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Abstract: 

Rheological parameters of drilling fluids, such as yield point 

and plastic viscosity, are required to determine the 

hydrodynamic components of pressure at various points in the 

circulation system during technological operations. It is 

essential to ensure a simple and accurate measurement of 

these parameters in the construction of oil and gas wells, 

however, existing methods are relatively expensive and the 

results obtained can be subjective. This article describes a 

newly developed method for measuring the plastic viscosity 

and yield point of the drilling fluid using a Marsh funnel, 

which will greatly simplify the procedure for determining the 

rheological parameters of drilling fluids and allow them to be 

measured directly on drilling rigs. When the geometrical 

parameters of the funnel are determined, the true viscosity 

parameters are calculated using simple formulas. The Marsh 

funnel is traditionally used on the drilling rig to measure the 

relative viscosity of the drilling fluid and is an inexpensive 

and simple device. The article provides comparative studies 

with standard methods for determining the rheological 

parameters of the drilling fluid. According to the results of the 

test method, comparisons are made of pressure losses in the 

circulation system of the drilling fluid on drilling rigs. 

Keywords - Drilling Fluid, Marsh Funnel, Plastic Viscosity, 

Relative Viscosity, Rheological Parameters, Yield Point. 

 

I. INTRODUCTION 

Drilling fluids should be considered the most important 

variable for optimized drilling [1-2]. In this regard, they must 

have the appropriate properties required for a particular 

drilling operation. The characteristics of the drilling fluid 

flow, the selection of operating conditions for optimized 

drilling, well cleaning, wellbore stability, etc., depend on the 

appropriate drilling fluid rheology [3-4]. 

The key rheological characteristics affecting drilling fluids are 

plastic viscosity and yield point [5-8]. Without them, it is 

impossible to design the required flow rate of the flushing 

fluid, the upward velocity in the annular space, the diameter 

of nozzles in the flushing channel of the rock-cutting tool, the 

energy cost for circulation, as well as the energy cost required 

to overcome the friction between the drilling or casing string 

and the drilling fluid [6]. 

The rheological properties of drilling fluids are usually 

measured using multi-speed rotational viscometers with 

cylindrical working vessels or capillary viscometers [6-7]. In 

field conditions, rotational rheometers with coaxial cylinders 

are the most common [5-6]. 

The disadvantage of the above method consists in the 

complexity of the measuring device and procedure, high costs, 

as well as the unsuitability for field operations, which limits 

its use for monitoring drilling fluids directly on the drilling rig 

[7-8]. In addition, in order to increase the accuracy of defining 

viscosity by this method, it is advisable to repeat 

measurements to obtain the average values that will be closer 

to the true ones [9-10]. 

In real, well drilling conditions, the consistency of the drilling 

fluid is evaluated using a Marsh funnel. The Marsh funnel, 

invented by Hallan N. Marsh in 1931 [11], is traditionally 

used to quickly measure the relative viscosity of the drilling 

fluid in seconds, required to fill a given volume of fluid. It is 

an inexpensive tool, durable and easy to use. The 

disadvantage of this method is that the funnel viscosity alone 

cannot be directly used in hydraulic calculations, for example, 

in determining pressure losses in various parts of the 

circulation system of the drilling rig. 

The present article describes a new method for measuring the 

rheological parameters of the drilling fluid, in particular, 

plastic viscosity (PV) and yield point (YP), based on defining 

its density and relative viscosity using a Marsh funnel, which 

will greatly simplify the procedure for determining the 

rheological parameters of drilling fluids and allow them to be 

measured directly on drilling rigs. 

Pitt [2] carried out a number of studies to determine the 

effective viscosity of drilling fluids according to the Marsh 

funnel data using a rheological model of the power law. 

Roussel and Roy [12] in their paper present an analysis of the 

rheological properties of cement-based grouts according to the 

Marsh funnel tests. The values of yield point and plastic 

viscosity were calculated with respect to the flow time of the 

cement grout, based on the Bingham rheological model. 

