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A. SUMMARY
 The topic investigated in this experiment was drilling fluid properties. This is significant
 because of the important role drilling mud plays in drilling operations in the petroleum
 industry. In addition, if the mud properties are incorrect, safety and economics may be
 severely compromised.
 The major objective of this lab was to evaluate and study some important properties of
 drilling fluids that are important for the efficient functioning of drilling fluids.
 From the experiment, the reasons for measuring density and mud rheology were known.
 Also, the reason for measuring the pH of drilling fluid was known. Finally the reason for
 varying the density of drilling mud was known.
 B. INTRODUCTION:
 The major objective of this lab was to evaluate and study some important properties of
 drilling fluids that are important for the efficient functioning of drilling fluids.
 This experiment was important because if the use of drilling fluids is to be optimized for
 efficient drilling operations, and to ensure that drilling proceeds as safely and as fast as
 possible. A drilling fluid or mud is any fluid that is used in drilling operations in which that
 fluid is circulated or pumped from the surface, down the drill string, through the bit and back
 to the surface via the annulus (Shale Shaker Committee, 2005).
 This is done to ensure that drilling operations proceed as safely and as fast as possible.
 Drilling fluids could be categorised into three major types; water-based, oil-based and
 gaseous drilling fluids. Most times it is often a clay-based suspension in water. Figure 1
 shows a diagram of the mud circulation system. If the mud properties are incorrect, safety
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and economics may be severely compromised. Hence the need to measure the mud
 properties as done in this experiment
 The five major functions of drilling fluids are:
 (i) Control formation pressure.
 (ii) Maintain well-bore stability.
 (iii) Cool and lubricate drill bit.
 (iv) Transport cuttings to the surface.
 (v) Clean the bottom of the borehole of drilled cuttings.
 Other functions includes; transmit hydraulic energy to tools and bit, stops reservoir fluids
 entering the borehole, minimize drilling damage to the reservoir, seal permeable formations,
 control corrosion, suspend the cuttings to prevent them from falling back down the hole when
 pumping stops.
 In this experiment, the following properties of drilling fluids were studied; Mud density
 (weight), Mud rheology (viscosity, yield point, gel-strength), and hydrogen ion concentration
 (pH).
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C. EXPERIMENTAL EQUIPMENT
 Various equipments were used for the measurement of various properties of drilling mud
 studied in this experiment. For the density (mud weight) measurement, a Baroid mud balance
 was used. The instrument consists of a constant volume cup with a lever arm and rider
 calibrated to read directly the density of the fluid in pound per gallon (ppg), pounds per cubic
 feet (pcf), specific gravity and pressure gradient. This instrument was calibrated with
 freshwater.
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 Figure 1: Mud circulation system
 Source: Shale Shaker Committee
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For the viscosity measurement, a marsh funnel was used. For the plastic viscosity (PV), yield
 point (YP), apparent viscosity and the gel-strength measurement, a viscometer was used. A
 shearometer was also used for the measurement of gel or shear-strength. Finally for the
 hydrogen ion concentration (pH), a pH paper was used.
 Figure 3: Marsh Funnel and One-litre cup for measuring Marsh viscosity
 Page 4 of 16
 Marsh funnel
 Drilling fluid
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 Figure 2: Baroid Mud Balance
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Figure 4: Shearometer for Gel or shear- strength measurement
 Figure 5: Variable Speed Rheometer.
 D. EXPERIMENTAL PROCEDURE AND OBSERVATIONSPage 5 of 16
 Duraluminum tube
 Special graduated scale
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The procedures undertaken in this experiment was done according to the different properties
 of drilling mud that were studied in this experiment. The various experimental procedures are
 discussed below for each property considered in this experiment.
 (i) Density (Mud Weight) Measurement:
 This was done with the baroid mud balance. This equipment was graduated to allow direct
 readings of density in pounds per gallon (ppg), pounds per cubic feet (ppcft3), grams per
 cubic centimetre (g/cm3) , and pressure gradient (psi/1,000 ft).
