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ABSTRACT 

 

New Biodegradable drilling fluids were developed using Brachystegia 
eurycoma (achi), Detarium microcarpum (ofo) and Pleurotus (osu). The 
drilling properties such as yield point, apparent viscosity, low shear rate 
yield point and fluid loss were determined.The field polymer muds that are 
currently in use namely; PAC-R and PAC-L were formulated and used as 
control samples to the new proposed product. Herschel –Buckley model 
was used to obtain the yield stress. Cutting transport ratio, cutting transport 
efficiency and cuttings concentration volume% of  both the proposed mud 
and the existing PAC Polymer mud were calculated for low flow rates, high 
flow rates, large hole diameters and small hole diameters. Economic 
evaluation was carried out using Incremental Discounted Cash Flow Rate of  
Return to determine the viability of the proposed materials. The proposed 
mud was compared with the existing mud and results show that yield stress 
for un-weighted, low solids, and weighted muds are 18lbs/100ft2, 
36lbs/100ft2, 30lb/100ft2 for proposed muds respectively. The results of 
unweighted, low solids and weighted muds of existing also show the yield 
stress of 14lbs/100ft2, 34lbs/100ft2, 26lbs/100ft2 and  8lbs/100ft2, 
10lbs/100ft2, 10lbs/100ft2 for regression line. Both the proposed mud and 
the existing mud gave good hole cleaning results of cuttings concentration 
1.64 volume% and cutting transport ratio 0.997 at high flow rates and small 
diameter holes. In terms of economic analysis, Detarium microcapum, 
Brachystegia eurycoma, Pleurotus muds additives gave the better result in 
cost reduction than the alternative. The proposed materials are not 
commercially available to be used in preparing drilling fluids but they are 
environmentally friendly. 
 
Key words: 
 

 
Materials,  Hole cleaning, Economic Evaluation, Biodegradable Drilling 
Fluids, Brachystegia eurycoma, Detarium microcarpum, Pleurotus. 
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CHAPTER I 

 1.0                                      INTRODUCTION 

1.1 Background 

A drilling fluid is a mixture consisting of solids, liquids and gases 

distributed throughout the liquid or gaseous phase. A major component in 

the success of drilling operation is the performance of the drilling fluid. The 

search for hydrocarbon reserves has become significantly more expensive 

that offshore operations have moved into the deeper waters, and more 

hostile environments. These environments require the drilling fluid to excel 

in many performance categories. This is especially important now that oil 

producing nations emphasize the development of a drilling fluid that is 

effective, economically viable and environmentally friendly. This indeed 

has become a challenge to petroleum industry. 

 

 Drilling fluid’s effectiveness is measured based on its rheological 

properties among other yardsticks, which include;  mud weight, yield point, 

low shear rate yield point, plastic viscosity, fluid loss, gel strength and 

lubricity. The functions of drilling fluids that are dependent on these 

properties include: 

   Cuttings transportation along the wellbore annulus.  
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  Cooling and lubricating the bit and drill string.  

 Maintaining sufficient hydrostatic pressure to withstand the borehole 

pressure. 

 Being capable of suspending drilled cuttings and high gravity solids 

when the circulation is stopped.  

  Depositing of impermeable filter cake on the wall of the wellbore. 

  Transmitting hydraulic horsepower to the bit. 

 Ability to remove cuttings under the bit to avoid smaller particles from  

adversely affecting the penetration rate, bit life and mud properties. 

Hole cleaning which is one of important functions of the drilling fluid is the 

focal point in the development of drilling fluids from biomaterials, that is, 

locally sourced materials that are biodegradable. Failure to achieve effective 

hole cleaning can result to serious problems including stuck pipe, excessive 

torque and drag, annulus pack-off, lost circulation, high mud costs and slow 

drilling rates. Cuttings transport is affected by several interrelated mud and 

drilling parameters. Removing cuttings from below the drill bit is still a 

crucial function of a drilling fluid.  
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The thicker the fluid, the more dense the fluid and therefore the lower the 

slip velocity. For effective cuttings removal, the fluid velocity must be high 

enough to overcome the slip velocity of the cuttings. The viscosity desired 

will depend upon the desired hydraulics and the size of the cuttings 

contained in the fluid. The velocity will depend on several factors which 

include; the pump capacity, pump speed and efficiency, as well as the drill 

pipe size and that of the  borehole.  

 In drilling fluid hydraulics, the flow profile can be categorized as: 

 No flow 

 Plug flow 

 Laminar flow 

 Transition flow 

 Turbulent flow. 

The “ideal” velocity is one that will achieve laminar (or streamline) flow 

because it provides the maximum cuttings removal without eroding the well 

bore. On the other hand, turbulent flow (resulting from a high velocity) 

requires more horsepower but can cause excessive hole erosion. The proper 

combination of velocity and viscosity is a must for the right hydraulics and 

efficient hole cleaning. Cuttings will have a tendency to collect at points of 

 



25 
 

low fluid velocity in the well bore annulus. These areas are located in 

washouts and where the drill pipe rest against the wall of the well bore. It is 

therefore, a good practice to rotate and work (raise and lower) the drill 

string while circulating the drilling fluid. This helps to keep the cuttings in 

the main flow of the fluid and not allow them to gather next to the wall or 

pipe. 

 

1.2 Statement of the Problem  

Generally, not much attention has been paid to the development of drilling 

fluids from locally sourced materials which has rheological properties like 

yield point, low shear rate yield point  that are effective. Drilling fluids 

ought to be effective in hole cleaning as well as economically attractive, 

available and environmentally friendly. 

1.3 Objectives 

This work is aimed at the development of drilling mud from locally sourced  

biomaterials, that are naturally biodegradable namely; Detarium 

microcarpum(ofo), Brachstychia eurycoma(achi) and Pleurotus(osu). The 

rheological and filtration properties of new drilling mud will be  compared 
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to those of  conventional PAC polymer muds, which are  non-Newtonian 

and has yield  stress and temporary gel similar to the proposed muds.  

1.4 Scope of the work 

The scope of the current study are presented as follows: 

  Knowledge of the degree of non-Newtonian of the proposed muds. 

 Measure of the degree of the effectiveness of the muds at low shear 

rates. 

 Application of proposed mud to high temperature environments through 

the measured mud properties. 

 Evaluation of the proposed mud properties for hole cleaning. 

 Economic evaluation of the proposed mud additives Detarium 

microcarpum, Brachystegia eurycoma, Pleurotus muds in comparison 

to existing  PAC polymer muds.  

 Evaluation of the commercial availability of the proposed local mud 

additives. 

 Assess the Environmental impact of the proposed local mud additives 
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1.5    Research/Work Approach 

The research approach of the development of the drilling fluids from local 

materials are stated as follows: 

 The study was both experimental and analytical. 

 Rheological data and fluids loss data were obtained at different 

temperatures ranging from 100OF to 180OF. 

 Herschel-Buckley model was used to verify the fluids’ behaviors at low 

shear rate ranges. 

 Experimental data were used to evaluate the proposed mud for cutting 

transport efficiency at high flow rates, low flow rates, large and small 

diameter holes using the existing models. 

 Economic evaluation of the performance of the proposed and existing 

muds were carried out using Incremental DCF-ROR. 
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CHAPTER II 

3.0 LITERATURE  REVIEW 

2.1 Rheological  Properties 

One of the fundamental aspects of fluid Engineering is the evaluation of 

rheology in order to predict behavior of fluids. To do so, it is necessary to 

select the parameters and utilize instruments that effectively measure them. 

There are many situations where some of the mud properties can be found 

to approximate the behavior of the actual fluid with accuracy which reflects 

the image of the measured fluid data. The study of the deformation of 

drilling fluids is not an exact standardized knowledge. They are based on 

mathematical models that closely describe the behavior of the fluids. 

 

Various physical properties of mud like plastic viscosity, yield point, low 

shear rate yield point, gel strength are used in determining partially the 

rheological behavior of drilling mud. These physical properties influence 

the behavior of a drilling mud as it is circulated in the borehole. The 

relationship of these physical properties of a drilling fluid in conjunction 

with shear stress and shear rate are used to characterize the rheological 

behavior of fluid. 
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2.4 Classification of Viscous Fluids 

The relationship between shear stress and shear rate, defines the flow 

behavior of fluid. For some fluids, the relationship is linear, such that if 

shear stress is doubled, then the shear rate is also doubled, such fluids are 

called the Newtonian fluids. Examples of such fluids are; water, alcohols, 

and light oils. Fluids which have flow characteristics such that the shear 

stress does not increase in direct proportion to the shear rate is called non-

Newtonian fluids. Most drilling fluids fall into this category. 
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Fig 2.1 shows the classification of viscous fluids. For Newtonian fluids, the 

relationship between shear stress and shear rate is linear, and the slope of 

the line is defined as the effective viscosity of the fluid, and this viscosity 

remains constant.  

 

Non-Newtonian fluids are those fluids whose shear rate versus shear stress 

relationship is not proportional (example Power law fluids), but where they 

are, it does not pass through the origin (example Bingham plastic fluids).   

For most drilling fluids, the viscosity is relatively high at low shear rate, 

and low at high shear rate. In other words, the effective viscosity decreases 

as shear rate increase. When a fluid behaves in this manner, it is said to 

undergo  “shear thinning”  shear thinning is a very desirable characteristics 

of drilling fluids. The effective viscosity of the fluid will be relatively lower 

in the drill string and bit nozzles; likewise, the effective viscosity of the 

fluid will be relatively higher in the annulus, the combination of a high 

effective viscosity and laminar flow of fluid aid in hole cleaning. 
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2.3 Rheological Models 

Rheological models are used to describe the shear stress versus shear rate 

relationship of viscous fluids. The rheological plot of shear stress versus 

shear rate relationship is known as rheogram.  These models can be used to 

calculate the viscosity of the fluid but more importantly they are applied in 

this study for the determination of pressure losses and transport efficiency 

of fluids for hole cleaning.  

 

Most drilling fluids are non-Newtonian, and the most common rheological 

models that are used to characterize them are:- 

1. Newtonian fluid 

2. Bingham plastic fluid model, 

3. Power law fluid model, and  

4. Modified power fluid model (Herschel-Buckley  fluid model). 

Newtonian model 

A rheological model is a description of the relationship between the shear 

stress () experienced by the fluid and the shear rate (). For a Newtonian 

fluid, the ratio of shear stress to shear rate is a constant. This constant is the 
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effective or true viscosity (eff) of the fluid. Thus the equation describing 

the rheology of a Newtonian fluid can be written as  

  = / …………(2.1) 

Eqn.2.1 shows that shear rate is in direct proportion to shear stress at 

constant viscosity. 

Where      = viscosity, poise (dyne- sec/cm2) 

      =   shear tress (force/area) (dynes/cm2) 

     = Shear rate (secs-1) 
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2.3.2 Bingham Plastic Fluid model 

Bingham Plastic fluid model is one of the earliest fluid models used for 

describing and characterizing drilling fluids. The model is characterized by 

a linear shear stress-shear rate plot, which does not pass through the origin 

(fig 2.2). A finite stress known as yield stress must be applied and once 

exceeded, the stress increases linearly with increasing shear rate. The slope 

of the straight line plot of shear stress versus shear rate is known as plastic 

viscosity (p).  

The constitutive equation for Bingham plastic fluid model is presented as: 

  = y + p …………………………………………………… 2.2 

 

Where: 

y is initial shear stress to initiate flow otherwise known as yield point. 

 is the shear rate, and 

µp is the plastic viscosity. 

 

2.3.3 Power Law model 

 Many drilling fluids, particularly polymer-based fluids are better 

characterized by the Power law model. This model more closely 

approximates actual fluid properties even when calculated form viscometric 
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data. Though this model can be applied using data from annular shear rate 

range, it provides much greater accuracy in predicting the performance of a 

drilling fluid in the annulus. This is especially true for the low-solids, high 

shear-thinning fluid systems being used in the past. 
 

This model describes the rheological behavior of the drilling fluids that do 

not exhibit yield stress. The Power law model has two parameters used to 

describe the flow, namely: n, the power law flow behavior index factor also 

known as power law exponent, and k, the consistency index factor which is 

synonymous to the true viscosity of Newtonian fluid. The power law flow 

index factor, which is dimensionless, describes the departure of the fluid 

from Newtonian behavior as shown in fig.2.1. If n = 1.0, the fluid is defined 

as Newtonian. For n< 1, the fluid is characterized as pseudo-plastic power 

law fluid. For n>1, the fluid is characterized as dilatant power law fluid. 

The fluid becomes more shear thinning as the values of n decreases from 

unity. The rheogram of these fluid classifications is shown in fig. 2.2. High 

values of the consistency factor, k may indicate a high viscosity, and fluids 

with such viscosity under near – zero shear rate conditions offer significant 

improvements in hole cleaning efficiency.  

The constitutive equation representing power law fluids is given by 

equation 2.2. 

 τ = kγn ………………………………………………….……. 2.3 

2.3.3 Herschel Buckley model (Modified Power law model) 
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Herschel – Buckley is a three parameter model that describes the behavior 

of yield –pseudo plastic fluids (Mewis et al, 1989). This model combines 

the behavior of the Newtonian, Bingham plastic, and Power law models. 

The mathematical equation that is used to describe the model is:- 

 τ =  τy + k γn ………………………………………….2.4

    

The model perfectly describes the behavior of drilling mud. This is shown 

in fig 2.3. 

 

 

 

 

 

 

 

It has a yield stress at low shear rates responsible for hole cleaning in the 

annulus. 

 

2.3.3.3 Pipe flow 

Modified power law fluid

sh
e a

r 
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shear rate

Fig 2.3: Herschel - Buckly  fluid Rheogram.

Yield stress
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To obtain the power law constant corresponding to fluid flow inside the 

drill pipe, 

np= 3.32log …………………………………………………….2.5 

 

kp  =5.11  x  …………………………………………………..2.6 

 

 

2.3.3.4 Annular flow 

To obtain the power law constant corresponding to fluid flow in  annulus, 

the 300 rpm and 3 rpm readings are used. Annular hole is the major area of 

interest in the research. 

 

na = 0.5 log ……………………………………….2.7 

 

ka =
.   θ

…………………………………………………2.8 

 

Where na= flow behavior index, dimensionless. 

ka= consistency factor, Eq-Centipoise. 

2.4 Carrying Capacity of a Drilling Fluid 
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In rotary drilling operations, both the fluid and the rock fragments are 

moving. The situation is complicated further by the fact that the fluid 

velocity varies from zero at the wall to maximum at the centre of the pipe. 

In addition, the rotation of drill pipe imparts centrifugal force on the rock 

fragments, which affects their relative location in the annulus. Because of 

the extreme complexity of this flow behavior, drilling personnel have relied 

primarily on observation and experience for determining the lifting ability 

of the drilling fluid. In practice, either the flow rate or effective velocity of 

the fluid is increased if problems related to inefficient cuttings removal are 

encountered. This has resulted in a natural tendency toward thick muds and 

high annular velocities. However, increasing the mud velocity or flow rate 

can be detrimental to the cleaning action beneath the bit and cause a 

reduction in the penetration rate. Thus, there may be a considerable 

economic penalty associated with the use of a higher flow rate or mud 

viscosity than necessary. 

 

Experimental studies of drilling fluid carrying capacity have been 

conducted by several authors. Williams and Bruce (1951) were among the 

first to recognize the need for establishing the minimum annular velocity 

required to lift the cuttings.They reported the results of extensive laboratory 
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and field measurements on mud carrying capacity. Before their work, the 

minimum annular velocity generally used in practice was about 200ft/min. 

As a result of their work, a value of about 100ft/min gradually was 

accepted. An experimental work by Sifferman et al (1974) indicates that 

while 100ft/min may be required when using water as the drilling fluid, a 

minimum annular velocity of 50ft/min should provide satisfactory cutting 

transport for a typical drilling mud.  

Chein (1971) recommended the computation of an apparent Newtonians 

velocity for use in the particle Reynolds number determination. For 

polymer type drilling fluids, Chien recommended computing the apparent 

viscosity using equation 2.9. 

