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ABSTRACT
The report consists of 1 book, 54 pages, 11 figures, 4 tables, 34 sources and 8 appendices.
DRILLING FLUID PARAMETERS, AUTOMATION OF MEASUREMENTS, DENSITY, FUNNEL VISCOSITY, RHEOLOGICAL PARAMETERS, COMPUTER MODELING, DESIGN DOCUMENTATION
Research object: Measurement of parameters of the quality of drilling fluids.
Purpose of work: Providing continuous automatic monitoring of the quality parameters of drilling fluids.
Methods of work: Theoretical research, virtual experiments on computer models, laboratory and industrial tests.
 The obtained results of the work: Documentation was developed for an automatic measuring device of the funnel viscosity (FV), as well as for a complex device for measuring density, FV, plastic viscosity (PV) and yield piont (YP) of a drilling mud. The last device is based on the created new method for measuring PV and YP. The documentation for the manufacture of the experimental stand has been developed. An automatic HC meter was manufactured and brought to the stage of a working model. Published 8 articles, including 4 in the Scopus database; (2 reports at international conferences); 2 more articles were submitted to the editor. Received 1 patent for invention, 1 positive decision; 3 more applications have been submitted.
Novelty: A general scheme for the automation of manual measurements of drilling mud parameters has been developed. A new method for measuring the PV and YP of drilling mud has been developed. The novelty of both developments is confirmed by several patents for inventions.
Main design characteristics: The current model of an automatic viscosity meter measures this parameter in the range from 15 to 120 s. with a measurement period of 5 min.
Degree of implementation: Implementation of the devices is not foreseen in the timetable, as they have not passed all the required stages of design development.
Applications: Exploration and production drilling for oil, gas, water and solid minerals, as well as construction and mining.
Significance of work: When using automatic continuous monitoring devices for drilling mud parameters, the number of complications and accidents in boreholes will be reduced, which will significantly reduce the cost of drilling operations.
Forward-looking proposals on the development of the research object: The work on this topic was terminated by the decision of the administration of Satpayev University for formal reasons.
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TERMS AND DEFINITIONS

In this report, the following terms are used with appropriate definitions
Drilling rig - a machine located on the surface and transmitting external loads to the rock cutting tool through the drill string: axial load, torque, as well as the supply of drilling fluid to the bottom of the wells.
Drilling mud - a complex multicomponent dispersed system of suspension, emulsion and aerated fluids used for flushing wells while drilling.
Yield point - a value that indirectly characterizes the strength resistance of a drilling fluid to flow, determined by a segment on the axis of shear stress, cut off by a straight line that reflects the dependence of the shear stress on the shear rate gradient.
Plastic viscosity -  one of the parameters of the Bingham plastic rheological model, is the slope of the shear stress / shear rate ratio line over the dynamic shear stress.
Mud density - is the mass per unit volume.
Funnel viscosity - of a drilling fluid is a value that indirectly characterizes the hydraulic resistance to flow.



















LIST OF ABBREVIATIONS AND SYMBOLS

In this research report, the following abbreviations and symbols are used
FV - funnel viscosity
YP – yield point
PV - plastic viscosity

 - density;

  - coefficient of hydraulic resistance;
a - stream compression ratio;
g - acceleration of gravity;

- flow rate of the outflowing liquid;
η - plastic viscosity of the drilling fluid;
τ - yield point of the drilling fluid
Re - Reynolds number;
γ - dynamic viscosity of water;



















INTRODUCTION

Assessment of the current state of the ongoing research. Drilling mud is the most important means of preventing accidents in the wellbore [1, 3, 5, 12, 30]. If there are rocks in the section of the well that threaten with certain complications, to prevent them, the composition of the drilling mud is selected, i.e., its components and their exact dosage. The adequacy of this or that composition of the drilling mud is controlled by measuring its qualitative parameters, namely, density, viscosity, pH, filtration, static shear stress, the content of foreign (in relation to the planned composition) particles, and a number of other parameters. The composition of the drilling mud that provides a given combination of these parameters during drilling changes as a result of the consumption of the introduced components, as well as during mechanical and chemical interaction with the geological formations being penetrated. During drilling, it is necessary to replenish the content of the introduced components, and, if necessary, introduce new ones, since otherwise the drilling mud will cease to meet its purpose. The parameters of the drilling mud should be available for continuous monitoring, since in its absence, the moment of irreversible and fraught with complications changes in its quality can be missed.
Basis and initial data for the development of the theme. Despite the fact that all other parameters of the drilling mode (load on the bit, frequency of its rotation, supply of drilling fluid, pressure on the mud pump, deepening speed, etc.) are measured automatically and continuously [10], the measurement of the parameters of the drilling fluid up to is still done manually, at intervals measured by hours and even days [3]. The reason for such significant intervals is a certain complexity of the measurement procedures and the need for special qualified personnel to carry them out. The need for automatic continuous monitoring of drilling fluid parameters is evident for all of the above reasons.
Justification of the need for research. The urgent need for continuous automatic monitoring is indicated by a number of articles [1, 3, 6, 12, 15, 16, 17], which emphasize the particular relevance of this issue due to the complication of geological conditions and new advances in drilling fluid technology. Examples of large losses associated with a delayed response to emerging problems are given.
Information about the planned scientific and technical level of development, about patent research and conclusions from them. To solve the stated problem, the authors proposed an automatic system for continuous monitoring of drilling mud parameters. The essence of the system is that the well-known manual measuring instruments are mounted on a turntable rotating at a given speed. During each turn, stops are made and the device is filled with the measured drilling mud in turn; measurement of this parameter with the conversion of the measuring signal into digital form and demonstration of the result on the scoreboard; and finally - removal of the drilling mud with cleaning the device from its traces. The traditional measurement procedure is retained, which gives reasonably accurate results that are not subject to various restrictions (such as a density measurement system using a Coriolis flow meter [16]). Patents were obtained for general schemes of devices for measuring the relative viscosity of a drilling mud [22], its density [20], static shear stress [25] and filtration [26], as well as for a combined device for measuring the relative viscosity and density [23].
Of all the parameters for the primary detailed development and practical assessment of the proposed system as a whole, a system for measuring the relative viscosity using a Marsh funnel was chosen [1]. Theoretical studies of the dependence of the conditional viscosity on the geometric parameters of the funnel, as well as the density, plastic viscosity and dynamic shear stress of the drilling mud were carried out. Using the known positions of hydraulics [27], an algorithm was compiled and on its basis a computer program, the final version of which is designated as FUNNEL4. The virtual experiments carried out using the program played an important role in the research in 2019. In addition, the authors compiled the QPN1 program, which allows calculating the pressure loss in all sections of the drilling mud movement through the circulation system, depending on the geometric parameters of its elements, as well as the density and viscosity of the drilling mud. The program also allows, if necessary, to calculate the required fluid flow when passing through rocks of this type, and the required power of the mud pump. In the process of production tests carried out in 2019, the results of calculating the pressure using the QPN1 program were compared with the readings of the pressure gauge installed at the outlet of the mud pump.
On the basis of theoretical studies, preliminary drawings of general views of the device for automatic measurement of the relative viscosity were drawn up.
When evaluating the possibilities of this project, one of the reviewers emphasized the need to control the parameters of the true viscosity of drilling fluids, namely, plastic viscosity (PV) and dynamic shear stress (DS): “What the industry needs is rheological properties to evaluate pressure losses in the drilling column; what is necessary from the rheological properties is PV and BPS. However, the industry is currently unable to measure the rheological properties of drilling fluids on a continuous basis. If rheological properties were automatically measured as well, the project would be very important also strategically. ” In the course of the theoretical and laboratory studies, the possibilities of a simple and adequate drilling mud to this problem began to become apparent, which was done in the form of an addition to the calendar plan for 2019.
Information about the metrological support of research work. There is a standard laboratory for manual measurement of drilling mud parameters. As part of the project, a rotary viscometer of the RC-35S type was purchased. The work was carried out in the Sutbaev University Engineering Laboratory accredited in accordance with the requirements of GOST ISO / IEC 17025-2009 (No. KZ.T.02.1177 of 23.11.2017).
Relevance of the project. Drilling mud is the most important element of the drilling technological scheme. With the existing technology, drilling mud parameters are measured manually, while their continuous monitoring is not ensured, which in some cases leads to severe accidents with a significant investment of time and money. It is necessary to switch to automation of measurements with the output of the results on the scoreboard.
The novelty of the project lies in the fact that for the first time a general scheme for the automation of manual measurements of drilling fluid parameters is being developed. A new method for measuring the PW and BPS of drilling mud has been developed. The novelty of both developments is confirmed by several patents for inventions
The relationship of this work with other research works. Earlier in the KazNRTU named after K.I. Satpayev, research was carried out and schematic diagrams of automation of measurements of the 6 most important parameters of the drilling mud were developed. The schematic diagrams were patented by Kazakhstan patents [19 - 26]. This work is a continuation of the above studies from 2012 to 2016.
Goals and objectives of the stage and their place in the implementation of research. The aim of the work is to provide continuous automatic monitoring of drilling fluid parameters.
To achieve this goal, the following tasks were set:
- Development of design and technological parameters of a device for automatic measurement of drilling mud indicators. For this task, all work was completed according to the schedule and a report was prepared in 2018 (Inventory number 0218RK00602);
- Preparation of documentation for the manufacture of prototypes of systems for automatic measurement of drilling mud parameters. For this task, all work was completed according to the schedule and a report was prepared in 2019 (Inventory number 0219RK00499);
- Preparation of documentation for the manufacture of an experimental setup.
        




MAIN PART

1 Theoretical research and development of a documentation preliminary version 

1.1 Choosing the direction of research

It is believed that about 10% of the funds spent on well construction [1] goes to combat complications and break downs in the wellbore. Drilling fluids play a special role in their prevention [2]. The composition of drilling mud is reflected in measured parameters, such as density, viscosity, filtration, jell strength and yield point, solids content, hydrogen ion content, etc. The availability of a drilling mud necessary to prevent a concrete complication is confirmed by the required combination of its measured parameters.
        Modern drilling rigs are equipped with means for automatic monitoring parameters for controlling the drilling process [3]: weight on bit, speed of its rotation, pump’s delivery rate, its pressure, rate of penetration, torque on the drilling tool, etc. However, at present the parameters of drilling fluids are still measured manually by single point measurements. The intervals between measurements are measured in hours, and sometimes days [1]. In this mode, the danger of complications due to the inconsistency of the quality of the drilling mud with the changed geological environment is always present.
The aim of the work is to provide continuous automatic monitoring the drilling mud parameters.
To achieve this aim, the following tasks were set:
1. Analysis of publications that can contribute to the achievement of the aim.
2. Theoretical and experimental studies of the funnel viscosity meter operation
3. Development of a general scheme for transition from manual measurements to continuous automatic monitoring
4. Basing on the general scheme, developing  specific drilling mud parameters automatic monitoring schemes.
5. Development of a preliminary version of design documentation on manufacturing  the automatic funnel viscosity meter
The reviewed publications are pointing out the importance of continuous automatic monitoring the drilling fluids parameters, and in particular, in connection with the increase in well depth and the associated complication of geological conditions and drilling of technology. Examples of significant losses of time for the break downs elimination, as well as for the associated loss of well diameter [4,5], are given. However, devices which can solve the problem of automatic continuous monitoring the drilling mud parameters that can be widely used in drilling practice have not been found in current publications on the issue [6,7,8, 9].
The problem of automatic continuous measurement of drilling mud parameters is most effectively solved by automatizing the traditional manual method [10]. Long-term practice has shown that this method can be successfully applied to a wide range of drilling conditions. An important advantage represents the observing continuity with respect to the existing technology.
The proposed general method for automatizing the measurement of drilling mud parameters is as follows: traditional manual measurement tools are installed upon a turntable, which at each turn makes stops in the positions of filling with the fluid, measurement as such and cleaning out traces of the fluid with a stream of water to prepare for the next measurement. There are also present converters of measured values into electrical voltage and further into digital form, as well as automatic control systems for table movement, lines for supplying fluid, water and electricity, and a line for off leading the electrical measurement signal.

1.2 Theoretical and experimental research

Basing on the known positions of hydraulics [11], an algorithm for the operation of the funnel viscosity meter (Marsh funnel) and the corresponding computer model were worked out.


D - maximum inner diameter; d - inner diameter of the nipple; H - length of the conical part; НМ -  length of the measured volume of the fluid; L - length of the nipple; S - step of imaginary dividing the cone height; i - number of steps; Di  - diameter of the funnel in the middle of the i –th  step.
Figure 1.1 - The funnel viscosity meter
In Figure 1.1, the volume of the drilling mud, released during the measurement of the funnel viscosity, is divided into a number of elementary volumes with a thickness S and a height H. For any such element, an equation of the balance of hydrostatic pressure (left) and the sum of pressure drops on the nipple and due to contraction of the flow is valid:



 +                                             (1.1)



where - flow rate of the draining liquid; - its density; - coefficient of hydraulic resistance (depends on the Reynolds number), a - coefficient of flow contraction. For this element


                                                           (1.2)


Basing on the geometry of the funnel, the thickness S and the ordinal number of the elementary volume, its dimensions and height H are determined. Thereafter Q is found, and the velocity ϑ of the liquid in the nipple calculated. Basing on the velocity, and taking into account the rheological parameters of the liquid, the Reynolds criterion and coefficient  (at the beginning, its arbitrary value is entered into the equation, but afterwards computer iterations make it possible to obtain this coefficient with a required accuracy). By Q, for a known cross-sectional area of the element, the rate of lowering of the liquid in it and the drainage time of that elementary volume is determined. The funnel viscosity of the liquid is defined as the sum of the lowering time values for all the elements into which the measured volume is divided. The model with the parameters of the funnel viscosity-measuring funnel ВБР-2 [13] was calibrated on water to obtain the water number 15 s,  corresponding to the geometry of the given funnel.





- velocity  in the nipple; - velocity of the level lowering; T – draining time.
Figure 1.2 - Dependences of the velocities and time of water draining on the height of its column H according to the results of virtual experiments
1.3 Development of the design documentation on manufacturing a preliminary version of the funnel viscosity meter

Table 1.1 - Characteristics of the device for funnel viscosity automatic measurement
	
Name
	

	
	

	
Measurement  time  , s,   
	15-100

	
Cleaning time (,  s
	60

	
Water draining time out of funnel , s
	19

	
Mud filling time, , s
	30

	Table rotation frequency, rpm
	1.9

	
Total time of one measurement , s
	107-192


* ВБР-2



I - funnel assembly; II – turntable; III - bearing and sealing assembly; IV - contact disc assembly; V -  table shaft drive unit
Figure 1.3 - Automatic appliance for funnel viscosity measurement




1.4 Conclusion

1. Carried out the analysis of publications on the topic of the work.
2. Carried out theoretical and experimental studies of the funnel viscosity meter operation.
3 Developed a general scheme for transition from manual measurements of drilling fluid parameters to their continuous automatic monitoring.
4. On the basis of the general scheme, developed  a scheme of automatic monitoring of the drilling fluid funnel viscosity.
5. Developed a preliminary version of the design documentation on manufacturing the funnel viscosity meter 
The work bears features of a pioneer and breakthrough research. According to analysis of the latest worldwide publications no devises  of drilling fluids continuous automatic monitoring have been found, the need for such devices being urgent, especially in connection with the increase in the depth of the wells and development of new more  advanced drilling fluid formulations.













2 Preparation of documentation for the manufacturing of experimental models of systems for automatic measurement of drilling mud parameters

2.1 Development of the terms of reference on the appliance for automatic measurement of funnel viscosity (АИУВР)

The following is an excerpt from the text of the Terms of Reference, which relates directly to the design and technological parameters of the device:
Purpose: Prototype for bench tests.
Characteristics: The device is basing on use of the funnel viscosity meters of the drilling mud such as "Marsh Funnel" or ВБР-2. They are currently used for manual measurements and at randomly assigned intervals. The АИУВР device ensures the use of these devices in the continuous automatic monitoring mode. The device sensor block includes: a turntable; funnel ВБР-2 mounted on it, with a device for dosing the volume of the draining drilling mud in the form of a float with a shank and a cam at its end; a cylindrical housing containing a live contact assembly and a turntable shaft. The lower box shaped housing contains the electric motor and replaceable gears. A stand of the live contact of the dosing device is mounted upon the housing. The appliance also includes a power block with controller and monitor block with display.
[image: C:\Users\Динара\Desktop\Новая папка (2)\СЧ вид сбоку.png]
I – turntable assembly: 1 - table; 2 - borehole for installing the funnel; 3 - bushing; 4 - stand; 5 - plug; 6 - plate; 7 - centering hole of the float shank. II – cylindrical housing assembly: 8 - lid; 9 - seal; 10 - bearing; 11, 12 - packing; 13 - housing; 14 - cam disk; 15 - shaft; 16 - gear; III – box shaped  housing assembly: 17 - bottom plate; 18 - top plate; 19 - side wall; 20 - shelf; 21 - motor; 22 – shaft; 23 - gear wheel; 24 - bearing; 25 - ball; 26 - box; 27 - bushing; 28 - bracket; 29 - contact board; 30 - seal; 31 - cable inlet; 32 - measuring funnel.
Figure 2.1 - Assembly drawing of a device for automatic monitoring of the funnel viscosity of the drilling fluid. Sectional side view
[image: C:\Users\Динара\Desktop\Новая папка (2)\СЧ вид сверху.png]
Figure 2.2 - Assembly drawing of a device for automatic monitoring the funnel viscosity of the drilling fluid. Top view
Operation of the device: The turntable is revolved by an electric motor at a given frequency. Under the influence of the controller and the time relay, it makes stops of a given duration in positions of the fluid loading and cleaning the funnel from its residues. The start of the device for measuring the funnel viscosity time is fixed by the moment, when the table resumes its motion after the loading time has elapsed  The stop is effected by opening the contact on the rack by the cam of the float shank, which goes down together with the level of the draining liquid. Following the measurement, the table after a predetermined period of time stops in the position of “cleaning the funnel” under running water. Further, the above-described cycle of measuring the funnel viscosity is repeated. The numerical result of each measurement is kept on the monitor until it is replaced with the result of the turntable next revolution.
Requirements for principal characteristics: The measurement volume of drilling fluid: 0.5 l; The interval of the measured values of the funnel viscosity : 15 - 120 s; The turntable period (without stops) : 30 s; The stop for cleaning the funnel: 60 s; the maximum measurement time: 120 s; the period of measurements –no more than 210 s.; the diameter of the turntable: no more than 280 mm. Dimensions (no more than): length: 400 mm, width: 350 mm, height without contact stand: 260 mm, with it :560 mm.




2.2 Theoretical research
 Average hydrostatic pressure at draining the mud volume VM out of the Marsh funnel at the average height of HM and the diameter of the nipple d:


                        +,                                        (2.1)   
where ρ - density, g - gravity acceleration, L - length of the nipple, ϑ - average fluid velocity in the nipple (determined by the draining time), a - flow contraction coefficient (determined at calibrating the funnel on water).
Hence the average hydraulic resistance coefficient in the nipple

                                        (2.2)
Reynolds criterion for non-Newtonian fluids


                                               (2.3)
where η and τ - plastic viscosity and yield point of the mud
On the other hand, at the laminar flow, which always takes place [9,10] with non-Newtonian liquids draining from the measuring funnel:


                                                      (2.4)
Transforming  the equation (2.3):

                                             (2.5)

Equation (2.5) makes it possible to find η and τ in two ways: 
A) By draining two different measuring volumes, and obtaining two linear equations (1.5) with two unknowns;
B) The usual measurement of the funnel viscosity makes it possible to obtain by its results one of the two equations (2.5). Assigning zero value to one of the unknowns (2.5), the maximum possible value of the second unknown is obtained, half of which is taken as its most probable value. Testing the two methods of finding rheological parameters η and τ under laboratory and industrial conditions gave positive results.
In order to assess the adequacy of the last “express method”, laboratory studies (Table 2.1) were carried out on measuring the viscosity of a drilling mud prepared on a low dissolving clay powder. The rheological parameters measured by the FANN35 device (columns 2,3) were entered into the computer model of the funnel ВБР-2 described above (see the report for 2018), obtaining the corresponding funnel viscosity (column 5). The funnel viscosity was also measured directly by the ВБР-2 funnel (column 4). From this value, together with the corresponding density, rheological parameters were calculated using the express method (columns 6 and 7). The latter, like the FANN35 data, were also entered into the funnel model and the value of the funnel viscosity was also obtained (column 8). 
The discrepancies between the values, obtained on the basis of FANN35 and those obtained dy the express method  in lines 1, 2, 3, 4, 5, 6, are respectively: +2.4; +1.2; +1.2: +5.0; +8.8; +5.3. Average discrepancy is 3.98%.

Table 2.1 - Comparison of viscosity values determined according to FANN35 and according to the proposed express method
	№
	Density
kg/m3
	FANN35
	ВБР-2
T,s
	FUNNEL,
s
	METHOD
	FUNNEL,
s

	
	
	ἠ,
Pa*s
	τ,
Pa
	
	
	ἠ,
Pa*s
	τ,
Pa
	

	
	1
	2
	3
	4
	5
	6
	7
	8

	1
	1050
	0.001
	0.48
	15.37
	15.55
	0.0019
	4.30
	15.93

	2
	1100
	0.002
	0.48
	15.49
	15.72
	0.002
	4.65
	15.91

	3
	1150
	0.003
	0.72
	15.70
	15.84
	0.0023
	5.12
	16.03

	4
	1200
	0.004
	0.96
	16.31
	15.92
	0.0028
	6.08
	16.72

	5
	1250
	0.005
	3.12
	18.10
	17.10
	0.0042
	8.15
	18.61

	6
	1300
	0.0085
	7.44
	22.31
	21.72
	0.0071
	11.27
	22.88



Similar work was carried out at the Uzen oil field on the ZJ-20 drilling rig. In the well the conductor with an internal diameter of 226.7 mm was run down to 450 m, an open hole - 220.7 mm. Drilling pipes 102/85 mm; internal diameter of their couplings 65 mm, drill collar 65 mm, 82 m. PDC bits, 6 nozzles: 3 diam. 14 and 3 - 16 mm.