 In order to take the measurements, the base of the balance was levelled, then the cup was
 filled with the mud to be tested (190g of bentonite + water). After this, the cap was put on
 and rotated so as to allow it seat firmly. It was ensured that some of the mud was expelled
 through the hole in the cap to free trapped air or gas that may lead to wrong readings of the
 mud weight. The mud was then wiped from the outside of the cup and then the beam was
 placed on the support and balanced by moving the rider along the graduated scale until the
 bubble was on the centre line. Then the density was read and recorded as shown in table 1.
 (ii) Viscosity measurement (Mud rheology) :
 The first measurement was done with a marsh funnel, hence the name marsh viscosity. To
 carry out this measurement, the orifice of the funnel was covered with a finger and the mud
 sample to be measured was poured through the screen into the clean, dry and upright funnel
 until the liquid level reached the bottom of the screen. Then the finger was quickly removed
 and the mud was allowed to pour into a receiving vessel. The time taken for the mud to fill
 the receiving vessel to the one quart (946 cm3) mark was recorded. This time was then
 recorded as the Marsh funnel viscosity.
 (iii) Viscosity measurement using Direct-Indicating Viscometer:
 For this measurement, a direct-indicating viscometer was used. This equipment was used to
 determine the plastic viscosity (PV), yield point (YP), and Gel strength or shear strength. The
 procedures for each of the parameters that the direct-indicating viscometer was used to
 measure are further explained below:
 PLASTIC VISCOSITY (PV): For the measurement of this parameter, the mud sample was
 placed in a suitable container and then the rotor sleeve was immersed exactly to the scribed.
 The with the sleeve rotating at 600 radian per minute (rpm), the dial reading was allowed to
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get to get to a steady value, and the reading recorded. The sleeve was then made to be
 rotating at 300 radian per minute (rpm) and the dial reading allowed to get to a steady value
 and then the reading was recorded too. The plastic viscosity was then evaluated as:
 Dial reading for 600 rpm−dial reading for 300 rpm. The unit for this is centipoise.
 YIELD POINT (YP): To evaluate this important mud rheology, the plastic viscosity
 was subtracted from the dial reading for 300rpm. Hence, Yield point is expressed as:
 Dial reading for 300 rpm−plastic vicosity.
 APPARENT VISCOSITY: This was evaluated by dividing the 600rpm reading by 2.
 GEL-STRENGTH: This was done using the direct-indicating viscometer and also using a
 shearometer. Using the direct-indicating viscometer, the mud sample was placed in position
 as in the procedure for plastic viscosity; it was then stirred at high speed for 10 seconds and
 then allowed to stand undisturbed for 10 seconds. Then the handwheel was slowly and
 steadily turned to produce a positive dial reading. The maximum reading was then taken as
 the initial gel strength. Finally, the mud was restirred at high speed for 10 seconds and
 allowed to stand undisturbed for 10 minutes. Then the maximum reading was taken as the 10-
 minute gel strength.
 In the case of the shearometer, the mud sample was poured into a clean, dry cup to the
 scribed line. To get the initial shear strength, the tube was quickly lowered over the scale
 support and placed on the surface of the mud, the tube was allowed to sink vertically, then
 with a stop-watch, the time from the instant the tube was released was recorded. After
 allowing the tube to sink for one minute, the reading on the scale directly opposite the top of
 the shearometer was recorded as the shear strength after 10 seconds. For the 10 minutes shear
 strength, the mud was allowed to remain undisturbed for 10 minutes and the reading was
 taken as in the previous case and recorded as 10-minute shear strength.
 Note: The dial readings of 200 rpm, 100 rpm, 6 rpm and 3 rpm that were taken were not used
 when evaluating the mud rheology. They were not just taken for granted per say but it was
 because according to the API, even with just two points, the rheological behaviour of the mud
 can be predicted but to get a bigger picture of how the mud will behave (respond to shear at
 different shear rate), since most drilling fluids are non-Newtonian (ratio of shear stress to
 shear rate is not constant) it is therefore pertinent to include them. The different dial speeds in
 this case represents the rate of shear.
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Page 8
                        

Hydrogen Ion Concentration (pH) measurement: For this measurement, a pH paper was
 used. The paper was dipped into the mud to be tested and then the colour changes was
 observed and then matched with its corresponding value.