 µa  = µp +5y   ………………………………………………... 2.9                                 

However, for suspensions of bentonite in water, he recommended that the 

plastic viscosity be used for the apparent viscosity. 

Moore (1974)  proposed a procedure for applying the slip velocity equation 

for static fluids to the average flowing conditions experienced during 

drilling operations. This method involves equating the annular frictional 
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pressure-loss expressions for the Power-law and Newtonian-fluid models 

and then solving for the apparent Newtonian viscosity. 

 

µa  = K 

          

   
.

   …………………………….2.10 

 

Walker and Mayes (1975) used a friction factor defined for a circular disk 

in flat fall rather than for a sphere. They developed an empirical relation for 

the shear stress due to particle slip. The shear stress relation is given in field 

units by eqtn.2.11. 

  =    7.9 ℎ − ………………………………2.11 

Where; h is the thickness of the disk, inches 

 s is the particle density, ppg 

 f is the fluid density, ppg 

  is the shear stress, lbs/100ft2 

 

2.4.1 Cutting Transport Ratio 
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Rock cuttings advance toward the surface at rate equal to the difference 

between the fluid velocity and the particle slip velocity. The particle speed 

velocity relative to the surface is called transport velocity. 

  vt  =   va  -vs ………………………………………2.12 

 Where:  vt  is the transport velocity 

 va  is the mean annular velocity 

 vs  is the slip velocity of the particle 

The transport ratio is defined as the transport velocity divided by the mean 

annular velocity. 

Tr  =  1 -  …………………………………………………………….2.13 

Where: Tr is the transport ratio. 

For positive cutting transport ratio, the cuttings will be transported to the 

surface. For a particle slip velocity of zero, the mean cutting velocity is 

equal to the mean annular velocity and the cutting transport ratio is unity. 

As the slip velocity increases, the transport ratio decreases and the 

concentration of cuttings in the annulus en route to the surface increases. 
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Cutting transport ratio is, thus, the excellent measure of the carrying 

capacity of a particular drilling fluid. 

 

2.4.1.1 Some Previous Investigation on Cutting Transport Ratio 

The parameters that affect the transportation of cuttings in the annulus can 

be divided into three groups. The first- group consists of fluid parameters 

which include: fluid viscosity, fluid density and fluid flow rate. The second 

group consists of cuttings parameters which include cutting density, size 

and shape, and cutting concentration in the annulus. The third group 

consists of pipe rotation, drill string and eccentricity in the hole. There has 

not been any widely accepted equation that can be used to account for the 

effect of the variables that affect the transportation of cuttings. Hence, the 

description of the motion of cuttings in the annulus for efficient hole 

cleaning still remains unclear.  

 

Hopkin (1967) presented an analysis of the factors that affect cuttings 

removal. He related the slip velocity to the funnel viscosity and the yield 

stress. He observed a 5% maximum safe concentration of particles in 

several drilling fluid types at which hole problems can be avoided. He 
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concluded that increasing the mud density, increasing laminar flow in the 

annulus, and rotating drill pipe, all help to improve hole cleaning. 

 

Siffeman et al (1974) investigated drill cuttings transport using full-scale 

vertical annuli under steady state condition. They used three different 

annular sizes and three types of fluids (water, oil and bentonite mud). They 

studied the effects of major drilling parameters on the cuttings ratio and 

concluded that annular fluid velocity and their rheological properties had 

major effects on transport ratio while cuttings size and fluid density had 

moderate effects. They further demonstrated that rotary speed, penetration 

rate, annular size and drill string eccentricity had minor effect on cutting 

transport ratio in vertical annulus. 

 

Hussaini and Azar (1983) conducted an experimental study of drilled 

cuttings transport using conventional water base drilling fluids. They 

examined the relationship of yield point and plastic viscosity in terms of 

mud carrying capacity. In conclusion, they reported that fluid annular 

velocity plays an important role in the carrying capacity of drilling mud. 

However, the study did not incorporate the mechanism of the   pressure loss 

at the bit and the circulating pressure loss.    
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Bizanti and Robinson (1988) used the transport ratio of solid density to 

fluid viscosity in examining the hole cleaning efficiency. An improvement 

in transport ratio with increase in fluid plastic viscosity was reported. 

 

Belavadi and Chukwu (1994) presented an experimental study to evaluate 

cuttings transport parameters. The results of their study showed that the 

ratio of the density difference between the cuttings to the fluid viscosity has 

a significant effect on the transport ratio. The removal of small size cutting 

particle is greatly enhanced with pipe rotation when drilling with high 

density mud circulated at high flow rates. 

 

Wright et al (2003) studied the efficiency and cost effectiveness of hole 

cleaning using Hydraulic Horsepower and Jet impact force with the 

objective of maximizing the available hydraulics. The study showed that 

optimum hydraulic programs can be designed on the basis of minimum 

cost.  Also Jet Impact Force can be optimized more cost effectively than the 

Hydraulic Horsepower at a flow exponent, m (function of drilling fluid 

properties) greater than 1.8. At   m less than 1.6, the optimized cost for Jet 

Impact Force and Hydraulic Horsepower remain the same. 
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Duru et al (2005) studied basic hydraulic models for vertical oil wells. They 

determined the pressure drop in a drill string circulating system and hence  

the equivalent circulating density (ECD) using Bingham plastic and Power 

law fluids rheological models. The Power law model gave the better 

transport efficiency than the Bingham Plastic model using   slip velocity 

relationships. 

 

 

 

 

 

 

2.5: Fluid Loss 

2.5.1 Theory: 

Fluid loss as used in drilling hydraulics is the measure of the quantity of 

filtrate that enters into the formation. If not controlled especially in the 

reservoir zone, formation impairment will occur, leading to high cost in 

stimulating the well. 

 

 

 

 

Fluid loss involves diffusivity and their computations enable the 

mathematical description of the filtration behavior of drilling mud 

(Ukachukwu et al, 2010). The built up filter cake determines the resistance 



45 
 

against the fluid flowing through the filter cake which-thereafter determines 

the volume of fluid in a particular filtration time.  

 

2.5.2: The American Petroleum Institute(API) Model 

The API Model is a static fluid loss model from which it is deduced that for 

any static filtration, the total fluid loss is directly proportional to the square 

root of time (API,1969). The model expresses the relation as: 

V = (S)t0.5 …………………………………………………..… 2.14 

Where V is total fluid loss volume or filtration volume or filter loss, S is the 

sorptivity which is the absorption of fluid and t is the time of filtration.  

2.5.3: Henri Darcy Model 

The Henri Darcy Model relates filtration rate to time in an exponential 

manner (Outmans, 1963). The model is expressed as  

Q(R)  = Qo exp – Dt …………………………………………. 2.15 

Where R is the filtration rate, Qo is the initial volume of fluid, Q is the final 

volume of filtrate, D is the diffusivity of fluid, and t is time. 

 

2.6  Classifications of Drilling Fluids 
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The classification has been kept  in a simplified format and they reflect 

industry practice and terminology consistent with descriptions obtained 

from American Petroleum Institute(API,1969). This is shown in fig.2.4. 

There are two major types of water based drilling fluids(Amoco Production 

Company,2000): 

Non-Inhibitive Fluids 

- Clear water 

- Native 

- Bentonite-water muds 

- Lignite/Lignosulfonates muds 

 

Inhibitive Fluids 

- Calcium-based muds 

- Salted-based muds 

- Potassium based muds 

- Glycol muds 
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Formulations 

Base Fluids Weight  Viscosity  Fluid Loss  Physico-Chemistry   

pH Bentonite  Bentonite  Barite  Non- Inhibitive 

Calcium 
carbonate  

Polymers   Polymers   Alkalinity   

Lubricity  LCM Thinners  

Deflocculants 
Floccculants   

Contamination 
Control   

 

Native   

Chemical Mud  

Clear 
water  

Bentonite/
Water  

Inhibitive 

Salt water based   Calcium 
Based    

Potassium 
Based    

Sufuctants 

Fig 2.4:  Water Based Muds( Baker Hughes Inteq, 1991 ) 
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2.6.1: Non- Inhibitive Fluids 

Non-inhibitive fluids are simple in formulation and inexpensive. Their 

composition will vary depending on the requirements of the local lithology, type 

of makeup water, hole size, and anticipated contaminants. These muds have 

definite drilling application limitations which become evident when drilling 

dispersive formations, encountering contaminants and high temperatures, or 

increasing fluid density. Each of these limitations may require converting to 

another type of fluid which is more adaptable to these conditions.  

 

2.6.1.1: Clear Water 

Clear water is a nearly ideal drilling fluid.  However, when drilled solids are 

encountered, they remain in suspension and thus, reduce the drilling efficiency. 

An effective means of removing solids from clear water is settling. The settling 

area should be large enough to allow sufficient time for small particles to settle. 

Treatment with polymers designed to flocculate drill solids or lime treatments 

may be used to accelerate settling. 

 

Clear water varies in salinity from fresh to saturated brines. Water selection and 

salinity will depend upon available makeup water or salinity required to drill 

specific formations. Clear water fluids are Newtonian and thus, require high 

annular velocities for hole cleaning. Occasional viscous sweeps (small batches of 
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high viscosity mud) are pumped around to clear the hole of cuttings as needed. 

Caustic soda or lime is usually added for corrosion control. 

 

2.6.1.2 Native Muds 

 In some areas, drilled formations contain mud-making clay stones or shales. 

When water is pumped down the hole during drilling, it returns with the native 

solids dispersed in it. Viscosity builds with continued drilling and circulation. The 

result is a viscous native mud. Dilution may be needed to keep the mud from 

becoming excessively viscous. On the other hand, small quantities of bentonite 

may be added to increase viscosity and improve filtration control. Caustic soda or 

lime is usually added for corrosion control. 

2.6.1.3: Bentonite-Water Muds 

Bentonite dispersed in fresh water produces a mud with good cutting lifting 

capacity, good drilling rate, and usually adequate filtration control. These 

bentonite-water muds are commonly used as spud muds for drilling surface hole; 

however, they are sometimes used for drilling deeper in the hole. 

 

Water quality is important in formulating a bentonite-water mud. Chlorides and   

hardness in the makeup water affect the hydration of the bentonite. Calcium ions 

concentration should not exceed 150 mg/l (Baker Hughes  Inteq, 1991). if greater 

than 150 mg/l ,it should be treated out with soda ash. Treatment with 0.25lb of 

soda ash per barrel of water will remove approximately 100 mg/l of calcium ions. 
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Magnesium hardness, on the other hand, is treated out with sodium hydroxide. At 

pH of 9.7, magnesium ions would have all been reacted with sodium hydroxide to 

precipitate Mg(OH)2. Chlorides, however, cannot be treated out of the makeup 

water. Less than 5000 mg/l chlorides will not seriously hamper hydration of 

commercial bentonite. When there is more than 20,000 mg/l chlorides, bentonite 

hydration is essentially prevented. Adding fresh water to reduce the chloride 

concentration becomes necessary to allow hydration. 

 

In bentonite-water muds, viscosity can be increased by adding more bentonite or 

adding a bentonite-extender polymer, or lime or soda ash. The pH is usually 

maintained in the 8.0 to 9.5 range with caustic soda. Caustic soda flocculates 

hydrated bentonite, but, this effect can be minimized by slowly adding the caustic 

soda to the mud while it is being vigorously agitated. 

 

2.6.1.4: Lignite-Lignosulfonate (Deflocculated) Muds 

Lignite-Lignosulfonate Muds can be used to drill a variety of formations. They 

can be weighted up to 18 or 19 lb/gal, provided low-gravity solids (bentonite and 

drill solids) are in the proper range. As mud density is increased, the bentonite 

content should be decreased. 

 

The pH range for controlling lignite-lignosulfonate muds is between 9.5 and 10.5. 

In this range, the magnesium ion is precipitated. Calcium ion should be kept 
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below 200 mg/l. Less than 10,000 mg/l chlorides should not hamper fluid 

performance, but if chlorides exceed 25,000 mg/l, the mud should be diluted with 

fresh water. 

 

Lignite-lignosulfonate muds are thermally stable to approximately 3250F.  

( Baker Hughes Inteq, 1991) this temperature limit is not  well defined and it is  

dependent upon the mud pH, on the type of lignosulfonate used, the length of time 

exposed to high temperature and the solids content of the mud. Generally, chrome 

lignosulfonates perform at temperatures higher than non- lignosulfonates. It is 

significant to note that when lignite-lignosulfonate fluids thermally degrade, 

carbon dioxide is produced and carbonate ions accumulate in the filtrate.   

 

2.6.2 Inhibitive Fluids 

Inhibitive fluids are those that stabilize the formation. These fluids are primarily 

used for drilling shale and clay. However, they are also used in areas where 

contamination is a problem. Even in large quantities salt, anhydrite, and cement 

can be handled successfully with the proper inhibitive fluid. Inhibitive salt-based 

muds use sodium chloride (NaCl) to achieve inhibition. Calcium-based muds use 

lime (Ca(OH)2) or gyp (Ca SO4-2H2O), and Potassium-based muds use Caustic 

potash (KOH), Potassium chloride (KCl), Potassium  Carbonate (K2CO3), and 

other Potassium- based additives to achieve inhibition. 
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2.6.2.1 Calcium- Based Muds 

Calcium –based muds are primarily used to drill intervals of highly reactive 

shales. They exhibit greater inhibition than sodium-based muds by reducing 

hydration of clays. Calcium-based muds are highly resistant to contamination. 

They tolerate solids well, but a high concentration of low-gravity solids will cause 

unstable rheological properties. In a calcium-based mud, calcium ions and 

magnesium ions contamination do not have adverse effects on fluid performance.  

Chloride ions, however, do appreciably affect performance. Chloride ions 

concentrations above 100,000 mg/l are considered to be the upper limit in which 

these muds will operate effectively. When bottom hole temperatures exceed 3000F 

calcium-base muds, particularly lime muds, are not normally considered due to 

the possibility of high-temperature gelation. However, a gyp mud with an 

acceptable range of low-gravity solids can withstand bottomhole temperature to 

3500F. 

 

2.6.2.2 Saturated Salt Muds 

 Saturated Salt muds are used to prevent excessive hole enlargement while drilling 

massive salt beds. They can also be used to reduce dispersion and hydration of 

shale and clays. High viscosity problems in Saturated salt muds are unusual, 

however, solids content (percent by volume) should be maintained within a 
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desired range by mechanical removal or dilution with saturated salt water to 

prevent unacceptable increase in gel strength and viscosity. 

 

Saturated saltwater contains approximately 13 volume % dissolved solids; 

therefore, to obtain “true” brine content of Saturated Salt muds, multiply the 

“retort liquid” volume percent of the mud by 1.13 and subtract that from 100 to 

obtain actual volume percent suspended solids content. Volume increase due to 

lower concentration of salt can also be calculated.  

 

The chloride content of saturated salt muds is 192,000 mg/l (315,000) mg/l NaCl) 

at saturation. As the temperature of the mud increases, more salt is able to go into 

solution. This means that a fluid which is saturated under surface conditions may 

not be saturated at down hole temperatures and can cause substantial washout in a 

salt zone due to increased salt solubility.  

 

 

Control of the pH of saturated salt muds varies widely. These muds do not require 

pH to function. Many low-solids, attapugite/starch muds are used without adding 

caustic soda. In other areas, it is a   common practice to maintain the pH of the 

mud from 11-11.5 with additions of caustic soda. Saturated salt muds require 

larger additions of caustic soda to maintain a higher pH than do freshwater muds. 

Maintaining 11 to 11.5 pH offers several advantages: 

 Defloculants are more effective 
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 Corrosion is reduced  

 Lower concentration of filtration control additives are required  when Calcium 

and Magnesium ions solubility is reduced. 

 Foaming tendency is lessened 

 Mud is generally more stable. 