In the work of Balhoff et al. [5], a Marsh funnel was used to 

measure rheological properties, in particular, the yield point of 

drilling fluids, and the results were compared with the 
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readings of the Fann rotational viscometer. The authors 

calculated the wall yield rate using a non-linear viscosity ratio 

and concluded that the predicted yield rate deviates strongly at 

low yield stress, when the fluid level in the funnel is low 

enough. 

Guria, Kumar and Mishra [8] present the results of a study, in 

which the yield point, apparent viscosity and plastic viscosity 

of the drilling fluid were determined using a Marsh funnel. 

Two variables for the analysis were the funnel drainage 

volume and the corresponding drainage time.  

The work of Schoesser and Thewes [1], based on the same 

methodology [8], analyzes bentonite slurries using a digitized 

scale to measure the temporal fluid height in a Marsh funnel. 

They gave the dependence of yield stress on the strain rate, 

although their results were significantly different from other 

standard viscometer measurements. 

All attempts to use the March funnel to determine the two 

parameters of the true viscosity of the drilling fluid, namely 

yield point and plastic viscosity, were characterized by the 

addition of new complex structural elements and complex 

mathematical calculations, which did not contribute to cost 

reduction. 

 

II. MATERIAL AND METHODS 

Experimental studies were conducted to compare the results 

of the developed method for determining the yield point and 

plastic viscosity of the drilling fluid with the data provided by 

the widely used 6-speed Fann 35 rotational viscometer. Tests 

were carried out on a drilling fluid based on slowly dissolving 

clay powder (bentonite). Relative viscosity measurements 

were carried out using a VBR-2 funnel (an analog of the 

Marsh funnel), and density measurements – using a 

pycnometer (mud balance). Comparisons were made of 

pressure losses along the circulation path of the drilling fluid 

on drilling rigs of the X and Y fields. The Turbo Basic 

language program was used to calculate the yield point and 

plastic viscosity of the drilling fluid. 

 

III. THEORETICAL STUDIES 

The proposed method is carried out by measuring the flow 

time of a given fluid volume from a measuring funnel, 

followed by measuring the fluid volume flowing in half of this 

time. If the total flow time for relative viscosity measurements 

always corresponds to the same measured volume VM, then 

half of this time must also correspond to the same determined 

volume. The latter is thus a characteristic of relative viscosity 

measurements using a funnel of this type and is found once, 

i.e., it does not need to be defined repeatedly during each 

relative viscosity measurement in order to determine yield 

point and plastic viscosity. 

Based on the known values of the flow time of a given 

measured fluid volume VM (i.e., its relative viscosity) and its 

volume VMT flowing in half of this time, the following 

sequence of calculations is performed. 

The average velocity of the fluid moving along the nozzle 

during the flow of the measured volume is as follows:  

                               
Td

VM

2

4


 

                                     
(1) 

where d is the diameter of the flow section of the nozzle 

channel, T is the relative viscosity obtained in the experiment. 

The time-average outflow height of the measured volume is as 

follows: 
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             (2) 

where β is the coning angle of the funnel 1; L is the length of 

the nozzle 2: НК is the component of the height НМТ, falling 

on the cone of the funnel: 
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where V is the total fluid volume in the funnel, VMT is the 

fluid volume flowing in half of the total measurement time, 

i.e., 0.5T. As indicated above, this volume is determined 

experimentally.  

The average time of measurement of the hydrostatic fluid 

pressure in the funnel [13] is as follows: 
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where ρ is the fluid density, g is the gravitational acceleration; 

λ is the time-average flow coefficient of hydraulic resistance 

when the fluid moves along the nozzle; a is the compression 

ratio of the flow. 

The equation shows that when the fluid flows out of the 

measuring funnel, the hydrostatic pressure (the left side of the 

equation) is spent on the pressure loss due to the friction when 

the fluid moves along the nozzle and on its compression when 

it moves down the funnel. The possible values of the 

compression coefficient of the flow “a” are indicated above. 

Equation (4) is solved relative to the hydraulic resistance 

coefficient: 

2
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(5) 

The Reynolds criterion for non-Newtonian (possessing the 

yield point) fluids is 

)
6

(

Re


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

d

d





                           (6) 

where η and τ are plastic viscosity and yield point, 

respectively. 