 (iv) Varying mud density: To investigate the reasons for varying mud density, 10g of
 barite was added to the mud sample prepared and then the density of the mud and rheology
 was then measured, following the same procedures carried out before.
 The following questions were raised in the course of this experiment, and will be answered in
 the discussion section.
 (1) Why do you need to measure density?
 (2) Why do you need to measure viscosity of the mud?
 (3) Why do you need to measure the pH of a drilling fluid?
 (4) Why do you need to vary the density of the mud?
 (5) Why did the parameters of the mud changed on addition of barite?
 (6) What are some of the ways of maintaining the viscosity of the mud when you increase
 the mud weight?
 Other questions that will be answered in the discussion section will be the reason why the dial
 reading for 200rpm, 100rpm, 6rpm and 3rpm were not used when measuring the mud
 rheology.
 Page 8 of 16
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E. EXPERIMENTAL RESULTS AND CALCULATIONS:
 The experimental results are shown in table 1 and 2 below:
 Mud compositions
 Mud parameters190g of Bentonite +
 Water 190g of Bentonite +10g of Barite + Water
 Mud weight (ppg) 8.7 8.9
 Marsh viscosity (sec) 45 46
 Plastic viscosity (cp) 7 7
 Apparent viscosity 18 16
 Yield point (lb/100ft2) 22 18Gel strength, direct indicating viscometer (lb/100ft2)
 10 seconds = 20 10 minutes = 38
 10 seconds = 40 10 minutes = 70
 Gel strength, Shearometer (lb/100ft2)
 10 seconds = 14.8 10 minutes = 17.2
 10 seconds = 10 10 minutes = 11
 pH 8.5 8.5
 Table 2: Experimental results showing density all the dial readings taken using variable speed rheometer.
 Dial Speeds (rpm) Dial readings (cp)
 600 36
 300 29
 200 27
 100 22
 6 20
 Page 9 of 16
 Table 1: Experimental results showing density of drilling mud and mud rheology.
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3 16
 SAMPLE CALCULATIONS:
 (a) Plastic viscosity (PV): Dial reading for 600 rpm−dial reading for 300 rpm
 = (36 – 29 ) cp = 7 cp
 (b) Yield Point (YP): Dial reading for 300 rpm−plastic vicosity
 = (29 – 7) 1bf/100ft2 = 22 1b/100ft2
 (c) Apparent viscosity: 600 rpmreading
 2 =
 362
 = 18 cp
 F. DISCUSSION OF RESULTS:
 From the results obtained in this experiment, the discussion will focus on the questions raised
 in the experiment and other issues that are important too. This will be done under the
 following headings:
 (i) WHY DO WE MEASURE MUD DENSITY/ WHY VARY THE DENSITY
 OF THE MUD:
 Reasons for measuring mud density:
 Mud density has to be measured because of its dynamic behaviour with depth as a result of
 the associated pressure at such depths. It is therefore important to measure the mud weight
 and vary it accordingly to ensure adequate hydrostatic head or pressure to prevent the influx
 of formation, but not too high to cause loss of circulation or affect the drilling rate and
 damage the formation.
 During drilling operations, the pressure at the bottom of the column of drilling mud must
 balance or be slightly higher than the pressure exerted by the fluids in the porous formation to
 stop fluids entering the wellbore and causing a ‘kick’ or in the extreme case a blowout
 (Roberts, 2011). The relationship between the pressure at a point in the tubing and density
 can be shown below:
 Pt = h ρ g (1)
 Where:
 h is the height of the column (m)
 ρ is the density of the fluid (ppg)
 g is the acceleration due to gravity (m/s2)
 Page 10 of 16
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From the above equation, it shows that if the density is controlled, then it will have a direct
 bearing on the pressure, thereby helping to maintain pressure control.
 To maintain pressure control, Pt = h ρ g ≥ Pr.
 Where, Pr is the formation pore or reservoir pressure. From the above, it shows that the
 density of the mud must be measured so as to help maintain pressure control.
 Reasons for varying the density of the mud?
 Drilling operations differ from one another. Special drilling operations usually require greater
 mud densities than 19 lbs/gal hence it becomes necessary to vary mud density for such a case.