Saturated salt muds will normally contain soluble calcium due to the formation 

penetrated and the type of makeup water used. Also, the sodium ions from the salt 

will undergo a base exchange and release calcium ions from the clay platelets, 

thereby contributing to the free calcium. Generally, the presence of calcium does 

not produce detrimental effects on the mud, except when the pH is increased 

beyond 12.0 which makes the fluid loss difficult to control. Saturated salt muds 

are characterized by foaming. Foaming is generally restricted to surface foam and 

it is not troublesome unless aggravated by mechanical agitation. The degree of 

foaming may sometimes be decreased by increasing the alkalinity of the mud 

(Pm). Also, the addition of bentonite can be successful in reducing the foaming. A 

defoaming agent may be necessary. Unless Magnesium ion sensitive additives are 

used, a saturated salt mud is less prone to foam and air cut with a 9.0-9.5 pH. 

 

 

The temperature limitation of saturated salt muds is around 2500F and it is 

normally dictated by the filtration control additive used. Calcium and Magnesium 
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ions hardness do not adversely affect filtration control in saturated salt muds when 

using starch. However, when PAC is used hardness should be below 400 mg/l. 

 

2.6.2.3  KCL-Polymer Muds 

 KCL-Polymer muds were developed to provide wellbore stability and minimize 

cuttings dispersion when properly formulated. Benefits such as low formation 

damage and high return permeability encourage their use for drilling water- 

sensitive formations. Potassium chloride (KCl) muds not only use a wide variety 

of potassium chloride concentrations from 3 to 15 wt%, but also a wide variety of 

types and concentrations of polymers. For KCl muds to be economical, drilled 

solids concentrations should be lower than 6% and efficient solids control 

practices must be used.  

 

2.6.5 Polymer Fluids  

Polymer fluids contain polymers which greatly diversify their applications. These 

fluids contain polymers to viscosify, polymers to filtration; polymers to 

deflocculate, polymers to provide high-temperature stabilization, etc. Polymer 

fluid generally contain only minor amounts of bentonite to build viscosity. 

Primary viscosification is provided by high molecular weight polymers such as 

PHPA, PAC, XC polymer among others, because these fluids contain only small 

quantities of  bentonite or clay solids. They are less prone to rheological and 
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filtration property fluctuations resulting from the effects of contaminants on the 

clay structure. Polymers fluids also reduce cuttings dispersion and stabilize the 

wellbore through encapsulation. Usually these fluids contain less than 5% by 

volume total-gravity solids and can be divided into two general polymer mud 

categories.    

 Non-Dispersed Polymer Muds 

 High-Temperature Deflocculated Polymer Muds 

 

2.6.5.1 Non- Dispersed Polymer Muds 

In many areas, clear water cannot be used as drilling fluid because of its effect on 

formation and the lack of sufficient viscosity to properly clean the hole. In these 

circumstances Non-Dispersed Polymer muds may be used to closely simulate the 

drilling characteristics of clear water. Non-dispersed Polymer muds have found 

their application in areas where formations are hard and penetration rates are 

slows. These polymer muds contain fewer than 5% low-gravity solids and hence 

are sometimes referred to as low-solids non-dispersed (LSND) muds. LSND muds 

do not perform well in areas with long intervals of reactive shale because of their 

intolerance to solids contamination. Also, salt, saltwater flow, gyp/anhydrite, and 

cement contamination will severely limit the use of these muds.  Most Non- 

dispersed polymer muds are composed of water with varying quantities of 

bentonite and polymers. Polymers are added to the system to build viscosity either 
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through flocculation of the solids or by viscosifying the water phase. They are also 

added to provide filtration control. Some of the more commonly used Non- 

dispersed Polymer muds are: 

  BEN-EX Muds  

 Low-Solids  PAC/CMC Muds  

 Low -Solids PHPA Muds. 

 

2.6.5.2 High- Temperature Deflocculated Polymer Muds 

High- Temperature Deflocculated polymer muds were developed to extend the 

temperature stability of conventional polymer muds. They are designed to tolerate, 

in addition to contaminants, the inclusion of inhibiting ions such as KCl or Nacl. 

These muds are required to provide stability along the same lines as an oil mud 

yet still be economical. If the high-temperature deflocculated polymer mud can be 

used in place of an oil-based mud, then it becomes very attractive for reasons of 

environmental and safety considerations. The major drawback to the high-

temperature deflocculated polymer mud is that they become difficult to control at 

densities above about 14.0lb/gal (Baker Hughes Inteq, 1991). Viscosity can 

become difficult to control when the solid loading is high and when the mud 

contains polymeric fluid loss additives. This is especially true of freshwater muds. 

However, sodium chloride can inhibit the viscosity increase contributed by the 

fluid loss additives. An important consideration, however, is that the consumption 



58 
 
 

rate of the fluid loss additives will increase as a result of adding sodium chloride. 

It should also be noted that consumption of fluid loss additives is higher for muds 

formulated with KCI. 

At temperatures above 3750F synthetically-manufactured deflocculants is 

preferred since most deflocculants such as lignosulfonate and lignite rapidly 

degrade. Synthetic deflocculants are more expensive, but offer overall economical 

benefits. 

 

For mud densities in excess of 16lb/gal, bentonite levels should be maintained at 

less than 10 lb/ bbl.  This concentration should be decreased as mud density 

increases above 16 lb/gal. The pH should be controlled  in the range of 9-11 with 

KOH or NaOH. Drill solids must be kept to a minimum and controlled with high-

speed shakers, centrifuges, and dilution. Excessive solids will cause gelation of 

the mud or even solidification in high-temperature environments. 

 

 Bentonite addition in high temperature muds is not recommended because it can 

cause severe gelation and difficulty in initiating circulation; however, cellulosic 

polymers can be used as they will not cause high-temperature gelation. It should 

be noted that adequate mixing such as that from auxiliary mixing devices will be 

required to fully disperse and  mix the cellulosic viscosifiers. Sodium carboxyl 

methyl cellulose provide viscosity and suspension and are not affected by 

contaminants such as chlorides and carbon dioxide. 
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2.6.6 Glycol  Muds 

The glycol system is an enhanced-polymer, water-base system that uses poly-

glycol technology to provide a high degree of shale inhibition, wellbore stability, 

HTHP fluid-loss control and lubricity. This system also is ideal for drilling 

depleted sands where differential pressure-sticking is a major concern in 

deepwater operations, and drilling high-angle wells in reactive formations where 

well bore stability and torque and drag are major concerns. Other benefits include 

enhanced cutting integrity, improved filter-cake quality, lower dilution rates, less 

hole enlargement, greater solids tolerance, better performance of polycrystalline 

diamond compact(PDC)  bits,  reduced bit-balling and increased rate of 

penetration(ROP). The glycol system also is environmentally acceptable due to its 

low toxicity and reduced disposal rates. Although the glycol enhanced polymer 

system achieves some inhibition by chemical adsorption, the cloud-point 

phenomenon is the primary mechanism for inhibition and stabilization. The cloud- 

point is the temperature at which glycol changes from being totally soluble to 

insoluble. At temperatures above the cloud point, glycols form colloidal droplets, 

or micelles, which result in a micro-emulsion. This phenomenon is often referred 
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to as a “Thermally Activated Mud Emulsion” (TAME). This TAME effect 

provides wellbore stability   in three distinct ways:  

 . Through chemical adsorption. 

. Through micro emulsion and precipitate pore-plugging  

. By providing a thinner, less-porous filter/wall cake. 

 

These glycol polymer systems are more effective when used with an inhibitive 

salt, such as Potassium chloride ( KCl), for ionic inhibition and an encapsulating  

polymer such as Poly anionic cellulose (PAC). So it is recommended to maintain 

sodium chloride or potassium chloride salt in the system. Maximum benefits are 

obtained by matching the cloud point of the glycols with the bottom-hole 

temperature or the temperature of the formation being drilled. This results in the 

adsorption of the insoluble glycols onto clay/shale formation forming a protective 

barrier against water and its damaging effects. Adsorption of insoluble glycols 

into the filter/wall cake on permeable formation reduces the thickness of the filter/ 

wall cake and the filtration loss rates. Since the insoluble glycol has an affinity to 

surfaces, it can coat solids and exposed surfaces. It provide lubrication and 

reduces balling. Most glycol polymer systems are designed for glycol to become 

totally soluble as it cools while being pumped up the annulus to the surface. 

However, some glycol polymer systems are designed to keep the glycol insoluble 

at all times. Several glycols are available with a wide range of cloud points to 
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achieve the desired temperature. However, glycol polymer systems usually are 

designed prior to drilling.  

 

2.7   Characterization of The Biomaterials 

 2.7.1    Detarium Microcarpum (Ofo) 

Detarium Microcarpum( Ofo ) is an African tree belonging to the family, 

caesalpiniaceae, found in the South East, Nigeria, of rain forest vegetation. The 

tree height reaches up to 15m and it can reach 25m in moist areas. The roots, 

stem, bark, leaves and fruits are all used to treat ailment e.g. tuberculosis, 

meningitis and diarrhea(Abdalbasit et al,2009). The fruit is edible and rich in 

vitamin C and the leaves and the seeds are also used in cooking (Abdalbasit et al, 

2009). The pulverized seeds cotyledons are used as a thickener and emulsifier in 

traditional food preparations in some African countries. A compositional study of 

this legume revealed that it is a rich source of polysaccharide gum (Onweluzo etal, 

1994). The dehulled seed flour contains 3.5% moisture, 3.5% ash,2.9% crude 

fiber,15% crude fat, 37.1% crude protein and 39% carbohydrate (Akpata and  

Miachi, 2001). Abreu and Relva (2002) isolated benzoylated carbohydrate 

fractions from the bark extract of Detarium microcarpum(Ofo) and they analyzed 

its carbohydrate content using  Chromatographic fractionation method. The seed 

polysaccharide was evaluated as a stabilizer and gelling agent in some processed 

fruit products and were highly acceptable and had good storage stability for two 
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months at ambient storage (Onweluzo et al, 1999).The fruit of Detarium 

microcarpum(Ofo) had the highest total phenolic, flavonoid and antioxidants 

values among fourteen wild edible fruits from Burkina Faso (Meda et al, 

2008).Chemical analysis of Detarium microcarpum(Ofo) samples obtained from 

three different localities, Ghibaish, Abu Gibaiha and Omdurman all in Sudan were 

analyzed (Larmond ,1982) and the results statistically reported and values of 

different parameters were expressed below as the mean of standard deviation. 

They concluded from their results that Detarium microcarpum contains 42% 

carbohydrates as the highest constituents. 

 

Table 2.1: Proximate Chemical Analysis of Detarium   Microcarpum(Ofo),%( 

Abdalbasit et al,  2009) 

 Ghibaish Abu-Gibaiha Omudurman 

Protein 29.4+ 0.4 30.0 + 0.4 29.6 + 0.5 

Moisture 5.74 + 0.12 5.54 + 0.15 5.55 + 0.42 

Fat 1.59 + 0.21 1.41 + 0.25 1.71 + 0.23 

Fiber 19.05 +  0.28 18.15 + 0.26 20.39 +  0.06 

Carbohydrate 41. 62 + 0.31 42.21 + 0.42 40.15 + 0.35 

Ash 2.60 + 0.12 2.49 + 0.13 2.69 + 0.14 
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From table 2.1, Detarium microcarpum contains 42% carbohydrates. 

Also carried out were the mineral analysis and the results are shown in  table 2.2, 

and the result shows that Detarium microcarpum contains 1,464.25+/-

0.60mg/100g  Potassium ions. 

Table2.2: Minerals compositions of Detarium microcarpum(Ofo)mg/100g dry 
weight, (Abdalbasit et al ,2009) 

 

 

Parameter Ghibaish Abu-Gibaiha Omudurman 

K 1463.25 +  0.52 1475.75 + 0.67 1453.75 + 0.62 

Na 420.50 + 0.40` 424.50 + 36 412.50 + 42 

Mg 12.20 + 0.12 15.26 + 0.21 10.16 + 0.11 

Ca 136.12 + 0.22 141.11 +  0.45 130.26 + 0.21 

P 1.05 + 0.10 1.17 + 0.11 1.09 + 0.11 

Fe 2.73 + 0.11 3.22 + 0.13 2.10 + 0.12 

Zn 0.41 + 0.10 0.44 + 0.12 0.45 +0.11 

Cu 0.35 +  0.21 043 +  0.12 0,32 +  0.11 

Mn 2.65 +  0.41 2.74 + 0.32 2. 65 +  0.22 

C 2.71 + 0.21 3.25 + 0.41 2.65 + 0.41 

Al 1.12 + 0.12 1.00 + 0.11 0.86 + 0.11 

Cd 0.002 + 0.12 0.001 + 0.11 0.003 + 0.13 

Ni 0.001+0.11 0.00+0.00 0.00+0.00 
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Kyari (2008) carried out a research work on the oil contents extracted from 

Detarium microcarpum(Ofo) seeds which contain about 7% of oil. 

Characterization of the oil. He concluded that the extracted oil from Detarium 

microcarpum seeds contain high levels of saturated fatty acids. 

 

From table 2.3, it shows that Detarium microcarpum contain 7% oil and 

saponification value of 223mg KOHg-1 of oil. 

 

 

Table 2.3: Properties of Oil/Fat Extracted from Detarium microcarpum(Ofo)  

seeds. 

 

Parameters 

 

Oil content (%)        7.42 

 

Acid value (mg NOHg-1 of oil)      0.204 

 

Saponification value (mg KOHg-1 of oil)    223.3 

 

Iodine value (I2g 100g-1 of oil)      55.9 

 

Peroxide (mlg-1 of oil)       150.0 

 

Refractive index (30-40oC)      1.465 
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2.7.1.1 Summary of Lessons from previous authors on Detarium     

microcarpum 

 It is found in the South East, Nigeria, 

of rain forest vegetation. 

 It contains 42% of carbohydrate to improve the drilling fluids viscosity. 

 It contains 72% Potassium ions for shale inhibition. 

 It contains 7% oil and 223mgKOHg-1 of oil to improve the lubricity of the 

drilling fluids, which helps to minimize torque and drag during drilling. 

 

2.7.2  Brachystegia Eurycoma (Achi) 

Brachystegia eurycoma(Achi) are grown in South East,  Nigeria, of rain forest 

vegetation.  Their seeds are used in making soup as  thickener. Ibironke et al 

(2005) subjected Brachystegia eurycoma(Achi) to standard analytical techniques 

in order to evaluate the composition, physicochemical properties and contents of 

nutritional valuable elements and fatty acids of the seeds and oils. The analysis 

indicated that the oil content was 5.870.30mg/100g. The seeds are rich in protein 

and carbohydrate. The protein content ranges  from 11.82 + 0.25mg/100g dry  

matter. 

 

These compare favorably with high protein animal sources like oyster, beef, pork 

and marine fishes. It contains 8% of  oil. Eight nutritional valuable minerals were 
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determined in the seed flours (Ibironke et al,2005). The seeds are rich in 

potassium (52.1mg/100g-131mg/100g). They also contain significant 

concentration of Iron(4.55mg/100g - 8.20mg/100g). 

 

2.7.2.1 Summary of Lessons from previous authors on Brachystegia  

           eurycoma 

 

 

2.7.3  Characterization of Pleurotus 

The mineral composition  (g/kg) of  major  minerals and trace minerals of 

Pleurotus ostreatus and Pleurotus pulmonarius, both of which are examples of  

Pleurotus tuber-regium of  degraded Peanut  shell were studied  by (Akinfemi, 

2000). The results of this study indicate that fungal treatment of Peanut shell by 

fermentation have potential to be used as feed supplements for ruminants 

especially during dry season when feedstuffs are lacking and the only available 

feedstuffs are crop residues. 

 

Table2.4 shows the result of chemical composition of Pleurotus ostreatus and 

Pleurotus pulmonarius . It is shown in the table that Pleurotus contain high 

concentration of fiber which is the main source of the fluid loss control. 
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Table 2.4:  Chemical composition (g/100g) of Pleurotus ostreatus and 

Pleurotus pulmonarius degraded peanut shell. 

