11 3 - - 4.0 24.0 30.0 48.0 38.0 35.0
6]9]12 5 - - 4.0 24.0 30.0 49.0 48.0 47.0
131619 - 1 - 11.4 30.0 28.0 33.0 28.0 22.0
141720 - 3 - 44.0 48.0 46.0 35.0 26.0 20.0
15]18 |21 - 5 - 56.0 60.0 64.0 36.0 27.0 18.0
222528 - - 1 8.3 4.0 6.0 49.0 47.0 45.0
232629 - - 3 6.0 8.0 8.0 49.0 46.0 43.0
24| 27|30 - - 5 10.0 14.0 16.0 47.0 46.0 42.0

v0T
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Commander Sample 1D {Coupled TwoTheta/Theta)

Counts

Sugarcane raw
PO 4 D353 Li £18 H35 02 Lithium stearate

PDF 541540 G14 1112 N2 Benzalazine

PDF 41-1892 €20 1125 G2 Norothind rong

PDF 54-2484 0211126 04 2.2-Dimothyl-S-{a.a-dif#"tolyl 1.3-dioxolanc-4-methanol
PDF 50-2243 { C6 1N N3 OS5 )n / [C6 1110 05 { N |13 }3 In Ammonia cellulosc

POF 361734 C10 H1Z2 U8 2 H2 O Xylan dinydrale

FUF 01-D434 Si 0 Crislabalile

h.]\f.\H

K H\l\\

‘”'l‘-:Juw
i
4D =

ZTheta {Coupled TwoTheta/Theta) WL=1.54060

Figure A1 XRD of sugarcanes bagasse. That cannot analyze by X-ray diffractometer

due to they are amorphous material.

Commander Sample ID {Coupled TwoTheta/Theta)

1 ricestrawraw
1 PO 07 0504 C18 H33 N3 O3 Caprolactam. cyclic timer
1 POF 351661 C661172 2 N12 06 Nt/ Nd { C11112 N2 O )6 12 Noodymium antipyring iodide
800 | FOF 441688 02 118 N O4 P O-Phospherylethanolaming
3 1 POF 531387 C5 117 €13 O Sn 2-Trichlorsstannylpent-3-¢n-2-onc
1 POF 01-0438 5i 02 Cristobalite
BD0H 1 PUE 01-0378 5i 02 | ridymile
1 PUF 50-2241 [ CB H10 08 jn Cellulese
FUF 50-2243 [ CB H18 N3 08 Jn | C8 H10 05 [ N H J3 [n Ammonia callulosa
700 1 FUE 36-1734 £10 H12 08 -2 HZ2 O Xylan dihydrale
600
P
g 500
2
o E
400
= WWW ™
] MWM
100~ ’
o . |I| i n.L’ .r..l..'.,.....u.‘,. il bowansdl saatcid wa v vase
V) "l Mu' gl Ot e .u.un.‘.\‘.\..-lnh G
’ [ L B
T T T T T T T T T T T T T T
10 20 30 4D &0 B 0

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Figure A2 XRD of rice straw. That cannot analyze by X-ray diffractometer due to

they are amorphous material.
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Commander Sample ID {Coupled TwoTheta/Theta)
1400 1 corncob. raw
| FOT 50 2241 { C6 H10 05 In Cellulose:
13003 | PDF 502243 ( G6 | M9N3.05 )n /[ C& | 110 05 (M 113 3 ]n Ammonia ecllulose
| PDF 36-1735 G18 1124 013 Xylan diacotate
12002 | PDF 36-1734 G101112 09 2112 O Xylan dihydrate
| PDF 71-2398 { K.78 Na.22 ] ( Mg 92 Fe.92 Mn.16 ) { AlZ.63 Fo.37 ) Si10.2 AH.8 ) O30 112 O ) Osurmilite-{Mg)
1 PUF 114695 Si 02 Crislobalils, syn
11003 1 PDF 1640152 Si 02 Liidymile
1 PDF 261527 K2 O Polassium Oxide
10003 PUF 42-1525 { C6 H11 08 In Haly(1-3)-0-B-plucan
800
800
2
s
2 7003
o
600
5003
. 2
300 ,
2003
1003
L1 Ll
LE il Y 11T S O S T R O S B VML e et et
T T T T T T T T T T
10 20 30 4D 5a 2a
2Theta (Coupled TwoTheta/Theta) WL=1.54060

Figure A2 XRD of corn cob. That cannot analyze by X-ray diffractometer due to

they are amorphous material.
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