Table 2.2 - Conditions for taking measurements at the Uzen well
	LСК,
m
	LОС,
m

	V,
m/h
	Q,
l/sec
	PМ,
MPa
	ƿ,
kg/m3
	T,
s
	FANN35
	Express method

	
	
	
	
	
	
	
	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

	LСК - well depth; LОС - open hole length; V – penetration rate; Q - pump delivery; PМ - pressure on the pump manometer  ρ – drilling mud density T - funnel viscosity; η - PV; τ - YP.



Table 2.3 - Calculated values of pressure drops
	Method
	РТ,
MPa
	РС,
MPa
	РТС,
MPa
	РТК,
MPa
	РУ,
MPa
	РУС, MPa
	РД, MPa
	РШ, 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

	Рт - pressure droip in the drill. pipes; Рс – drops in their connections; РТС - drops between drill pipes and well; RТК - drops between the conductor and the well; РУ - drops inside the drill collar; РУС - drops between drill collar and well; Рд - drops on the bit nozzles Рш - drops for lifting cuttings, Р - total pressure drop.



The total pressure drop calculated on the basis of the express method is 2.8% higher than those related to FANN35. Deviations from the mud pump manometer readings (Table 1.2)  are 6.9%, downward, while for FANN35 - by 8.1% - also downward.

2.3 Development of terms of reference on an integrated appliance for automatic measurement of density, funnel viscosity and rheological parameters of drilling  fluid АСИ-ПВНС

In accordance with the general scheme of automatizing the drilling fluid parameters manual measurements, patents on density measurement appliance [16,17] as well as on an integrated appliance of density and funnel viscosity automatic continuous measurement were obtained [18]. The last devise was made a base  for the below considered appliance.
What follows is an excerpt from the text of the Terms of Reference, which relates directly to the design and technological parameters of the device:
The purpose: Prototype for bench and industrial tests.
The structure: The sensor unit includes turntable driven by an electric motor; a funnel mounted on the table with a device for dosing the measured volume of drilling mud: a sensor of the density, upon which the funnel with the drilling mud rests; a cylindrical housing containing the turntable shaft with a cam disk mounted on it; a box-shaped housing containing the electric motor and replaceable gears; the mounted on the housing stand of the live contact. There is a power block also housing the controller and time relay. The monitor represents a small standard display. 
The operation. The turntable makes, under the influence of a time relay, stops in the positions of filling with the tested drilling mud, and flushing the funnel with water. After the stop time under the drilling mud supply channel has expired, at the instant of revolving resumption, voltage is supplied to the density sensor, the signal of which is fed to the input of the microcircuit. The voltage lasts for a fraction of  second, so that the drilling mud level does not have time to drop. The electronic stopwatch starts at the same time. At the moment, when the specified volume of the fluid has drained, the cam on the float shank opens the live contact on the stand and stops the stopwatch. The time of the funnel viscosity is fed to the microcircuit, which calculates the plastic viscosity and yield point - equations (1-5) option B. After the time sufficient to measure the maximum funnel viscosity, the turntable stops for a specified time in the flushing position under the water supply channel. Thereafter the relay starts the electric motor in the opposite direction and returns the funnel to the position of filling with drilling mud. The values ​​of all measured parameters are displayed on the monitor until the next cycle results appear.
[image: C:\Users\d.delikesheva\Desktop\ДНС.png]

I- Density gauge assembly; 1 -core; 2 - exciter coil; 3 - measurement coil; 4 – centralizer; 5 –disk; 6 - casing; 7 -housing; 8-thrust washer; 9 –spring; 10 - carrier; 11,12 - undercutting; 13 –flange; 14 – packing II - Funnel viscosity sensor assembly; 15 - funnel; 16 – nipple; 17 – float; 18 – shank; 19 - washer cam; 20 - contact housing; 21 - flat; 22 – hole; 23 - contact housing base; 24 – coupling, 25 – window 26 - funnel cap; 27 - dash board; III - turntable assembly; 28 – table; 29 – borehole for the funnel nipple; 30 - shaft; 31, 32 –bearings; 33 - Cam disk; 34 – gear; IV -contact housing assembly; 35 –head; 36 - plastic housing; 37 – seal; V - base assembly; 38 –wall; 39 – shelf; 40 –electric motor; 41 – gear; 42 – coupling.
Figure 2.3 - Assembly drawing of a device for integrated automatic monitoring of density, funnel viscosity and rheological parameters of drilling mud. Sectional side view

2.4 Conclusion

1. Compiled the Terms of Reference for the development of the appliance for the drilling fluid funnel viscosity automatic measurement 
2. Developed construction documentation for manufacturing a prototype device for automatic measurement of the drilling fluid funnel viscosity.
3. Developed two simple methods to measure the rheological parameters of a drilling fluid, based on using Marsh funnel.
4. The proposed methods were tested under laboratory and industrial conditions in comparison with traditional means. The resulting discrepancies were from 2 to 5%
5. One of the proposed methods is based on the results of routine measurements of the funnel viscosity and density with subsequent calculation of the rheological parameters on their basis. This method does not require special measuring instrument or a special measurement procedure.
6. Developed а scheme of the device for automatic measurement of density, funnel viscosity and rheological parameters of drilling mud.
7. Compiled the Terms of Reference on the development of an integrated appliance for automatic measurement of density, funnel viscosity and rheological parameters of drilling mud.
8. Developed construction documentation for manufacturing the integrated device.
















3. Preparation of documentation for manufacturing an experimental stand

3.1 Development of documentation for the manufacturing an experimental stand

3.1.2 Requirements for the stand
According to GOST 34.602, which regulates the composition and content of the work on development of new products, the development must go through the following stages:
1) Carrying out research work;
2) Preparation, coordination and approval of the Terms of Reference;
3) Development of documentation for the manufacture of a prototype;
4) Сoordination of technical documentation with the manufacturer;
5) Accepting the  manufactured parts;
6) Installation of a prototype and its bench tests;
7) Correction of technical documentation in order to eliminate the identified deficiencies;
8) Manufacturung the corrected sample;
9) Industrial tests;
10) Correction of technical documentation;
11) Manufacturing the pilot series of devices;
12) Tests of a pilot series in order to determine the reliability indicator and establish the economic effect.
Carrying out the bench tests (item 6) of the developed automatic devices, which require to perform measuring process repeatedly at a given period, is impossible without a special stand. The main requirements for the stand are as follows:
- Connection to a water supply line, for preparation of the water-based drilling muds  and cleaning the systems 
- Connection to the sewerage system for the disposal of waste liquids
- Connection to power supply through a step-down transformer
- Connection of the tested device to the power supply and to the measurement signal off leading line.
- Connection of the signal processing unit with the monitor.
- Availability of sites for placing the tested device, as well as the power block and the monitor
- Availability of a mixing device for the preparation of drilling mud of specified parameters
- Availability of containers for tested drilling mud, tap water and waste liquids
- Availability of pumps for water and tested fluids
- Availability of pipelines connecting the tested device with containers of fluids and water
- Availability of pipelines connecting the water container with the system for preparing and supplying drilling mud (mixer, container, pipeline, pump) for cleaning it when switching to testing a drilling mud of a different type
- Availability of pipelines for discharge of waste fluids into their collector and further into the sewer
- Availability of devices for supplying liquids in a given direction (taps, valves and needle valves
- Availability of devices for the repeated using the tested drilling mud and preventing it from mixing with the waste liquid
- Availability of pump communication devices with the tested appliance, which automatically ensure their automatic switching on and off depending on the position of the turntable: starting  the drilling mud pump in the “loading” position and stopping it  at the moment of resuming rotation, as well as turning on and off the cleaning water pump

TERMS OF REFERENCE 
on development of the experimental stand for testing drilling mud parameters automatic control devices 
Introduction
This terms of reference (TOR) establishes technical requirements for development of an experimental stend for testing devices for automatic control of drilling fluid parameters.
The composition and content of this terms of reference are developed based on the requirements of GOST 34.602.
1. General information
1.1. Full name of the device:
An experimental stand for testing automatic control devices for drilling mud parameters
1.2. Device short name:
ЭУ-ПАКБР 
1.3 Project code:
Project No. 2018 / AP05133363
1.4. Name of company:
Customer - K.I. Satbaev KazNRTU 
Contractor - Performers of the project No. 2018 / AP05133363
1.5. Basis for development:
Project work plan
1.6. Work order:
The planned terms of work correspond to the calendar plan for project No. 2018 / AP05133363
1.7. The work is funded by the Ministry of Education of the Republic of Kazakhstan within the framework of project No. 2018 / AP05133363
The requirements for the installation of the ЭУ-ПАКБР, established by this TOR, should not limit the Contractor in the search and implementation of the most effective technical and economic drilling muds. Changes to this TOR are drawn up in the form of a protocol or an addendum to the TK, agreed by all interested parties and approved by the Customer and the Contractor. Once approved, the protocol or addition becomes an integral part of the TOR.
2. Purpose and aim of the device
2.1. Purpose of the device:
Bench laboratory tests of prototypes of devices for automatic monitoring of drilling fluid parameters.
2.2. Purpose of creating the device:
Preparation of prototypes of devices for automatic monitoring of drilling fluid parameters for industrial tests, including:
- Fixation of partial faults of design
- Establishing ways to eliminate them
- Establishing ways to further improve the design
3. Characteristics of the developt object
3.1 Brief information about the ЭУ-ПАКБР 
It represents an experimental stand, on which prototypes of automatic monitoring various  parameters of the drilling fluid can be placed, with the possibility of their functioning in specified modes. The appliance is equipped with systems of supplying the tested drilling fluid, electricity and water, as well as systems for leading off the measurement signal and removing waste water. In addition, there is a system for preparing the drilling fluid of the required parameters and a system that ensures its multiple use.
3.2. Description of the design of the ЭУ-ПАКБР 
The central part of the stand is the table on which the tested device is mounted. Directly under its top frame there is a fixed to it sink, designed to collect the worked out drilling mud and waste water. In the lower part of the sink, there is an automatically controlled two-position valve that alternately opens the channel for returning the drilling mud to its collector and the channel for draining the waste water into a special container.
The stand contains containers for drilling mud and clean water, as well as a container for waste water. The first two containers are equipped with pumps that take liquid from them and supply it to the tested device through pipelines. The container for clean water should be connected  to the tap valve supplying water from the water supply network, the container for the waste water should be connected to the sewer.
A fluid mixer with an electric motor is installed on a special base above the container with the drilling fluid. There are storage containers for 2 - 3 different types of clay and for 3 - 6 types of chemicals for drilling mud quality control.
The room contains an electrical panel with circuit breakers, as well as a system of cables for supplying voltage to the electric motors of the test device, pumps, the mechanical valve and the clay mixer.
The stand should be completed with a portable mud laboratory for manual measurements of drilling mud parameters. There should also be an electronic meter to determine the mass of clay and chemical reagents added to the prepared drilling fluids.
3.3. Description of the operation of the ЭУ-ПАКБР 
In accordance with the set purpose of experimental studies, the calculated mass of clay is placed in the mixer, filled with water and mixed until the required density and funnel viscosity are gained. These parameters are measured with instruments from a portable mud laboratory. If it is necessary to impart special properties, chemical reagents are added during mixing. A volume of drilling mud is prepared corresponding to the volume of its collector.
The tested device is fixed on the table and connected to the channels for supplying water, drilling mud and electricity. The turntable starts rotating. When a container (for example, a Marsh funnel) approaches the drilling mud supply channel, a cam connected to the rotating table opens the power contact of the rotary table motor, which stops. At the same time, the same cam (or interlocked with it) starts a micro-pump for supplying drilling mud from its collector to the tested  device, as well as to the  two-position valve motor, which, while moving, opens the way for the fluid from the device back to the collector, and shuts the hole leading to the waste water tank. After the estimated time of filling the device with a drilling mud, the time relay resumes the rotation of the table and at the same time turns off the pump supplying the drilling mud. At the drilling mud continuing to flow from the sink into the collector. After the time sufficient for the complete drainage of the drilling mud has elapsed, the following on rotation cam, applying voltage to the valve motor, moves it, closing the channel for the drilling mud and opening the channel supplying dirty water to its container. A few seconds later, the container stops under the water supply channel, simultaneously turning on the water supply pump. Thus, the valve ensures the immiscibility of the drilling mud with the cleaning water. After a time sufficient to clean the capacity of the device, the time relay resumes rotation and stops the water pump. With the resumed rotation, water continues to flow out of the container. The moment the device returns to the drilling mud supply channel is determined by the time sufficient to completely drain the water from the sink.
3.4 Operating conditions.
The ЭУ-ПАКБР is located in a room where there are tap valves for supplying cold and hot water from the water supply system, as well as the possibility of draining the used liquids into the sewer. In addition, there must be a power supply for the electric motors of the micro-pumps, the clay mixer, the gate valve and the tested device. It is desirable to maintain the temperature in the room within 20 ± 5 C.
4. Requirements for the stand
4.1. Requirements for the structure and functioning 
Due to the fact that the tested devices are constantly in contact with water and drilling fluid, protection must be provided against uncontrolled spread of liquids throughout the room and their harmful effect on surrounding objects and devices. In particular:
- The table must have a metal or plastic cover;
- The area where the tested device is placed on the table should be enclosed to prevent splashing and moisture from spreading outside this area.
- The tested device should be located on a special base (grate, bars), which ensures free drainage of liquids into the sink
The area of ​​the table, located outside the fenced area, should allow measurements of the the drilling mud parameters using a portable laboratory of drilling fluids, as well as dosing the necessary masses of clay and chemical reagents using an electronic meter. A log of the results obtained should also be kept here.
4.2. Requirements for number and qualifications of personnel
A special person should be responsible for the condition, performance and reliability of the stand, as well as for the safety of work on it. This person must have sufficient qualifications and must be instructed by the authors of the project.
Number of persons participating in experiments at the stand can be from 2 to 3, depending on the type of work carried out. These individuals will be staff members of the project and will be suitably qualified. The number of persons present can be increased by demonstrating experiments to interested individuals or organizations. Experiments on the stand can be included in the classes for students in special disciplines. In this case, the presence of a teacher who is responsible for the safety of students and compliance with the rules for operating the stand is mandatory.
4.3. Requirements for indicators of appointment
- Table cover dimensions: 1.2 x 3 m
- Table height: 1m
- Dimensions of the table area with barriers 1.2 x 1.2 m
- Height of the barrier 0.05 m
- Dimensions of the base of the pyramidal sink 1 x 1 m
- Sink height with two-position valve: 0.6 m
- The volume of the tank for clean water is 0.4 m3;
- Its dimensions are 1 x 1 x 0.4 m (0.4 - height)
- The volume of the waste water container is about 0.4 m3;
- Its dimensions are 1 x 1 x 0.4 m
- The volume of the collector for the drilling mud is 0.024 m3
- Its dimensions are 0.2 x 0.3 x 0.4 m
- The volume of the containers for the reserved fluids and reagents: one container 20 l, two containers 5 l each, four 1 l each
- Containers for various types of clay: three containers of 20 liters
- Performance of micropumps up to 10 l / min
- Pressure up to 50 m.  water column
- Clay mixer capacity 10 l
- The production of the clay mixer is not less than 20 l / h of fluid
- The installation’s maximum total energy consumption: 1 kW 
- Power supply parameters must meet the requirements of GOST 34.602
4.4 Reliability requirements
According to GOST 34.602, the EU-PAKBR must guarantee 4000 hours of uptime with a confidence level of 90%.
4.5. Safety requirements
All power supply units must be grounded. They must be mounted in accordance with the requirements of GOST 12.1.030.
To ensure safety, the operating voltage of the EU-PAKBR, as well as all its elements, including the device under test, should not exceed 127 V.
The power supply unit, which includes step-down transformers and a number of other electrical devices, must be located far from the experimental setup and its elements.
Mechanical elements must comply with safety requirements in particular for assembly and disassembly. They must not have sharp edges or corners.
4.6 Requirements for ergonomics and technical aesthetics
Convenient access to all elements of the installation should be provided, including the power supply unit, clay mixer, pumps, two-position valve, as well as the tested device. The stand should be easy to assemble  and disassemble and convenient for transportation. It should occupy the smallest possible area.
4.7. Operation, maintenance, repair and storage requirements
The experimental stand assembled in the designated place must be kept in working order. Access to it by unauthorized persons should be limited. The elements of the installation in contact with the fluid and water must be protected from rusting. Before starting work with the tested devices, it is necessary to bring the appliance into readiness, namely, to check the operability of the clay mixer, pumps and the two-position valve, to make sure that the power supply and clean water supply channels, as well as the communication channel with the sewage system, are in good working order. It is necessary to fill the container with clean water. Next, you should prepare the required amount of a drilling mud of a given quality, carry out one-time measurements of its parameters and fill the collector with it. Finally, it is necessary to mount the tested device on the table and connect it to the supply lines of the water, power and drilling mud. During the tests, the described preparatory measures are carried out daily before starting work. In the process of work, it is necessary to monitor the condition of the drilling mud and water supply channels and exclude their blockage in case of accidental ingress of undisclosed particles of clay or chemical reagents. If a pump, a mixer or a two-position valve breaks down, it is necessary to have a supply of the most intensively wearing parts, such as glands, couplings and hoses. In case of complete failure of mechanical devices, they are overhauled or replaced with new purchased elements.
4.8. Requirements for standardization and unification
The  stand will include standard elements:
 - Portable laboratory for measuring parameters of drilling mud;
- Micropumps;
- Mixer;
- Containers for drilling mud, water and waste fluid.
5. Composition and content of work on the development of the installation
  5.1. Carrying out research work with the establishment of the required structure of the stand and its operating parameters
 5.2. Drawing up and approval of the Terms of Reference;
  5.3. Development of technical documentation for manufacturing;
  5.4. Coordination of technical documentation with the manufacturer;
 5.5. Manufacturing control and problem solving
 5.6. Acceptance of manufactured parts;
  5.7. Installation of the initial sample and its testing;
  5.8. Correction of technical documentation
  5.9. Improvement of the appliance, manufacturing the required new elements
  5.10. Assemblage  of the stand and putting it in operation
All these stages of work should be carried out in accordance with the timetable for project No. 2018 / AP05133363
6. Procedure for control and acceptance
In the course of manufacturing, the executors of project No. 2018 / AP05133363 advise the manufacturer and solve emerging problems.
In the process of acceptance of finished products, the authors carry out quality control of manufacturing and compliance with the requirements specified in the technical documentation
The installation is being assembled, its performance is assessed. If non-observance of the specified design parameters is detected, the part must be corrected or re-manufactured
In accordance with the Terms of Reference, technical documentation was prepared. The stand shown in Figures 7 and 8 has the shape of a table. At the top it has a frame 1 made of channels, resting on four tubular legs 2. The legs have at the bottom shoes 6 and at the top they are connected to the frame through headrests 5 and bolts 16, which also connect the sides of the frame. A sink 3 is installed in the frame. Diagonally it is divided by a partition 15. which forms two compartments and has two nipples 12. One compartment serves to collect the drilling mud and return it to the its container for reuse; in the second compartment, waste liquid (dirty water) is collected with its subsequent descent into an appropriate container and further into the sewer. A guard 4 is mounted on the frame, which does not let spray out of the table. Beams (rods) 10 are installed on the fence in special recesses, on which the saddle 11 rests - a platform for installing the tested device. The saddle has vertical projections on the sides for centering the instrument. The pipes 7 for supplying drilling mud and water pass through the centralizers 8 (at different sides of the table). On the top of the pipes there are nipples 13 to accurately direct the liquid into the funnel of the device and avoid splashing. At the bottom, the pipes end with nipples 12 for connecting hoses coming from the pumps. The position of the pipes is fixed by clamps 9 resting on centralizers 8 welded to the legs. Welding is used to connect the walls of the sink to each other and to the bottom, as well as to install a dividing wall 15 in it. All other elements are connected with screws, which ensures the separation of the unit into easily transportable elements. To collect splashes and drops, the table is installed on a tray 14.
[image: Сборочный чертеж _ ЭУ-ПАКБР.01.000.00]

1– frame; 2 - leg; 3 - sink; 4 - fence; 5 - headgear; 6 - shoe; 7 - pipeline; 8 - centralizer; 9 - clamp; 10 - beam; 11 - saddle (it shows a device with a funnel); 12; 13 - nipple; 14 - tray.
Figure 3.1 - Assembly drawing of an experimental stand for testing devices for automatic control of drilling mud parameters (side section) view 
[image: Фрагмент]
15 - partition; 16 - bolt
Figure 3.2 - Assembly drawing of an experimental stand for testing devices for automatic control of drilling mud parameters (top view)

The diagram of the pump manifold shown in Figure 3.3 works as follows:
- When filling the reservoir P with a drilling mud prepared in the MX mixer: Valve 3 and valve 4 are open, other valves and needle valves are closed. The HP pump sucks the drilling mud from the mixer and pumps it into the manifold;
- When the device under test is in operation and its funnel is in the loading position: Valve 1 and valve 2 are open, other valves are closed. The HP pump sucks the drilling mud from the collector P and pumps into the funnel of the tested device, from where it drains  through the corresponding compartment of the sink to the drilling mud collector;
[image: Узел насоса]
НВ - water supply pump; НР - drilling mud supply pump; GW - dirty water capacity; ЧВ - pure water capacity; Р - drilling mud capacity; MX - mixer; K - sewerage; B - water supply; 1 - 13 - taps and valves
Figure 3.3 - pump manifold