  Parameters  Pleurotus ostreatus  Pleurotus pulmonarius 

Dry matter  80.8 80.4 

Crude protein  9.29 16.1 

Ether extract  5.47 6.12 

Ash  8.35 9.01 

Crude fiber 16.2 18.7 

Nitrogen free extract 

Neutral detergent fiber 

Acid detergent lignin 

Acid detergent fiber 

Cellulose 

Hemicellose 

60.0 

62.9 

24.1 

49.6 

25.5 

13.4 

 

50.1 

63.64 

15.3 

44.0 

28.7 

19.7 

 

Table 2.5, shows the result of the mineral composition of treated Peanut shells. It 

contains 13% of  Potassium and 53% percent of Calcium , which are important in 

shale inhibition. 
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Table 2.5: Mineral composition (mg/kg) of major  minerals and trace 

minerals (ppm) of Pleurotus ostreatus and  Pleurotus pulmonarius of treated 

degraded peanut husk using Atomic absorption spectrometer. 

Major minerals   Pleurotus ostreatus  Pleurotus pulmonarius 

Calcium  0.89 0.63 

Phosphorus  0.08 0.09 

Magnesium  0.450 0.54 

Sodium 0.04 0.04 

Potassium 0.22 0.16 

Trace minerals   

Iron  1.13 0.06 

Zinc 0.03 0.03 

Copper 0.03 0.04 

Magnesium  0.04 0.09 

 

In conclusion, the fiber component of the Pleurotus is important in fluid loss 

control during drilling operations. 
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2.8 Economic Evaluation Tools 

People treat the price as a constant in the simple model of calculating Net Present 

Value (NPV) for a project. This model lacks the ability to address the change of 

prices. However, in the real world, commodity prices, especially, prices of fuels 

over a long period are volatile. To deal with that, people add a part called “risk 

analysis”, in which they allow the price to change by a certain percentage, and see 

what the effect of NPV is. 

 

In finance, the Net Present Value (NPV) or Net Present Worth (NPW) ( Lin and 

Magalingam, 2000)  of a time series of cash flows, both incoming and outgoing, is 

defined as the sum of the Present Values (PVs) of the individual cash flows of the 

same entity. NPV is a central tool in discounted cash flow (DCF) analysis, and it 

is a standard method for using the time value of money to appraise long term 

projects. 

 

NPV is the difference between discounted benefits and discounted costs 

associated with a project. A positive NPV value is acceptable where as an NPV of 

zero yields the internal rate of return. A negative value for NPV suggests that 

investment is not worthy of the money being invested. 

 

Equations 2.16 and 2.17 show Net Present Value in terms of discounted benefits 

and discounted costs. 
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NPV  = Discount Benefits  - Discounted Costs  …………………....2.16 

NPV =∑  
 − ∑  

………………………….2.17 

Where: i is the discount rate, % 

t  is time of cash flow  

n  is the maximum number of years 

Any cash flow within 12 months will not be discounted for NPV purpose (Khan, 

1993) 

 

2.8.1 The Discount Rate 

The rate used to discount future cash flow to present value is a key of this process. 

A firm’s weighted average cost of capital (after tax) is often used, but many 

people believe that it is appropriate to use higher discount rates to adjust for risk 

or other factors. A variable discount rate with higher rates applied to cash flows 

occurring further along the time span might be used to reflect the yield curve 

premium for long-term debt. 

 

Another approach in choosing the discount rate factor is to decide the rate which 

the capital needed for the project, could return if invested in an alternative 

venture. If, for example, the capital required for project A can earn five percent 

elsewhere, use this discount rate in the NPV calculation to allow a direct 

comparison to be made between project A and the alternative. Related to this 
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concept is to use the firm’s Reinvestment Rate. Reinvestment rate can be defined 

as the rate of return for the firm’s investment on weighted average. When 

analyzing projects in a capital constrained environment, it may be appropriate to 

use the reinvestment  rather than the firm’s weighted  average cost of capital as 

the discount factor. It reflects the opportunity cost of investment rather than the 

possibly lower cost of capital.   

 

An NPV calculated using variable discount rates (if they are known for the 

duration of the investment) better reflects the  real situation than one calculated 

from a constant discount rate for entire investment duration (Baker, 2000). For 

some professional investors, their investment funds are committed to target a 

specified rate of return. In such cases, that rate of return should be selected as the 

discount rate for the NPV calculation. In this way, a direct comparison can be 

made between the  profitability of the project and the desired rate of return. 

 

To some extent, the selection of the discount rate is dependent on the use to which 

it will be put. If the intent is simply to determine whether a project will add value 

to the company, using the firm’s weighted average cost of capital may be 

appropriate. If trying to decide between the alternative investments in order to 

maximize the value of the firm, the corporate reinvestment rate would probably be 

a better choice. 
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2.8.2 NPV in Decision Making 

NPV is an indicator of how much value an investment or project adds to the firm. 

With a particular project, if inflow minus outflow is positive value, the project is 

in the status of positive cash inflow in the time, t. If inflow minus  outflow is a 

negative value, the project is in the status of discounted cash outflow in the time, t. 

Although risked projects with a positive NPV could be accepted, this does not 

necessarily mean that they should be undertaken since NPV could be accepted. 

This does not account for opportunity cost, that is, comparison with other 

available investments.  In financial theory, if there is a choice between two 

mutually exclusive alternatives, the one yielding the higher NPV should be 

selected.   
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CHAPTER III 

3.0METHODOLOGY  

 

The rheology and the fluid loss experiment were conducted from the proposed  

mud,Detarium microcarpum(Ofo), Brachystgia  eurycoma(Achi), Pleurotus 

(Osu)) and the existing polymer mud (Pac-R, Pac-L mud). The experimental data 

shown in tables 4.1 through 4.3 were used to evaluate the yield stress using 

Herschel-Buckley model. Different annular flow behavior index, na and the 

annular consistency factor, ka, were calculated at different temperatures using 

equations 2.6 and 2.7 (appendix). The shear rate values were substituted into 

equations 4.6 and 4.7( Net Herschel Buckley equations) to obtain table 4.8 

(appendix). The regressed data were then obtained from Modified Power law 

model. The plots  of shear stress versus shear rate as shown in figures 4.1 to 4.3 

were obtained for the regressed line, proposed mud and existing mud. The yield 

stress for each plot was obtained . Examples of cutting transport efficiency, 

cutting transport ratio and cuttings concentration were calculated in order to know 

the effectiveness of the proposed mud . 

 

3.1 Sample Procurement 

Detarium microcarpum (Ofo), Brachystegia eurycoma(Achi), Pleurotus(Osu) were obtained 

from Port Harcourt, Rivers State of Nigeria, while Calcium carbonate, distilled water, Pac-R, 

Pac-L, XCD polymer, Barite, Potassium chloride, pH paper indicator were field samples.  
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3.2 Experimental Procedure 

Two sets of measurements were carried out, the proposed mud obtained from 

biomaterials: Detarium microcarpum, (ofo) Brachystegia eurycoma (achi), 

Pleurotus (osu) and the existing Pac-R, and Pac –L polymer muds. Tests were 

conducted as per API (American Petroleum Institute, 1969) standard procedures.   

 

3.3 Mud  Formulations 

Formulations of the muds are shown in Table 3.1 -3.3. All tests were carried out at 

room temperature and temperatures of 1200F, 1500F, and 2000F. The tables show 

the laboratory measurements of both the proposed mud, Detarium microcarpum 

(ofo), Brachystegia eurycoma(achi), Pleurotus(osu) and the existing Pac-R and 

Pac-L polymer muds to know the minimum and the optimum concentration of 

each constituent. 

  

Three types of mud  were used: unweighted muds, weighted muds with Calcium 

Carbonate  and weighted muds with Barite. Mud weighted with Calcium 

Carbonate produces the bridging property unlike the mud weighted  with Barite.  

Equal concentrations were applied for the proposed mud of  Detarium 

microcarpum (ofo) Brachystegia  eurycoma  (achi), Pleurotus (osu) and the 

existing PAC  polymer muds for easy comparison. 

 

Table 3.1: Composition of un-weighted mud for all mud samples. 
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Composition      Concentrations 

Proposed 

Fresh water        350ml 

Caustic soda       0.25g 

Detarium Microcarpum (Ofo)    3g 

Brachystegia Eurycoma (Achi)    3g 

Pleurotus (Osu)      3g 

XCD Polymer       0.75g 

 
 

Existing 

Fresh water        350ml 

Caustic       0.25g  

Pac- R       3g 

Pac – L       3g 

XCD Polymer      0.75g    

   

 

Table 3.2: Composition of weighted mud with Calcium Carbonate(Low solids 

mud). 

Composition      Concentrations 

Proposed 

Fresh water        350ml 
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Potassium chloride      10g 

Caustic soda       0.25g 

Detarium microcarpum (Ofo)    5g 

Brachystegia eurycoma (Achi)    5g 

Pleurotus (Osu)      5g 

XCD Polymer      1g 

Calcium carbonate      103.7g   

        

Existing 

Fresh water       350ml 

Caustic Soda      0.25g 

Potassium chloride      10g 

Pac-R        5g 

Pac – L       5g 

Calcium carbonate      103.7g 

 

 

 

 

Table 3.3:  Composition of the weighted mud with Barite.  

 
 

Composition     Concentrations 

 Proposed 

Fresh water       350ml 
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Potassium chloride     10g 

Caustic soda      0.25g 

Detarium microcarpum (Ofo)   6g 

Brachystegia eurycoma (Achi)   6g 

Pleurotus (Osu)     6g 

XCD Polymer      1g 

Barite       75.4g 

 

Existing 

Fresh water       350ml 

Potassium chloride     10g 

Caustic soda      0.25g 

Pac- R      6g 

Pac – L      6g 

XCD Polymer      1g 

Barite       75.4g 

 

In both tables 3.2, and 3.3, Potassium Chloride was added to the mud sample to 

examine the effect of salinity on the mud. 

 

 

 

3.4 Processing/Measurements 
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The seeds of Detarium microcarpum (Ofo), Brachystegia eurycoma (Achi) and 

Pleurotus (Osu), were grinded separately using Hamilton grinder to powder form, 

dried in the  sun  for 24hrs and finally re-grinded. The coarse powdered materials 

were sieved until the fine powder of each specimen was obtained.   

 

Two types of laboratory measurements were carried out: Data for the calculation 

of the samples’ rheological properties were obtained using the Fann VG 

viscometer while the filtrate loss was obtained from Low temperature – Low 

pressure Filter Press. 

 

 

3.5 Data Applications 

The rheological parameters calculated from the  laboratory measured data were 

used to determine the hole cleaning parameters for both the proposed  and the 

existing PAC polymer samples. 

 

The annular hole  cleaning abilities of the mud samples were investigated 

following two approaches, namely;  shear stress versus shear rate relationship and 

applying the Modified Power law model for the determination of yield stress, 

which is the major factor of consideration in  annular hole cleaning studies. The 

laboratory measured  data  were applied to the existing  hole cleaning models, to 

evaluate the degree of the effectiveness of the proposed muds in terms of  cutting 

transport ratio, cutting transport efficiency and cuttings concentration. 
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3.5.1 Application of Modified Power law Model  

This involves the application of the Herschel -Buckley (Modified Power law) 

model which describes the behavior of the drilling fluids perfectly well. It 

indicates the yield stress especially at a very low shear rate of 3 and 6rpm which  

demonstrates the hole cleaning in the annulus. 

 The Herschel- Buckley model states  

τ =  τy + k γn ……………………………………………..2.4 

For annular flow,  

na = 0.5 log 
θ

θ
…………………………………………….2.7 

 

ka =
.   θ

……………………………………………………2.8 

 

3.5.2:  Hole Cleaning Efficiency Validation  

The evaluation of hole cleaning ability for each of the proposed muds, Detarium 

microcarpum (ofo), Brachystegia eurycoma (achi), Pleurotus (osu)muds and  

PAC polymer muds were carried out.  Cutting transport ratio, cutting transport 

efficiency and cuttings concentration were determined to know the degree of 

effectiveness of the proposed muds in terms of annular hole cleaning ( Baker 

Hughes Inteq, 1991 ). 

 

The hole cleaning equations are stated from eqn 3.1 to eqn 3.8.  
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The step by step procedure followed in this study is shown below. 

The pressure drop  can be determined from eqn 3.1. 

dp =
.  

………………………………………………….3.1 

Where   the gel strength, Ibs/100ft2 

The average fluid velocity can be obtained from eqn 3.2. 

Va =
.   

…………………………………………..…3.2 

 

Where q is the fluid flow rate,  gpm 

The effective viscosity,( µeff ) can be determined from eqn 3.3. 

µeff  = 100
  

  ……………………………….…3.3 

 

The particle shear stress, τp  can be determined using eqn 2.10 

τp = 7.9  −        …………………… ……... 2.10      

Where T is the thickness of the particle, inches. 

The particle shear rate p  can be obtained using eqn 3.4   

p   = 

⁄
………………………………………….….3.4 

Where p is in s-1. 

For particle shear rate  less than the boundary shear rate,  slip velocity is 

determined from eqn 3.5 
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Vs = 1.22      …………………………………3.5 

Where Vs is in ft/s. 

Hence, the transport ratio( Tr ) can be obtained using eqn 3.6.   

Tr = 1 - …………………………………… …..3.6 

 

Where Tr is the cutting transport ratio, 

The cutting transport efficiency ( Tc ) can be determined from eqn 3.7 

Tc = 1- x 100 ………………………..……......3.7 

Hence, the cuttings concentration ( Ca ) is calculated using eqn 3.8. 

 

Ca = 
   

.  
…………………………….……………….3.8 

   

Where  Ca is in vol%. 

and ROP is the rate of penetration, ft/hr. 

Examples of Cutting transport ratio, Cutting transport efficiency and Cuttings 

concentrations were done using excel  spread sheet shown on tables 4.20 to 4.31 

and figures4.16 to 4.27  for Detarium microcarpum (ofo) Brachystegia eurycoma 

(achi), Pleurotus (osu) muds, and the existing Pac – R, Pac – L polymer. 

 

3.6 Economic Evaluation of the Proposed Muds and the Existing Muds Using 

Incremental DCF-ROR. 
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The steps/procedures for calculating the economic analysis of the project are done 

using price survey of both the proposed and the existing PAC polymer chemical, 

and assumed 3,000bbls of mud as shown in tables 4.32a and 4.32b respectively. 

 

 The yearly incremental DCF-ROR is calculated  by subtracting  Case B (existing 

mud) from  Case A (proposed mud), that is, Case A – Case B. Discount the 

incremental DCF-ROR at 10%, 20% and 30%. Finally, plot  net present value 

versus the discount  rate.  Obtain the incremental DCF-ROR as shown in fig.4.28. 

 

 

 

Step by step Procedure of obtaining Incremental DCF-ROR. 

 Obtain the additives market survey price. 

 Establish the proposed mud price and the existing mud . 

 Let the proposed mud  be Case A and the existing mud  be Case B. 

 Cash flow of  both proposed mud and the existing mud distributed equally 

for 10years. 

 Perform incremental cash flow. 

 Incremental cash flow discounted at 10%, 20% and 30%. 

 Make a plot of NPV versus Discount rate. 

 From the plot, estimate incremental DCF – ROR. 

 

Illustration with an  example is shown in tables 4.33, 4.34 and fig. 4.28.  
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CHAPTER IV 

4.0 RESULTS AND DISCUSSION 

Mud Properties 

The measured data were related to the modified Power law model, for yield stress 

estimation which is one of the criteria for cuttings removal from the hole. The data 

were also related to Cutting transport ratio, Cutting transport efficiency and 

Cuttings concentrations through the existing equations. 

 

4.1 Experimental Results 

They are the results obtained from the three formulations made, and the results are 

presented in the tables 4.1 –  4.3. 

  

4.1.1 Viscometric readings and filtrate loss without weighting material   

 Table 4.1 shows the results obtained from formulation number1, that is, no 

weighting material and Potassium chloride  included in the composition. 
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Table 4.1:  Viscometric and filtrate loss readings without weighting  

material at different temperatures. 
 

