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Abstract 

The Niger Delta region of Nigeria is characterized with several drilling operations in the quest for 

hydrocarcons. Drilling fluids namely ClearBore, Bentonite and HydroPac were examined using Silicon fluid as 

standard Newtonian fluid. They are complex non-Newtonian fluid and key components of drilling mud. For 

each test fluid studied, there were five (5) replicates at varying concentrations and experimental results 

analyzed using the Power Law model. The main reason is to investigate the effects of varying fluid 

concentrations on the thermodynamic energy of the system. Empirical results showed that ClearBore, Bentonite 

and HydroPac are non-Newtonian fluids, although certain thixoropic properties were observed for ClearBore 

and Bentonite. Energy lost on experimental trials were observed to be reduced due to increment in the toque 

speed of the Rheometer. This has both cost advantage and of considerable importance in reducing drilling 

waste generated during drilling operations and well completions. Drilling fluid wastes not managed and 

disposed properly, could cause serious environmental contamination of land, marine, surface water bodies and 

ground water aquifer since they contain heavy metals and varying concentrations of hydrocarbons. These heavy 

metals and hydrocarbons could inflict haematological, biochemical and histopathological maladies on resident 

biota owing to their toxicity, persistence and bioaccumulative properties.  

 

Keywords: Rheology, Newtonian fluid, Non-Newtonian fluid, Drilling fluid, Shear stress, Shear thinning, 

Thixotropic gel, Shear strain 

 

1. Introduction 

Basic principles of rheology remain the same across different fields of study except for differences arising from 

system applications. Drilling fluid is any fluid employed in drilling operations. It is either circulated or pumped 
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from the surface down the drill string to the drill bit and back to the surface through the annulus. The behaviour 

of these types of fluids is typical of non-Newtonian fluid and as such, dominated by shearing resulting from the 

rotating drill bit. The rheology of drilling fluid is of significant importance and applicable when high efficiency 

is desired. The main purpose is to monitor and control the viscosity of the fluid in order to minimise energy loss 

during operation and as well, save on cost.  Essentially, drilling fluid is used to remove cuttings from the well, 

control formation pressures, suspend and release cuttings, seal permeable formations, transmit hydraulic energy 

to tools and bit, reduce reservoir damage, permit adequate formation and evaluation of fluid, control erosion, 

maintain and stabilize the wellbore, cool, lubricate, support the drill bit and drill assembly, facilitate cementing 

and well completion, inhibit gas hydrate formation and minimize impact on the environment (Whorlow 1992; 

Barnes and Nguyen 2001). 

Most drilling fluids are non-Newtonian and as such, many industrial applications require fluids to either be 

pumped or mixed by stirring (Arthur and Frank 1979; Hiller 1963). The essence is not only to create fluids of 

desirable qualities but make allowance for variable viscosity in sizing and selection of equipment, monitoring 

process conditions, characterizing component material and product prediction. The implication of failure to 

understudy the rheological properties of fluids is resultant in poor system performance and energy inefficiency 

(Macosco 1994; Crowe et al. 2001; Gebhard 1994). In other words, the requirement for an in depth knowledge 

of fluid behaviour is directly related to cost and effectiveness of intended product use. 

The focus therefore is to examine the rheology of fluids of different molecular geometry with considerable 

interest in drilling fluids. Wyoming bentonite is an absorbent aluminium phyllosilicate, impure clay consisting 

mainly sodium montmorillonite which is used for drilling fluid applications. This accounts for its high swelling 

capacity and viscosity compared to other bentonites. The high viscosity of sodium montmorillonites had been 

attributed to high degree of hydration of its particles by the dispersed water medium (Ulrich et al.1935; Darley 

1988). Clearbore and HydroPac are hybrid polymer formulated drilling fluid. They are usually suspended in 

water at concentrations of few percent and the electrostatic van der Waal’s interaction forces between the 

particles leads to the formation of thixotropic gel (Chafe and de Bruyn 2005). This feature makes it a vital 

component of several materials of industrial benefits like drilling mud, paper coating and pharmaceutical 

products, to name a few. For the purpose of demonstrating the industrial relevance of rheology in consonance 

with drilling fluid waste, our choice of fluids is based on availability, ease of washing off after use with the 

Rheometer, safety of handling, simplicity and reproducibility of results.  

Three samples of drilling fluids namely Bentonite (WYOMING GDM, from Steetley Bentonite & Absorbents 

Ltd), Clearbore and HydrPac (from Drilling Supplies Ireland Ltd) were investigated using the Rheometer.   