- When the funnel of tested device is in the loading position and, if it is necessary to adjust the delivery of the mud downward, in addition to valve 1 and valve 2, valve 4 is also open, returning part of the drilling mud back to the container P. By turning valves 2 and 4, the desired fluid delivery is obtained. A strong jet of drilling mud, when it is loaded into the funnel, leads to its losses due to spraying. In addition, it creates a depression in the surface of the mud in the funnel and for that reason the measured volume turns out to be less than the set value,which causes an error in the final measurement result in the direction of its decrease. The use of a pump with a high productivity with return of a part of it to the mud collector provides two important advantages: firstly, the regulation with the help of valves makes it possible smoothly to set any optimal liquid supply and, secondly, it makes intensive stirring the drilling mud in its collector, preventing gelation  errors increasing the real value of  the funnel viscosity 
- When the tested device is operating and its funnel is in the cleaning position: Tap 5 is open, other taps are closed. The HB pump sucks the drilling mud from the CW pure water collector and pumps it into the funnel of the tested device, from where it drains through the corresponding sink compartment to the dirty collector of waste water.
- When cleaning the system before using a new type of drilling mud: Valves 6, 7, 8, 9, 11 are open, other valves are closed. The HB pump sucks water from the CW collector and injects it into the drilling mud collector P and the MX mixer, passing through which the drilling mud enters the discharge line (dotted line) and then into the waste water tank.
- When loading the clay mixer with water: Tap 7 is open, other taps are closed. The HB pump sucks the drilling mud from the CW pure water collector and pumps it into the MX mixer.
- When loading the CW tank with water (during the tests it is constantly consumed): Tap 12 is open, other taps are closed. The water comes from the mains supply.
- When unloading the dirty water collector (during the tests it constantly arrives): Tap 13 is open, other taps are closed. The spent liquid dreains into the sewer.
Technical characteristics of the stand
1.Dimensions, mm:
Length and width: 1000
Height: without fluid lines 813
Height of pipelines (the stand with them) 1500
2. Sink size, mm
Length x Width: 695
Height: without nipples 305
The same with nipples 385
Distance from the bottom of the funnel to the tray 470
3. Dimensions of the fence, mm
Length and width 704
Height above frame 123
4. Dimensions of the "saddle" (installation platform), mm
Length 271
Width 249
Height 42
5. Diameter of pipelines, outside / inside, mm 26/22
6. Dimensions of water tank, mm
Length and height 1000
Width 400
Capacity,  400 liters
7. Dimensions of the waste water tank, mm
Length and width 1000
Height 200
Capacity, 200 liters
8. Dimensions of the drilling mud container, mm
Length and width 140
Height 250
Capacity, 5 liters
9. Water and drilling mud pumps
Output, l / min 10
Maximum pressure, MPa 0.5
10. Funnel filling time 15 s
11. Mixer
Capacity, l 2
Verification calculations of the stand operation (at the example of testing a device for automatic continuous measurement of funnel viscosity)
According to the laws of hydraulics, the pressure loss in the vertical pipeline is

                                                                                       (3.1)
ρ - density of the liquid, g -  acceleration gravity, H - height of the pipeline, d - inner diameter.
Liquid velocity in the pipeline
                                           ϑ = Q/(0.7854d2)                                              (3.2)

Q - pump output
Converting the values from the technical characteristics, we get Q = 0.438 m / s
Since the highest liquid flow (full pump capacity) is required when flushing with water, the calculation is performed for water.
Reynolds number is
     Re=ρϑd/γ                                                 (3.3)

γ - dynamic viscosity of water equals to 0.0001 Pa * s
We get Re = 96360, which practically means the region of turbulent regime, for which the coefficient of hydraulic resistance

                                         ג=0.0121/d0.226                                   (3.4)

We get ג = 0.029
Entering all known values into equation (3.1), we obtain Р = 0.015 MPa
When the drilling mud is supplied to the device, its amount is less than the pump capacity and the pressure loss, even at a higher density of the liquid, will be lower than the pressure specified in the pump characteristics.
We determine the liquid supply by the pump necessary for the required time of filling the funnel with liquid specified in the characteristic. This flow rate is equal to:

                                      Q= (Qd+ QF)К   					(3.5) 

Qd - flow rate of spontaneous draining  of water from the funnel

Qd= V/Td                                                          (3.6)

V - total volume of the funnel - 0.7 liters; Td - time of water draining therefrom. According to the 2018 report, Td = 19 s
We get Qd = 2.21 l / min
QF - flow rate of the liquid stream when filling an empty funnel

                                      QF= V/TА                                                         (3.7)
 
TA - filling time specified in the characteristic
We get Qd = 2.80 l / min
We take the reserve  factor K = 1.2
According to equation (3.5), we obtain Q = 6.01 l / min
In this case, 4 liters must be returned back to the mud collector. The calculation is made for water, which has a maximum Qd compared to other drilling fluids
Duration of testing the device with a drilling mud of this type is taken equal to 30 minutes
Time of one measuring cycle 5 min
Number of  measurement cycles for employing  a given  type of drilling mud 30/5 = 6
Drilling mud consumption per test (drilling mud container volume) 5 l
The volume of the loaded drilling mud for 1 cycle (volume of the funnel
ВБР-2 with a reserve factor K = 1.2): 0.7x1.2 = 0.84 l
Loading time 15 s
Water flow 10 l / min (full pump capacity)
Pump running time for 1 cycle at funnel flushing 1 min (60 s)
Pump run time for cleaning  drilling mud capacity and mixer 5 min
The volume of water for flushing the funnel for 1 measurement cycle 10x1 = 10 liters
Water volume for flushing the system 10x5 = 50 liters
Total water expenditure for testing with a given type of drilling mud 10 + 50 = 60 l
Total waste liquid 60 l
The number of types of drilling mud, the test on which provides the volume of the water tank 400/60 = 7
The number of types of drilling mud, the test on which provides the volume of the tank for the wastet liquid 200/60 = 3
To ensure the movement of the waste liquid by gravity into the waste liquid container with a side wall height of 200 mm, the bottom of the drilling mud containers and the mixer must be located above this wall. At the same time, to ensure complete discharge of the drilling mud from the funnel into the drilling mud container, the bottom of the funnel (the distance of which to the tray is 470 mm) must be higher than the upper edge of this container. The actual height difference provided by the technical specification is 470-250 + 200) = 20 mm.
That ensures the fulfillment of the specified conditions.

[bookmark: _GoBack]3.2 Developing  the automatic viscosity meter to the stage of the working model

3.2.1 Mechanical development
In 2109, the enterprise IE “Palchikov” manufactured the mechanical part of the device. However, further work ran into a serious problem. The mechanical part was created with the expectation that a low-speed reversible electric motor RD09, which in the USSR was widely used in various automatic devices, would be used as a drive for the device.
Internet searches have made it possible to identify suppliers of such an electric motor in Almaty, Lviv and Moscow. However, in the first two cities at the indicated addresses there was no one, and in Moscow they said that these small electric motors can only be supplied in the form of batches of at least 20 units, which for experimental work exceeded the need many times over. After several months of searching (including during a business trip to Lviv), these electric motors were found and purchased on the technical market of Almaty.
However, a new complexity has emerged. The power of the purchased engines was only 1 W, which was clearly not enough for a rather massive device made. A new agreement was concluded with the same enterprise for the adjustment of the mechanical part. The main purpose of the stand work was to minimize the power required for the turntable movement. It was decided to reduce the friction in the bearings caused by misalignment. This was done by expanding the contact of the shaft walls with the lower bearing, which ceased to be angular contact, but became only a thrust bearing. Only the upper bearing began to play the role of radial centering, which turned out to be sufficient in view of the very slow rotation of the shaft, which, with the help of the manufacture of a new pair of gears, was reduced by 3 times in comparison with the speed of the RD09 shaft. The lightening of the rotating parts and, in particular, the turntable was carried out by removing the excess metal (see Fig. 4). Simultaneously with the drilling mud of the main task - reducing the power for rotation, attention was paid to improving the tightness and insulation of live elements. In addition, the possibility of improving some of the nodes came to light. In particular, it was decided to install the box-shaped body on screw-out supports to ensure that the liquid level in the measuring funnel is strictly horizontal. Below is a program for making changes and additions to the device design, which was sent to the manufacturer along with the corresponding drawings.
The program of work on setting up the mechanical part of the automatic viscosity meter in order to ensure its coordination with the electrical part.
1. Make the rotation of the turntable as free as possible: An electric motor that has just been purchased has a power of only 1 W).
It is necessary:
A) Extend the inner diameter of the lower bearing, or narrow the lower 17 mm of the shaft by 0.1 - 0.5 mm, until the rotation is completely free.
B) The oil seal should not slow down the rotation by tightening - make the oil seal from a loose material such as hemp with a maximum of solid oil.
2. Inability to remove the intermediate plate. On it, as on a special shelf, the engine must be mounted: RD09 (see drawing): This plate is clamped between the walls of the base.
Necessary: ​​Remove the shelf and grind it off from the sides - to ensure that after unscrewing the screws it would be easily removed.
3. The need to reduce the required power to go to lower speeds and work at low gears of rotation of the table: In the available version there is a pair of gears of the same size - 96 mm, which does not reduce the speed of the table.
Required: To make a pair of gears 48-144 mm and to make fastening sleeves for them
4. Lack of rigid fixation of the centralizer bar in the post of the float shank. The resulting backlash will cause it to jam in the centering hole.
It is necessary:
A) Shorten the length of the centralizer post from 385 to 320 mm - see drawing) B) Weld the fastening plug to the post and to the bar, keeping the bar strictly horizontal (or make a new plug so that there is a press connection everywhere).
5. Danger of water ingress on live parts (127 V).
It is necessary:
A) Replace the spot welding in the joint of the steel ring of the body with the upper base plate with a solid one.
B) Do the same for the bushing of the contact post (according to the drawings, it should have been on 4 screws with a rubber gasket, but it is possible for welding)
C) Make a splash guard with a diameter of 190 mm of tin (see drawing) and install it on the centralizer bar (grab it with welding, screws or rivets - whatever is best)
D) So that if the motor insulation is broken, there is no short circuit to the entire housing, glue a 100 X 100 X 2 mm textolite plate with a 25 mm central hole on its mounting shelf on top of its mounting shelf or take on screws and make holes on this plate for mounting the motor (see drawing ). At the same time, expand the hole on the shelf from 50 to 80 mm (so that the engine mounting screws do not touch the steel
6. Difficulty in assembling and disassembling the device: The model is experienced, will often be assembled and disassembled when installing electrical parts and during testing.
It is necessary:
A) Make rubber gaskets - as in the drawings (instead of a sealing tape).
B) Smooth sharp edges.
C) Achieve a free joint when assembling all assembled parts.
D) On the case cover and on the textolite chamber, make a turnkey deepening - a crescent.
7. Measuring funnel does not fit into the unit: When preparing the documentation, we were guided by a different measuring funnel that was obtained later.
It is necessary:
A) Drill the mounting hole on the table from 6 to 8 +0.1 mm
B) Move the upper part of the contact post further from the center of rotation using squares (see drawing).
C) Drill 8 mm holes in the lower part of the contact post and in the plastic plate for cable entry (see drawing).
D) When assembling the rack, pass a wire through it (if you pass the wire into an already assembled rack, it will get stuck in the connections).
8. Place the engine on the shelf.
It is necessary:
A) Drill on the shelf in accordance with the mounting holes on the RD09 engine casing holes for the textolite plate (15 mm from the corners) and install the plate with the engine in the center of the hole in the shelf.
B) Install the small gear on the motor shaft (see drawing), and on the table shaft - the large gear in contact with the small gear.
9. Coat the outside of the steel parts with a moisture-resistant rustproof paint.
10.In order to ensure the horizontal level of the liquid level in the funnel, on the lower board at a distance of 25 mm from the corners (diagonally), make 4 holes with M6 threads and make (or select) 4 bolts 25 mm long with a 10 mm wrench head
In addition to the positions mentioned, it is also necessary to remove excess metal from the turntable as much as possible (see figure 3.4).
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Figure 3.4 - Lightweight version of the rotary table
Purposes of lightening are cutting metal along the outer tapered surface of the table and thinning the top wall.
All of these prescriptions have been met. A sharp reduction in the frictional forces in the bearings and stuffing box was achieved. In addition, the rotation speed was reduced from 8 rpm, (the engine shaft that was purchased was rotated at this speed) to 2.7 rpm by making a pair of gears that reduce the speed by 3 times. As a result, the RD09 engine began to freely rotate the turntable with a measuring funnel installed on it, loaded to the brim with liquid.
2.2. Development and installation of electrical parts
The possibility of bringing the automatic viscosity meter to the stage of an operating model was in doubt, since this required the presence of analog-to-digital converters, as well as programmed microcircuits, the possibility of acquiring which in Kazakhstan or even in Russia was in doubt. For this reason, this stage of work was not included in the schedule. However, it turned out that in Almaty such work can be performed by Poly Tech Electronics, with which a corresponding contract was concluded. The company received a set of documentation, as well as a program containing provisions that are most important from the point of view of manufacturing and installation of an electronic automatic control system for a device:
Work program for the manufacture and installation of the electrical part of the model of the relative viscosity meter.
Rotary table motion control.
From a safety point of view, special attention should be paid to reliable insulation of assemblies with parts under electrical voltage, these are:
- Engine on a shelf-mounted plastic plate
- Plastic case with contacts
- A plastic plate with a contact, installed on the stand and protected from below from liquid splashes flying from the surface of the funnel by a tin shield
- A step-down transformer, relays and microcircuits located in a separate unit.
The movement of the rotary table according to a given program is provided as follows.
- Rotation of the table is driven by the RD-09 engine; its shaft speed is 8 rpm, the corresponding rotary table frequency (through the 3/1 gearbox) –2.7 rpm (160 / s)
In the position "filling with drilling mud and measuring"
A cam on a plastic shaft disc (or two interlocked cams) has the following functions:
1) Opens the normally closed contact on the plastic housing and stops the table motor. In this case, the funnel stops directly under the drilling mud supply channel, and the float shank is close to the contact on the rack;
2) Closes the activation contact of the drilling mud pump located on the motor stand.
After 60 seconds (required to fill the funnel), the time relay stops the pump;
At the same time the time relay starts a stopwatch that measures the relative viscosity;
After the measurement time (flowing out of 0.5 l from the 0.7 l funnel), the cam at the end of the float shank, having descended to the specified distance, stops the stopwatch;
After 140 s from the time the drilling mud pump was stopped (to ensure the measurement of the drilling mud with the maximum conditional viscosity and the complete flow of the drilling mud from the funnel), the time relay resumes the rotation of the table;
In the "flush" position
- after 11 s (after turning the table by 1800): the second cam on the shaft disk:
1) Stops the table motor, and the funnel moves into position under the water inlet.
2) Starts the water pump; After 60 seconds required to clean the funnel and its nozzle from the traces of drilling mud, the time relay stops the water supply pump.
- After another 20 seconds (necessary for emptying the funnel from water), the time switch resumes rotation of the table until reaching the position "filling with drilling mud"
In this way; the time of one cycle of measuring the conditional viscosity is equal to the time of pure rotation of the table with its full rotation, - 22 s, plus the time of stops of 251 s;
- total 273 s, i.e. 4.55 min
Access to the elements of the relative viscosity meter:
- Remove the bottom plate
- Remove the large gear
- Remove the shelf with the engine
- Remove the top board
In the course of work on the device, Ph.D. R. Utebayev made several suggestions for improving the design of the device
1. Since the RD09 engine is reversible, it is possible to abandon the circular rotation of the table, but to make it reciprocating: from the loading position to the washing position and vice versa. This proposal made it possible to abandon the contact stand of the mechanism for dosing the measured volume of the drilling mud and to establish this contact on the centralizer stand installed on the turntable itself. A separate stand was needed so as not to apply voltage to the rotating table, since this requires slip rings and the associated inconvenience. To solve the problem with reciprocating motion, instead of slip rings, it was sufficient to give the lead cable a little slack.
2. Cam contacts have been replaced by magnetic contacts, which simplifies the design
The electrical manufacturer made an attempt to reject the volumetric dispenser. Two more modern methods of monitoring the liquid level have been tried.
The ultrasonic method for tracking the lowering of the drilling mud level was rejected due to interference associated with the reflection of ultrasound from the walls of the funnel.
The use of infrared radiation for the same purposes also turned out to be unacceptable due to fluctuations of the liquid surface, the presence of splashes and the impossibility of covering the top of the funnel, if necessary, with a mesh filtering large particles of sludge. Thus, it was necessary to return to the originally proposed float dispenser.
All elements required for the electrical part of the device (except for the electric motor) were purchased by the manufacturer independently at the expense of the contract amount. It was a power supply with a step-down transformer, an analog-to-digital converter, a relay, and a programmable microcircuit. All this is mounted in a common housing - a control unit, which was located remotely from the sensor by means of a cable and was not exposed to the risk of exposure to liquid.
The control unit has a display with a numerical indicator of the relative viscosity time, as well as the number and time of the measurement. There were also four buttons for controlling the operation of the automatic device.
It was very difficult to test the automatic device assembled into a single whole on drilling mud in the absence of a special stand, so the device was tested on tap water. During the tests, the rotary table automatically performed several measuring cycles, and the water number was obtained in the range from 14 to 18 s. This inaccuracy (should be 15 plus - minus 0.5 s.) Was supposed to be eliminated during tests at the stand.
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Figure 3.5 - Device for automatic monitoring of the conditional viscosity of the drilling fluid

Figure 3.5 shows a photograph of a working model of a device for automatic continuous monitoring of a mud viscosity meter.
The left half shows the sensor unit. The funnel of the D<H-2 device is visible, with the help of which manual measurements are made. The funnel is mounted on a turntable with tapered walls, which rests on the bottom of a cylindrical body (inside it passes the rotation shaft of the table with a cam disk mounted on it), In turn, the cylindrical body is mounted on a box-shaped body (inside which there is a drive motor and a gear reducer). In addition to the funnel, a centralizer stand is mounted on the rotary table - it is visible to the right of the funnel center. Up from the center of the funnel is the float shank (the float itself is not visible). The shank goes through the hole in the horizontal centralizer plate. Above the plate, a normally closed magnetic contact block is visible.
On the right, the figure shows the control unit: four control buttons are visible and a small display above them
The control system implemented with this unit can operate in the following modes:
Calibration mode.
This mode can be entered by simultaneously pressing buttons 3 and 4. The display will show calibrate and the float position. The float position can be full, no, empty, i.e. full, undefined and empty, respectively. In this mode, you can calibrate the position of the funnel or float position sensors. To exit the mode, press the button 1.
 Setting mode.
 In this mode, you can set the values ​​of the following time parameters - in s:
- Tmax_load - maximum time for loading the funnel with the drilling mud flow.
–Tmax_meusre - maximum time for measuring the conditional viscosity of the drilling fluid.
- Tmax_clear - The maximum time for stopping the table rotation to clear the funnel with a stream of water from the traces of the drilling mud after measurement.
- trickling_time - waiting time for residual water to drain off the funnel walls after it has been rinsed.
The setup mode can be entered by pressing button 2. The display will show setup mode. After one second, the display will show the name of the parameter being set and its value. You can scroll through the list of parameters by pressing buttons 3 and 4. After selecting a parameter, you can change its value by pressing button 2. The name of the variable and its value will start blinking. While flashing, pressing buttons 3 and 4 can increase or decrease the value of the variable. After setting the value, to save the change, you must press the button 2, while the inscription save appears, indicating saving in memory.
Memory view mode
When scrolling through the variables, the item mesures is selected, by pressing button 2, the menu for viewing the measurements recorded in the memory is entered. The inscription show mesures will appear. By pressing buttons 3 and 4, you can scroll through and view the recorded values ​​of the drilling mud flow time. The top line of the display will show the date and time of the corresponding measurement. The maximum number of recorded values ​​in the memory is 20. Recordings are carried out according to the principle of "circular closure". Those. after recording the 20th measurement, the next recording will overwrite the 1st recording. To exit the mode of viewing the recorded values, press the button 1. In this case, the return to the previous menu of scrolling variables is carried out. To exit the setup mode, press the button 1. Save data will appear, and after a second, ready start will appear, indicating the readiness for automatic operation.
Automatic operation mode.
To enter this mode, press button 1. In automatic mode, the installation performs the following sequential actions: search for the loading position; - waiting for the filling of the funnel for a given loading time; - search for a measurement position; - measurement of the time of liquid flowing out of the funnel; - after the end of the measurement, search for the cleaning position of the funnel - waiting for the specified time for cleaning the funnel and removing water from it - searching for the loading position. In this cycle, the unit works until button 2 is pressed or the power is turned off. In any of the positions, while waiting for the required position of the float, for example, in the loading mode, the installation can remain indefinitely.