On the other hand, the Reynolds criterion can be calculated 

from the hydraulic resistance coefficient λ found above. In 

particular, in the laminar motion regime, which always takes 
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place when non-Newtonian fluids (drilling fluids) [13-14] 

flow out of the measuring funnel, it is equal to: 

/64Re                                      (7) 

Based on formulas (6) and (7), the desired equation for the 

interdependence of the two viscosity parameters can be 

obtained: 

646

dd 


 

                          
(8) 

An analysis of the equation shows that, under the conditions 

of this particular measurement, the coefficients at η and τ are 

constant. 

Among the quantities used in the calculation, d and the 

coefficient “a”, the constant geometrical parameters of the 

funnel, Vм, Нмт, the constant values characterizing relative 

viscosity measured by the funnel, ρ and Т, the measured 

values of the parameters used in true viscosity calculations, 

and finally ϑ  and λ are obtained using the above constant 

values. Therefore, for the conditions of this particular 

measurement, they are also constant. Based on the foregoing, 

formula (8) can be written as: 

                              
ВА  

  

                            (9)

 
This means that there is an inverse linearity between the 

desired parameters of plastic viscosity and yield point. 

With the constant coefficients A and B, the viscosity of a 

given drilling fluid, considered as a whole, is characterized by 

a family of combinations η and τ. If one of these parameters is 

increased from 0 to maximum, the second will linearly 

decrease from maximum to zero. If we continue to increase 

the “argument”, the “function” will take negative values, 

which is physically impossible. Thus, zero values determine 

the boundaries of the possible combinations of η and τ. Based 

on linearity and known boundaries, a simple way to find the 

most probable average combinations of η and τ is obtained. 

At τ = 0, we have the maximum possible value of plastic 

viscosity: 

                        64
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However, due to the linear nature of the dependence, it can be 

concluded that the most probable average value is equal to 

half the maximum, i.e.: 

                  128
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Based on formula (8), the corresponding most probable 

average value of yield point is obtained: 

      d
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IV. RESULTS AND DISCUSSION 

The relative viscosity calculated using the FUNNEL4 

program was accepted as a criterion for the comparability of 

the results. After entering the values of plastic viscosity and 

yield point into the program, the relative viscosity measured 

by a funnel with specified geometric parameters was obtained 

(Table 1).  

 

Table 1. Comparison of the viscosity values determined by the FANN35 device and the proposed method using the ETTA1 

computer model (compiled by formulas (1) - (13) 

№ Density, kg/m3 FANN35 FUNNEL4, 

s 

VBR-2 

T, s 

Proposed method FUNNEL4, 

s 

ἠ , 

Pa*s 

τ, 

Pa 

ἠ , 

Pa*s 

τ, 

Pa  

 1 2 3 4 5 6 7 8 

1 1025 0.001 0 16 24 15.22 0.0017 4.02 15.89 

2 1050 0.001 0.48 15.55 15.37 0.0019 4.30 15.93 

3 1075 0.0015 0.48 15.65 15.47 0.0020 4.52 15.95 

4 1100 0.002 0.48 15.72 15.49 0.002 4.65 15.91 

5 1125 0.002 0.72 15.73 15.63 0.0022 4.93 16.13 

6 1150 0.003 0.72 15.84 15.70 0.0023 5.12 16.03 

7 1175 0.003 0.96 15.84 16.03 0.0026 5.63 16.74 

8 1200 0.004 0.96 15.92 16.31 0.0028 6.08 16.72 

9 1225 0.0045 1.44 16.22 17.22 0.0035 7,18 17.72 

10 1250 0.005 3.12 17.10 18.10 0.0042 8.15 18.61 

11 1275 0.006 5.04 18.52 19.85 0.0054 9.67 20.35 

12 1300 0.0085 7.44 21.72 22.31 0.0071 11.27 22.88 

13 1300 0.009 6.96 21.92 22.69 0.0073 11.45 23.26 

14 1325 0.0115 15.36 31.89 39.87 0.0171 15.25 40.55 

15 1350 0.0125 27.60 76.08 85.15 0.0496 16.89 86.90 
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Each row of Table 1 was composed as follows: 

- The viscosity values measured by the FANN35 device 

(columns 2 and 3) to obtain the corresponding funnel viscosity 

(column 4) were entered into the FUNNEL4 program 

calibrated on water, a computer model of the standard VBR-2 

funnel. 