Fundamentally, the operation of the Rheometer is similar to the drilling system and as such makes it a 

dependable instrument for studying the rheological properties of fluid. The drilling fluid velocity and the 

resulting rate of shear at the walls of the conduits play an important role on the viscosity of the fluid pumped 

and of similar function as the annulus of the concentric cylinder of the Rheometer. The viscosities of fluid 

samples at variable concentration were computed using rheological models. The rationale for the study is to 

build understanding from universal fluid and as well, use it as reference point for other materials especially as it 

being used for drilling in the Niger Delta region of Nigeria. Test fluids were measured with RHEOMAT 115. 

 

2. Experimental Procedure 

The choice of test fluids was based on availability, ease of washing off after use with the Rheometer, safety of 

handling, simplicity and reproducibility of results. Test fluid of a given concentration was filled between the 

annulus of concentric cylinders until it touched the volume indicator mark on the wall of the outer cylinder. The 
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fluid was fed into the annulus of the concentric cylinder and inserted into the upper chamber of the Rheometer. 

At the bottom end of this chamber is a screw stopper which holds the concentric cylinders in position. Before 

the turning on the power control, switch gears were kept at zero mark. This was done to prevent the Rheometer 

from over firing which can result from empty loading. Furthermore, the control was switched on through the 

green button at the right hand side of the control followed by indication of light at the speed setting switch, 

power button and the display section of the control. The display reading of the display was corrected to zero 

before starting up the switch gear.  The speed control button was used to increase or decrease the speed of the 

toque rotation from 1 to 15 step size and corresponding shear was read out from the display. The readings 

obtained were taken for increasing and decreasing speed step and the average of each point computed to 

account for minute differences in the toque read-out due to hysteresis. 

As previously stated, speed reduction could be achieved by either selecting Type A or Type B mode on the 

switch lever at the heating chamber. Plug-in nipples were connected between the two non-return valves to 

recirculation thermostat through two water hoses secured with clamps. The thermostat was set to ensure 

consistency in temperature of the test fluid. The temperature was continuously checked by the thermometer in 

the heating chamber. The tube was moistened with glycerine in order to have assurance of an optimum heat 

transmission from heating chamber to measuring tube. Nipples were inserted into the quick locking devices by 

moving their sliding sleeves towards the stand. When the plug-in nipples were disconnected, non-return valves 

in the quick locking devices were closed to prevent the heating chamber from being emptied.  

Fluid viscosity causes deflection of the spindle which is correlated by the torque read out and displayed in the 

digital meter (min
-1

). Torque read out is used to calculate the shear stress which is plotted against the shear rate 

and again, it also depends on speed of rotation, tool geometry, size and shape of the test container. 

 

3. Result Analysis 

A different system setting exists for RHEOMAT 115 and conforms to MS DIN 145, MS DIN 125, MS DIN 114 

and MS DIN 108. This classification is based on the level of filling of the measuring bob which is indicated by 

a mark on the annular cylinder. The torque read-outs are of considerable importance in calculating the 

rheological properties of substances and are corrected with the selected system setting which depends on the 

gear settings and shear stress correction factor as given by Table 1   

The gear settings vary for N equal to 10 or 100 for Rheomat 115. By default the measuring system (MS) 

operates according to DIN 53019 system codes which are given by the manufacturer of the instrument. The 

shear rate as obtained from the instrument is used with the corrected shear stress value to compute the true shear 

stress. Shear stress correction factor can be calculated from Newton’s viscous law as shown: 

� � ���             3.1 

Take for instance, at speed step 1 for MS DIN 145; 

� � 29.42 � 6.643 � 195.43 

Thus relative step increase in shear stress is constant at varying shear rate. Torque read-out from the Rheometer 

in this report was corrected with MS 145 values as shown in Table 3.0 and used to compute the true shear stress 

� induced by the measuring systems toque at given shear rate � � �� , viscosity. 

Shear stress factor can be corrected by the flowing equations: 

� % represents the shear stress per % indication (mPas) 

� % represents factors used for calculating the absolute viscosity of Newtonian fluids and the apparent viscosity 

of non-Newtonian substances (mPas) 
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Viscosity: 

� �
����� ������ � % �% ����������

�������  �!���
         3.2 

Hence,  

"#$%&$#'( � )*+,$- � � % .,%'&/ � % #01#%,'#&0      3.3 

Note that the shearing speed D is directly indicated for every speed step (s
-1

) and shear stress calculated from 

the � % .,%'&/ value multiplied by the torque read out (mPas). The rotational speed is only informative and 

indicated for each speed step (min
-1

). Each of the test fluids generate sets of readings, although for the purposes 

this study, data obtained for standard fluids are presented and compared with test fluid.  