CONCLUSION

Brief conclusions based on the results of research. In the course of work in accordance with the schedule for 2020 for the stage "Drawing up documentation for the manufacture of an experimental setup" the following was done:
1. Justification of the need for an experimental stand for testing automatic meters of drilling mud parameters
2. The calculation of the main elements of the stand
3. The Terms of Reference for the development of the experimental stand was drawn up and approved
4. The technical documentation for the stand has been developed.
5. A program and documentation has been developed for carrying out adjustment work on the mechanical part of the device for an automatic meter of the conditional viscosity of the drilling fluid
6. A program and documentation for the manufacture of the electrical part of the relative viscosity meter has been developed
7. The program for the manufacture of the electrical part was agreed with the manufacturer and, at his suggestion, changes were made to the design of the device
8. Monitoring of the manufacture of the electrical part and bringing the automatic measuring device of the relative viscosity to the stage of the operating model was carried out.
Published 8 articles, including 4 in the Scopus database; (2 reports at international conferences); 2 more articles were submitted to the editor. Received 1 patent for invention, 1 positive decision; 3 more applications have been submitted.
Thus, all the works stipulated by the schedule for 2020 have been completed in full.
Evaluation of the completeness of drilling muds to the tasks. The work performed will form the basis for the next stage of the implementation of the theme, planned for 2020, which provides for the preparation of documentation for the manufacture of an experimental installation.
Development of recommendations for the use of research results: The results of the studies presented in the work will be used to manufacture devices for automatic measurement of drilling fluid parameters. Additional research is recommended in 2020.
Results of assessing the technical and economic efficiency of implementation: When using automatic continuous monitoring devices for drilling mud parameters, the number of complications and accidents in boreholes will be reduced, which will significantly reduce the cost of drilling operations.
 There is an economy in the developed new method for measuring the rheological parameters of drilling fluids (as well as other suspensions used in the economy). The price of the device - measuring rheological parameters FANN35 is equal to 3 420 000 tenge, - The method for measuring rheological parameters created during the work on this project has zero costs both for the measuring device and for the measurement procedure.
The results of assessing the scientific and technical level of the completed research work in comparison with the best achievements in this area. This work bears the features of a pioneering and breakthrough research, since according to the analysis of a fairly representative number of the latest published works in the world:
- No analogues have been found, both in design and in the ability to achieve the goal - automatic monitoring of the quality parameters of drilling fluids.
- An urgent need for appropriate devices has been identified, especially in connection with an increase in the depth of wells and the associated complication of geological and technical conditions for drilling, as well as in connection with the development of new and more advanced formulations of drilling fluids.
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Applications 1.26
to the Agreement No. from 2018
for grant funding
TECHNICAL SPECIFICATIONS AND
CALENDAR WORK PLAN
Under contract Ns from 2018

1.Non-profit joint stock company "Kazakh National Research Technical University 
named after K.I. Satpayev "
1.1 By priority: 1. Rational use of natural resources, including water resources, geology, processing, new materials and technologies, safe products and structures
1.2 For sub-priority: 1.3 Geology and development of mineral deposits.
1.3 On the topic of the project: № AR05133363 "Development of designing and technological
parameters of device for automatic measurement of drilling mud parameters"
1.4 The total amount of the project is 15,100,000 (fifteen million one hundred thousand) tenge, including with a breakdown by years, for the performance of work in accordance with paragraph 3:- for 2018 - in the amount of 5,000,000 (five million) tenge;
- for 2019 baking - in the amount of 5,045,000 (five million forty-five thousand) tenge;
- for 2020 - in the amount of 5,055,000 (five million fifty-five thousand) tenge.
2. Characteristics of scientific and technical products for qualification
featured and economic performance
2.1 Direction of work: Applied research in the field of well drilling 2.2 Scope: drilling wells
2.3 Final result:
- for 2018: Theoretical studies of models of functioning of systems for automatic measurement of parameters of drilling fluids. Publication in 2 articles in domestic journals with a non-zero impact factor, such as "Geology and Exploration" (Kazakhstan) and "Vestnik KazNITU", "Mining Journal of Kazakhstan", "Oil and Gas" ;
- for 2019: Publication of research results in 1 article in a journal with a non-zero impact factor (Scopus);
- for 2020: Preparation of a monograph. Submission of an application for a patent of the RK. 2 articles will be submitted for publication in journals with a non-zero impact factor (Scopus), 1 article in a domestic journal with a non-zero impact factor, such as "Geology and Exploration" (Kazakhstan) and "Vestnik KazNTU", "Mining Journal of Kazakhstan", "Oil and Gas" and 1 article in a peer-reviewed foreign journal with a non-zero impact factor.
2.4 Patentability: patentable.
2.5 Scientific and technical level (novelty): Prerequisites for the development of the project, justification of scientific novelty, with a mandatory review of previous scientific research conducted in the world related to the topic under study, and their relationship with this project
Drilling mud is the most important element of the drilling technological scheme. The wrong choice of qualitative parameters of the drilling fluid, as well as the delayed response to their changes under the influence of changes in drilling conditions, lead to severe accidents.
With the current drilling technology, drilling mud parameters are measured manually and require a significant investment of time from highly qualified personnel. In difficult conditions - a great depth of the well, its significant curvature, complicated geological section - the required frequency of measurements becomes sharply more frequent.
2.6 The use of scientific and technical products is carried out: by the Customer and the Contractor together.
2.7 Type of use of the result of scientific and (or) scientific and technical activities: titles of protection, publications.

3. Name of work, terms of their implementation and results

	Cipher
tasks,
stage
	Name of works under the Agreement and main stages of its implementation *
	Period of execution*
	Expected Result*

	
	
	start 
	end
	

	1
	Theoretical research, and development of a preliminary version of the documentation
	January 2018
	1 November 2018
	Theoretical studies will be carried out, and a preliminary version of the documentation will be developed.
A preliminary version of the documentation will be drawn up

	1.1
	Preparation a list of necessary purchased products and their manufacturers
	January
2018

	June 2018
	Theoretical studies will be carried out on systems for automatic measurement of drilling mud parameters. A section of the report will be written.

	1.2
	Theoretical studies on systems for automatic measurement of drilling mud parameters.
	January
2018

	June 2018
	A preliminary version of the documentation will be drawn up

	1.3
	Compilation of a list of necessary purchased products and their manufacturers
	March 2018
	June 2018
	A list of necessary purchased products and their manufacturers will be compiled

	1.4
	Experiments to verify the results of theoretical research
	July 2018
	August 2018
	Experiments will be carried out to verify the results of theoretical studies. A section of the report will be written.

	1.5
	Refinement of the theory based on the results of experiments
	September 2018
	October 2018
	The theory will be finalized based on the results of experiments.
A section of the report will be written

	1.6
	Setting conditions
acquisitions
necessary products and
particularities of their
exploitation
	September 2018
	October 2018
	The conditions for the purchase of the necessary products and the features of their operation will be established. A consultation will be received.

	1.7
	Writing an interim report
Writing Articles
	October 2018
	1 November 2018
	Interim report will be written 2 articles will be published in Russian journals with non-zero impact factor, such as "Geology and Exploration" (Kazakhstan) and "Vestnik KazNITU", "Mining Journal of Kazakhstan", "Oil and Gas".

	2
	Preparation of documentation for the production of prototypes of automatic parameter measurement systems drilling mud
	January 2019
	1 November 2019
	Documentation will be drawn up for the manufacture of experimental
models of systems for automatic measurement of drilling mud parameters.
Documentation will be received for the manufacture of prototypes of the system for measuring the funnel viscosity

	2.1
	Development of terms of references for a system for measuring the funnel viscosity
	January 2019
	January 2019
	Terms of reference for the measurement system will be developed funnel viscosity

	2.2
	Development of documentation for the manufacture of prototypes of the system for measuring the funnel viscosity
	February 2019
	May 2019
	
Documentation will be developed for the manufacture of prototypes of the system for measuring the funnel viscosity

	2.3
	Development of technical specifications for a density measurement system
	June 2019
	June 2019
	Terms of reference for a density measuring system will be developed

	2.4
	Development of documentation for manufacturing prototypes of the density measurement system
	July 2019
	October 2019
	Documentation for the manufacture of prototypes of the density measurement system will be developed

	2.5
	Coordination of documentation with potential manufacturers
	February 2019
	October 2019
	The documentation will be coordinated with potential manufacturers.
Act will be received

	2.6
	The acquisition of purchased items
	February 2019
	October 2019
	Purchased items will be purchased

	2.7
	Writing an interim report
Writing Articles
	October 2019
	1 November 2019
	Interim report will be written
1 article will be published in journals with non-zero impact factor (Scopus)

	3
	Preparation of documentation for the manufacture of an experimental appliance
	January 2020
	1 November 2020
	Documentation for the manufacture of an experimental appliance will be drawn up

	3.1
	Development of technical specifications for an experimental appliance
	January 2020
	February 2020
	Terms of reference for an experimental appliance will be developed

	3
	Development of documentation for the manufacture of an experimental appliance
	March 2020
	August 2020
	Documentation for the manufacture of an experimental  appliance  will be developed

	3.3
	Compilation of a list of necessary purchased products and their possible suppliers
	May 2020
	July 2020
	A list of the necessary purchased products and their possible suppliers will be drawn up

	3.4
	Acquiring the necessary items purchased
	August 2020
	September 2020
	The necessary purchased items will be purchased

	3.5
	Coordination of the documentation for the experimental  appliance  with a possible manufacturer
	September 2020
	October 2020
	The documentation for the experimental  appliance  will be agreed with a possible manufacturer
Act will be received

	3.6
	Final report writing
Writing Articles
	October 2020
	1 November 2020
	A final report will be written. A monograph will be prepared.
RK patent application will be filed. To be published 2
articles in journals with non-zero impact factor (Scopus), 1
article in a domestic journal such as "Geology
and exploration "(Kazakhstan) and" Vestnik KazNTU "," Gorny journal of Kazakhstan ”,“ Oil and Gas ”and 1 article in a peer-reviewed foreign journal with a non-zero impact factor.




















APPENDIX B

LIST OF PUBLISHED WORKS FOR 2020

	№
	Output data of works
	Link

	2020 y

	1
	1. “The problem of drilling mud parameters continuous monitoring and its solution at the example of automatic measurement of its density”. News of the National Academy of Sciences of the Republic of Kazakhstan, Series of Geology and Technical Sciences. Volume 6, Issue 438, 2019, Pages 46-53. DOI: 10.32014 / 2019.2518-170X.154, авторов Biletsky, M., Nifontov, I.U., Ratov, B., Deliskesheva, D. 
2. IF= 0.8, Q3 (26%).

	DOI: 10.32014 / 2019.2518-170X.154 
https://www.scopus.com/record/display.uri?eid=2-s2.0-85077472111&origin=resultslist 
Copy attached

	2
	Delikesheva D.N.,Syzdykov, A.Kh., Ismailova, J.A., Kabdushev, A.A., Bukayeva, G.A., Measurement of the plastic viscosity and yield point of drilling fluids, International Journal of Engineering Research and Technology,ISSN:0974-3154, Volume 13, Number 1 (2020), pp. 58-65. IF= 0.2, Q4 (13%). At the time of publication IF= 0.7, Q3 (48%).

	http://www.irphouse.com/ijert20/ijertv13n1_7a.pdf 
https://www.scopus.com/record/display.uri?eid=2-s2.0-85082074616&origin=resultslist&sort=plf-f&src=s&sid=b7ef8c38edfd864742ad07788195d5d8&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2857211373829%29&relpos=0&citeCnt=0&searchTerm= 
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Table 3. Drilling speeds of 15 wells with comparable peak-shaped blade bits.

::::::::M Drilling time of each well, seconds Average speeds
X 70 741 646 813 663 170 741 681 663 787 72 70 i 663 70 Xcp=70.6 m/h
p 4 548 56 37.3 63 60 586 548 536 56 525 573 513 3586 60 573 Yep=57m/h

Difference in average velocities was determined:
A=Xcp-Ycp=70.6-57=13.6m/h.

Variances of the quantities X and Y are determined: Dx =
22.8, Dy =7.02.
The actual Students criterion is determined:

1a=13.6/./(22.08 / 15 + 7.02/15)=9.78

Degrees of freedom are determined f; =n; + n, —2 =15+
15—2=28. (n is the number of drilled wells).

According to table 2 of [11], the tabular value of the
criterion t, is determined, which in this case with the
probability = 0.9 and f, = 28 is equal to t,r = 1.701.

Since 15 > tyr (9.78 > 1.701), the difference in the two
samples is very significant.

Thus, it is shown that the developed patented peak-shaped
blade bit PK-1 showed a productivity of (70.6 - 57) / 57 x
100% = 24% more than the used standard peak-shaped blade
bit.

This is confirmed by preliminary production tests of new
peak-shaped blade bit during drilling of two wells, which
resulted in increase of tool resistance by 20% (360 m drilled
by the new peak-shaped blade bit against 280 m using known
bit designs).

7. Conclusion

1. From the standpoint of the theory of drilling
Vladislavlev the phenomenon of “hanging” of the blade bit
under the central frequency of the bottom is explained. The
mentioned phenomenon comprises an extremely uneven
distribution of the axial load on the cutters located on the
radial blades of the bit, and most of it acts on the near-axial
region of the cutters with zero deepening of the bottom.

2. Analysis of the distribution of the external load on the
cutters located on the radial blades of the bit, led to the idea
of eliminating the cutters located near the axis of rotation of
the bit, and destroy the resulting core with drilling mud or
mechanical core breaker. The mentioned idea is implemented
in the design of the peak-shaped blade bit, for which a patent
of the Republic of Kazakhstan was obtained.

3. It is required to conduct preliminary production tests of

the new peak-shaped blade and analyze results.

4. The obtained research results can be used to create lobed
peak-shaped bits equipped with diamond - carbide cutters
PDC for drilling oil and gas wells.
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SUBSTANTIATION OF THERMOMECHANICAL TECHNOLOGY
PARAMETERS OF ABSORBING LEVELS ISOLATION
OF THE BOREHOLES

Abstract. The aim of the work is to improve the thermomechanical absorption insulation technology horizons
of drilling wells by the established regularities of change and the substantiation of its regime parameters from the
composition and physical-mechanical properties strengthen thermoplastic composite material and, on this basis,
development a technological regulation containing recommendations on the manufacture of composites and
organizations laying work, designing and isolation of the absorption zones of the washing liquid in the drilling rigs
wells. The tasks set were solved by complex method research that contains analysis and synthesis of literary and
patent sources, conducting analytical, experimental and industrial research. Experimental processing data was carried
out using methods of mathematical statistics. Experimental research is carried out using the provisions of the theory
of scientific experiment and theory random processes. The evaluation of the effectiveness of the results was carried
out in production conditions.

Key words: drilling of boreholes, isolation, absorbing level, melting, backfill materials.

Topicality. Drilling of both exploration and exploitation boreholes for exploration of deposits and
extraction of minerals in the area of iron-ore and coal basins is conducted in a high degree of development
and metamorphism, in strong and fractured rocks [1-10]. Rocks of mined levels are in complicated
stressed state [11-18] that during construction of mine workings only complexify the technology of their
installation [19-20]. o

Drilling of boreholes process involves geological complications. The most significant complication is
the absorption of flushing water [20]. A significant proportion of the time and funds is spent on drilling of
boreholes absorption. Absorption leads to disruption of drilling process mode, boreholes walls integrity,
provokes accidents [10-20].

Analysis of recent research and identification of the unsolved problem. The works of Basarygin
YuM,, Brezhenenko A.M., Bulatov A.l., Vakhrameev LI., Vozdvizhenskyi V.I., Volokitenkov A.A.,
Gaivoronskyi A.A., Dotsenko Yu.G., Ivachev L.M., Kipko E.J., Kotskulich Y.S., Krylov V.I., Kudryashov
B.B., Lipatov N.K., Martynenko LI., Thinyuk M.A., Nikolayeva N.I, Polozov Yu.A., Rafieko LI,
Spichak Yu.N., Sudakov A K., Stavnaya E.M., Titkova N.I., Tana P.M., Yakovlev A.M., Yasov V.G. and
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other authors were devoted to research in the area of development of backfill materials and technologies
for control of flushing water absorption. Analysis of their research is conducted in works [9].

Drilling of boreholes process involves geological complications. The most common types of
complications that disrupted drilling technology were the absorption of drilling fluids. At the same time,
annual time in the total balance sheet on drilling had been increased up to 23% and funds up to 10% in a
proper way.

In most cases, absorptions isolation is ensured by backfilling of the flushing water absorption
materials with solidifying or non-solidifying backfill mixtures by means of creating a waterproof shield in
the rock around the borehole.

Insufficiently effective backfill materials are applied for the absorption of flushing water isolation,
which are produced on a water base with addition of mineral-bearing or synthetic substances to its
composition.

In our view, these materials and technologies have exhausted their possibility of further improvement,
so the only way is to develop and apply technologies that based on materials with non-water base and
other processes of backfill stone formation for insulation of the boreholes. Such technologies include
technologies for creating a backfill stone that are based on the phenomenon of phase transition.

The thermoplastic materials mixes on the base of bitumen, sulfur and synthetic thermo-layers
(polyethylene, polypropylene) were applied up to the present moment.

However, the thermoplastic materials due to imperfections in technology, have not found widespread
application as backfill materials during absorbing horizons isolation of drilling boreholes.

In order to solve the problem of absorbing levels isolation, it is necessary to find fundamentally new
decisions. Therefore, the development of technologies for absorbing level isolation with application of
more efficient backfill materials has utmost significance.

This work has a great practical importance. It is dedicated to solving of current scientific problem,
which consists in establishing regularities of changing of axial load and rotation velocity during sub-
stantiation of mode parameters of effective thermomechanical technology of absorbing levels insulation
from average strength limit for uniaxial compression, depending on: composite structure, ratio of compo-
nents and type of filler; temperature of melting overheating, density, strengthening time and number of
melts of backfill thermoplastic compound material.

Purpose and objectives of the research. The purpose of work is improvement of thermomechanical
technology of absorbing levels isolation of boreholes by means of changing regulations and substantiation
of its mode parameters from composition and physical-and-mechanical properties of backfill thermo-
plastic composite material. As well as development of technological regulation that containing recom-
mendations for composite production and organization of backfilling operations, designing and zones of
flushing water absorption isolation in boreholes on this base.

The idea of work is in establishment and application of regularities of physical-and-mechanical
properties changing and advantages of backfill thermoplastic material for substantiation the mode
parameters and to introduce into production effective thermomechanical technology of absorbing levels
isolation of boreholes.

Statement of work. The composition is chosen and substantiated due to results of physical-and-
mechanical properties research of backfill thermoplastic composite material (TCM) on the base of
secondary polyethylene terephthalgte (PET) is chosen and reasonable. The technology of TCM productton
has been developed

PET is one of the most common domestic waste. According to statistical data, its volume is up to
20...25% of the total mass of domestic waste.

As the result of analysis of well-known physical-and-mechanical properties of PET, it is possible to
apply it as binding material for absorbing levels isolation of boreholes [13-15]. Secondary PET.

Selection, substantiation and examination of the composition of TCM were conducted. Laboratory
research allowed to develop an optimal formulation of TCM that protected by patents for an invention of
Ukraine [16-18].

During laboratory examinations of physical and mechanical properties of TCM [12-20]:

- the necessity of filler entering into its composition is substantiated. Secondary PET in the molds
was collapsed due to radial deep cracks formation. In the fracture of the samples, the structure is highly
porous. All samples have a shrinkage phenomenon. Its size did not exceed 25%. On this basis, were made
64
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conclusions concerning to impossibility of PET application as backfill material. Therefore, with the
“clean” secondary PET, the work has been stopped;

- type and optimal concentration of filler is determined;

- it is shown that TCM with filler size less than 0.5 mm in ratio 1:1;

- is “abrasive|” material despite the highest degree of wear and tear resistance.

Therefore, in order to the absorption flushing water isolation, it is recommended to apply PET- based
TCM with a granulated filler of less than 0.5 mm. Generalized physical-and-mechanical properties are
shown in Table 1.

PET-based TCM technology which consists of preparatory stage, production stage of a composite and
formation is developed.

During theoretical examinations, approaches to modeling of thermophysical processes of melting and
cooling at formation are considered. It is necessary for separation of rational thermophysical parameters of
TCM production technology.

The calculations allowed to determine the duration of technological operations for TCM production,
as well as the necessary energy costs.

Development of technology of absorbing levels isolation of boreholes with TCM application.

The method of absorbing level isolation with PET-based TCM application is developed and
substantiated, for implementation of which it is necessary to perform the following technical and logical
operations [11]: transportation of TCM to the absorbing level of the borehole, melting of TCM in the
borehole and pressing of TCM into absorption channels. The technology of transportation of cylindrical
briquettes of TCM along the borehole shaft and possibility of thermomechanical contact melting of TCM
in the zone of flushing water removal are substantiated. The method of absorbing levels isolation with
PET-based TCM application is defended by Ukrainian patents [1-11].

Technical advantages of the technology are following:

- possibility of TCM melting process management in the control area;

- possibility of TCM lag (jamming) isolation during transportation along the borehole shaft;

- absence of operation for removal of technological equipment from the borehole shaft and as a result,
reduction in span time.
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The generated heat flux is extending into the body of the TCM briquette due to heat conduction.
Under the influence of thermal energy, TCM is heated, and upon reaching the surface temperature, the
phase transition value (melting temperature) melts up [18-19]. The molten part of the material is pressed
into the porous walls of the borehole 1 due to the pressure that generated by the tool.

In this work we apply the heat-conduction equation to determine the parameters of the heating
process in the form of

2
Ot _ 8% 150, 0<y<wm, ()
or -
with initial condition
t=to,at 7=0 . ?2)
and limiting conditions
ot
—/15=qm, at y=0, 3
t=to, at y—x, )

where ¢ — temperature, 7 — time, @ — temperature conductivity coefficient, y — spatial coordinate, t = #) —
initial temperature, 2 — TCM heat conduction coefficient, g — surface flux into heat of the material.
Heat flux on the working surface is determined from .

pk, wFDn
=T

where 4 — friction coefficient, k» — coefficient that taking into account the fraction of friction heat for

TCM heating and melting, F — axial loading, D — diameter of friction surface, S — surface area of friction,
n — rotation frequency of the tool.