 

 

In this case, the formulation of the proposed mud can be classified 

under inhibitive mud, because of the presence of Potassium ions originated from 

Detarium microcarpum(Ofo) and Brachystegia eurycoma(Achi); while the 

existing mud in this formulation can be classified under the PAC polymer without 

any inhibitive ion. The proposed mud gave higher viscosity at tested temperatures 

than the existing mud. 

Constituents Room temperature 
 

120 OF 
 

150 OF 
 

180OF 
 

Proposed Mud Fann Readings 
29,19,  14,10, 4,3   
 
10s/10mins 
Gel=4/5 
 
30mins F/L =14ml 

Fann Readings 
24,16,  13,9  3,2 
 
10s/10mins  Gel =3/4 
 
30mins F/L =15.6ml 

Fann Readings 
22,15,  12,9  3,2 
 
10s/10mins  Gel 
=3/4 
 
30mins F/L =17ml 

Fann Readings 
21,14, 11,8  
2,2 
 
10s/10mins 
Gel = 3/4 
 
30mins F/L 
=18.5ml 
 
 

Fresh water 350ml 
Caustic soda- 0.25g 
Detarium m.     3g 
Brachystegia e. 3g 
Pleurotus          3g 
XCD polymer 0.75g 

Existing Polymer 
Mud 

 
 
26,17,  13,9,  3,2 
 
10s/10mins Gel 
=3/4 
 
Fluid Loss =12ml 

 
 
23,15, 12,9, 3,2 
 
10s/10mins  Gel= 3/4 
 
Fluid Loss =14ml 

 
 
21,14, 11,8, 3,2 
 
10s/10mins Gel 
=3/4 
 
Fluid Loss =14.3ml 

 
 
20,13,  11,8  
2,2 
 
10s/10mins 
Gel =3/4 
 
Fluid Loss 
=15.4ml 

Fresh water 350ml 
Caustic soda 0.25g 
Pac-R 3g 
XCD  polymer    0.75g 
Pac-L     3g 
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4.1.2  Viscometer and filtrate loss readings for low solids Muds  

Table 4.2 shows the experimental results obtained from formulation 2, Calcium 

carbonate and Potassium chloride  included in the composition of weight 10ppg.

  

 

 

Table 4.2 Viscometric and filtrate loss readings with Calcium carbonate( Low 

solids mud) at different temperatures. 

In this case, increase in concentrations of materials lead to the increase in yield 

point and gel strength. Plastic viscosity also increased because of the addition of 

Calcium carbonate in the formulation. The new mud gave the better higher yield 

point than the old mud. However, the fluid loss of the existing  mud is better than 

the proposed mud. 

Constituents Room Temp. 
 

120 OF 
 

150 OF 
 

180 OF 
 

Proposed Mud 
Fresh Water 350ml 
Potassium Chloride 10g 
Caustic soda  0.25g 
Detarium m.  5g 
Brachystegia e.  5g 
Pleurotus   7g 
Calcium carbonate  124g 
XCD Ploymer    1g 

Fann Readings 
116,87,72,52,11,9 
 
10s/10mins 
Gel=9/11 
 
Fluid Loss= 
8.9ml 

Fann Readings 
79,59 , 47,34 , 9,8 
 
10s/10mins 
Gel=8/10 
 
Fluid Loss=9.9ml 

Fann Readings 
77,57 , 47,33  9,8 
 
10s/10mins Gel=8/9 
 
Fluid Loss=10.4ml 

 
72,52 , 40,30 , 7,6 
 
10s/10mins Gel=7/9 
 
Fluid Loss=11ml 

Existing Polymer mud  
 
106,75,  62,50  
10,8 
10s/10mins  
Gel=9/11 
 
Fluid  Loss=7ml 

 
 
73,52,  44,32 , 8,6 
 
10s/10mins 
Gel=7/9 
 
Fluid Loss=8.2ml 

 
 
70,50 , 42,30 , 7,6 
 
10s/10mins Gel=7/9 
 
Fluid Loss=8.8ml 

 
 
67,47 , 38,28 , 6,5 
 
10s/10mins Gel=6/8 
 
Fluid Loss=9.5ml 

Fresh Water-350ml 
Caustic soda-0.25g 
Pac-R-5g 
Pac-L-5g 
XCD Polymer-1g 
Potassium Chloride-10g 
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4.1.3:Viscometric and filtrate loss readings with Barite as the weighting material. 

Table4.3 shows the experimental  results of the viscometric and the filtrate loss readings 

obtained from formulation 3. In this case, Barite and Potassium chloride were included 

in the composition of mud weight of 10ppg. 

 

Table 4.3: Viscometric readings and filtrate loss with barite as the weighting 

material at different temperatures. 

 

Constituents Room temperature 
 

120 OF 
 

150 OF 
 

180OF 
 

Proposed Mud Fann Readings 
 
 
95,67  ,56,40,  9,7 
 
10s/10mins 
Gel=9/11 
 
Fluid Loss=8ml 
 

Fann Readings 
 
 
86,60,  50,36 , 7,6 
 
10s/10mins Gel=7/9 
 
Fluid Loss=9ml 

Fann Readings 
 
 
75,54,  44,31,  6,5 
 
10s/10mins Gel=7/9 
 
Fluid Loss=9.8ml 

Fann Readings 
 
 
64,46 , 37,25 , 6,5 
 
10s/10mins Gel=6/8 
 
Fluid Loss=11ml 

FreshWater- 350ml 
Caustic soda-0.25g 
Detarium m-6g 
Brachystegia e-6g 
Pleurotus-8g 
Potassium chloride-
20g 
XCD Polymer-1g 
Barite-75.4g 
 
Existing Polymer 
Mud 

 
 
 
90,62 , 51,37,  8,7 
 
10s/10mins 
Gel=8/10 
 
Fluid Loss=5ml 

 
 
 
81,57 , 46,32 , 6,5 
 
10s/10mins Gel=6/9 
 
Fluid Loss=6ml 

 
 
 
72,51 , 42,30  ,6,5 
 
10s/10mins Gel=6/8 
 
Fluid Loss=6.9ml 

 
 
 
60,42,  36,25 , 5,4 
 
10s/10mins Gel=5/7 
 
Fluid Loss=7.5ml 

Fresh Water-350ml 
Caustic soda-0.25g 
Pac-R-6g 
Pac-L-8g 
Potassium 
Chloride-20g 
XCD Ploymer-1g 
Barite-75.4g 
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The Proposed mud gave the higher yield point and gel strength than the existing 

PAC polymer mud based on equal concentrations of materials. Although the fluid 

loss of the proposed mud is higher  than  the existing mud, the lower the fluid loss, 

the more acceptable is the result, the existing mud is therefore, better than the 

proposed mud as shown in tables 4.4, 4.5 and 4.6.  

Table 4.4: Mud properties of Un-weighted muds. 

Proposed mud 

Mud Properties              Room temp. 1200F  1500F  1800F  

Mud weight, ppg    8.7  8.7    8.7  8.7 

Yield Point, lbs/100ft2    9  8    8  7 

PlasticViscosity, cp    10  8    7  7 

Apparent Viscosity, cp    15  12   11  11 

LSRYP, lb/100ft2      2  1    1  2 

30mins Fluid loss, ml       14           15.6   17  18.5 

10s/10mins Gel, lbs/100ft2 4/5  3/4  3/4  3/4 

Existing mud 

Mud Properties Room temp.  1200F   1500F   1800F 

Mud weight, ppg   10  10     10        10 

Yield Point, lbs/100ftt2  8   7     7  6 

Plastic Viscosity, cp         9   8     7  7 

Apparent Viscosity, cp  13  12    11  10 

LSRYP, lbs/100ft2   1   1    1   2 

30mins Fluid loss, ml   12  14    14.3          15.4 

10s/10mins Gel, lbs/100ft2 3/4  3/4   3/4          3/4 
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Both mud types show the same gel type behavior of initial gel strength and 

10mins gel strength . The gel increased only slightly with time which indicate for 

both mud samples as  fragile gels. Their apparent viscosity, plastic viscosity and 

yield point decreased as the  temperature increased. 

 

Table 4.5: Mud properties of Inhibited weighted mud with Calcium 

carbonate(Low solids mud)for both Proposed mud and the Existing PAC 

polymer mud. 

Proposed mud 

Mud Properties  Room temp.  1200F 1500F  1800F 

Mud weight, ppg   10  10  10  10 

Yield Point, lbs/100ft2  58  39  37  32 

Plastic Viscosity, cp  29  20  20  20 

Apparent Viscosity, cp   58  40  39  36 

LSRYP, lbs/100ft2   7  7  6  5 

30mins Fluid loss, ml  8.9  9.9  10.4  11 

10s/10mins Gel, lbs/100ft2 9/11  8/10  8/9  7/9 
 

 

Existing mud 

Mud Properties  Room temp.  1200F   1500F     1800F 

Mud weight, ppg   10   10      10  10 

Yield Point, lbs/100ft2  44  31      30  27 
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Plastic Viscosity, cp  31  21      20  20 

Apparent Viscosity, cp  53  37       35  34 

LSRYP, lbs/100ft2    6  4        5  4 

30mins Fluid loss, ml    7  8.2       8.8 9.5 

10s/10mins Gel, lbs/100ft2  9/11  7/9       7/9 6/8 

Table 4.6 exhibited flat gels. The gel strengths for both the new and the existing 

muds slightly decreased with increase in temperature. For the proposed mud, the 

initial gel strength at room temperature was 9lbs/100ft2. 

The gel strength was 8lbs/100ft2 at 1200F and 1500F. At 1800F, the gel strength  

decreased  to 7lbs/100ft2. This shows that high temperatures affects the gel 

strength.. 
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Table 4.6: Mud properties of weighted mud with barite for both Proposed 

mud and PAC Existing Polymer mud.  
 

Proposed mud 

Mud Properties  Room temp. 1200F   1500F 1800F 

Mud weight, ppg   10  10   10  10 

Yield Point, lbs/100ft2   39  34    33  28 

Plastic Viscosity, cp   28  26    21  18 

Apparent Viscosity, cp   48  43    38  32 

LSRYP, lbs/100ft2     5  5    4  4 

30mins Fluid loss, ml     8  9   9.8  11 

10s/10mins Gel, lbs/100ft2  9/11         7/9  7/9  6/8 

Existing mud 

Mud Properties  Room temp.  1200F  1500F       1800F 

Mud weight, ppg      10   10  10  10 

Yield Point, lbs/100ft2     34   33  30  24 

Plastic Viscosity, cp     28   24  21  18 

Apparent Viscosity, cp     45   41  36  30 

LSRYP, lbs/100ft2      7   4  4  3 

30mins Fluid loss, ml      5   6  6.9  7.5 
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10s/10mins Gel, lbs/100 ft2  8/10  6/9  6/9  5/7 

 

 

The gel strength decreased as the temperature increased and the flat gels are also 

obtained. 

4.2: Results of the Calculated Yield Stress using Herschel-Buckley Model 

4.2.1 :  Model Application 

Herschel Buckley model and other annular hydraulic models were applied using 

the data obtained from laboratory measurements. Yield stress and other hole 

cleaning parameters were then generated.  

 

4.2.2  Sample Calculations for Proposed and Existing Muds. 

Equations 2.6 and 2.7 were used to obtain different values of annular flow 

behavior index, na and consistency index ka, from tables 4.1 – 4.3 at different 

temperatures. The calculations of both proposed mud and existing mud shear 

stress were performed. The data were regressed at different shear rates as shown 

in tables 4.7 and 4.8 in the appendix to obtain table 4.9  used in the estimation of 

yield stress ( see fig. 4.1 ). 
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Table 4.9: Generated Data for Comparison from un-weighted muds 

Shear Rate 

( s-1 ) 

Proposed mud 

Shear Stress 

(dyne/cm) 

Existing mud 

Shear Stress 

(dyne/cm) 

Regression 

Column Shear 

Stress (dyne/cm) 

1022 135.69 123.84 44.00 

511 99.01 89.83 31.45 

340.7 82.79 74.74 26.36 

170.3 60.86 55.16 19.52 

10.22 18.55 16.56 7.81 

5.11 13.81 12.23 6.18 

 

 The calculations of the proposed mud and the existing mud shear stress of 

weighted mud with Calcium carbonate were performed at different shear rates. 

The results were regressed as shown in tables 4.10, 4.11  in the appendix to obtain 

table  4.12 for  yield stress estimation ( see fig.4.2 ). 
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Table 4.12: Generated  Data for Comparison from low solids muds 

Shear rate 

(s-1) 

Proposed Mud 

Shear Stress 

(dyne/cm) 

Existing mud 

Shear Stress 

(dyne/cm) 

 

Regression Column 

Shear Stress 

(dyne/cm) 

 

1022 530.12 465.85 106.83 

 

511 386.02 334.23 77.78 

340.7 318.65 275.95 62.47 

170.3 231.08 200.00 44.16 

10.22 61.49 51.66 8.17 

5.11 45.77 37.40 6.14 

 

 

The calculations of the proposed mud and existing mud shear stress of weighted 

mud with Barite were performed at different shear rates. The results were 

regressed in tables 4.13 and 4.14 as shown in the appendix.  Table 4.15 was 

obtained, and used in the estimation of yield stress ( see fig.4.3).  
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Table 4.15: Generated Data For Comparison from weighted muds using 

Barite 

Shear Rate 

(s-1) 

Proposed mud 

Shear Stress 

(dyne/cm) 

 

Existing mud  

Shear Stress 

(dyne/cm) 

 

Regression 

Column Shear 

Stress 

(dyne/cm) 

 

1022 490.56 466.70 108.02 

511 347.95 328.62 75.84 

340.7 284.94 268.41 61.89 

170.3 201.92 189.36 42.97 

10.22 48.90 44.58 7.58 

5.11 35.47 32.27 2.89 

 

For easy comparison and analysis, it is very important to mention here that the 

green line plots represent the proposed muds, the blue line plots represent the 

existing polymer muds while the red plots represent the regression line. 

 

 



96 
 
 

4.3:  Effect of Temperature on Mud Properties 

The mud properties involved are: 

- Plastic viscosity 

- Yield point 

- Low Shear rate yield point 

- Fluid loss. 

In reference to tables 4.5 – 4.7,the results of  temperature effects for both 

proposed muds and the existing PAC polymer muds on plastic viscosity, yield 

point, low shear rate yield point and fluid loss are  shown in figures 4.4 through 

4.15. 

 

4.4:  Economic Evaluation Data Generation 

Table 4.16 shows the cost of biomaterials and polymer chemicals for good 

analysis and comparison of  both proposed mud and the existing PAC polymer 

muds to be made. 
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Table 4.16: Cost of Biomaterial and the Polymer chemicals for Proposed 

muds and Existing polymer muds. 

Products Size Unit Price( $ ) 

Detarium microcarpum 25kg  70 

Brachystegia eurycoma 25 kg  72 

Pleurotus 25 kg  69.44 

Pac-R 25 kg  136 

Pac-L 25 kg  121 

Barite 1.5mt  300.00 

Potassium Chloride 25kg 14.12 

Caustic Soda 20kg 45.93 

Calcium Carbonate 1mt  300.00 

XCD Polymer 25kg  290.89 

 

Tables 4.17a, 4.17b,4,18a, 4.18b,4.19a and 4.19b were  generated by multiplying 

lbs/bbl by 3000bbls of  mud at 3ppg, 5ppg and 6ppg concentrations of  both 

proposed muds and existing muds used in the laboratory measurements. 