- The actual funnel viscosity measured by VBR-2 (column 5) 

was entered into the ETTA1 program, which, according to the  

above algorithm, provided the values of plastic viscosity and 

yield point (columns 6 and 7). 

- Then the obtained values were also entered into the 

FUNNEL program, while obtaining the funnel viscosity 

(column 8). 

The table data are presented in the following graphs (Fig. 1-

3). 

 

 

Fig. 1. Dependence of the fluid plastic viscosity on the density according to FANN35 and the proposed method 

 

 

 

Fig. 2. Dependence of the fluid yield point on the density according to FANN35 and the proposed method 
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Fig. 3. Dependence of the viscosity values obtained directly by VBR-2 and those recalculated by FUNNEL4, as well as the values 

of plastic viscosity and yield point determined by FANN35 and the proposed method on the fluid density 

 

Fig. 1 shows that up to a density of 1,300 kg/m3 there is a 

strong convergence    between the values of plastic viscosity 

obtained by both methods. However, with a further increase in 

density, the ETTA1 chart (orange) goes up, sharply increasing 

and diverging from the FANN35 chart. 

Fig. 2 shows that the values of yield point according to 

ETTA1 up to a density of 1,300 kg/m3 are 4-5 Pa higher that 

those related to FANN35. Further, however, the latter sharply 

increase and outrun the former. 

In this respect, the pattern is opposite to that shown in Fig. 1, 

where the plastic viscosity related to ETTA1 sharply increases  

for the same density values. These opposite mismatches, as a 

whole, substantially cancel each other out, as evidenced by the 

graph of the combined indicator shown in Figure 3. The 

combined indicator includes the values of relative viscosity, 

which are close to each other in all three graphs. 

Based on the data in Table 1, an analysis was made of the 

deviations of the values of relative viscosity obtained by 

FANN35 and ETTA1 recalculations from the actual results of 

VBR-2 funnel measurements. The results of the analysis are 

shown in Table 2. 

 

Table 2. Analysis of deviations of the virtual values of relative viscosity from the actual values obtained by VBR-2 funnel 

measurements, % 

Line number from 

Table 1 

1 2 3 4 5 6 7 8 9 10 

FANN35 6.7 1.2 1.2 1.5 0.6 0.6 -1.2 -2.4 -5.8 -5.5 

ETTA1 4.4 3.7 3.1 2.6 3.2 2.6 2.7 2.5 6.2 2.8 

With a correction 1.4 0.7 0.1 -0.4 0.2 -0.4 -0.3 -0.5 3.2 -0.2 

Line number 

Table 1 

11 12 13 14 15 Mean 

deviation 

Sum of squared 

deviations 

Standard 

deviation 

FANN35 -6.7 -2.6 -3.4 -20.0 -10.7 3.03 284.54 3.73 

ETTA1 2.5 2.6 2.5 1.7 2.1 3.01 152.80 1.13 

With a correction -0.5 -0.4 -0.5 -1.3 -0.9 0.73 16.56 0.63 

 

When compiling the table, the following was taken into 

account: 

- Absolute values were used to derive the mean deviations. 

- In the context of FANN35, the deviations for experiments 

No. 14 and No. 15 were clearly out of the series (they 

represent the so-called “misses” in statistics); therefore, the 

analysis did not include them (like in case of ETTA1) and 

covered 13 experiments in total. 

The analysis of the deviations makes it possible to draw the 

following conclusions: 
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- By FANN35, the deviation signs are positive up to No. 7, 

then, decreasing, they change to negative. On lines No. 5 and 

No. 6, these values are very close to VBR2, which confirms 

the adequacy of the FUNNEL4 program. For No. 7, the 

module values fluctuate, and for No. 14, they deviate from 

VBR2 so sharply that they raise doubts about the correct 

operation of the device. 