, )

a

Figure 3 — Radius of TCM extent in the crack with opening of 30 mm: a — backfill stone in the level model, b - overhead view

ot
From the solution of task (1) - (4) with the help of Fourier’s law ¢ =—)\'@ and condition (5), an

expression is obtained, which establish relationships between mode parameters of technological process
and parameters of thermophysical processes during tool operation [18-20]

N R
Fn_Zpkm\/n'a_rf(tf to), ©6)

where 7~ time of surface heating to melting temperature, t/— TCM melting temperature.

The equation of heat balance is applied for determination of thermomechanical drilling velocity in the
form of

qm = Gmelt +q,{ 5 (7)
— 66 ——
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where gmer —heat for melting of a layer surface of the material with thickness d¢ for the time dz. g1 —heat

flow to warm up inner layers of material, determined by Fourier’s law. Heat flux gme is defined by the
expression
¢

Qe = PL i ®)

where L — internal melting heat of TCM. The velocity of thermomechanical drilling is defined as V=d&/zd.

Therefore, from the equation (7), using the solution of a task (1) — (4) and defining 7 through mode
parameters of drilling, expression for the velocity of thermomechanical drilling is received

L(”/Jkﬂ.Fn +’1(t/_t0)j

- pL D NJmart ®
Analyzing (9) at T—o0, we will get a formula for the velocity limit of thermomechanical drilling
1 (4upk,Fn »
Viim =_(/Ik_m) (10)
pL D
Average velocity of thermomechanical drilling for the time T we will define as
1 T
Vo ==[V(z)dr, 11
Ty ¢

where T — drilling time; V(7) — is determined by equation (10).
After integration (10) on time ranging from 0 to 7' with taking into account a condition £=0 at 7=0 we
will receive expression for drilling depth during period 7'

1 (4uk,Fn . 2AM(t;—1,)
h=— T+ JT
pL( D m a

Results of performed analysis of calculation algorithm, as well as design dependencies of changing
the depth and rate of thermomechanical melting of borehole in time (Figure 6) are presented in the form of
alignment chart of dependence of mode parameters on rate of thermomechanical melting of TCM at
borehole face. Therefore, during an axial loading of 700 daN and a rotation velocity of 700 min™, the
design thermomechanical melting velocity of the instrument volume with a diameter of: 46 mm will be
equal to — 1.2 m/h; 59 mm — 1.0 m/h; 76 mm — 0.84 m/h; 93 mm — 0.74 m/h; 269 mm — 0.46 m/h.
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- developed thermomechanical technology of flushing water absorption isolation with TCM appli-
cation has made it possible to reduce time consumption in the areas of Havrilovka village up to 15 h,
Romanki village — up to 8 h. The total costs at the first site respectively amounted to 24.2 thousand UAH,
at the second one is 12.1 thousand UAH (prices of March, 2018) with taking into account the cost of
materials, energy inputs and backfilling;

- developed technology allows to isolate absorbing level from borehole space qualitatively, with
minimum expenses.

The economic effect of the implementation of the developed method of backfilling in absorbing
levels isolation with TCM application is equal to 1.65 - 2.64 million UAH per year with the volume of
backfilling operations drivage in 100 wells.

Conclusions. The main scientific and practical results, conclusions and recommendations or executed
research:

1. The theory about conditions under fractured rock the application of water-based backfill mixtures
using various mineral-bearing and synthetic substances reached its limit of perfection has been further
developed. In recent decades, the work to improve the properties of backfilling materials has been limited
to solving local problems, rather than isolation, so the main disadvantage of it is dilution. As a result of
water-based backfilling solutions, there is their reduction, significant losses of backfilling materials and
time for flushing water isolation, and in general increasing the cost of boreholes by more than 20%. It is
possible to reduce these losses by filling the channels with non-diluted in-seam waters by melt of
thermoplastic material to form the isolation shell;

It is substantiated that applied thermoplastic materials due to imperfections of technologies,
instability of physical-and-mechanical properties, cancerogenity of their components have not found
widespread application as backfill materials during absorbing levels isolation of boreholes;

2. The necessary technological parameters of backfilling and dimensions of the isolation shell have
been established, which made it possible to substantiate and develop the “Technological Regulation of
Absorbing Levels Isolation of PET-based TCM” that acting as a normative document in the production
organizations of the State Service of Geology and Subsoil of Ukraine;

3. The results of the complex of theoretical and experimental research that was performed in PhD
thesis found practical application during conducting of experimental-industrial implementation of the
technology of flushing water isolation of TCM in the conditions of the commercial enterprise of LLC
Industrial and Geological Group “Dniprohydrostroi”

A. Cynakos!, A. JIpeyc?, B. Patos’, O. Cynakosa*, O. Xomenko',
C. JI3106a%, JI. Cynakosa', C. Mypatosa®, M. Aye36aii’

'Y ITTHIK TeXHHKATBIK YHHBEPCHTET «/{HENPOBCKas MONHTEXHHKay, [Henp, YKpanHa;
2Q. 'onvap aTeiHaarsl Inenp YTk yHuBepenteTi, Juenp, YKpauHa;
3Satbayev University, Anmarsi, Kasakcras;
4]lHenp KypbUIBIC JKIHE CoyJIeT aKajeMuschl, [Jnenp, Ykpauta;

SH. C. IonsikoBa aThiHAaFb! ['€0TEXHUKAIBIK MEXaHHKA HHCTHTYThI
Vkpauna ¥ITTHIK FEUIBIM aKaZeMuscsl, Jlnenp, Ykpauua;

SKacnuii ynusepcuteri, Anmatel, Kasaxcran;

M. X. Jlynati aTBIH/AFbI Tapas memnekerTik yuusepcureri, Tapas, Kasaxcran;

YHFBLIAP/bI BYPFBLIAY/IBIH T'OPU30HTTAPBIH H30JISLUSIAY IbIH
TEPMOMEXAHUKAJIBIK TEXHOJIOTUSICBIHBIH TAPAMETEPJIEPTH NAWJAJIAHY

Annorauusi. JKyMbICTHIH MakcaTsl "YHFEIManapasl GYpreutay KeKKMeKTepi' TepMOMEXaHWKambiK abcop6-
LHSUIBIK OKIIAYJIAy TEXHOJNOTHACHIH ©3TepTYiH GenrileHreH 3aHJBUIBIKTAPhI GOMBIHILA KETUIAIPY KOHE OHBIH
PeXHMiHIH mapamerpiepin GepiKTeHIpeTiH TEpPMOILIACTHKAIBIK KOMIO3HLMSUIBIK MATEPHAI/IBIH Kypambl MEH
(UM3UKATBIK-MEXaHUKATBIK KacHeTTepi GOMbIHINA Herisjey JXKOHE OChl HErisfle KOMIIO3HTTEp XKacay XoHe caiy
KYMBICTAPEIH YHEIM/IACTHIPY, YHFBIMATAPBIH OYPFBUTAY KOH/IBIPFBUIAPBIH/A XKYY CYHBIKTBIFBIH CiHipy alfMaKTapblH
xobanay jkoHe OKmaynay OOMBIHIIA YCHIHBIMIAPJBI KAMTHTHIH TEXHOJOTHAIBIK PETITaMEHT azipney Gonmim
tabeuamel. Kodbutran MiHgertep ofe6y JkoHe MATEHTTIK KO3NEPAi Tanjay MEH KOPBITY/IBI, aHATHTHKAIBIK,
IKCIEPUMEHTTIK OHE OHEPKICINTIK 3epTTeyiep KYPrisyli KAMTHTHIH KeWeHIi 3eprrey oniCiMeH wewinii.
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Texnuueckoe 3a1anue
Ha pa3paboTKy IKCICPHMEHTAIbHOM YCTAHOBKH LIS MCIIBITAHHIi YCTPOHCTB
ABTOMATHUECKOrO KOHTPOJIS TapamMeTpoB GypoBoro pactsopa

BBEJEHHE

Hacrosimee Texuudeckoe 3amane (T3) ycTaHaBIMBaeT TEXHHYECKHE
TpeGoBaHus Ha pa3paboTKy IKCIIEPUMEHTANBHON  YCTAHOBKH UL HCTIBITAHHH
YCTPOHCTB aBTOMATHYECKOr0 KOHTPOJIS MTapaMeTpoB OypoBOro pacTBopa.

COCTBB H coaepx(anue HACTOSMIEro TEXHHYECKOro 3alaHus pazpaﬁo'ranbx Ha
ocHosarni TpeGosannit [OCT 34.602

1. O6mne ceeneHust
1.1. TTosHoe HauMeHOBaHKe YCTpOiCTBA:
JKcrepUMeHTallbHast yCTaHOBKa Jutst HCIIbITAaHNH ycTpoiicTs

ABTOMATHYECKOrO KOHTPOJIA NapamMeTpoB GypoBoro pacTsopa

1.2. KpaTkoe HaMMeHOBAHHE yCTPOHCTBA:

1
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Ycranoska OY-ITAKBP

1.3.udp Temsr:
TIpoext Ne 2018/AP05133363

1.4 HanMeHOBaHIe OpraHII3aIlUN:
3akazunk — KasHUTY nm. K.M.CatraeBa
Ucnomuurens — Ucnonantenn npoekra Ne 2018/AP05133363

15. OcHoOBaHIA 715 pa3paboTKIL:
IInaH paboT 110 MPOEKTY

1.6.ITops10K BBITONHEHHS paboT:
IInaHOBBIE CPOKHI PabOT COOTBETCTBYIOT KaleHIapPHOMY IUTaHY IO IPOEKTY
Ne 2018/AP05133363

1.7. Pa6orts! punancupyrorcs MunuctepctBoM O6paszoBanust PK B pamkax
mpoekTa Ne 2018/AP05133363

Tpe6oBanus kx ycraHopke DY-ITAKEP, ycraHoBieHHBIe HacTosupmM T3, He
JOIDKHBL OIpaHNUMBATh VICHONHHTENs B IOHNCKEe I peanm3alun Hamboiee
3¢ EKTUBHBIX TEXHHUECKHX I TeXHIKO - SKOHOMIYECKIX pelneHuii. Vi3MeHeHNs K
HacrosmeMy T3 odopmisiorcs B BHJe NPOTOKOTAa WM JomomHeHus K T3,
COTITIACOBBIBAIOTCSA BCEMH 3aHHTEPECOBAHHBIMH CTOPOHAMI I YTBEPIKIAOTCA
3axazunkoM 1 VicnonnnreneM. Ilocite yTBepiKIEHI MPOTOKON IIIH JIOTIONHEHIE
CTAHOBATCA HEOTheMIIeMoit acTeio T3.

2. Ha3HauyeHHe M IeJIH CO31aHUs MPHGOpa

2.1. Ha3naueHue mpubopa:
IIpoBesieHNe CTEHIOBBIX Ta0OPATOPHBIX MCIHBITAHMII OIBITHBIX OOpa3IOB
YCTPOIICTB aBTOMATIIE€CKOTO MOHHTOPIIHTA TapaMeTPOB OYPOBBIX PACTBOPOB.

2.2. lenu co3gaHus mpuobopa:

IIoAroToBKAa  ONBITHEIX ~ OOpasmoB  YCTPOIICTB ~ aBTOMAaTHYECKOTO
MOHNTOPHHIa IIapaMeTpoB  OYpOBBIX pPacTBOPOB K  IPOHM3BOJICTBEHHBIM
UCIBITAHIIM, BKIIIOYAIOIIAs:

— QUKCAIMIO YaCTHBIX HEJOCTATKOB KOHCTPYKITHI

— VcTaHOBIEHHE CIIOCOOOB X YCTPAaHEHHA

— OGocHOBaHIIe IIyTell JalbHEelIIIero coBepIIeHCTBOBAHNS KOHCTPYKIINN

3. XapaKkTepHCTHKA 00beKTa pa3padoTKH
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3.1 Kpatkue cBezenns o6 ycraHoBke DY-ITAKBP

YcraHOBKa IIpeJCTaBIIeT cO00il SKCIIepIMEHTANbHEI CTeH, Ha KOTOPOM
MOTYT pa3MeIlaThCsl OIBITHBIE OOpasIbl ABTOMATIYECKOr0 MOHHTOPHHIA
PasINMUHBIX IApaMeTpoB  OypoBOro  pacTBopa C  BO3MOXHOCTBIO X
(YHKIMOHNPOBAHIA B 3aJaHHBIX PEXIMaX. YCTaHOBKA OCHAINEHAa CHCTEMaMI
[OZaYN UCIBITYEMOIO PacTBOpA, SIEKTPOIHEPTHU U BOMBI, a TaKXkKe CICTeMaMH
OTBOJ]A U yJaleHHs oTpaboTaHHOII BoAbl. KpoMe Toro, HMeIOTCS cHCTeMa
IPHTOTOBIEHNS PACTBOpPA TpeOyeMBIX ITapaMeTpoB U CHCTeMa 0OecIedunBaloIas
€ro MHOT'OKPaTHOE ICIOIb30BaHNE.

3.2. Onucanne koHCTpyKnun ycraHoBkn OY-ITAKBP

IleHTpanbHONl YacTBIO YCTAaHOBKH ABAETCA pabodmii CTOI, Ha KOTOPOM
MOHTHpYeTCS HCIBITyeMOe YCTpPoiicTBo. HemocpencTBEHHO IOX YCTpOHCTBOM
pa3MelaeTcs 3aKpeIUIeHHas Ha oOpaTHOIl CTOpOHe ero KpBHINIKH PaKOBIHA,
IpeJHa3HAuYeHHAs 1 cOopa OTpaboTaHHOTO pacTBOpa U BOABL. B HIDKHell wacTn
PaKOBHHBI HMeeTcs aBTOMATHYECKH YIpaBilsAeMas ABYXIIO3MIMOHHAS 3aJBIDKKA
IIOIIepEMEHHO OTKPHIBAIOINAs KaHal BO3BPAIEHNs OTpabOTAHHOTO PAacTBOpa B €T0
KOJITIEKTOP I KaHAN OTBOJA OTPaOOTAaHHOIl BOJBI B CIIEIUATBHYIO €MKOCTh U Jlajlee
B KaHAIII3aIIIIO.

CTeHJ CONEPIKUT eMKOCTI A OYpOBOTO PacTBOpA II WICTOIl BOABI, a TaKXkKe
€MKOCTh Jnd OTpaboTaHHOII BoAbl. IlepBble JBe €MKOCTH 0GOPYIOBaHBI
MIKPOHACOCaMH, 3a0HpAIOIIMH I3 HIOX JKUAKOCTH H dYepe3 TPYOOIpOBOIBI
IOZAIONINE €€ B HCIBITYeMOe YCTpoiicTBo. EMKOCTB JUIS YICTOIl BOIBI JODKHA
OBITH CBSI3aHA C KPAHOM, IIOJAIOIIIM BOJY I3 BOJOIPOBOITHOII CETI, eMKOCTb I
0TpaboTaHHOIT BOJIBI JOJDKHA OBITH CBA3aHA C KaHANHM3aIIei

Hang eMkocTblo ¢ OypoBBIM pAacTBOpOM Ha CIEIHAIBHOM OCHOBAHIIM
YCTaHABIMBAeTCS TIHHOMEIIANKa C SIeKTPOABHTATeNeM I IPHIOTOBICHIIL
pacTBopa. FIMeroTcss eMKOCTH XpaHEeHUs I 2-X — 3-X Pa3lIMYHBIX COPTOB INIITHEI
1 171 3-X — 6-TH BUJIOB XIIMHYECKIIX PEareHTOB YIIPaBIEeHIS KaueCTBOM PacTBOpa.

B moMemeHnu pasMeInaercss SIeKTPOUNT ¢ pYOIUIBHUKAMHI, a TakkKe
cucTeMa Kabenell M IOABOJA HANPXKEHHA K SIEKTPUYSCKUM JIBHTATEISIM
UCIBITYEMOTO  YCTPONCTBAa, MHKDOHACOCOB, MEXAHIMYECKOH  3aiBIDKKI N
TIIITHOMEMIAIKH.

VYcraHOBKa JODKHA BKIIOYATh IIEPEHOCHYIO J1abOPAaTOPHIO TITITHICTBIX
PacTBOpOB JUI DPYYHBIX H3MepeHuil mapaMeTpoB OGypoBoro pacTBopa. Takke
JIOJDKHBI OBITh SIEKTPOHHBIE BECHl NI ONpEENeHNs MAcChl 3aKIaJbIBa€MBIX B
IPUTOTOBIsIEMBIE PACTBOPEI IIIHEI I XUMITYECKIX PEareHTOB

3.3. Onucanue padots! yeraHopku DY -ITAKBP

B COOTBeTCTBUH C  IIOCTaBICHHOII  LENbIO  SKCIEPHMEHTATbHBIX
HCCIIEOBAHNII pacdyeTHas Macca ITIMHBI IOMENIAeTcsl B MeIIANKY, 3alHBaeTcs
BOJIOIl 1 HepeMeINIBaeTCs 10 JOCTIDKEHHSA TPeOyeMBIX IIOTHOCTH U YCIOBHOII
BABKOCTH. OTH IIapaMeTphl 3aMepsAIoTCA MHCTPYMEHTaMU N3 IIEpeHOCHOI
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nmabopaTopun  TNNHHCTBIX  PacTBOpoB. IIpH  HeOOXOAUMOCTH  IIPHIAHIL
CIIeNUANBHBIX CBOICTB, B XOJe IlepeMelINBAHUA JOOABIAIOTCS XIMHIYECKIe
pearenTsl. IIpHroToBnseTcs 00BEM pPAcTBOpAa, COOTBETCTBYIOIIMII 00BEMY €ro
KOJIIIEKTOpa.

Ha crome ykpelnmiercss IHCIBITyeMOE€ aBTOMATHYECKOE YCTPONCTBO I
IDOAKIIOYaeTcss K KaHalaM IIofadd BOJBI, PAacTBOpa U SIEKTPOIHEPTHIL
3amyckaeTcs BpallleHIe IIOBOPOTHOTO crona. IIpu moaxone eMKOCTH (HampHMep
BOPOHKH Mapia) moj KaHal ITOAadl PacTBOPA, CBS3aHHEIN CO BPAINAIOIINMCS
CTOJIOM KYJIauOK Pa3MbIKaeT KOHTAaKT IIUTAHII SIeKTPOABUIaTeNs CTONA, KOTOPHIi
ocTaHaB1uBaeTcsA. OJJHOBPEMEHHO TOT ke Ky/IadoK (IUIN COMOKIPOBAHHBI C HIIM)
3aIlycKaeT MIKPOHAcOC IOJadll PacTBOpPAa H3 €ro KOMIEKTOpa B HCIBITYyeMoe
YCTpOIicTBO, a TakkKe  JBHUraTeldb IBYXIO3UINOHHON 3aJBIDKKH, KOTOpAas
IepeMeIasch, OTKPHIBAe€T IYTh CTEKAIOIEMy I3 YCTPOICTBAa OTPabGOTaHHOMY
pacTBopy OOpaTHO B KOIUIEKTOP, IPHYEM 3aKpHIBA€TCS OTBEPCTHE, BeIyllee B
€MKOCTh  OTPabOTaHHOII BOJEL Ilocme 1nCTedeHNs pacdeTHOTO BpPEMEHH
3aIIOJIHEHUS YCTPOIICTBAa PacTBOPOM  pelleé BPEMEHH BO300HOBIAET BpalleHIe
CTOTa M OJHOBPEMEHHO BHIKIIOYAeT IIOJAIOIii pacTBop Hacoc. Ilpu sToM
PacTBOp IPOJOIDKAaeT BBITEKaTh M3 €MKOCTH B KoJUIekTop, Ilocme Toro, kak
HCTEKIO BpeMdA, 3aBeOMO JOCTaTOYHOE I IIONHOIO CINBa pacTBOpa U3
YCTpOIicTBa, CIEYIONMIl 0 X0y BpalleH!s KyIadok, IofaBas HaNpsUKeHHe Ha
JBHTATeNb 3aJBIDKKI, IepeMellaeT ee, 3aKphIBas KaHAl BO3BpPaTa PacTBopa B
KOJJIGKTOp H OTKpHIBas KaHal IIOJA4M TPA3HOH BOJBI B COOTBETCTBYIOIIYIO
€MKOCTh. HecKONBKO CEeKYHJ| CIYCTA eMKOCThb OCTaHABIHBAETCA IOJ KaHAIOM
[0lauN BOJBI, OJHOBPEMEHHO BKIIOYas HMOAIONIMIT Boxy Hacoc. Takmm oGpasoM
3aJIBIDKKa O0OecIeulBaeT HECMEIIBaeMOCTh PAacTBOpa C OYHINAONIIM ITIOTOKOM
Bogpl. CHycTs BpeMs, DOCTaTOYHOE I OYNCTKH E€MKOCTH YCTPOICTBa, pele
BpPeMEHII BO30OHOBIIET BpAIlleHHe I OCTAHABINBAeT BOAAHOII Hacoc. IIpn
BO300HOBHBIIEMCS BPAICHNN BOJa IPOAOJDKAET BHITEKATh U3 €MKOCTIL. MOMeEHT
BO3BpAIllGHI ~ yCTPOiicTBA IOA KaHAl IIOJAYM PacTBOpa  OIpeemsercs
JIOCTAaTOYHOCTBIO BPEMEHH JITIS IIOJIHOTO CTMBA BOIBI 113 €MKOCTIL.