 

 

 

 

Table 4.17a:  Proposed Mud Cost based on 3ppb( From table 4. 1 ) 
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Products Concentrations 

( ppb ) 

Quantity 

( kg ) 

Size 

( kg ) 

Unit Cost 

( $ ) 

Detarium 

microcarpum 

3 4,086 25 70.00 

Brachystegia 

Eurycoma 

3 4,086 25 72.00 

Pleurotus 3 4,086 25 69.44 

 

Table 4.17b:  Existing  Mud Cost  based on 3ppb( From table 4.1 ) 

Products Concentrations 

( ppb ) 

Quantity 

( kg ) 

Size 

( kg ) 

Unit Cost 

( $ ) 

Pac-R 3 4,086 25 136.00 

Pac-L 3 4,086 25 121.00 

 

Table 4.18a:  Proposed Mud Cost based on 5ppb (From Table 4. 2 ) 

Products Concentrations 

( ppb ) 

Quantity 

( kg ) 

Size 

( kg ) 

Unit Cost 

( $ ) 

Detarium 

microcarpum 

5 6,810 25 70.00 

Brachystegia 

Eurycoma 

5 6,810 25 72.00 

Pleurotus 5 6,810 25 69.44 

 

Table 4.18b: Existing Polymer Mud Cost based on 5ppb (From table 4.2 ) 
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Products Concentrations 

( ppb ) 

Quantity 

( kg ) 

Size 

( kg ) 

Unit Cost 

( $ ) 

Pac-R 5 6,810 25 136.00 

Pac-L 5 6,810 25 121.00 

 

Table 4.19a:  Proposed Mud Cost based on 6ppb (From table 4.3 ) 

Products Concentrations 

( ppb ) 

Quantity 

( kg ) 

Size 

( kg ) 

Unit 

Cost 

( $ ) 

Detarium 

microcarpum 

6 8,160 25 70.00 

Brachystegia 

Eurycoma 

6 8,160 25 72.00 

Pleurotus 6 8,160 20 58.00 

 

Table 4.19b: Existing Polymer Mud Cost based on 6ppb( From table 4.3 )  

Products Concentrations 

( ppb ) 

Quantity 

( kg ) 

Size 

( kg ) 

Unit Cost 

( $ ) 

Pac-R 6 8,160 25 136.00 

Pac-L 6 8,160 25 121.00 

 

 

 

4.5 Discussion 
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The analysis of the results  of the research work were discussed based on the 

results presented in the   tables and figures. Tables 4.9,4.12,4.15 and figures 4.1 to 

4.3 show the  values of yield stress using Herschel Buckley model.  Figures 4.4 to 

4.15 show the effects of temperature on plastic viscosity, yield point, low shear 

rate yield point and fluid loss. Also, discussed are the calculations of cutting 

transport ratio, cutting transport efficiency and cuttings concentration of different 

hole sizes, and pump rates for un-weighted muds, low solids muds (weighted mud 

with Calcium carbonate) and the weighted muds with Barite as shown in tables 

4.20 to 4.31. Included in the discussion are tables 4.33, 4.34 and fig.4.28 which 

show the economic evaluation of the  proposed muds additives  and the existing 

muds additives using incremental DCF-ROR. 
 

 

4.5.1: Calculations of Yield Stress Using Herschel Buckley Model 

From figures 4.1 to 4.3 of the data generated from the Modified Power Law 

model, un-weighted mud gave the yield stress of 18lbs/100ft2 for proposed mud, 

14lbs/100ft2 for existing mud, 8lbs/100ft2 for regression line. Also for low solids 

mud (weighted with Calcium carbonate ), the proposed mud gave the yield stress 

of 36lbs/100ft2, as against 35lbs/100ft2 and 10lbs/100ft2 for existing mud and the 

regression line respectively as shown in figure 4.2. In figure 4.3, the weighted 

mud with barite gave 30lbs/100ft2 for proposed mud, 26lbs/100ft2 for existing mud 

and 10lbs/100ft2 for regression line. Yield Stress is responsible for the annular 

hole cleaning during drilling. The hole cleaning at low shear rates prevents pipe 

sticking known as differential sticking which may occur as a result  of poor hole 

cleaning. This will also lead to increase in equivalent circulating density due to 

increase in mud weight resulting from high cuttings concentration. Also, 
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inadequate hole cleaning may result to reduction in penetration rate and/or stuck 

pipe. 
 

Furthermore, the flow behavior index of both proposed muds and the existing 

polymer muds for annular flow as per the calculations shown in the appendix 

ranges between 0.4 to 0.5. Mian (1992 ) states that for non dispersed mud, n is 

usually between 0.4 and 0.7; for highly dispersed mud, n is usually between 0.7 

and 0.9. The lower the n value, the more non-Newtonian the mud, showing the 

property of shears thinning for drilling bits and nozzles cleaning. From the 

appendix, all the values of the annular flow behavior index for both proposed mud 

and the existing mud ranges between 0.4 to 0.5, showing enough shear thinning at 

the bit for nozzles cleaning. 
 

The proposed mud has a higher yield stress than the existing PAC polymer mud 

and it is a function of good hole cleaning. Anything less than the reference line, 

called a critical line. This is the region of high cuttings concentration that will lead 

to poor hole cleaning. In the other way round, the value of yield stress should not 

be excessively high to avoid surge and swab problems during tripping operations. 
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4.5.2: Effect of Temperature on Mud Properties 

 Figures 4.4 to 4.12, show  the effect of temperature on plastic viscosity, yield 

point and low shear rate yield point for both  proposed muds and the existing 

polymer muds. It is observed that temperature decreased as yield point, plastic 

viscosity and low shear rate yield point increased. 

 

Figures 4.13 through 4.15, show the effect of temperature on fluid loss which 

defines the amount of fluids that enters the formation during drilling operations. If 

not minimized particularly in the reservoir zone, formation damage will result. 

The fluid loss increased with increase in temperature. In this case, the existing 

mud is better than the proposed mud, although both gave good results. 
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4.5.3: Cutting Transport Ratio, Cutting Transport Efficiency,  Cuttings   

Concentration. 

Hole sizes of 24inchs, 17.5inchs, 12.25inchs, 8.5inchs with un-weighted mud, low 

solids mud (mud weighted with Calcium carbonate), and weighted mud with 

barite at different flow rates of 100gpm, 300gpm, 500gpm, 700gpm and 900gpm 

were analyzed based on cutting transport efficiency,   cutting transport ratio and 

cuttings  concentration .This  is to know the degree of the effectiveness of  the 

new  muds and the existing muds in terms of  hole cleaning. The analysis are 

based on the results shown in tables 4.20 to 4.31, and figures 4.16 to 4.27. The 

results obtained from the new muds  and the existing muds are approximately the 

same in terms of cutting transport ratio, cutting transport efficiency and cuttings 

concentrations. 

 

For  low flow rates and  large diameter holes, the proposed muds and the existing 

muds gave poor result of 23% cutting transport efficiency at 100gpm, 24inches 

hole diameter for un-weighted muds. It was shown from the tables that the results 

improve as the diameter of the hole decreases with increase in pump rate. The 

cutting transport efficiency of 99.8% was obtained from the proposed mud and  

the existing mud when weighted up with Calcium carbonate. As shown in fig. 

4.16 to 4.27, both show the same pattern, the flow rate increased with increase in 
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cutting transport efficiency, and slows down at 500gpm. The cuttings 

concentrations of the new muds and the existing muds were highly reduced for 

small diameter holes and high flow rates. When the cuttings concentration exceeds 

4 or 5 volume %, the effect on hydrostatic pressure and equivalent circulating 

density can be substantial  ( Baker Hughes, 1991 ). In conclusion, the proposed 

muds and the existing muds show good hole cleaning at high flow rates and small 

diameter holes. The cuttings concentration of 1.64 volume % and cutting transport 

ratio of 0.997 were recorded at 900gpm flow rate and 8.5 inches hole size. 

 

 

 

 

 

 

 

 

 



120 
 
 

 

 

 

 

 



121 
 
 

 

 

 

 

 



122 
 
 

 

 

 

 

 

 

 

 

 

 

 



123 
 
 

 

 

 

 

 

 

 

 

 

 

 



124 
 
 

 

 

 

 

 

 

 

 

 

 



125 
 
 

 

 

 

 

 

 

 

 



126 
 
 

 

 

 

 

 

 

 

 

 

 

 



127 
 
 

 

 

 

 

 

 

 

 

 

 

 



128 
 
 

 

 

 

 

 



129 
 
 

 

 

 

 

 

 

 

 

 

 

 

 



130 
 
 

 

 

 

 

 

 

 

 

 

 



131 
 
 

 

 

 

 

 

 

 

 

 

 

 

 



132 
 
 

 

 

 

FIGIJRE 4.16A: THE RELATIONSHIP BETWEEN TRANSPORT RATIO AND FLUID FLOW RATE FOR 24 INCH HOLE  

                          UN-WEIGHTED PROPOSED MUD AND EXISTING MUDS 

 

 

 

 

FIGURE 4.16B THE RELATIONSHIP BETWEEN CUTTINGS CONCENTRATION AND AVERAGE ANNULAR FLUID  

                      VELOCITY FOR 24 INCH HOLE UN-WEIGHTED PROPOSED MUD AND EXISTING MUDS 
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FIGURE 4.17B: THE RELATIONSHIP BETWEEN CUTTINGS CONCENTRATION AND AVERAGE ANNULAR FLUID  

                        VELOCITY FOR 24 INCH HOLE LOW-SOLIDS PROPOSED MUD AND EXISTING MUDS 

 

 

 

 

FIGURE 4.17A: THE RELATIONSHIP BETWEEN TRANSPORT RATIO AND FLUID FLOW RATE  FOR 24 INCH  
                         HOLE LOW-SOLIDS PROPOSED MUD AND EXISTING MUDS 
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FIGURE 4.18A THE RELATIONSHIP BETWEEN TRANSPORT RATIO AND FLUID FLOW RATE FOR 24 INCH HOLE  

                        WEIGHTED PROPOSED MUD AND EXISTING MUDS 

 

 

FIGURE 4.18B: THE RELATIONSHIP BETWEEN CUTTINGS CONCENTRATION AND AVERAGE ANNULAR FLUID  

                         VELOCITY FOR 24 INCH HOLE WEIGHTED PROPOSED MUD AND EXISTING MUDS 
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FIGURE 4.19A: THE RELATIONSHIP BETWEEN TRANSPORT RATIO AND FLUID FLOW RATE FOR 17.5 INCH HOLE  

                        UN-WEIGHTED PROPOSED MUD AND EXISTING MUDS 

 

 

FIGURE 4.19B: THE RELATIONSHIP JIETWEEN CUTTINGS CONCENTRATION AND AVERAGE ANNULAR FLUID  

                       VELOCITY FOR 17.5 INCH HOLE UN-WEIGHTED PRO MUD AND EXISTING MUDS 
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FIGURE 4.20A: THE RELATIONSHIP BETWEEN TRANSPORT RATIO AND FLUID FLOW RATE FOR 17.5 INCH HOLE  
                       LOW-SOLIDS PROPOSED MUD AND EXISTING MUDS 

 
 
 

 
 
FIGURE 4.20B: THE RELATIONSHIP BETWEEN CUTTINGS CONCENTRATION AND ANNULAR FLUID VELOCITY FOR  
                        17.5 INCH HOLE LOW-SOLIDS PROPOSED MUD AND EXISTING MUDS  
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FIGURE 4.21A: THE RELATIONSHIP BETWEEN TRANSPORT RATIO AND FLUID FLOW RATE FOR 17.5 INCH HOLE  
                       WEIGHTED PROPOSED MUD AND EXISTING MUDS 

 
 

 
 
FIGURE 4.17B: THE RELATIONSHIP BETWEEN CUTTINGS CONCENTRATION AND A ANNULAR FLUID VELOCITY FOR  
                         17.5 INCH HOLE WEIGHTED PROPOSED AND EXISTING MUDS 
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FIGURE 4.22A: THE RELATIONSHIP RETVEEN TRANSPORT RATIO AND FLUID FLOW RATE FOR 12.25 INCH HOLE 
                       UN-WEIGHTED PROPOSED MUD AND EXISTING 
 

 
 

 
FIGURE 4.22B: THE RELATIONSHIP BETWEEN CUTTINGS CONCENTRATION ANNULAR FLUID VELOCITY FOR  
                       12.25 INCH HOLE UN-WEIGHTED MUD AND EXISTING MUDS 
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FIGURE 4.23A: THE RELATIONSHIP BE’IWEEN TRANSPORT RATIO AND FLUW FLOW RATE FOR 2.25 INCH HOLE  
                        LOW-SOLIDS PROPOSED MUD AND EXISTING MUD   
 
 
 
 

 
FIGURE 4.23B: THE RELATIONSHIP BETWEEN CUTTINGS CONCENTRATION AND AVERAGE ANNULAR FLUID  
                      VELOCITY FOR 12.25 INCH HOLE LOW-SOLIDS PROPOSED MUD AND EXISTING MUDS  
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FIGURE 4.24A: THE RELATIONSHIP BETWEEN TRANSPORT RATIO AND FLUID FLOW RATE FOR 12.25 INCH HOLE  
                        WEIGHTED PROPOSED MUD AND EXISTING MUDS 

 
 

 
FIGURE 4.24B: THE RELATIONSHIP BETWEEN CUTTINGS CONCENTRATION AND AVERAGE ANNULAR FLUID  
                        VELOCITY FOR 12.25 INCH HOLE WEIGHTED PROPOSED MUD AND EXISTING MUDS    
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FICITRE 4.25A: THE REI.ATIONSIIIP BETWEEN TRANSPORT RATIO AND FLUID FLOW RATE FOR 8.5 INCH HOLE  
                             UN-WEIGHTED PROPOSED MUD AND EXISTING MUDS 

 
 
 
 

 
FIGURE 4.258: THE RELATIONSHIP BETWEEN CUTTINGS CONCENTRATION AND AVERAGE ANNULAR FLUID  
                             VELOCITY FOR 8.5 INCH HOLE UN-WEIGHTED PROPOSED MUD AND EXISTING MUDS 
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FIGURE 4.26A: THE RELATIONSHIP BETWEEN TRANSPORT RATIO AND FLUID FLOW RATE FOR ES INCH HOLE  
                         LOW-SOLIDS PROPOSED MIUD AND EXISTING MUDS 

 
 

 
FIGURE 4.26B: THE RELATIONSHIP BETWEEN CUTTINGS CONCENTRATION AND AVERAGEANNULAR FLUID  
                       VELOCITY FOR 8.5 INCH HOLE LOW-SOLIDS PROPOSED MUD AND EXISTING MUDS  
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FIGURE 4.27A:  THE RELATIONSHIP BETWEEN TRANSPORT RATIO AND FLUID FLOW RATE FOR 8.5 INCH HOLE  
                         WEIGHTED PROPOSED MUD AND EXISTING MUDS 

 
 
 

 
 
FIGURE 4.27B: THE RELATIONSHW BETWEEN CUTTINGS CONCENTRATION AND A ERAGE ANNULAR FLUID  
                        VELOCITY FOR 8.5 INCH HOLE WEIGHTED PROPOSED MUD AND EXISTING MUDS  
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4.5.4: Economic Evaluation of the Proposed Mud and the Existing Mud 

 To have a good analysis and comparison between the proposed muds and the 

existing polymer muds, Incremental Discounted Internal Rate of Returns  was 

used. A hypothetical example was used for the economic analysis for the mud.  

Let us assume  12.25” hole diameter drilled to a depth of  8,000ft with 3,000bbls 

of mud ( The amount of mud will take care of both the hole content and the total 

losses). 

 

Table 4.16,  shows the market survey carried out, the unit price in US dollars per 

25kg of both Detarium microcarpum, Brachystegia eurycoma, Pleurotus 

additives(proposed muds additives) and PAC polymer additives(existing muds 

additives) are itemized. 

Table 4.16: Additives  Market Survey Price 

Products Size Unit price($) 

Detarium  microcarpum 25kg 70.00 

Brachystegia eurycoma 25kg 72.00 

Pleurotus 25(kg 69.44 

Pac –R 25kg 136.00 

Pac- L 25kg 121.00 
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Based on tables of 4.18a and 4.18b,that is, assuming 5ppb of the additives and 

3,000bbls of mud, tables 4.32a and 4.32b were generated. 