Applying Power law to analyze experimental obtained for Bentonite, ClearBore and HydroPac; 

� � 23�� �           3.4 

So that, when the log of both side is taken, it becomes; 

 

4&5� � 4&53 6 04&5��          3.5 

 

Table 2 was used to plot shear rate against the shear stresses as shown in Fig. 1. It is interesting to note that 

fluids of HydroPac, ClearBore and Bentonite have smoother curve and shows clarity in the relationship that 

exists between molecules of fluid due to shear force. Silicone fluid no doubt is typical of a pure Newtonian fluid 

as the shear stress directly relates to the shear rate in a linear curve. The properties being displayed in Fig. 1 

clearly shows decrease in viscosity as the shear rate increase. The behaviour of the flow curves appears to have 

common characteristics at the early stage of shear flow. They begin quite like Newtonian liquids where shear 

stress is proportional the shear rate at constant viscosity and thereafter, the curve was observed to decrease in 

shear stress at increasing shear rate. Notice also that at some point, HydroPac and ClearBore was seen to cross 

the curve representing Silicone fluid. Bentonite had a similar start but degraded to behaviour close to 

Newtonian liquids. Overall,   it can be inferred that fluid flow involves change from one form of properties to 

another or a mix of two or more properties.   

The plot of shear stress against shear rate depicts a non-Newtonian behaviour for all test fluid except Silicone 

fluid. Note however that other properties can be associated with certain characteristics depending of the size, 

shape, time and the gap between the annulus of the system. The behaviour of ClearBore however indicate drop 

in viscosity after an observed increase in viscosity at nearly increasing shear rate and aferwards, the bebaviour 

pick up to about the initial behaviour before the drop. Essentially, this behaviour can be attributed to thixotropy 

and involves decrease in apparent viscosity under shear stress, followed by gradual recovery when the stress is 

removed.  Bentonite behaviour is characterized by a decrease in viscosity at an increasing viscosities and 

continued almost like Newtonian fluid. The explanation for this behaviour is not far from thixotropic gel 

properties. It is worthy of note that the concentrations chosing for Bentonite is based on amount usually used 

during standard drilling operations and corresponds to Marsh funnel viscometer time of about 35-50sec when an 

equivalent amount is suspended in about a liter of water (Pitt 2000).  

 

The result for each of the materials depicts a linear relationship for log of shear stress and log of shear rate. 

Perfect straight line is expected for fluids which fit to power law model. The behaviour as depicted in Fig. 2 

shows a fairly linear behaviour for HydroPac. Again note that there is change in properties when turbulence was 

achieved as typified by Silicone fluid. It is important to note also slight deviation from linear behaviour of 

Bentonite and ClearBore and indicates time dependent characteristics behaviours. Apparent viscosity of 
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HydroPac calculated from the graph is 0.26. Due to the inconsistent behaviour exhibited by ClearBore, two 

slopes were computed and are 1.2 and 0.94. Again this behaviour can be explained as the result of transition 

from a characteristic behaviour to another. Similarly, two slopes taken for Bentonite are 0.44 and 0.82. 

Newtonian viscosity of Silicone fluid was found to be 1.07. Power law behaviour index is very important in 

fluid classification and hence from the above results, it can be inferred that ClearBore is both Newtonian (0 �

1) and a shear thinning (0 7 1) fluid. This change in behavioural pattern is about the same for Bentonite except 

for its apparent viscosities which are smaller than that of Silicone fluid. 

 

4. Discussion 

In recent times, there exists advance technological inventions in drilling which however have reduced the 

amount of waste generation when compared with waste generated in the early 1980s. However, in Nigeria it is 

common to find many independent oil wells drilled using traditional methods (Gbadebo et al. 2010). Modern 

drilling operation is done using drilling fluids of well known rheological properties and advanced multiple 

directional technologies (Thomas et al., 2002). Drilling wastes streams varies from contaminated runoff water 

with majority of the waste associated with polluted mud sand and escavated materials materials and cuttings 

from the borehole. In the past, little or no thought was given to the disposal of cuttings and excess drilling 

fluids. Typically, these materials were discharged overboard in offshore operations or buried when drilling land-

base locations. Improper disposal of drilling fluid and drill cuttings may lead to contamination of surface water 

and deep water aquifers. It may also result to lose of soil cohesion and bearing strength (Tawabini 2010). In 

other cases, drilling waste could lead macrofaunal impacts which would result to the reduction of species 

richness, abundance and lose of biodiversity. 

The heavy metal and hyrocarbon contents of offshore/onshore drilling waste are capable of polluting the 

environment with resultant fauna, flora and human health implication. Heavy metals associated with drilling 

fluid and wastes could inflict haematological, biochemical and hispathological maladies on resident fauna and 

flora. Soeglanto et al. (2008) reported haemocytic congestion in the gill lacunae (histopathological alteration) 

and high percentage mortality of post larvae of tiger prawn, Panaeus monodon exposed to drilling waste. 