3.4. YcnoBus SKCIIIyaTallin.

YcranoBka OVY-ITAKBP pazmemaercss B IIOMEIEHUH, II€ UMEIOTCS KPaHBI
[10JJa4 XOJOJHOII I TOpsiueil BOABI 3 BOJOIPOBO/A, A TAKXKE BO3MOXKHOCTH CIIIBA
HCIIOIb30BaHHBIX JKUKOCTel B KaHanu3amuo. KpoMe TOoro JOJDKeH CyIIecTBOBATh
HCTOYHIK SNEKTPOLINTAHMA A1 SJeKTpoABHrareneil MHIKpPOHACOCOB,
TIIMHOMEIIATKH, 3aJIBIDKKH II CAMOTO ICIBITEIBAEMOTo ycTpoiicTa. JKenatenbHa
BO3MOXKHOCTS IIOJIEPIKAHIIS TEMIIEPATYDEL B IOMEIIeHNH B Ipezenax 20+5° C.

4. TpeGoBaHus K YCTPOHCTBY

4.1. TpeGoBaHIA K CTPYKTYpe I (yHKIHOHIPOBAHIIO YCTAaHOBKII
BBuny TOro, 4ro ICIBITyeMBIE YCTPOICTBA IIOCTOSHHO KOHTaKTHPYIOT C
BOJOIl M OYpOBEIM pacTBOPOM, [OKHA OBITH oOecliedeHa 3alUTa OT
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HEKOHTPOIMPOBAHHOTO DACIPOCTPAHEHI JKUAKOCTeHl 10 INOMEIICHHI0 U ee
BPEIHOTO BIIISHII Ha OKPYXKaIoIIIe IIPeAMETHI I yeTpoiicTea.. B wacTHOCTH:

— CTOI JOJDKEH HMETh METAIUINIeCcKoe 100 IIaCTHKOBOE MOKPHITIIE;

— 30Ha pa3sMEIIeHI Ha CTOJEe HCIBITYEMOIo YCTPOICTBA JOIDKHA HMETh
Orpak[eHHe, ICKIIOYAOIIee BO3MOXKHOCT PACIPOCTPAHECHNs OPBIST I BIATH 3a
IIpE/IeIBI STOM 30HBI

— OrpaxieHHas 30Ha MO/DKHA HMMeThb B LEHTPE DAcCIONOXEHHOE Haj
PaKoOBUHOI OTBEpCTIE, JIaMeTpOM IIPEBBILIAOIIIM HanOoIbIImit
TOPH30HTABHEIIN pa3Mep YCTIpoiicTBa,

— HcmertyeMoe YCTpOIICTBO JOMDKHO pACIONAraTthCss Ha CICHUAIBHOM
OCHOBaHNH (PeIIeTKa, YCTAHOBOYHEIE TYMOBI), 00ecIednBaolee CBOOOHBI CTOK
JKHUKOCTell B paKOBUHY

OGnacTs CTONA, PACIONOXKEHHAs 3a IpeJelaMH OIPaXKACHHON 30HEL,
JIOIDKHA II03BOJLATH IIPOBEICHHE 3aMEPOB IIaPAMETPOB PACTBOpPA C IIOMOIIBIO
[IEPeHOCHOI 1abopaTtopun TIIMHICTBIX PAacTBOPOB, a TaKkKe JO3MPOBAHIE
HEOOXOUMBIX MAacC IIMHBI I XUMITYECKHX PEarcHTOB C IIOMOIIBIO SIEKTPOHHBIX
BECOB. 3/1eCh XKe JOIKEH BECTHCh JKYPHAI 3aIICH ITOIYICHHBIX Pe3yIbTaTOB.

4.2. TpeOoBaHUS K YUCICHHOCTI I KBAII(UKAIIII IIepcoHaIa

3a cocTosHUE, pabOTOCIIOCOOHOCTh I HaJeKHOCTh YCTAHOBKH, a TakKXkKe 3a
6e30I1acHOCTb PabOTHI Ha Heil JODKHO OTBeYaTh CleNnaIbHOe INIo. JJaHHOe TIIo
JOIDKHO ~ HMeTh  JOCTaTOYHYI0  KBaIH(HKAIMIO U JOMKHO  OBITH
IIPOHHCTPYKTHPOBAHO aBTOPAMII IIPOEKTA.

KonmuecTBo IHIL YYaCTBYIOIINX B SKCIEPUMEHTaX HAa YCTAHOBKE MOXKET
HaXOIUTECA B Ipefelax oT 2-X 10 3-X B 3aBHCHMOCTH OT BHJAa IPOBOIAUMBIX
pa6ot. Ot mmma GyAyT ABIATHCS INTATHBIMI COTPYIHHKAMU IPOEKTa U IMETh
COOTBETCTBYIOIIYIO KBamidukammo. KomdaecTBo IPHCYTCTBYIOMEro MepcoHaTa
MOXET OBITh  MHOTOKDATHO  yYBEINYEHO IpPU  JEMOHCTDAIM  OIIBITOB
3aIIHTEPECOBAHHBIM JIHI[aM IIH OpraHu3amusaM. OIBITE Ha YCTAHOBKE MOTYT OBITh
BKIIIOUEHEI B 3aHATIHS CTYJECHTOB II0 CIICIHAIbHEIM JUCIHILINHAM. B sTOM cirydae
00s3aTeNbHO IPICYTCTBHE IPENOJABAaTENd, HECYIIEro OTBETCTBEHHOCTh 3a
6€30I1aCHOCTB CTYCHTOB I COOTIOIEHHE IPABII SKCIUTyaTaIlI YCTAHOBKIL.

4.3. TpeGoBaHIs K ITOKa3aTeIsIM Ha3HAUCHIL

— Pa3meps! kppimkn croma: 1.2 x 3 M

— BricoTa cTona: 1M

— Pa3meps! 30HEI cTona, nMeromeii orpaxaernd 1.2x 12 M

— BricoTa orpaxxaenus 0.05 m

— PazMepsI OTBepCTIIS B CTOJIE I OCHOBAaHIS IIHPAMIIAIBHON PaKOBIHEI
1x1lwMm

— BrIcoTa pakoBHHBI C ABYXIIO3UIIIOHHON 3aBIDKKOIL: 0.6 M

— O0BeM eMKOCTH IS YUCTOM Bosl 0.4 Ms;

—Ee pasmepst 1 x 1 x 0.4 M (0.4 — BBIcoTa)
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CoOpaHHast B OTBEJJIEHHOM MeCTe SKCIIePIMEHTANbHAs YCTAaHOBKA JOIDKHA
coflepXKaThCad B pabodeM COCTOSHHH H B 4HCTOTe. JIOIDKEH OBITh OTpaHHYeH
JIOCTYII K Heil HOCTOPOHHIIX JIHI]. DIEMEHTH! YCTaHOBKII, HAXO/IAINEC B KOHTAKTe
C PacTBOPOM I BOZOIl, JOIDKHBI OBITH 3alllMIIEHBI OT pikaBleHms. Ilepen HagamoM
PpaGoTBl C HCIBITYeMBIMH YCTPOIiCTBAMU HEOOXOUMO IPHBECTH YCTaHOBKY B
TOTOBHOCTb, a HMEHHO,— IPOBEPUTh pPabOTOCIOCOOHOCTh TINIHMHOMEMIATKH,
MIKPOHACOCOB I JIBYXIO3UIIMOHHOI 3aJBIDKKI, YOSOUTBCA B  HCHPABHOCTH
KaHAJIOB IOJA4l SIEKTPOINHTAHIA I YICTOIl BOABI, a TAaKKe KaHalTa CBI3U C
KaHanmm3amueil. Heo6XoauMo 3aloIHNTE €MKOCTh YICTOI Boxsl Jlamee ciexyer
IOATOTOBUTH TpeOyeMoe KOIMYECTBO PAcTBOpA 3aJaHHOIO KAaueCTBa, IIPOBECTH
pa3oBBIe 3aMepBl €ro IIapaMeTpoB M 3aIlONHHTh MM Koilekrop. HakoHer
HeoOX0IMO CMOHTHPOBATh Ha CTOJIE HCIBITYeMOE YCTPOIICTBO I CBS3aTh €ro ¢
JIIHUAMH IIOJAUll PacTBOpa BOABI U SIEKTPOSHEprHH. B Xoxe ucmelTaHmii
OIIIICAaHHBIE IIOJTOTOBHUTENBHBIE MEPOIPHATHSA IIPOBOJATCA €XEJHEBHO Ilepel
HavanoM paboT. B mpomecce paGot HEOOXOIUMO CIETUTh 3a COCTOSHIEM
KaHAJlOB IOJadll pacTBOpa M BOABl U HCKIIOYAaTh IX OIIOKHPOBAaHHE IIPH
CIIyJaifHOM IIONAJaHHI HEpasMEIABIINXCS YacTHI ITIMHBI MIN XHMITYeCKUX
pearenToB. IIpm BBIXOZE M3 CTPOS MIKPOHACOCOB, TNIHHOMENIANKH —IIH
JBYXIIO3MIMOHHOM  3aJBIDKKN,  HEOIOXOANMO  HMeETh 3alac  Hamboiee
U3HAIINBAEMBIX AI€MEHTOB, TaKHX KaK CalbHUKM, COeIIHEHHS M IuaHru. IIpn
IONHOM BBIXOJ€ M3 CTPOS MEXaHNMYECKNX YCTPOIICTB IIPON3BOMUTCA UX
KAaINTaIbHEI PEMOHT IUIN 3aMeHa HOBBIMU HOKYITHBIMHU H3EIIIMI

4.8. TpeOoBaHIs K CTAaHAAPTH3ANN U YHUQUKAIIN

B cocraB yCTaHOBKM OyAyT BKIIOYEHB CEPHITHO  BBIIyCKaeMbIe
CTaH/apTHbIE STIEMEHTHI:

— IlepeHocHas mabopaTopHs 3aMepa apaMeTpoB OypOBOro pacTBOpa

— Muxponacocs;

—TpanchopMaTops! U pyOIITBHIKY;

— I'mnHoMermanka (MUKCep);

— Banna 1 9ucToii BOJHI;

— Banna 1711 0TpaboTaHHOIT BOABL

5. CocTaB H coJep:kaHHe Pa0oT IO pa3padoTKe YCTaHOBKH

— 5.1. IIpoBemenue HUP c ycTaHOBIeHHEM HEOOXOANMOII CTPYKTYpPBI
YCTAHOBKHU U PacueToM pabodux mapaMeTpoB

—5.2. CocTaBieHHe I yTBepx/ieHne TeXHIYeCKoTo 3a1aHNs;

— 5.3. Pa3paboTKa TeXHUYECKOIl JOKyMEHTAIIUI Ha H3TOTOBICHNUE;

—5.4. CornacoBaHue TEXHIYECKOIT JOKYMEHTAIIN C U3TOTOBHUTETIEM;

— 5.5. KOHTpOIIb H3TOTOBICHUS U PEIlIeHNe BO3HUKAIOIIIX IPOOIeM

— 5.6. IIpreMKa U3TOTOBIICHHBIX J€Talell;

—5.7. MoHTax HCXOZHOTO 06pa3sla 1 ero UCHBITaHI;
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— 5.8. KoppeKTupoBKa TEXHIIECKOIl JOKyMEHTaIHI
—5.9. JlopaGoTKa yCTaHOBKH, H3rOTOBICHUE HEJOCTAIOIIIX SIEMEHTOB
—5.10. MoHTax YCTaHOBKI 1 €€ 3aIlyCK B paboTy
Bce yka3aHHBIe 3Talbl PabOTHI JODKHEI IIPOBOJNTECSA B COOTBETCTBUIL
¢ KaJeHJapHBIM IUTaHOM II0 IpoekTy Ne 2018/AP05133363

6. ITopsAiToK KOHTPOJISA H NPHEMKH

B Xome wusrotoBleHns ucmonHHTenH Impoekta Ne 2018/AP05133363
OCYIIECTBILIIOT KOHCYIBTHPOBAHHE H3TOTOBUTENS I PEIIAlOT BO3HUKAIOIIIE
IPOGIEMEI.

B mpomecce IpHeMKH TOTOBBIX H3JEMIii aBTOPH IPOH3BOIAT KOHTPOIb
KaueCTBa M3TOTOBICHUSA U COOMIO/CHNEe TPeOOBAHIIl, YKa3aHHBIX B TEXHUYECKOI
JIOKYMEHTALIH

IIpomsBoanTcs cO6OpKa YCTAaHOBKH H OIIGHKa ee paborocmocobHocTn. IIpn
OoOHapy)XXeHII HapyIIeHHl 3aJaHHBIX KOHCTPYKTHBHBIX IIapaMeTpoB, JeTalb
JIOJKHA OBITh UCIIPABIIeHa I H3TOTOBJIEHA 3aHOBO

WcnonnuTens: £
W ™ &
PykoBogutene npoekta K.T.H. .~/ 2t M.T. Buneukui

Y.0%. 2020
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AKT
r. AnMaTsel « » 2020 r.

M1, mmxenoqmucasmuecs, gupektop TOO «PolyTech Electronics» Hypmencosa [I.A. u
coTpynaukd Ka3axckoro Har@OHAJBHOTO HCCIIEN0BATEHCKOr0 — TeXHHIECKOro yHUBEPCHTETA
um. K., Carnaesa, burenkuit M.T., Paros B.T., Jlenukernesa JI.H., cocTaBum HaCTOSIIAN aKT
B TOM, YTO TEXHHYECKas JOKyMEHTAIlMs Ha M3TOTOBJIEHHE SKCIIEPMMEHTAIbHOH YCTaHOBKH
COOTBETCTBYET CYIIECTBYIOIAM HOPMATHBAM Y MORS®ORITH 3allyICHa B IPOM3BOJICTBO.

HupexTop

TOO«PolyTech Electronics» Hypnencosa

THC e OREAER

KasHUTY e M.T. Banerxuil
N

THC -

KasHUTY Zé{;{ B.T. Patos

HC

KasHUTY ,@zz JI.H. Jlenukemmesa
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BBITHCKA
W5 NPOTOROAR N 3 3ACEAANNS 1K1Y HHO-TEXIIECKOTO COBETA
KasHUTY nvenn K.J1. Carnaesa (HTC KasHHTY)
ot 13y okTsop 2020 1.

r. Aavate @3y oxTapa 2020 .

TPHCYTCTBOBAJIH: npueyrersonai soe e HTC -

M. Beiicenetos, A. Cuiasikon, JI. HaypssGaesa, K. Hapvaies, ¥. KanGacGaen,

3. Tyliebaxosa, b. Kycnanranies, K. PucGexos, K. Enenecos, H. Ceitnosa, b.

OnapGexo, A. Capenosa, Jl. AnuiGaena — Texiiseckii CekpeTaps.
TOBECTKA JIHSI:

1. OBeyxaenne i yTBepiKienie sakmounTebHbIx orderon o HAP HAO
«KasHUTY nvern KM, Catnacsa 10 «|'paiToBoMy GHAHCHPORIINO HayHbX
necaeaoBannii Ha 2018-2020 roxs 3a 2020 roa.

2. Pastioe.

CAVHIATN:

Jlokian ayuHoro pykomomTens npoexta APOSI33363  «PaspaGorsa
KOHCTDYKTHBHBIX M TEXHOTOTHYECKMX ~ Mapaverpos  ycrpoiictsa  1s
ABTOMATHYECKOTO H3MepeHis moKaTenci Gyposuix pacTsopow» Buaeukoro
Mapuana Teonoposia.

Tlocite 0GCYKACHNS HIeHBI HAYHHO-TEXHUYECKOTO COBETa

NOCTAHOBIJIN:

1. 3axmountenshbi orter no mpoekty AP0SI33363  «Paspaorka
KOHCTPYKTHBHbIX i TCXHONOTHYECKHX  MApaMeTpos  yerpolicraa  Ans
aBTOMATHYECKOrO W3MCPCHHs NOKasaTenell GYPOBbIX PAcTBOPOR»  HAYWHOTO
pykosoautens Buseuxoro M. T. yrepurrs.

2. PeKoMeHIOBATS aKTHBIHOE yuacTHe b KORKYpeax oGvanaAensix MOH PK
W Apy TN IpOHITSHbH Ny GImaNH  BEONCTEANI.

Javecruean npencen:
sacenanns HTC

& L Anuniacna

Cexperaps saceranms
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IMpunoxenus 1.26
x JloroBopy Ne__or 2018 1.
Ha IPaHTOBOE (PMHAHCHPOBAHHE

TEXHUYECKASA CIIELNUPHKALIMS H
KAJEHIAPHBIU IUTAH PABOT

Tlo norosopy Ne oT 2018 roma

1. Hexommepueckoe aKIKOHCPHOE 06INECTBO
«Kazaxckuil RalHOHATBHEIA HECCTEN0BATENbCKHI TEXHRYECKH YHHBEPCHTET
uvmenn KH. Carnaesa»

1.1 Tlo npuopurety: 1. PalpoBaNBEHOE MCIOML30BAaHHE IPHPONHBIX, B TOM HHCIE
BOJAHBIX PECYPCOB, IEOJOTHs, NEpepabOTKa, HOBBIC MATEPHAIsl H TCXHONOTHMH, OC30MacHbie
H3IEIHS ¥ KOHCTPYKITHE .

12 To mopmpuoputery: 1.3 Tleomorus u pa3spafoTKa MECTOPOXICHHI IIOJE3HBIX
HCKOTIAeMBIX.

1.3 To Teme nmpoekra: Ne AP05133363 «PaspaGorka KOHCTPYKTHBHBIX M TEXHOIOTHYECKIX
HapaMeTpoB YCTPOMCTB /1715 aBTOMATHYECKOTO H3MEPEHMs MoKasaTene OypOBRIX PaCTBOPOB»

1.4 O6masn cymma npoexta 15 100 000 (namuaoyame mMuninonoe cmo mvicay) menze, B

TOM YHCIIE C Pa30HBKOM IO rofaM, 1A BBIIONHCHHS paboT COTNIACHO TyHKTY 3:

- Ha 2018 rox - B cymme 5 000 000 (ISTh MUTITMOHOB) meHee;
- Ha 2019 rox - B cymme 5 043 000 (ITh MUUTHOHOB COPOK ILITh THICAY) menze;
- 1a 2020 rox - B cymme 5 035 000 (nsiTh MUILTHOHOB NATBACCAT MATH THICAY) MeHze.

2. XapaKmepucmuxa Ray4HO-MeXRUHECKOV NPOOYKUHN N0 KEATUMUKAUUONHBIM
HPUBHAKAM 1 IKOHOMUNECKIE NOKA3amenu

2.1 Hanpasnenne paGotet: Ilpukiiameie uccneoBanus B 061acTH GypeHus CKBAKHH

2.2 O6nacTs npuMeHCHAA: GyPEHHs CKBAKIH

2.3 KoHeuHBIit pe3ynbTaT:

- 3a 2018 rox: TeopeTHdeckue WCCTeNOBaHHs MofeNel (QYHKUMOHHPOBAHHAS CHCTEM
ABTOMATHYECKOTO H3MEpEeHHs IapaMeTpoB OypoBEIX pacTBopoB. [TyGnukamus B 2 CTaThsX B
OTEYECTBEHHEIX JKYPHANAX ¢ HEHYJEBHIM MMNAKT-HAKTOPOM, TakuX Kak «['€oloTus u pasBemka»
(Kazaxcran) i «Bectank KasHUTY», «CopHeiit xypHan Kasaxcrana», «HedTs u rasy;;

- 3a 2019 rox: IlySnuxauus pesynbTaToB HCCNEAOBAHME B 1 CTaThe B JKypHane C
HEHy/IeBBIM HUMIAKT-(PakTopoM (Scopus);

- 3a 2020 rog: Iloarorosxa Monorpaguu. Ilogaua zassku Ha nareHt PK. ByayT nonaue: va
myOnmkanuio 2 CTATBH B 3KypHAlTaX ¢ HeHyJeBEIM HMIakT-QakropoM (Scopus), 1 crates B
OTEYECTBEHHOM JKYpHAJIE ¢ HEHyJIEBbIM MMIIAKT-(PaKTOpOM, TaKOM Kak «['€oyorus u paspemKay
(Kasaxcran) u «Becremk KazHUTV, «opHslif sxypHari Kazaxcrana», «HedTs uras» u 1 crarss
B PeLIH3UPYEMOM 3apyGesKHOM XKypHaNe ¢ HCHYJICBRIM HMIIAKT-(HaKTopoM.

2.4 [TaTeHTOCIOCOGHOCTh: MATEHTOCIIOCO0CH.

2.5 HayuHo-TexHuYeckwii ypoBeHb (HOBM3Ha): IIpemmockUlkd K pa3paloTke mpoexTa,
o0ocHOBaHNE HaydHOIl HOBH3HBL, ¢ 00f3aTeNeHBIM 0030pOM NpPEMNECTBYIOMIHMX HAYYHBIX
KCCICAOBAHNH, IPOBEACHHBIX B MHPE, OTHOCAIIMXCSA K MCCIEAYEMOH TEME, M UX B3aUMOCBA3b C
HACTOSIITUM TIPOEKTOM

Bypogoii pacTBOp ABISIETCS BOXHESHIIMM 3JEMEHTOM TEXHOJNOTHYECKOH cXEMBI Oyperms.
HenpasumbHbIi BHIGOP Ka9eCTBEHHBIX 11apaMeTpoB OypoBOTO PacTBOpa, TakKe KAk H 3aI03aIoe
pEeATMPOBAHME HA MX M3MCHEHIS 0] BIMHHEM H3MCHCHMS YCIOBHM OypeHWs, NPHBOAAT K
TSDKEIBIM ABAPHAM.