 Other reasons for varying mud density can be summarised as follows:
 (i)  In drilling operations involving abnormal pressure, it is necessary to vary drilling
 mud to be able to effectively manage the zone with abnormalities.
 (ii) Changes in the chemical composition of the formation can call for the variation in
 the density of the drilling mud.
 (iii) Maintenance of pressure down hole which increases with depth within the same
 lithology, therefore the mud must be measured and the density must be varied or
 engineered to withstand the pressure change associated with that depth.
 The process of varying the weight of the drilling mud is known as mud balancing. This can
 either be by increasing it or decreasing it. One way of doing this is by adding a heavy solid
 known as weighting agent to the mud. The commonest weighting agent is barite (barium
 sulphate). Because of its high density (35.82 ppg), barite can increase the density of drilling
 mud to as much as about 25 ppg (2500 kg/m3). This explains why the parameters of the mud
 changed as seen in table 1 when barite was added to the mud.
 In an attempt to increase the mud weight, one of the major deterrents in achieving optimum
 mud performance will be the accumulation of undesirable drilled solids such as shale and
 sand (Azzar and Lumus, 1986). These solids will increase weight as well as viscosity and
 ultimately reduce drilling efficiency.
 To curtail this effect and by so doing reducing the weight of the mud, shale shakers,
 desanders and desilters may be used to remove drilled solids from the drilling mud containing
 barite or other weighting agents. For water-based muds, the mud weight can be decreased by
 dilution with water or adding a flocculating agent at the flowline.
 Page 11 of 16

Page 12
                        

The equation below also shows why the density of the mud needs to be varied:
 ρ f=V o ρo+V B ρB
 V o+V b
 WtB=4.3∗V o(ρ f−ρ0)
 ρB−ρf
 (2)
 Where:
 ρ f= Final Mud Density
 ρo= Original Mud Density
 ρB= Barite Density = 35.82 ppg
 V o= Original Mud Volume
 V B= Barite Volume
 WtB= Barite Weight
 NB: Specific Gravity of Barite = 4.3
 From equation (2) above, it shows that there is a direct relationship between the final mud
 density and the original volume and density of barite, hence an increase in the volume of
 barite would lead to a corresponding increase in the final density of the mud. This may lead
 to an over-balance of the drilling mud, thereby causing formation damage. Thus, the drilling
 mud density has to be varied to minimise this problem.
 (ii) REASONS FOR MEASURING VISCOSITY OF THE MUD:
 Viscosity is one the rheological properties of drilling mud together with gel or shear-strength
 and yield strength that needs to be measured. Rheology is the study of the deformation and
 flow of matter. (in this case drilling mud). It is important to know the rheology of mud
 because most drilling fluids are non- Newtonian fluids (that is ratio of shear stress to shear
 rate is not constant). The viscosity of the mud has to be measured because such rheological
 parameter helps to determine how drilling fluids will flow under a variety of different
 conditions.
 Viscosity is a general term used to define the internal friction generated by a fluid when a
 force is applied to cause it to flow. Viscosity maybe in the form of plastic or apparent
 viscosity. The former is a measure of the internal resistance to fluid flow resulting from
 interaction of solids in a drilling mud, while the latter is the viscosity of the drilling mud
 measured at a given shear rate at a fixed temperature. They are both measured in centipoises
 and are calculated as follows:
 Plastic Viscosity, μp= 600 rpm reading - 300 rpm Reading (3)
 Page 12 of 16
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Apparent viscosity, μa = 600 rpmreading
 2 (4)
  A low plastic viscosity shows that the mud can drill rapidly because of the low viscosity of
 mud exiting at the bit. The reverse is the case for a low plastic viscosity. High plastic
 viscosity is caused by a viscous base fluid and by excess colloidal solids. To lower plastic
 velocity, a reduction in solids content can be achieved by dilution.
 Another type of viscosity is Marsh or funnel viscosity measured in seconds with a Marsh
 funnel. This is not a true viscosity, but it is important because it serves as a qualitative
 measure of how thick the mud sample is. However this is not applicable to quantitative
 analysis of flow properties (Azzar and Lummus, 1986).