Haemolytic congestion in the gill lacunae has been observed to lead to acute respiratory distress and mortality 

in the dogfish, Scyliorhinus cancicula (Crespo and Sala 1986). The 96hr LC50 values for drilling fluids to 

larvae of grass shrimps Palaemonetes intermedius varied from 142 to > 100,000ppm (Conklin and Rao 1984). 

Kayode and Shamusideen (2010) noted that there was a significant decrease in heamoglobin content of blood 

and mean cellular volume in the Nile tilapia, Oreochromis niloticus exposed to drilling fluid. There was also an 

elevation in blood parameters such as cellular heamoglobin (MCH) and mean cellular haemoglobin 

concentration. These changes in blood physiology could lead to serious health implications. 

In amphibians, cadmium and lead have been traced to alter hepatic and antioxidant levels such as superoxide 

disutase (SOD), catalase (CAT), glutathione  (GSH) and also increase thiobarbituric acid reactive substance 

(TBARS) levels which is an index of lipid peroxidation. Increase in hepatic levels of TBARS is an indication of 

increased membrane lipid peroxidation which could lead to cell damage (Ezemonye and Enuneku 2011a, 

2011b) 
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Figures  

 
Figure 1: Non-Newtonian Behaviour of Test Fluid 

 

 
Figure 2: Power Law Plot of Drilling Fluids 

 

Tables 

Table 1: System Settings 

N Gear    MS DIN 145  MS DIN 125  MS DIN 114  MS DIN 108  

Shear stress/% 

(Pa)    195 1141 6500 34800 

Speed Step  D (s-1)  

Viscosity/% 

(mPas)  

Viscosity/% 

(mPas)  

Viscosity/% 

(mPas)  

Viscosity/% 

(mPas)  

1 6.643 29.42 171.7 978.8 5238 

2 9.509 20.55 119.9 683.5 3659 

3 13.61 14.36 83.81 477.4 2556 

4 19.48 10.03 58.55 333.5 1785 

5 27.89 7.008 40.90 233 1247 
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6 39.93 4.895 28.57 162.7 871.4 

7 57.16 3.419 19.95 113.7 608.7 

8 81.83 2.389 13.94 79.49 425.2 

9 117.1 1.668 9.74 55.48 297.0 

10 167.6 1.165 6.804 38.75 207.5 

11 240 0.8144 4.753 27.07 144.9 

12 343.6 0.5689 3.320 18.91 101.2 

13 491.9 0.3974 2.319 13.21 70.74 

14 704.1 0.2776 1.620 9.230 49.42 

15 1008 0.1939 1.131 6.448 34.52 

 

Table 2 Shear Stress Values (mPas) 

Speed Step 

Shear Rate 

 (s
-1

) Silicone fluid Bentonite HydroPac ClearBore 

1 6.643 128.66 84.68 1102.5 718.23 

2 9.509 172.61 99.33 1237.5 788.15 

3 13.61 245.92 117.2 1340.3 850.16 

4 19.48 353.32 135.1 1471.8 910.16 

5 27.89 506.54 161.2 1645.0 959.34 

6 39.93 732.96 172.6 1861.7 1031.0 

7 57.16 1060.2 188.9 2089.4 1130.2 

8 81.83 1511.8 215.0 2269.3 1229.9 

9 117.1 2140.4 323.9 2418.7 1364.0 

10 167.6 3034.5 427.9 2652.2 1544.1 

11 240.0 4184.3 558.6 2917.1 1726.5 

12 343.6 4168.4 736.2 3215.5 2016.6 

13 491.9 4333.1 988.8 3562.6 2306.6 

14 704.1 4332.6 1317 3972.6 3203.8 

15 1008 4332.5 1781 4329.2 3736.3 

 

Table 3  Log of Shear Stress of Test Fluids 

Speed 

Step  Shear Rate  Silicone fluid  HydroPac  ClearBore  Bentonite  

1  0.8223  2.1094  3.0424  2.4049  2.1660  

2  0.9781  2.2370  3.0925  2.4859  2.2160  

3  1.1338  2.3908  3.1272  2.5754  2.2837  

4  1.2895  2.5481  3.1678  2.6113  2.3547  

5  1.4454  2.7046  3.2161  2.6399  2.4345  

6  1.6012  2.8650  3.2699  2.6682  2.5041  

7  1.7570  3.0253  3.3200  2.7114  2.5883  

8  1.9129  3.1794  3.3558  2.7658  2.6713  

9  2.0685  3.3304  3.3835  2.8222  2.7642  

10  2.2242  3.4820  3.4236  2.8807  2.8646  

11  2.3802  3.6216  3.4649  2.9418  2.9631  

12  2.5360  3.6199  3.5072  3.0119  3.0746  

13  2.6918  3.6368  3.5517  3.0811  3.1873  

14  2.8476  3.6367  3.5990  3.1523  3.3042  

15  3.0034  3.6367  3.6364  3.2330  3.4192  

 