Tlpu cymiecTBYIOMIEH Ha CCTOAHAIIHMA JeHb TEXHONOTHH GypeHHs 3amephl MapaMeTpoB
6YpOBOTO PACTBOpA MPOHIBOASTCS BPYYHYIO M TPeOyIOT CYIIECTBEHHBIX 3aTpaT BPEMEHH BEICOKO
KBATH(HUIMPOBAHHOTC [IEPCOHANA, B CIOKHBIX YCNOBUAX — GONbLIAL [IyOHHA CKBIKUHBL €€
3HAUMTENBHAS KPHBH3HA, OCIIOKHCHHBIA T€ONOTHHECKHH papes, — HeoOX0MHMas IEPHOAHTHOCTE
3aMEPOB Pe3KO YYaIIaeTCA.
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2.6 Mcnonk3oBanKe HaydHO-TEXHHIECKOH MPOMYKIHH OCYIIECTRIAETCA: 3aKa3uWkoM H
HcnonHuTENneM COBMECTHO.
2.7 Byl MWCUONHE30BAHKA pe3yibTaTa HayyHOM M (WIM) HAaY4HO-TEXHUYECKOH
JIeATeNIbHOCTH: OXPaHHEIE AOKYMEHTEI, My 6IuKarmii,

3. Haumenosanue pabom, CpoKu ux peanu3auui u pesysmantsi

IMadp | Haumenosanue paGor mo | Cpox BEIMOTHEHHS* OxugaeMsi pesyasTar™
saganud, | JloroBopy K OCHOBHHG* e OKOTIARES
JTana | 3ITalbl €TO BHITOJTHCHHA
1 TeopeTnaeckue Supaps | 1 HoaGps |Byayr NPOBEEHEL
HCCNeNOBaHNS, H 2018 2018 TEOPETHHECKHE MCCICIOBAHNS, H
paspaborka pazpaCoTKa  IPEABAPUTENLHOTO
NpeIBAPHTENBEHONO BapHAHTA JOKYMCHTALIAH.
BAPHAHTA ZOKYMEHTAIMH Byaer COCTaBNIeH
NpeABAPHTENBHBI BapHaHT
JOKYMEHTAIHH

1.1 TeopeTnueckue SAnpaps | Mions 2018 | ByayT npoBeneHst
HCCEeoBaHKA o chcTeMam | 2018 TEOPETHYECKHE HCCIeA0BAHMA IO
ABTOMAaTu4e€CKOro CHCTEMAM dBTOMATUYECKOIO
H3MepeHHs apaMeTpoB H3MEPEHHS NapaMeTpoB
GypoBOro pacTopa. 6ypoBoro pacteopa. Byzer

HanucaH pasaen OTHeTa.

1.2.  |Cocrasnenne Slusape | Vions 2018 |Byzmer COCTAaBlIEH
TIPE/IBAPHTENBHOTO 2018 TPCABAPHTEIIbHBIIH BapUaHT
BApAAHTa JIOKYMEHTALNH JIOKYMEHTALUN

13. | Cocranenus nepedns Mapr |Hions 2018 |Bymer  cocTaBieH — mepedHs
HEOOXOMMBIX IIOKYITHBIX 2018 He0GXO0MMMEIX NOKYITHBIX
wagenuit ¥ X H3ICIHi | UX H3NOTOBUTENCH
MArOTOBUTEICH .

1.4 | 3kcnepuMeHTH O Hioms Asrycr |Bymyr NPOBEICHEI
TIPOBEPKE Pe3yIBTATOR 2018 2018 IKCHEPAMEHTEl IO [POBEDKE
TEOPETHYECKHX Pe3ynLTaToB TEOPETHIECKAX
HCCIIe0BAHIH uccaegoasni. Byaer Hamucan

paszen ouera.

1.5 |JlopaGoTka TeOpHH IO Centabps | Oxta6pe |Bymer nopaborana Teopus Ho
pesyIbTaTaM 2018 2018 pe3yibTaTaM  3KCIICPHMCHTOB,
SKCICPHMEHTOB ByzeT HamycaH pasfen oT4eTa.

1.6 | YcraroBNECHHE yCIOBHH Cenra6ps | Ox1a6ps |ByayT yCTaHOBJNEHEI yCIOBHS
npuobpeTeHns 2018 2018 NMPUOGPETCHUST  HEOOXORMMEBIX
HEeOOXOMMBIX M3Ie/Mil 1 u3fenui M ocobeHHOCTEH  MX
ocoBeHHOCTEH HX aKCILTyaTauuu. ByzeT momyuena
IKCILTyaTalHu KOHCYNIBTAIHA.

1.7 |Hanncanme OkTsGpe | | HoaGps | Byaer Hamucan MpoMeXyTOUHbIA
TPOMEKYTOUHOTO OTYETA 2018 2018 oT4er
Hanncanne crateii Byayt onyGnHMKOBaHEI 2 CTATHH B

OTeUECTBEHHBIX KyPHAIAX C
HEHYJIEBBIM HMIAKT-HaKTOPOM,
Takux Kak «['conorus u
paspenaxa» (Kasaxcran) n
«Bectaux KasHATY », «lopubiii
xkypHan Kasaxcrana», «Hedrs 1
Ta3N,
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s Cocrarenue Slueaps | 1woa6pa |Byayr COCTABIECHBL
JOKYMEHTAHAN 2019 2019 JOKYMCHTALHK
Ha H3TOTOBJICHHE OMBITHBIX Ha  H3TOTOBJCHHME  ONEITHBIX
MaKeTOB CHCTEM MaKeToB cHCTEM
ABTOMAaTHYECKOTO ABTOMATHYECKOr0  H3MCPCHHS
HM3MEPEHHA MapaMeTPOR mapameTpoB GypoBOro pacTBopa.
Gyposoro pacTsopa Byayt momydeHs JOKyMCHTAIMI
Ha H3TOTOB/ICHHE
OUBITHBIX ~ MAaKETOR  CHCTEMBI
H3MEPEHHA
YCIOBHOH BSI3KOCTH
2.1 Pa3paboTKa TEXHHTECKOIO SluBaps SAnpaps | Byzet paspaboTaHo TeXHIUECKOE
38[8HKA Ha CHCTEMY 2019 2019 3aJaHHe Ha CHCTEMY M3MEpeHHA
H3MEPEHHA YCIOBHON YCIIOBHOH BA3KOCTH
BA3KOCTH
2.2 |PaspaGoTka moxymentauun | ®espans | Maii 2019 | Byner paspaGotana
Ha M3TOTOBICHHE 2019 IOKYMEHTallud Ha M3TOTORICHHE
OTIBITHBIX MAKETOB CHCTEMEL OIBITHBIX MAKETOR CHCTEMEI
HUIMEPEHHST H3MEPEHHSA YCIOBHOH BA3KOCTH
YCIOBHO} BAIKOCTH
2.3 |Pa3paboTKa TEXHMYECKOrO Wronp | Hionp 2019 | Byzer paspaGoTano Texnuueckoe
3a[aHHAS HA CHCTEMY 2019 3aJaHNE Ha CHCTEMY H3MEPEHHS
U3MEPEHHS ILUIOTHOCTH IIOTHOCTH
24  |PaszpaGoTka joxkymeHTanuu | Hions Oxts6ps | ByzeT paspaboTaHa
Ha H3TOTOBJICHHE 2019 2019 IOKYMEHTAIIHS HA U3TOTOBIICHIE
OIMBITHBIX MAKETOB CHCTEMEI OIIBITHBIX MaKETOB CHCTEMBL
H3MepeHus H3MEPEHHS
ITOTHOCTH TJIOTHOCTH
2.5. | Cornacopanne @eppamb | Oxta6pe | Byner COIIacOBAHNE
JOKYMEHTAIIHH ¢ 2019 2019 JIOKYMEHTAllHd C BO3MOMCHBIMHA
BO3MOKHEIMH H3TOTOBATENIMH.
H3TOTORHTEIIIMA Byner nomyden akr.
2.6 |IlpuoGperenne noxynHex | Mespans | Oxkrsbps | BymyT npuoOpeTeHH NOKYIIHEE
n3geuit 2019 2019 HM3ACTHS
2.7 |Hamucanue Oxra6pe | 1 HoaGps | Bymer HamucaH NpOMEXyTOUHBL
TIPOMEXYTOYHOTO OTUETa 2019 2019 oTueT
Hanucanne crateit Bynmyr onybnmxosana 1 crates B
JKyPHAIax ¢ HEHYJNEBBIM HMIIAKT-
daxropom (Scopus)
g Cocrapnenne SnBape | 1 Hoabpa |Bymer cocTaenena
JOKyMEHTall 2020 2020 JIOKYMCHTAIHS
HA M3rOTORJICHHE Ha U3rOTOBJICHHE
SKCIIEPUMEHTANBHOH 9KCIEPHMEHTATILHON YCTAHOBKH
YCTAHOBKH
3.1 |PaspabGortka Texmuueckoro | Smpape | Deppanb 6
s 2020 2000 Byzer paspaGoTaHO TEXHHYECKOE
3a7aHH¢ Ha SKCIICPHMEHTATBHYIO
9KCNEPHMEHTAIBHYIO ’
YCTAHOBKY
YCTaHOBKY
32 PazpaGoTka JOKyMCHTAIHH Mapr Arryct
Ha M3TOTOBJICHHE 2020 2020 Byner paspaborana

IKCTIEPHMEHTATBHON
YCTAHOBKH

AOKYMEHTAMA Ha U3rOTOBIEHUE
3KC[I€I)HMSHT8J'IBHOI71 YCTaHOBKH
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8.3 Coctapiennsa nepe: s fait 2020 | Mrons 2020 | Byaer coctas:IeH nepedHs
HEOOXOIMMBIX MOKY 111> HEOGX0AUMBIX ITOKYIHBIX
H3ENMI M MX POBM s H3HENHHA B HX BO3MOXHBIX
TOCTABITHKOB TOCTABIIUKOR

34 Tprotpererme Agryer | Cenrsops |Bymyt TIpHOGpETEHE
HEOOX0AMMBIX TOKYIHILIY 2020 2020 1eo6X0HMBIe MOKYIHBIE
H3TCHHH | wane s

3.5 [ Cornacosanne Lesbpe | OkTsOps | Bymer COrNacoBaHa

| moxymeHTan na 2020 2020 AOKYMEHTALHST Ha
IKCTEPUMEH | A 1LIUYIO 9KCHEPHMEHTATRHYIO YCTAHOBKY
YETAHOBKY € 1203MOKHI. - € BO3MOXHBIM H3TOTORHTENEM
H3TOTOBHTENCM i Byner monyuch akt

3.6 Hanycaune werabps | 1 Hoabps | Byner wanucan
3AKITFOUUTENLAOTO 0111 20 2020 3AKIONUTENBHbHE oTaeT. Byner
Harmicanye ¢ raveii HOJrOTOBIEHA MOHOTpadHs.

Byrer nojamHa 3asBKa Ha aTeHT
PK. Byayr omyGnukosaHE! 2
CTaTbU B KYPHANAX ¢ BEHYIEBBIM
uMnaxt-Gaxropom (Scopus), 1 |
CTaThsl B OTEUECTBEHHOM
AypHase, TakoM Kak «['coaorus
¥ passeaxa» (Kazaxcran) u
«Becraux KasHUTY », «opHsIit
sKypHan Kasaxcranay, «Hedto 1
Taz» u 1 cTaTa B
PEUEHIUPYEMOM 3aPYBeIHOM
HYPHATIE C HEHY/IEBLIM HMIIAKT-
akropom.

Or Jaxazuuxa: Ot Uerronsnrens:

Tpenceaarens 1'Y «Komyrera nayku TlpopekTop
Mg repe s obpasosanus v saykn PK» KL Carng

“Adapacnaos b.C.

Oznaxomiien:
Hayunnii pyKOBOTUTE b IPOEKTA(OT)

/O A Buienxnit

{(110/1NUCh)
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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KasakcmaH Pecriybnukacbl ¥nmmbiK fbinibiM akademusicel "KP ¥FA Xabapnapbl. [eonoausi xsHe
MeXHUKarblK fbiibiMOap cepusicbl” fbinbiMu XypHarnbiHbiH Web of Science-miH xaHanaHraH HycKacbl
Emerging Sources Citation Index-me uHOekcmernyee KabbindaHfaHbiH xabapnalidbl. byn uHOekcmeny
6apbicbiHOa Clarivate Analytics komnaHusicel xypHandbl odaH api the Science Citation Index Expanded,
the Social Sciences Citation Index xsHe the Arts & Humanities Citation Index-xke Kabbinday meceneciH
Kapacmbipyda. Webof Science sepmmeyuwinep, asmopnap, 6acnawbinap MeH MekeMeriepae KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. [eonosusi xXeHe MeXHUKanblK fbirbiMoap
cepusicbl Emerging Sources Citation Index-ke eHyi 6i3diH KoramdacmbiK ywiH eH e3ekmi xaHe 6edendi
2e0/102Us1 XaHe mexHuUKarbIK fbiibiMdap 6olibiHwa KoHmeHmke adandbirbiMbl3db! 6indipedi.

HAH PK coobuwaem, 4mo Hay4HbIl xypHan «Mseecmus HAH PK. Cepusi eeonosuu u mexHu4eckux
HayK» 6blrn npuHsm Ons uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol sepcuu Web
of Science. CodepxaHue 8 amoM UHAeKcuposaHuu Haxodumcs 8 cmaduu paccMompeHUsi KoMnaHuel
Clarivate Analytics dns danbHeliwezo npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Ka4ecmeo u enybuHy kKoHmeHma Ons uccredosamenell, asmopos, usdamernell u y4pexoeHul.
BxntoqeHue Mzeecmusi HAH PK. Cepusi eeonosuu u mexHuyeckux Hayk e Emerging Sources Citation
Index deMoHCmpuUpyem Hauly MpUeepXeHHOCMb K HauBOmee aKmyanbHOMY U /IUSIMernbHOMY KOHMeHmY
0 260102UU U MEXHUYECKUM HayKaM Ois Haweao coobujecmea.
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THE PROBLEM OF DRILLING MUD PARAMETERS CONTINUOUS
MONITORING AND ITS SOLUTION AT THE EXAMPLE
OF AUTOMATIC MEASUREMENT OF ITS DENSITY

Abstract. For the most part the cause of down-the-hole problems while drilling wells consists in the fact, that
the properties of the drilling muds don’t meet the requirements of the well’s geologic and technological conditions.
At present those properties are measured manually and at lengthy time intervals. Attempts at automatic measurement
of drilling muds density, by means of sensors, based upon various physical phenomena, have proved unsuccessful. It
is explained by extremely great variety of drilling muds compositions and properties. Decades of the traditional
manual measurements have proved that their methods as such are the best in meeting the well drilling specifics.
Automatization of the traditional manual measurements allows to perform them at the pre-planned periodicity and
eliminates the need in specially trained staff. The problem is solved by placing the traditional measuring instruments
on the revolving table. The electrical measurement signal is transformed into digital form, permitting demonstration
the drilling mud parameters on the driller’s panel, as well as registering them in the memory. Automatic monitoring
of the drilling mud parameters and their density in particular makes it possible to reduce costs of eliminating geolo-
gical problems while drilling. The appliances in question can be used at all rigs drilling wells for oil gas, water and
hard mineral resources.

Key words: drilling wells, opposing the geological problems, drilling muds parameters, automatization of mea-
surements, demonstration on the driller’s panel, automatic density meter.

Publications analysis and problem formulation. The drilling process can be reduced to the well
face destruction with a rock destruction tool. The particles of the rock are transported from the well face to
the surface by the circulating flow of drilling mud. Its descending flow is travelling along the drill string
internal channel to the well face and therefrom, saturated with the destruction products, returns to the
surface along the annulus between the well bore and the drill string.

Apart from the function of the well face cleaning from the cuttings the drilling mud fulfills a number
of other functions. An important role of the drilling muds in technology of well drilling and finishing is
represented in both classical [1] and modem [2] publications. A special attention is paid to the role of
drilling muds in down-the-holes problems control. It is believed [3], that on the average about 10 % of
well construction costs make up the costs of down-the-hole break downs eliminations. The modern
situation in the drilling muds technology with prognosis for the future is described in the work [4]. The
publications [5,6] are devoted to muds helping keep the well bore stable and, in particular, under the
bulging clays conditions [7]. A special attention is paid to the muds intended for prevention of outbreaks
and gushers of formation fluids [8].

The muds composition, their formulae are reflected in their measurable parameters, such as density,
viscosity, filtration, gel strength, yield point, cuttings content, power of hydrogen etc. The availability of
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the mud, needed for controlling the certain kind of drilling problem, is ascertained by obtaining the corres-
ponding combination of its measurable parameters.

Modern drilling rigs are equipped with instruments for the drilling process automatic continuous
monitoring. Thus a Japanese rig of Koken Boring Machines [9] company provides for automatic
measurement of such parameters as bit load, its rotation frequency, flush fluid flow rate, its pressure,
penetration rate, rotary torque etc — 12 parameters altogether. Their values are demonstrated on display
panel, assuring an immediate reaction of the driller on their spontaneous changes. However among those
parameters the drilling muds quality characteristics are absent.

To-day, like many decades ago, the drilling muds quality parameters are measured by single point
measurements, performed manually [1, 10]. The mean intervals between measurements are as long as
several hours, and often they are performed sporadically. The cause consists in a certain complicacy and
durability of the manual measurement procedure. Such being the practice, the danger of grave down-the-
hole problems is always present.

By means of the drilling mud density the hydrostatic pressure in the well is controlled, which plays
decisive role in prevention of the formation fluids’ blow outs and gushers. In order to damp down an ab-
normal formation pressures muds of high density are used. Contrariwise, in case of the flush fluid
absorption in the well bore the hydrostatic pressure must be kept as low as possible. But on both occasions
the dead line must be observed, when hydrostatic pressure building up brings about the formation fractu-
ring, and its dropping — the inflow of the formation fluids in the well bore with corresponding problems.

A superfluous —in the context of the problems preventing — drilling mud density enhances the drilling
pump energy expenditures, and reduces its interrepair period. Besides, the density increase sharply reduces
the penetration rate.

In the course of penetration the values of mud density are changing and first of all due to its satura-
tion with cuttings. Sudden density changes can signalize on sharp changes of drilling environments. A
dated as recently as 2017 publication [11], headed “Real time monitoring system improves drilling effi-
ciencies” points out that “Direct and rapid measurements of drilling fluids characteristics allow to evaluate
the deviation from planned baseline and take immediate actions to recover optimum drilling condition”.
The authors are adducing examples of problems caused by belated information about density and visco-
sity of drilling mud. The first example is related to the fact, when for that reason the well was completed
70 days later , than it had been planned. In the second example, besides essential loss of time for the
failure elimination, the bottom diameter of the well had to be reduced from 8 % to 5 % inches which
brought about corresponding reduction of productivity.

In the work [12] a scheme of automatic control of drilling mud density in accordance with changing
environment is considered. The authors stressed, that such an objective can only be gained on condition,
that instruments of continuous monitoring of that parameter are available.

In current publications there are references to automatic meters of the fluid flow density. The work
[13], discussing methods of opposing well bore cavings, submits an idea of application automatic meters
of drilling mud density. The author points out, that by working principle such instruments may be elec-
tromagnetic, thermal or acoustic. However the work does not contain any specific information as to their
design, mounting, or performance under conditions of drilled well.

The work[14] contains proposal to use the Coriolis mass flow meter, capable to measure density as
well. At present that instrument is used with oil products and other one phase fluids. However it is
mentioned in the publication, that a negative impact on that meter’s performance can be produced by the
changes of the liquid’s viscosity and temperature and by presence of solids in it, particularly of their large
particles. Presence of gases requires raising the pressure in the line up to one or even several MPa. But
drilling muds usually represent double phase fluids, and they may contain particles of solids of various
sizes (from several microns to several millimeters). In the course of penetration the muds’ parameters are
changing, both continuously and stepwise. The above mentioned limitations, with the Coriolis appliance
being mounted in the injection line of the drilling pump, would require repeated resetting as best, and may
end in its failure as worst. In the reverse line of mud circulation such a meter cannot be placed absolutely,
because of low (atmospheric) pressure and presence of cuttings. What follows is, that the wide use of the
Coriolis mass flow meter for measuring drilling mud density monitoring is highly problematic.
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In the work [15] a simple method of drilling mud density measuring is proposed. In the stand pipe of
the drilling pump’s injection line (that is, in its vertical sector) two manometers are positioned — one of
them at the bottom, another at the top. The authors are pointing out, that the interval of heights being
known, the difference of the manometers’ readings characterize the mud’s density. However it is true only
on condition that the liquid’s circulation is ceased. If the liquid is circulating (as it always does while
drilling) from the mentioned pressure difference the viscous pressure drop on the stand pipe has to be
deducted. Those last are proposed by the authors to find by theoretical calculation, based upon the liquid’s
known flow rate and viscosity. Thus the flow meter and viscometer must be present in the injection line of
the pump. That makes the problem much more complicated and particularly in view of the fact, that
existing viscometers are intended only for performing one point measurements. In view of those facts, and
taking into account, that flow rate and viscosity of drilling muds are highly variable while drilling, the
problem of using the above mentioned method for continuous monitoring the drilling mud density looks
intractable

Attempts at automatization of the drilling mud density measurements were made since many years
ago [16], but they have not found industrial implementation. It was because of the meter’s complicated
structure and of the fact that it could not measure the mud density in the injection line, being intended for
mounting in the gutters and pits of the mud circulation system surface section.