 Ways of maintaining the viscosity of the mud when the mud weight is increased:
 The viscosity can be maintained by the controlled addition of water, phosphates or lignite.
 This act by thinning the drilling mud thereby keeping the mud viscosity at a level required for
 the drilling operation. In a situation where water is used, the quantity of water to barite should
 not exceed 1gallon of water per 100bl of barite (Rabia, 1985). 
 Reason why the parameters of the mud changed when barite was added to it:
 The parameters of the mud changed because a weighting agent; barite was added to it.
 Weighting agents are high specific gravity materials or substances that are used to change the
 parameters and or rheology of drilling muds for example density. Barites increases the
 density of a drilling mud because of its high density (35.82 ppg) and specific gravity (4.3) as
 oppose to the clay in drilling mud (in this case bentonite) which has a specific gravity of 2.4.
 Other weighting materials are hematite, magnetite, ilmenite etc.
 As a result of an increase in the density, there will be a corresponding increase in the Marsh
 viscosity because since the mud is now heavy, it will require a longer time to fill the
 receiving vessel to the one quart (946cm3) mark.
 In the case of the apparent viscosity, the addition of barite caused a decrease in the shear rate
 of the mud, thereby decreasing the apparent viscosity.
 (iii) REASONS FOR YIELD POINT (YP) MEASUREMENT:
 Page 13 of 16
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Yield point is a measure of the internal resistance of a fluid (in this case drilling mud) to
 initial flow. In other words, it is the stress required to start fluid movement. This resistance is
 caused by the electro-chemical or attractive forces in the mud under dynamic flow conditions.
 It is important to measure this parameter because it reflects the ability of the mud to carry
 drilled cuttings out of the annulus or hole. The yield point of a mud can be reduced by
 adding deflocculant to a clay-based mud and increased by adding freshly dispersed clay or
 a flocculant, such as lime.
 It is normally expressed as:
 Yield Point ,YP=300 rpm−Plastic Viscosity (5)
 (iv) REASONS FOR GEL-STRENGTH MEASUREMENT:
 Gel strength is similar to the yield point in the sense that both measurements are influenced
 by the attractive forces in the mud. The difference between both measurements is that gel
 strength is time dependent. This is usually done in 10 seconds and 10 minutes range. The
 following are some of the reasons why gel strength of drilling mud should be measured and
 maintained in the favourable range.
 (a) If gel strength is too high, the pressure required to start flow may fracture a weak
 formation and could lead to blowout.
 (b) If gel strength is too low, settled drilling mud will not effectively suspend cuttings and
 other debris and may allow weighting material to settle.
 (c) Having swab and surge pressures produced by pipe movement in drilling muds having
 excessive gel strength may cause undesirable pressure effects resulting in temporary
 over-balance or under-balance of hydrostatic pressure (Devereux, 1999).
 Note: When measuring Gel strength, the mud must be agitated for awhile in order to prevent
 precipitation.
 (v) REASONS FOR HYDROGEN ION CONCENTRATION (pH)
 MEASUREMENT:
 This measurement is very important because it helps to prevent corrosion of downhole steel
 components. This is because tools and tubular used in drilling, casing and completing a well
 can be subjected to corrosion by the action of the drilling mud left in the annulus after
 cementation. With time, the properties of the mud may change due to bacterial action, this
 can produce H2S especially when the mud is of low pH. Keeping the pH level between 9 and
 Page 14 of 16
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10 helps to keep the rate of corrosion low. For high temperature wells, a higher pH is not
 recommended because under high temperatures, the hydroxyl ions becomes very reactive
 towards clays and polymers which are the major constituents of drilling fluids (Azzar and
 Lumus, 1975).
 The pH of the mud needs to be monitored so that any change in the levels towards acidity can
 be rectified. The change of pH towards acidity can adversely affect the pipes and equipment
 by causing corrosion. It is also an indication that there are gases or acidic components within
 the formation.
 G. CONCLUSION:
 At the end of this experiment, it has been established that the various properties and or
 rheology of drilling fluids has to be measured in order to optimize drilling operations and
 ultimately avert problems such as formation damage or in the worst case blowout that could
 occur during operations.
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