 

Table 4.32a: Proposed mud Additives Cost( Mile 3 Market, 2011 )  

Products Concentratio

ns (ppb) 

Quantity 

(bags) 

Size (kg) Unit Cost 

($) 

Cost ($) 

Detarium  

microcarpum 

5 272 23 74.00 20,128 

Brachystegia 

eurycoma 

5 272 25 72.00 19.584 

Pleurotus 5 272 25 69.44 18.888 

Total     58,600 

Table 4.32a shows the price list of Detarium microcarpum, Brachystegia 

eurycoma and Pleurotus of the proposed mud obtained from Mile 3 market, Port 

Harcourt.   
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Table 4.32b: Existing mud  Additives Cost ( Baker Hughes, 2011 ) 

Products Concentrations 

(ppb) 

Quantity 

(bags) 

Size (kg) Unit Cost 

($) 

Cost ($) 

Pac –R 5 272 15 136.00 36,992 

 

Pac –L 

5 272 25 121.94 33,168 

Total      70,160 

 

Table 4.32b shows the price of Pac-R and Pac-L of the existing polymer mud 

obtained from Baker Hughes zoll price list ( Baker Hughes Inteq, 2011). The sum 

of $4,000.00 was spent for both freight and  duty stamps. 

 

 Assumptions:  

Cash Flow Duration is 10years. 

The  methods  applied for the  evaluation and comparison is the Incremental 

Discounted cash flow rate of return. 

Let the proposed mud be Case A and the existing mud be Case B.  

4.5.4.1: Incremental Analysis of the Projects 
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Incremental analysis must be used in analyzing any new proposed project, in order 

to select between alternatives. However, this case is a cost reducing project, that 

is, either choosing the proposed mud, Case A or the existing mud, Case B.    

Tables 4.33 and 4.34 were generated from tables 4.32a and 4.32b using 

Incremental DCF-ROR analysis. Data from tables 4.33 and 4.34 were used to 

obtain fig.4.28 . From fig 4.28, an incremental DCF-ROR  of  41.5% was 

obtained.   

 

Table 4.33:  Economic Evaluation of the  proposed mud  the Existing  
mud using Incremental Cash flow 

 

 

 

Year 

 

Case A 

Cash flow ($) 

 

Case B 

Cash flow ($) 

 

Incremental cash flow ($), 

Case A  –  B 

1 (5,860) (7,416) 1,556 

2 (5,860) (7,416) 1,556 

3 (5,860) (7,416) 1,556 

4 (5,860) (7,416) 1,556 

5 (5,860) (7,416) 1,556 

6 (5,860) (7,416) 1,556 

7 (5,560) (7,416) 1,556 

8 (5,860) (7,416) 1,556 

9 (5,860) (7,416) 1,556 

10 (5,860) (7,416) 1,556 

   15,560 
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Table 4.34: Economic Evaluation of the Proposed Mud and Existing  
mud and using Incremental  DCF – ROR  
 

Year 
 

 
Incremental cash flow 

($) 
 

(Case  A – B  ) 

 

Discount Rates Cash flow ($) 

  10% 20% 30% 

1 1,556 1,415  1,297 1,197 

2 1,556 1,286 1,080 921 

3 1,556 1,169 900 708 

4 1,556 1,063 750 545 

5 1,556 966 625 419 

6 1,556 878 521 322 

7 1,556 799 434 248 

8 1,556 726 362 191 

9 1,556 660 302 147 

10 1,556 600 252 113 
 15,560 9,562 6,523 4,811 
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From fig 4.28, it could be seen that the proposed mud is better than the PAC 

polymer mud in economic terms based on the incremental DCF-ROR of 41.5%  
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Fig 4.28 Determination of Incremental DCF-ROR

Incremental DCF-ROR is 41,5%
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4.6.0  Commercial Availability 

The availability of the locally sourced additives such as Detarium microcarpum, 

Brachystegia eurycoma and Pleurotus are high in West Africa and Southern part 

of Nigeria in particular. 

4.6.1 Detarium Microcarpum 

It is confined to west and central Africa. It is typically a specie of dry savanna 

(Leung  et  al, 1968). Among the Ibo tribe of south eastern Nigeria, the plant is 

known as “Ofo”. It  is believed to be a “religious” tree which grows in God’s own 

compound, symbolizing truth and honesty (Ejizu, 1986). It is the most 

investigated specie of the genus because of its popular use in Africa traditional 

medicine. In the eastern part of Nigeria, they are revered plants, mythically 

believed to be chip of the primal trees that germinate and grow in God’s own 

garden by water or animal dispersal. The Organization known as the integration 

action for human rights (2006)  in Mali revealed that, 200 hectares of degraded 

populations of Detarium  microcarpum were restored/protected in 10 villages. 400 

people in 10 villages trained and can apply biodiversity protection practices. 90% 

of people and local authorities in 43 villages aware of need to protect Detarium 

microcarpum. Communities are fully involved in protecting Detarium 

microcarpum and it is their main source of income. Gender and social inclusion 

500 – 800 men are involved in protection work. 600 children and 500 women are 

involved in making products and commercialization. 100 elders (village leaders) 

are involved in monitoring of environmental protection activities. Total revenue 
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for 10 villages in 2006 was $37,028US. This pattern of commercialization of 

Detarium microcarpum can equally be introduced in Nigeria. 

 

4.6.2 Brachystegia eurycoma 

Brachystegia eurycoma is one of the lesser known legumes, which have not been 

fully utilized to alleviate the problem of protein – energy malnutrition common in 

developing countries of the world such as Nigeria. It is a large crowded forest tree. 

It is 60m high and common on stream banks. Brachystegia   eurycoma is a woody 

plant mostly found in the rain forest zone, Eastern part of the country. In order to 

boost the small scale Brachystegia eurycoma production and develop the new 

market opportunities to stimulate economic growth in the South – East of Nigeria, 

one would have to expand alternative utilization/processing techniques in Agro – 

food systems.The rate of Brachystegia eurycoma harvested as timber in tropical 

rain forest ecosystem of Nigeria, Ondo between 2003 and 2005 is 2693 trees 

(Adekunle et al, 2009). Realizing the alternate   economic value of Brachystegia 

eurycoma, government should institute a law to stop using them as timber.  

 

 

 

4.6.3 Pleurotus 

Pleurotus is the type of non – poisonous and edible tuberous and bulb shaped 

mushrooms. Their texture is hard or stony or puffy in the case of bulbous types 
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with a visible sporocarp that lacks undersurface pores or gills but rather produce 

spores in a cloudy deposit on its surface. Pleurotus tuberregium is an example of 

soil burial mushroom. They are harvested from the bark of decaying wood or 

buried wood (Okhuoya J., 2011). They are buried in soils under shade or cool 

place. After 5 – 10 days, the Pleurotus start producing fruiting bodies in flushes 

which are harvested and eaten by local people. Collection of Pleurotus from the 

wild by the people is usually in the rainy season. The unused ones are preserved 

by some traditional methods like sun drying and smoking. It is found in many 

parts of tropical Africa. It is widely used especially in the eastern part of the 

country to make egusi like soup (Akpaja, et al, 2003). There is need for 

commercial protection of Pleurotus in Nigeria in view of its potential contribution 

to agricultural production and as a source of cheap protein. Nigeria is richly 

endowed with good quality mushrooms like Pleurotus which should be mass 

produced for local consumption as well as for international market. Since 

Pleurotus are seasonal and always in short of supply, commercial production is 

therefore necessary to ensure their constant availability. Commercial production 

of Pleurotus can also be done using agro waste materials as alternative substrates 

for the cultivation of Pleurotus using saw dust, oil palm fiber, dry cassava peels, a 

mixture of saw dust and oil palm fiber and  a mixture of cassava peels and oil 

palm fiber were used to cultivate mushrooms (Onuoha, C., 2009). 
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4.7.0 Environmental Impact Assessment (EIA) 

Some investigations were made into Environmental Impact Assessment about the 

impacts,  the mitigation, safeguards and risk elimination measures that should be 

followed / carried out in order to protect the workers, the clients and environment 

and keep them all safe and secure. 

The proposed project is predicted to be both beneficial and potentially has  

adverse socio-economic and cultural impacts on the environment, workers and the 

community. 
 

 

 

4.7.1: Beneficial Impacts 

 It shall contribute to enhancing Nigeria’s domestic productivity, and help 

diversify Nigeria’s economy. 

 Provision of employment and stimulation of local economy. 

 Enhancement of community development projects through implementation of 

company community development program , which shall ensure the provision 

of basic facilities that are lacking and improvement on existing ones. 

 Potential improvement on social and cultural values of local people’s 

exchange of values and standards through positive social interactions. Possible 

to positive change in lifestyles due to availability of income when the natives 

take up company jobs. 

4.7.2 : Adverse Impacts 
Identified Impacts  Proposed Mitigation Measures 
 Dust/solid waste disposal during 

construction  
 Most of the dust generating activities 

during construction shall last for a 
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brief period. Dusts shall be 
suppressed using water browsers to 
spray exposed land surfaces 

 Air emissions during the operation 
phase of production, especially dust 

 Dust emitted during proposed 
products production is generally 
non-toxic, non-corrosive, non-
inflammable, - non-explosive, and 
also not hazardous. Nevertheless, 
adequate mitigation measures such 
as Electrostatic Precipitators shall 
be put in place. 

 Conflicts due to loss of agricultural 
land/ income derived from land 

 Provide reasonable compensation for 
lost crops/economic trees. 

 Provide subsidies for procurement of 
farm inputs to assist affected farmers 
that may wish to continue farming on 
other lands.  

 High noise levels during production 
process  

 The project shall utilize the latest 
technology, which shall guarantee 
low noise levels. Noise will further 
be attenuated by the use of mufflers 
and silencers as dampeners.  

 Equipment, machinery and tools 
shall be serviced regularly to ensure 
low noise emission. 

 The use of ear defenders shall be 
mandatory in high noise sections     

 

 

 

 

4.7.3: Feasibility Study, Distributive and Marketing Possibilities  

 This type of developmental project, like the one under study here, will help to 

minimize the growing rate of unemployment among the Nigerian labour power 
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and contribute to build a self-dependent economy for the quested Nigerian state. 

Packaging bags in 25kg  have to be  locally produced. 

The proposed project foresees a major business opportunity in being the first 

locally sourced biodegradable additives to be produced  in Nigeria. The machines 

for the processing can equally be manufactured in Nigeria. The site of the industry 

has to be located near the Detarium microcarpum, Brachystegia eurycoma 

Plantations and  Pleurotus production sites . The product will be technically 

quality controlled and quality checked,  packaged in 25kg bags, then deposited 

with care at the warehouse for loading on the trucks to the concerned client. This 

project is expected to enforce and broaden the local private sector, especially, in 

the oil sector to become less dependent on foreign products. Compared to the 

imported existing PAC-polymer, local production will generate added value in 

terms of profit that remains within the Nigerian borders and can be reinvested. 

This will improve employment as well as the Nigeria trade balance. 

 

 

4.7.4: Licensing and Consultancy  

The proposed project  will comply with all needed licensing demands from all 

related governmental and/ or semi-governmental institutions; especially from the 

ministries of (Environment + Local Government + National Economy + Health + 
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Finance + Agriculture etc). In the study, university professors, qualified engineers, 

environmental specialists and persons with long experience in drilling mud are to 

be involved. The end result of the proposed business is promising and will gain 

momentum with time.  

 

 

 

 

 

 

 

 

 

 

 

Table 4.33: Results Summary 

Considerations Proposed Mud Existing Polymer 

Mud 

Yield Point Ok but better Ok 

Effective Viscosity Ok but better Ok 

Low Shear Rate Ok but better  Ok  

Fluid Loss Ok Ok but better 
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Gel Strength Ok but better Ok 

Inhibition Ok but better Ok 

Effect of Temperature Same Same 

Cutting Transport Ratio Same Same 

Cutting Transport Efficiency Same Same 

Cuttings Volume 

Concentration 

Same Same 

Cost Reduction ( $ ) Ok but better Ok 

Commercial Availability Not available Ok 

Environmental Impact 

Assessment 

Ok  Ok 

 

 

In over all considerations, the rheological properties of the  proposed muds are 

slightly better than the  existing polymer muds. 

 

 

 

 

 

 

 

 

 

 



158 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER V 

5.0 CONCLUSION AND RECOMMENDATION 

5.1 Conclusions 

1. The rheological properties of the proposed muds are slightly better than the 

existing PAC polymer muds of equal concentrations. 
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2. Hole cleaning parameters of the proposed muds and the existing polymer  

muds are approximately the same.  

3. In economic terms,  the proposed mud is better than the PAC polymer mud 

based on the DCF-ROR of 41.5%.  

4. In all considerations, the rheological properties of the proposed muds are 

slightly better than the existing polymer muds, but the former are not 

commercially available for preparing drilling fluids. 

5.2 Contribution to Knowledge  

The major contribution of this study  was to formulate drilling fluids from locally 

obtained biomaterials for effective drilling. Based on the result the work, it is 

confirmed that the local products are not economically and commercially 

comparable to currently used PAC polymer mud. Hence, the major contribution is 

to dissuade investors from using these products as they are, without further 

evaluation using the results of this work as a base.  

 

5.3 Recommendations 

1. Efforts should be made to grow the products for commercial availability, but 

the cost benefit will have to justify the investment. This is subject to further 

studies. 
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2. More study should be done to know if the proposed products are compatible 

with oil base muds. 
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Appendix 

  Sample Calculations for Proposed and Existing Muds. 

Equations 2.6 and 2.7 are therefore, applied to obtain different values of annular 

flow behavior index, na and consistency index ka, from Tables4.1 – 4.3 at 

different temperatures, the data then regressed    Adegun et al (2004 ). 

 

In reference to Table 4.1 

The computations  are done for both proposed mud and the existing mud at 

differenttemperatures. 

 

 

For Proposed Mud 

θ300  =19 ,θ3 = 3 at room temperature 

na = 0.5 log(19/3) ; 

na= 0.5log 6.333                                                                                                                                      

na  =0.4008                                            
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ka =(5.11 x 19)/(511) 0.4008  =97.09/12.18  = 7.97Eq-cp 

 

θ300  = 16 , θ3 = 2 at 1200 F 

na = 0.5 log(16/2)   

na = 0.5 log 8 

na = 0.4515 
 

ka = (5.11 x 16)/(511) 0.4515  =81.76/16.71  = 4.89Eq-cp 

 

 

θ300  = 15 , θ3 = 2 at 1500 F 

 

na = 0.5 log (15/2)    

na = 0.5 log 7.5 

      

na = 0.4375 

ka = (5.11 x 15)/(511) 0.4375  =76.65/15.31  = 5.00Eq-cp 

θ300  = 14 , θ3 = 2 at 1800 F 

na = 0.5 log(14/2)   

na = 0.5 log 7  

    

na = 0.4225 

 

ka = (5.11 x 14)/(511) 0.4225  =71.54/15.31  = 5.13Eq-cp 
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Mean  Computation  of  na and  ka 

Mean na=  ∑na/N=(0.4008+0.4515+0.4375+0.4225)/4 

                        1.7123/4    =0.4281 

Mean Ka = ∑Ka/N=(7.97+4.89+5.00+5.13)/4 

                           = 22.99/4     = 5.75Eq-cp   

Therefore, 

Net Herschel Buckley equation for proposed mud becomes 

I =  Iy + 5.75 y0.4281...................................................................... 4.6 

 

 For Existing  Mud 

 

θ300  = 17 ,θ3 = 2 at  room temperature 

 

na = 0.5 log (17/2) 

= 0.5 log 8.5                                                                                                                          

na      =  0.4647 

ka = (5.11 x 17)/(511) 0.4647  =86.17/18.14  = 4.79Eq-cp 

θ300  = 15 , θ= 3 2 at 1200F 

na = 0.5 log(15/2)   

na = 0.5 log 7.5 

      

na = 0.4375 

 

ka = (5.11 x 15)/(511) 0.4375  =76.65/15.31  = 5.00Eq-cp 
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θ300  = 14 and θ3 = 2 at 1500F 

na = 0.5 log 7 na = 0.5 log(14/2)  

na = 0.4225 

 

ka = (5.11 x 14)/(511) 0.4225 =71.54/13.94  = 5.13Eq-cp 

 

 

 

 

θ300  = 13 ,  θ3 = 2 at 1800F 

na =0.5 log(13/2)   

na = 0.5 log 6.5 

     

na = 0.4065 

ka = (5.11 x 13)/(511) 0.4065  =66.43/12.62  = 5.26Eq-cp 

 
 

Mean Computation of  na and ka 

 

Mean na = ∑na/N = (0.4647+0.4375+0.4225+0.4065)/4 

                            =1.7312/4   =  0.4328Eq-cp 

Mean ka = ∑ka/N = (4.79+5.00+5.13+5.26)/4=20/4   = 5.05 

Net Hershel Buckley equation for existing mud becomes 

Iy = y + 5.05 y0.4328.............................................................................. 4.7 
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Substituting the Shear Rate values into Equations 4.6 and 4.7 to obtain Table4.8. 