- By the developed method (ETTA1 program), the mean 

deviations are almost the same as by FANN35. However, 

these data are characterized by a much smaller scatter – their 

mean  

square deviation is 3.3 times less than by FANN35. The 

deviations are only positive and, therefore, they are largely 

systematic (flaws in the ETTA1 program). By accepting the  

mean error as a correction term and subtracting it from the 

obtained values of relative viscosity, one can sharply increase 

the accuracy (bring the calculated data closer to the results of 

VBR-2 measurements). Then, as it follows from Table 2, the 

mean deviation decreases by 4.1 times, and the mean square 

deviation – by 1.8 times. 

 

IV.I Production tests 

Based on the considered method, comparisons were made of 

pressure losses along the circulation path of the flushing fluid 

on drilling rigs of the X field. The density and relative 

viscosity of the drilling fluid were measured, which 

determined the most probable values of plastic viscosity and 

yield point. After that, using a hydraulic program, pressure 

losses were determined and compared with the pressure gauge 

readings on the drilling pump. The measurement conditions 

and the pressure defined by the gauge are shown in Table 3. 

 

Table 3. Circulation conditions of the drilling fluid in the well 

LW, 

m 

DW, 

mm 

DDP, 

mm 

DPJ, 

mm 

LDC, 

m 

 

DDC, 

mm 

Q 

l/min 

Ρ 

kg/m3 

T, 

s 

V, 

m/h 

 PG 

mPa 

 

600 161 89/71 108/49 24 120/47 540 1150 27 6.6 1.7 

416 161 50/39 65/28 15 73/35 210 1220 39 0 2.5 

Note: LW is the well depth; DW is the well diameter; DDP is the diameter of the drill pipes (outer/inner); DPJ is the 

diameter of the drill pipe joints (external/internal); LDC is the drill collar length; DDC is the drill collar diameter 

(external/internal); Q is the drilling pump flow; ρ is the fluid density; T is the relative viscosity; V is the drilling 

speed; РG is the pressure on the pump pressure gauge. 

 

The studies were conducted in two vertical open-hole wells 

(in wells of the X field, casing pipes are sunk only when 

drilling is completed). A 600 m deep well was drilled by 

KZ800A, a Japanese-made rig, equipped with a scoreboard, 

demonstrating the parameters of the drilling regime and 

including the fluid flow, the drilling pump pressure and the 

penetration rate. During manual measurements of density and 

relative viscosity, the latter was defined at the rate of 6.6 m/h. 

A 416 m deep well was drilled by the ZIF 1200 installation. 

At the time of measurements, it was in the flushing process. 

Based on density and relative viscosity measurements, the 

plastic viscosity and yield point of the drilling fluid were 

calculated by the above method. Using them, together with the 

parameters indicated in the table, pressure losses were 

calculated when the fluid moved down the drill pipe and the 

drill collar and up the annular space. The hydraulic program 

also determined pressure losses due to the excess density of 

the sludge upstream relative to the cleaned downstream. The 

calculation results are shown in Table 4. 

 

Table 4. Calculation of pressure losses in wells 

Viscosity Pressure losses, mPa Total 

η, 

Pa*s 

τ, 

Pa 

DP DPJ DP-W DPJ-W DC DC-W S mPa % 

0.0089 11.47 0.653 0.434 0.264 0.010 0.197 0.021 0.032 1.61 95 

0.0154 13.97 1.448 0.728 0.145 0.009 0.126 0.007 0 2.46 98 

Note: The top line is a 600 m deep well, the bottom is a 416 m deep well. 

DP is the pressure loss inside the drill pipes; DPJ is the pressure loss in their joints; DP–W is the pressure loss in 

the space between the drill pipe and the well; DC is the pressure loss inside the drill collar; DC-W is the pressure 

loss in the space between the drill collar and the well; S is the pressure loss of removing sludge. 

Table 4 shows that the difference between the calculated and 

actual (by the pump pressure gauge) values was 5 – 2%. 

Similar work was carried out at the Y oil field, but the 

parameters of the true viscosity of the drilling fluid were also 
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determined using a FANN35 rotational viscometer, which 

made it possible to compare both methods. 