 

 

 

 

 

Table4.7:  Calculations of Yield Stress using Herschel-Buckley 

model(Unweighted Proposed and Existing Muds) 

Proposed Mud (Equ. 4.4) Existing Mud (Equ.4.5) 

(x) 

I600 = 24+ 5.75 (1022)0.4281 

I600 = 135.69 

I300 = 16 + 5.75 (511)0.4281 

I300 = 99.01 

I200= 13 + 5.75 (340.7)0.4281 

I200 = 82.79 

I100 = 9 + 5.75 (170.3)0.4281 

I100 = 60.86 

I6 = 3 + 5.75 (10.22)0.4281 

I6 = 18.55 

I3 = 2.25 + 5.75 (5.11)0.4281 

I3 = 13.81 

(y) 

I600 = 22.5 + 5.05 (1022)0.4328 

I600=123.84  

I300 = 14.75 + 5.05(511)0.4328 

I300= 89.83 

I200 = 11.75 + 5.05 (340.7)0.4328 

I200 = 74.74 

I100 = 8.5 + 5.05 (170.3)0.4328 

I100 = 55.16 

I6 = 2.75 + 5.05 (10.22)0.4328 

I6 = 16.56 

I3 = 2.00 + 5.05 (5.11)0.4328 

I3 = 12.23 
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4.2.3 Regression Line between Proposed and Existing Mud Equations 

This is done to linearize the proposed and existing data obtained from Herschel-

Buckley model to yield the regression data between proposed and the existing 

mud data as shown in Table4.8. 

 

 

Table 4.8: Regression Data( From Table 4.1 ) 

 

X Y       x2 xy 

135.69 123.84 18411.78 16803.85 

99.01 89.83 9802.98 8894.07 

82.79 74.74 6854.18 6187.72 

60.86 55.16 3703.94 3357.03 

18.55 16.56 344.10 307.19 

13.81 12.23 190.72 168.90 

401.71 372.36 38997.70 35718.76 

 

 

From the above Table 

 ∑x= 401.71   ∑y= 372.36                                       

∑x2= 38997.70  ∑xy= 35718.76 
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x = 401.71 /6 =  66.95 

y = 372.36/6 = 62.06 

ka =  [(N∑xy –(∑x)(∑y)]/[N∑x2-(∑x)2]  

= [(6(35718.76)-(401.71)(372.36)]/[6(38997.7)-(401.71)2]      

     =[214312.56-149580.74]/[233986.20-161370.92] 

     =64731.82/72615.28 

     =0.8914Eq-cp 

The intercept Iy = y - kax-------------------------------------4.8  

 Where,   Equation 4.8 is the generalized Regression Equation.                                                        

 Iy = 62.06 - 0.8914 (66.95) 

   Iy =2.38  

 

IPE=  2.38+ 0.8914k-------------------------------------------------------    4.9 

Where IPE represent combined equation of proposed and existing mud and 

From Equation 4.9 

k = na ;  na=(0.4281+0.4328)/2 :   k = 0.4306  

The equation used for generating the values for regression column is 

  I    =  Iy +2.38 + 0.8914 0.4306…………………………………………...4.10 

 

Table 4.9  Generated Data for Comparison then obtained. 

 

In reference to Table 4.2.For Proposed Mud. 
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θ300  =87 ,θ3 = 9 at room temperature 

na = 0.5 log(87/9)  

na=0.5 log 9.6667   

na = 0.4926 

ka = (5.11 x 87)/(511) 0.4926  =444.7/21.58 = 20.60Eq-cp 

 

 

θ300  =59 , θ3 = 8 at 1200F 

na = 0.5 log(59/8)  

na = 0.5 log  

na = 0.4339              

ka = (5.11 x 59)/(511) 0.4339  =301.49/14.97  = 20.14Eq-cp 

 

θ300  =57 , θ3 = 7 at 1500F 

na = 0.5 log(57/7)  

na = 0.5 log 8.1429 

      

na = 0.4554 

ka = (5.11 x 57)/(511) 0.4554  =291.27/17.17  = 16.96Eq-cp  

 

θ300  =52 , θ3 = 6 at 1800F 

na = 0.5 log(52/6)  

na = 0.5 log 8.6667 
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na = 0.4689 

ka = (5.11 x 52)/(511) 0.4689  =265.72/18.62  = 14.27Eq-cp 

 

 

 

 

 

 

Mean Computations of naand ka 

Mean na = ∑na/N =(0.4926+0.4339+0.4554+0.4689)/4 

 = 0.4627 

Mean ka = ∑ka  =(20.60+20.14+16.96+14.27)/4 = 17.99Eq-cp 

Net Hershel Buckley equation for proposed mud becomes 

I =  Iy + 17.99y0.4627....................................................... 4.11 

 

 

For Existing Mud 

θ300  =75 ,θ3 = 8 at room temperature 

na = 0.5 log(75/8)  

na= 0.5 log 9.37 

na = 0.4860 

ka = (5.11 x 75)/(511) 0.4860  =383.25/20.72  = 18.35Eq-cp 

 

θ300  =52 ,θ3 = 6 at 1200F 

na = 0.5 log(52/6)  
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na = 0.5 log 8.66 

na = 0.4689 

ka= (5.11 x 52)/(511) 0.4839  =265.72/20.45  = 12.99Eq-cp 

 

θ300  =50 ,θ3 = 6 at 1500F 

na = 0.5 log (50/6)   

na= 0.5 log 8.5000 
       
na = 0.4604 
ka= (5.11 x 50)/(511) 0.4604  =255.5/17.66  = 14.47Eq-cp 
 
 
θ300  =47 ,θ3 = 5 at 1800F 

na = 0.5 log (47/5)   

na = 0.5log9.400 
       
na= 0.4866 
ka= (5.11 x 47)/(511) 0.4866  =240.17/20.79 = 11.55Eq-cp 
 

Mean Computations of naand Ka 

 

Mean na =∑na/N  =(0.4860+0.4689+0.4604+0.4866)/4=1.9019/4   

                  = 0.4755 

Mean ka = ∑ka = (18.35+12.99+14.47+11.55)/4 

=57.36/4       =       14.34Eq-cp 

Net Hershel Buckley equation for proposed mud becomes 

I =  Iy + 14.34y0.4755........................................................................................... 4.12 

 



177 
 
 

Substituting The Shear Rate Values into Equations 4.11 and  4.12 to obtain 

Table4.11 

 

 

 

Table4.10: Calculations of Yield Stress using Herschel-Buckley model 

(Weighted muds with Calcium Carbonate, Proposed and Existing).  

Proposed Mud (Equ. 4.12) Existing Mud (Equ. 4.11) 

(x) 

 

  I600 = 86 + 17.99 (1022)0.4627 

I600 = 530.12 

I300 = 63.75 + 17.99 (511)0.4627 

I300 = 386.02 

I200=  51.5+ 17.99(340.7)0.4627 

I200 = 318.65 

I100 = 37.25+17.99(170.3)0.4627 

I100 = 231.08 

I6 = 8.75 + 17.99 (10.22)0.4627 

(y) 

 

I600 = 79 + 14.34 (1022)0.4755 

I600 = 465.85 

I300 = 56+ 14.34 (511)0.4755 

I300= 334.23 

I200 = 46.5 + 14.34 (340.7)0.4755 

I200 = 275.95 

I100 = 35 + 14.34 (170.3)0.4755 

I100 = 200.00 

I6 = 7.75 + 14.34 (10.22)0.4755 
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I6 = 61.49 

I3 = 7.5 + 17.99 (5.11)0.4627 

I3 = 45.77 

I6 = 51.06 

I3 = 6.25+ 14.34 (5.11)0.4755 

I3 = 37.40 

 

 

 

Table 4.11: Regression Data ( From Table 4.2 ) 

 

Y 

 

Xy 

530.12 465.85 281027.21 246956.40 

386.02 334.23 149011.44 129019.46 

318.65 275.95 101537.82 87931.47 

231.08 200.00 53397.97 46216.00 

61.49 51.06 3781.02 3139.68 

45.77 37.40 2094.89 1711.80 

1573.13  1364.49 590850.35 514974.81 

  

 

 

∑x=1573.13             ∑y=1364.49                  ∑x2=590850.35                

∑xy=514974.81       x=1573.13/6   =262.19       y=1364.49/6=227.42 
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Ka=[N∑xy-(∑x)(∑y)]/  [N∑x2-(∑x)2]                                                       

=[6(514974.81)-(1573.13)(1364.49)]/[6(590850.35)-(1573.13) 2] =[3089848.86-

2146520.15]/[3545102.10-2474737.00]          =    943328.66/1070365.10=0.8813Eq-cp                                                 

 

The intercept     Iy = y -ka x 

          = 227.42 -0.8813 (262.19) 

   = 227.42 -231.07  

   = -3.65 

lPE = -3.65 + 0.9485 k.................. .......................... …………..4.13 

 where k = na 

 

na = (0.4627 + 0.4755 )/2 = 0.4691 

 

The equation used for generating the values for regression. 

I = Iy -3.65 + 0.94850.4691............................................................. 4.14 

 
 

Generated  Data for Comparison of table4.12 then obtained. 
 

In Reference to Table 4.3. 
 
       For Proposed Mud  
 
θ300 = 67, θ3 = 7 at room temperature 
 
na= 0.5 log (67/7)  
na = 0.5 log 9.28 
na = 0.4839 
ka = (5.11 x 67)/(511) 0.4839  =342.37/20.44  = 16.75Eq-cp 
 
θ300 = 60, θ3 = 6 at 1200F 
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na= 0.5log (60/6)  
 
na = 0.5log10 
     
na= 0.5000 
 
ka= (5.11x60)/ 511 0.5 =306.6/22.61=13.53Eq-cp 
 
 
 
 
θ300 = 54, θ3 = 3 at 1500F                                                               
 
na = 0.5log (54/5);   
na= 0.5 log 1 
na = 0.5167 
 
ka= (5.11 x 54)/511 0.5167 =275.94/25.04=11.02Eq-cp 
 
θ300 = 46, θ3 = 5 at 1800F 
na= 0.5log (46/5);  
na= 0.5log (9) 
na = 0.4819 
ka = (5.11 x 46)/511. 0.4819= 235.94/20.19 = 11.64Eq-cp    
   

 

Mean Computation of na and ka 
 
Mean na= ∑na/N = (0.4839 + 0.5000+0.5167 + 0.4819)/4                                         
                   =     1.9825/4    = 0.4956  
 
Mean ka= ∑ka/N  = (16.75+13.53 + 11.02 + 11.64)/4Eq-cp 
     =52.94/4=13.24 
Net Herschel Buckley equation for proposed mud becomes 
I = ly + 13.24 y 0.4956 ....................................................................4.15 
 
 
For Existing Mud 
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θ300 = 62, θ3 = 7 at room temperature 
 
na = 0.5 log (62/7)  
na = 0.5 log 8.8571 
na = 0.4736 
ka = (5.11 x 62)/511     =316.82/19.17=16.52Eq-cp 
 
 
θ300 = 57, θ3 = 5 at 1200F 
 
ka = (5.11 x 57)/(511)    =  291.27/27.02 = 10.78Eq-cp   
na = 0.5 log (51/5)  
na = 0.5 log 10.2 
θ300 = 51, θ3 = 5 at 1500F 
 
na=0.5log(51/5)       
na=0.5log10.20 
na=0.5043 
ka=(5.11x51)/511  0.5043   =260.61/23.22=11.22Eq-cp 
 
 
θ300 = 42, θ3 = 4 at 1800F 
na = 0.5 log (42/4)  
na= 0.5log 10.5 
na = 0.5106 
ka = (5.11 x 42)/(511) 0.5106 =216.62/24.15  =8.97Eq-cp 

 
Mean na= ∑na/N = (0.4736+ 0.5286+0.5043 + 0.5106)/4                                         
                   =2.017/4    = 0.5043  

. 
Mean ka= ∑ka/N = (16.52 + 10.78+11.22 + 8.97)/4                                                            
=47.49/4    = 11.98 
Net Herschel Buckley equation for existing mud becomes, 
 
 
I = ly + 11.98 y 0.5043 ........................................................................4.16 
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Substituting The Shear Rate Values in Equation (4.15) and Equation (4.16) to 

obtain Table4.14. 

 
 

 

 

 

 

 

 Table4.13: Calculations of Yield Stress using Herschel-Buckley model 

weighted with Barite mud ( Proposed and Existing) 

 

Proposed Mud (Equ.5.15) Existing Mud (Equ.5.16) 

(x) 

I600 = 80 + 13.24 (1022)0.4956 

I600 = 490.56 

I300 = 56.76 + 13.24 (511)0.4956 

I300 = 347.95 

I200= 46.75+ 13.24(340.7)0.4956 

I200 = 284.94 

I100 = 33 + 13.24 (170.3)0.4956 

I100 = 201.92 

I6 = 7 + 13.24 (10.22)0.4956 

I6 = 48.90 

I3 = 5.75 + 13.24 (5.11)0.4956 

I3 = 35.47 

(y) 

I600 = 75.75+ 11.87 (1022)0.5043 

I600 = 466.70 

I300 = 53 + 11.87(511)0.5043 

I300= 328.62 

I200 = 43.75 +11.87(340.7)0.5043 

I200 =268.41  

I100 = 31+ 11.87 (170.3)0.5043 

I100 = 189.36 

I6 = 6.25 + 11.87(10.22)0.5043 

I6 = 44.58 

I3 = 5.25 + 11.87 (5.11)0.5043 

I3 = 32.27 
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Table 4.14: Regression Data ( From Table 4.3 ) 

 

Y 

 

xy 

490.56 466.70 240649.11 228944.35 

347.95 328.62 121069.20 114343.33 

284.94 268.41 81190.80 76480.75 

201.92 189.36 40771.69 38235.57 

48.90 44.58 2391.21 2179.96 

35.47 32.27 1258.12 1144.62 

1409.94 1329.94 487330.13 461328.58 

 

 

From the above Table 

 ∑x= 1409.94              ∑y= 1329.94 
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 ∑x2= 487330.13 ∑xy= 461328.58 

x = 1409.94/6 =  234.9 y = 1329.94/6 = 221.66  ka  =  [(N∑xy –(∑x)(∑y)]/[N∑x2-(∑x)2]  

= [(6(461328.58)-(1409.94)(1329.94)]/[6(487330.13)-(1409.94)2]      

    =892835.88/936049.98 

     =0.9538Eq-cp 

      The intercept Iy =Y - kax  

 Iy = 221.66– 0.9538 (234.99) 

Iy = - 2.47 

IPE = Iy – 2.47+ 0.9538k................................................................................4.17 

Where IPE represent combined equation of proposed and existing mud and 

k = n
a; na=(0.4956+0.5046)/2=0.5000 :  k=y 0.5000 

 

 

 

 

 

 

 

The equation used for generating the values for regression column , shown in 

table4.13 is I   = Iy – 2.47 + 0.9538y0.5000 

 

 Generated Data For Comparison of table4.15 then obtained.  
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