The study used the drilling rig ZJ-20. It has a conductor 450 m 

long with an outer diameter of 245 mm and an inner diameter 

of 226.7 mm. The diameter of an open hole is 220.7 mm. The 

drilling bit of PDC type was used, with six (three 14 mm and 

three 16 mm) hydraulic nozzles. The drill pipes have a 

diameter of 102/85 mm and an internal collar diameter of 65 

mm. The drill collars are 82 m long with an inner diameter of 

65 mm (Table 5-6). 

Table 5. Measurement conditions in the well of the Y field 

LW, 

m 

LОH, 

m 

 

V, 

m/h 

Q, 

l/s 

PG, 

mPa 

ƿ , 

kg/m3 

T, 

s 

FANN35 ЕТТА1 

η. 

Pa*s 

τ, 

Pa 

η, 

Pa*s 

τ, 

Pa 

1525 1075 8.3 32 12.8 1330 26.32 0.014 3.84 0.0097 13.08 

Note: LW is the current well depth; LОH is the open hole length; V is the drilling speed; Q is the drilling pump 

flow; PG is the pressure on the pump pressure gauge; ρ is the fluid density; T is the relative viscosity; η is the 

plastic viscosity; τ is the yield point. 

 

Table 6. Estimated pressure losses 

Method РP, 

mPa 

РJ, 

mPa 

РPW, 

mPa 

РPC, 

mPa 

РC, 

mPa 

РCW, 

mPa 

РB, 

mPa 

РS, mPa Р, mPa Р-Рм 

mPa 

 

% 

FANN35 7.22 1.63 0.24 0.10 1.56 0.13 0.64 0.05 11.58 -1.22 -8.1 

ETTA1 7.38 1.63 0.35 0.15 1.56 0.14 0.64 0.05 11.91 -0.89 -6.9 

Note: РP is the pressure loss inside the drill pipes; РJ is the pressure loss in their joints; РPW is the pressure loss between the drill 

pipe and the well; РPC is the pressure loss between the conductor and the well; РC is the pressure loss inside the drill collar; РCW is 

the pressure loss between the drill collar and the well; РB is the pressure loss on the drilling bit nozzle; РS is the pressure loss of 

removing sludge particles. 

 

Therefore, for four of the eight sections of the circulation 

system indicated in the graphs, the pressure losses obtained by 

the developed method are higher than those based on the 

FANN35 device readings; for the rest of them they are the 

same. The total losses are 2.8% higher. At the same time, the 

total pressure losses calculated by FANN35 deviate from the 

gauge readings on the drilling pump by 8.1%, while those 

calculated by ETTA1 deviate by only 6.9%, i.e., in this case, 

as shown by the production tests, the accuracy of the proposed 

method is no worse than that of Fann35. 

 

V. CONCLUSIONS 

Based on the results of the comparative studies, it can be 

concluded that a very simple and low cost method has been 

created for measuring the plastic viscosity and yield point of 

the drilling fluid. The proposed method does not require 

special equipment, while being based on the use of simple and 

widely used tools for measuring density and relative viscosity. 

It does not need special measuring procedures, allowing using 

the results of routine density and relative viscosity 

measurements. The method does not impose special, sharply 

increased requirements for the accuracy of measuring the time 

of fluid outflow from the funnel. It also does not require any 

additional funnel measurements of the flow time and gauging 

volumes. 

With the known geometrical parameters of the funnel, the true 

viscosity parameters are calculated using simple formulas. For 

example, for the VBR-2 funnel, they are as follows: 

η=12.73*10-8*(2.84 – 456.4/Т2)*Т*ρ 

 

τ=35420*η/Т 

The experimental studies comparing the viscosity parameters 

using the proposed express method with the FANN35 

rheometer readings confirm that there is a strong convergence 

between the final results of plastic viscosity and yield point 

measurements. 

The production tests comparing the actual pressure losses in 

the circulation system of a drilled well using a pump pressure 

gauge with the calculations of the sum of the pressure losses 

along the fluid circulation path using the considered method 

show in general a satisfactory convergence of the results. 
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