The purpose of this research is providing for continuous automatic monitoring the drilling mud
quality parameters in general and its density in particular. In order to achieve that purpuse, objectives as
follows are to be gained:

1. To carry out analysis of the publications, capable to contribute to achievment of the purpose.

2. To propose a general principle of the drilling muds’ quality parameters measurement automa-
tization.

3. To develop a general scheme of the continuous automatic monitoring of the drilling muds quality
parameters.

4. To apply the general scheme for working out the structure of the drilling muds density continuous
automatic monitoring.

The works on acieving the planned ojectives. The publications analysis has shown, that bacause of
complexity and vast variety of the flushing agrnts as to their intention, composition, physical and chemical
properties, as well as high degree of their spontaneous changeability, the use of automatic density meters
from other industries involves many arduous problrms. A conclusion was made, that the problem of
automatic continuous measurement of the drilling mud density (as well as of a number of another quality
parameters) can be most effectively solved by way af automatization of the traditional manual methods of
measurements [17-21]. It will involve advantages as follows:

— The decades of practical use of those methods have proved their effectiveness and versatility: they
can be used with all types of drilling where the flushing liquids are used

— Unlike physical methods (realized by electromagnetic, acoustic, accelerative, thermal etc sensors),
the traditional methods are not subject to physical disturbances

— The use of traditional methods is contributing to continuity of the existing drilling technology

The capital defect of the traditional methods is the fact, that they are only realized manually by single
point measurements, which makes continuous monitoring impossible. Automatization of the traditional
manual methods will provide for:

— Establishing a distinct periodicity of the measurements with reduction of the assigned period to the
reasonable minimum

— Reduction of time needed for the measurement procedure by removal of preparative and concluding
operations like preparation and setting the meter, collecting the mud’s sample, washing up the appliance
after measurement, data registration etc.

— Improving the measurement accuracy by distinct automatic fixing the borders between successive
operations and removing subjective errors caused by human factor

— linking-up emergency signalizing

— Obtaining electrical measurement signal with its subsequent converting into digital form with
possibility of:
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— Demonstrating the mud parameters readings on the driller’s panel along with other technological
parameters, which will supplement the general picture of drilling conditions and contribute to accurate
diagnosis of the current problems

— Registering the mud measurement data in the time succession in the memory, with possibility of
retracting them whenever a need arises

— Amplifying the obtained information by means of its processing according to a special program

— Incorporating the drilling mud measurement signals into systems of automatic control of the drilling
process.

At the Kazakh Satpajev National Research Technological university Drilling Wells Technology
department a general approach to drilling mud parameters continuous monitoring was worked out. Its
basic principle is automatization of the traditional manual method.

The general scheme of such an approach can be reduced to following:

The general procedure and instruments of the traditional measurement methods are left intact.
However for the purpose of their automatization a number of new elements are added. Among them the
most essential are:

— Revolving round table;

— Organs of its control;

— Sensors of converting the measured value into electrical signal;

— Analog-digital converter;

— Display;

— Memory.

Revolving at a planned frequency, the table is capable to make halts in the assigned positions, such as
loading the measuring capacity with a sample of the mud, performing the measurement as such; cleaning
the measuring capacity from the traces of the mud after the measurement has been completed.

Basing upon the general scheme, a structure of the drilling mud density continuous automatic
monitoring was elaborated. It is shown on the figures 1 and 2.

The appliance is operating as follows:

The supplied with cams disk of the time realay 10 is revolved by a syncronous motor (not shown)
with a strictly constant frequency. Just before the situation shown at the fig.1, the table 1 was at rest in the
“wash up” position. The funnel 4 by means of the delivered from the tank 23 by the pump 20 through the
channel 24 stream of water was being cleaned from the traces of the drilling mud 7.

After the planned for the “wash-up” tine has elapced, the cam 17" on the disk 10 closed the dead
contact 14 and supplied voltage Uy from its sourse to the terminals of the relay 11. The tongue 12 of the
relay, having been desplaced to the right, closed the dead ccontact 13, supplying volyage to the motor
2 and thereby resuming the motion of the table 1.

At the beginning of the table’s motion its cam 18", which at the “wash-up” position had been pushing
on the live contact 16, keeping it open, — lets it free, which brings about its closing. Due to the fact that the
rotation speed of the table 1 is higher than that of the disk 10, the contact 16 is closed earlyer than the cam
17" has left the contact 14 and made it open. Apart from starting the table the tongue 12 with its left end is
closing the contact 15 of the relay’s lockup. For that reason after the cam 17" has left the contact 14, the
voltage goes on being supplied to the relay 11 and motor 2 through contacts 15, 16,13.

One more consequence of the tables’ resuming its motion is the fact that the cam 21, which during all
the period of the “wash up” halt had kept the dead contact (not shown) closed, supplying the voltage to the
pump’s 20 motor, — left the contact, allowing it to open and causing the pump to stop delivering water

‘When continuing its revolution, the table takes position II “loading and measurement”, the cam 18T
meets the live contact 16 and opens it. The relay 11 is de-energized and its tongue, moving by its spring to
the left leaves dead contacts 13 and 15 and opens them. The motor 2 and the table 1 cease revolving, the
funnel 4 taking position right under the channel 6, delivering the stream of the drilling mud.

The mud enters the funnel at its top and leaves it at its bottom through the orifice of the nipple. As the
flow Q' designedly surpasses the flow Q° (limited with the small size of the nipple’s orifice) the funnel is
being gradually filled with the mud. The funnel’s weight is growing and, contracting the spring 5, it is
settling down. When doing that, the funnel is shifting the slide contact 8 along the rheochord 9 in the
direction of growth of the output voltage U. However for the time being that voltage is actually absent,
because the dead contact 22, (through which variable resistor’s feeding voltage Ur is delivered) is open.
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Ultimately the mud starts spilling over the funnel edge into the mud pump’s receiving tank, and from
that moment on, the funnel’s weight is kept at maximum value. The situation is preserved till the moment,
when after a predetermined time interval the cam 17" of the time relay 10 approaches the dead contact 14
and, actuating the starting relay 11, resumes the table’s revolving. At the very instant of the table’s leaving
the position II the cam 19 (figures 1 and 2) passes the dead contact 22 and, closing it, delivers the voltage
Un to the variable resistor 8, causing appearance of the voltage U. That voltage is proportional to the
weight of the loaded with mud funnel (minus the weight of the funnel itself, corresponding to the set-point
position of the sliding contact 8).

15

14

17

Figure 1 — The appliance for drilling mud density automatic monitoring.

A - side view: filling the funnel with mud; B — face view with electrical cirquit; I — wash up position; IT —filling up and
‘measurement position; 1 — table; 2 — electric motor; 3 — bearing; 4 — funnel; 5 — spring; 6 — mud delivery channel; 7 — mud;
8 — sliding contact; 9 — rheochord; 10 —time relay; 11 — starting relay; 12 tongue; 13,14, 15, 22 — dead contacts; 16— live contact;
17! — cam of revolution resumption from the position I; 17¥ — the same from the position IT; 18" — cam for halting in the position T;
18T — the same in the position II; 19 — cam for voltage delivery to the variable resistor (located beneath the cam 17%); 20 — water
pump; 21 — cam for the water pump starting (located beneath the cam 18'); 23 — water tank; 24 — water delivery channel; Q' and
Q- mud flows; Uni— feed voltage; U — outlet voltage (the measurement signal).
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Figure 2 — Converting the funnel’s drilling mud weight signal into digital form of the drilling mud density:
ADC — Analogue digital converter ; T — demonstration panel.

Given the assigned volume of the funnel, the voltage U is corresponding to the drilling mud density.
The voltage U is delivered to the ALIII inlet, where it is converted to the digital number. That number is
converted into decimal system and, in the density units, registers in the memory and finally appears on the
driller’s panel T. There it replaces the result of the measurement, obtained in the course of the previous
measurement cycle.

Meanwhile the table, continuing its revolutrion, again approaches the wash-up position an makes a
halt there. The measurement cycle is completed and the new one commenced.

Discussion. The drilling mud quality parameters, its density in particular, are in the course of drilling
subjected to spontaneous alterations with risks of down-the-hole problems and failures. Transition from
the sporadic manual measurements to continuous automatic monitoring will provide for maintenance of
the optimum drilling technology and failure prevention by prompt reacting on environment changes That
will amount to substantial contribution to bringing down the well construction time and expenditures on
the failures elimination. Besides it will guarantee savings on salaries of the high qualified personal,
conducting manual measurements.

As a result of research performed, a universal method of automatic continuous monitoring of drilling
muds parameters in general and its density in particular is worked out. The problem is solved by way of
automatization of the classical manual measurements. The attempts at automatization of drilling mud
parameters measuring by application various physical phenomena were not enough successful, because
they are imposing various restrictions on the mud’s composition, quantity and quality of additives,
viscosity, pressure in the line, temperature etc. Automatization of the classical manual measurements
preserves all of its peculiar wide range of suitable conditions. It well corresponds with existing drilling
technology. On the other hand the method in question well comesponds with the modern trend of
transition to the digital form of data processing and presentation.

The worked out structural scheme of automatic density monitoring can become a base for developing
a line of automatic measurement of other drilling mud parameters and thus contribute to solution of the
problem as a whole. Incidentally, patents for structural schemes of automatic measurement of the mud’s
funnel viscosity, jell strength and filtration are already obtained. The revolving tables of several appliances
can be assembled on common axle and have common systems of mud samples delivery, electric power
and cleaning water supply. Their measurement signals can be received by the same computer for the
further processing. All that will contribute to the costs reduction.

However the complexity of such automatic facilities and the effort and resources needed for their
development are substantially different, which requires the works being performed step-by-step, beginning
from the simplest version, such as density and proceeding to more complex ones.
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The proposed facilities can be operated at all the rigs engaged in drilling wells for oil, gas, water and
hard mineral resources. They may play an important role in down-the-hole failures preventing and saving
time and resources on their elimination. Besides, falls away need in employment of the highly trained
personal, currently occupied in carrying out drilling mud parameters manual measurements.

Conclusions.

1. The publications studies allowed to ascertain absence of universally applicable works on drilling
mud parameters automatic continuous monitoring.

2. An assumption was set forward and substantiated, that the most appropriate method of achieving
the purpose of drilling mud parameters automatic continuous monitoring, is automatization of the
universally used classical manual method.

3. A general scheme of the drilling mud parameters manual measurements automatization by using
the revolving table is put forward.

4. According to the general sceme a structural scheme of the appliance for drilling mud density
automatic continuous monitoring is elaborated.

M. T. Buaenkuiil, F0. A. Hupontos?, B. T. Patos’, /. H. Jlemkemenal
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2CankT-IleTep6ypr MeMITEKeTTIK TeHi3 TEXHIKATBIK YHIBEPCHTETi, Peceit,
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BYPFBLIAY EPITIHIAICIHIH TAPAMETPJIEPIH Y3/IIKCI3 BAKJIAY IIPOBJIEMAJIAPBI
JKOHE OHbI HIEITY MBICAJI PETIHJIE ThI¥bI3JbIKThI ABTOMATTBI TYPJE ©JIIIEY

Annotanms. Bypreuiay epirtininepidiy cama mapameTprepi GYpFBITayIBIH TeOIOrHSIBIK-TEXHIKATBIK JKaf-
JaiinapsiHa cail KelnMeyi, Kell jkarjaiina, OypFeulay KesiHIeri KIBIHIIBUIBIKTAD MEH amaTTapisiH ceGebi Gombmt
Kenefli. By mapaMerpiep KOIMeH JKoHe y3aK YaKbIT apalbFbIHAA eMlIIeHei. Byproltay epiTiHminepiHiH THIFBI3bI-
FBIH oPTYPIIi (H3MKATIBIK KYOBIIBICTAPFA HETi3e/TeH JaTINKTep KOMETiMeH aBTOMATTHI TYpJie ©IIIey CaTTi HOTIDKe
KepceTneni. by Oyproiray epiTiHminepiHiH camma KypaMbl MeH KacHEeTTepIiHIH Te alyaH Typili 60IybIMeH IIapTTall-
FaH. JKsuap Goilbl KOIMEH elIey e3firiHeH OyprblIay JKYMBICTAPBIHBIH epeKurenikTepite cail Kemexi. JlacTypimi
KOJIMEH eJIIey/li aBTOMATTAaHIbIPy OTap/bl aljbIH-ajla OelrileHreH KULTIKTe OpbIHIayFa MYMKIHIIK Gepelti kaHe
apHaiibl KbI3METKepIepIiH KaKeTTilri xoaas. Macene Gelrini emiey KypangapbiH aifHaTMalsl YCTeNre OpHATY
QApKBUIBI IIENTiIe/i. DIEKTp eIIey CHIHAIBI OYPFBUIayLIBHBIH KalIBIKTHIKTAH 6ackapy IyIbTIiHIH ecell TaKTachblHAa
KepCeTy, COHJIl-aK YaKBITTBI jKa3y MYMKIHAIriMeH udpraHasl. THEFbI3IBIKTEl aBTOMATTBI OaKbLIay TeOIOTHSIIBIK
aCKBIHYITapMEH JKOHE allaTTapMeH KYPECy IBFBIHIApIH ToMereTe 1. XKobanarras KypsUFbIIap GapisIK Gyprsuay
KOHJIBIPFBUTAPBIH/IA, MYHaIl, Ta3, Cy JoHe KaTThI ailJasl Ka3balapFa OypFbliay YIIH KOJIaHbLIYH MYMKIH.

TyiiiH ce3mep: OYpFbUIay, TONOTISUIBIK ACKBIHYIApABl OaKblIay, OYpFbUIay epiTiHALTepiHiH HmapaMeTpiepi,
eIIey I aBTOMATTaHIBIPy, OYpFbIAY KOHIBIPFBICHIHIA KOPCETY, THIFBI3IBIKTH aBTOMATTHI OISyl

M. T. Burenknit!, 0. A. Hupontos?, B. T. Patos’, /. H. [lekemesa’
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MPOBJIEMA HEIIPEPBIBHOI'O MOHHTOPHHI'A IAPAMETPOB BYPOBOI'O PACTBOPA
H EE PEINIEHUE HA IIPUMEPE ABTOMATHYECKOI'O H3MEPHUTEJIS INIOTHOCTH

Annotanus. TIpinHoil 0cI0XHEHNT I aBapil IpH GYpEeHIII Jalle BCETO SBISETCS HECOOTBETCTBIE KadecT-
BEHHBIX I1APAMETPOB GYPOBBIX PACTBOPOB TEONOr0O-TEXHIMECKIM YCTIOBISM GypeHIs. DTH IapaMeTphl H3MEpSIOTCS
BPYYHYIO I 4epe3 JUINTEIbHbIC HHTEPBATE BpeMeHIL. IIONBITKII aBTOMATIMECKOTO H3MEPEHIs IIOTHOCTH GYPOBEIX
PACTBOPOB C IOMOIIBIO JaTINKOB, OCHOBAHHBIX HA ICIONB30BAHIS Pa3MIYHEX (U3MYECKUX SBICHII, He Jamm
YCIIENHOTO pe3y/bTara. JT0 OGYCIOBICHO BECHMa IIIPOKOM Pa3sHOOGpasHeM KadeCTBEHHOTO COCTaBa H CBOICTB
GypoBBIX pacTBOPOB. ['0ZIBI IIPHMEHEHIIS PYIHBIX H3MEPSHILT IOATBEPAKIAT, UT0, CAMII IO CeGe, OHI HAILTYdIIIM
06pa3oM OTBEdaroT cremnduke GypoBBIX paGOT. ABTOMATH3AINS TPAIHINIOHHBIX PYYHBIX H3MEDEHIIl MO3BOIIET
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TPOM3BOINTE NX C 3a/AHHOIl IEPHOIMHOCTHIO I YCTPAHIeT HeOGXOMIMOCTh B CICINAILHOM IEpCOHATE. 3aada
PpellleHa IIyTeM YCTAHOBKI M3BECTHBIX H3MEPHTENBHBIX CPEICTB HA MOBOPOTHOM CTOINE. DIEKTPHYSCKIIT M3MepI-
TENBHBII CHTHAI Ipeobpasyercs B UMPOBYIO (GOPMY ¢ BO3MOKHOCTBIO JeMOHCTpALI Ha TablIo IMyIbTa OypILIb-
IIIKa, A TAK/Ke PETUCTPAIIIT BO BPEMEHII. ABTOMATHYECKIIT MOHITOPHHT INIOTHOCTIH IO3BOIET COKPATHTD PACKOLIE!
Ha GopsbY C TEONOrIdecKIMI OCIOKHEHIIMII I aBapIsIMIL Pa3paGoTaHHBIE YCTPOIiCTBA MOTYT NPHMEHSTECS HA
Beex GYpOBBIX yCTAaHOBKAX, BeAYIIIX GypeHile Ha HeTh, Ia3, BOLY I TBEP/IBIE MONE3HEIE ICKOMAEMBIE.

KmoueBsle c10Ba: Gyperne, Gopp6a ¢ IeOTOrMIECKIMI OCIOKHEHISMI, ITapaMeTPhl GYPOBBIX PACTBOPOB,
ABTOMATH3ALIL 3MEPEHIIT, JIEMOHCTALILS Ha ITy/IbTe OYPIUIBIINKA, aBTOMATIYECKILT H3MEpITEb INIOTHOCTIL
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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
rtheological 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.

L 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].

* Corresponding author (LA. Ismailova).
Email: Jismailova@satbayev.university
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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
theological 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 Vyi, 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,
ie., 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 Vi (i.e., its relative viscosity) and its
volume Vyr flowing in half of this time, the following
sequence of calculations is performed.
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The average velocity of the fluid moving along the nozzle
during the flow of the measured volume is as follows:

_

— M
wd’T (O]

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:

H,

MT

=H +L-d /2tgp) (2)
where B is the coning angle of the funnel 1; L is the length of
the nozzle 2: Hk is the component of the height Huyr, falling
on the cone of the funnel:

3

where V is the total fluid volume in the funnel, Vyr is the
fluid volume flowing in half of the total measurement time,
ie., 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:

2

9
B 4,
2a° @

‘92
H,pr = ApL — +
PgH = 2 2P

where p is the fluid density, g is the gravitational acceleration;
X 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:

4= (eHyr — (8 (2a%))2d
LY

The Reynolds criterion for non-Newtonian (possessing the
yield point) fluids is

)

pSd
d
+
(] 763)

Re =

©)
where 1 and t are plastic viscosity and yield point,
respectively.

On the other hand, the Reynolds criterion can be calculated

from the hydraulic resistance coefficient A 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:

Re=64/4 o

Based on formulas (6) and (7), the desired equation for the
interdependence of the two viscosity parameters can be
obtained:

d  ip9d
nN+r—=—"—"—

69 64 ®
An analysis of the equation shows that, under the conditions
of this particular measurement, the coefficients at 1) and t are
constant.

Among the quantities used in the calculation, d and the
coefficient “a”, the constant geometrical parameters of the
funnel, VM, Hur, the constant values characterizing relative
viscosity measured by the funnel, p and T, the measured
values of the parameters used in true viscosity calculations,
and finally  and A 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:

n+Ar=B ©

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 n and t. If one of these parameters is
increased from O 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 1) and t. Based

on linearity and known boundaries, a simple way to find the
most probable average combinations of 1) and 1 is obtained.

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

viscosity:

_JpSd
64

Mavax
(10)
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.:

ipSd
128 an

Based on formula (8), the corresponding most probable
average value of yield point is obtained:

Myrp =

12)

or

TMED

128

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).

a3

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)

Ne | Density, kg/m* FANN35 FUNNEL4, | VBR-2 | Proposed method | FUNNEL4,
s T,s s
s T, N, T,
Pat*s Pa Pat*s Pa
1 2 3 4 5 6 7 8
1 1025 | 0.001 0 1624 1522 | 0.0017 4.02 15.89
2 1050 | 0.001 | 0.48 15.55 1537 | 0.0019 4.30 15.93
3 1075 | 0.0015 | 0.48 15.65 1547 | 0.0020 4.52 15.95
4 1100 | 0.002 | 0.48 15.72 1549 0.002 4.65 1591
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 1631 | 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 0.0071 | 11.27
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

—+— By FANN35

Plastic viscosity, Pa*s
s o o o o
2 2 3 2 o
2 8 8 8 8

o

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).

—8— By the proposed method

102510501075110011251150117512001225125012751300130013251350
Drilling fluid density, kg/m?

Fig. 1.

—e— By FANN35

bR NN W
w 5 G 5 & 3

Drilling luid yield point, Pa

o

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

—&— By the proposed method

10251050 1075 1100 11251150 1175 1200 1225 1250 1275 1300 1300 1325 1350
Drilling fluid density, kg/m?

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 FUNNELA4, 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/m’® 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 FANN3S5 chart.

Fig.2 shows that the values of yield point according to
ETTAL up to a density of 1,300 kg/m® are 4-5 Pa higher that
those related to FANN3S5. 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
FANNS3S5 and ETTALI 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 1 2 3 4 5 6 7 8 9 10
Table 1

FANN35 6.7 12 12 15 0.6 0.6 -1.2 -2.4 -5.8 -5.5
ETTAL 4.4 3.7 3.1 2.6 32 2.6 2.7 25 6.2 2.8
‘With a correction 14 0.7 0.1 -0.4 02 0.4 -0.3 -0.5 32 -0.2
Line number 11 12 13 14 15 Mean Sum of squared Standard
Table 1 deviation deviations deviation
FANN35 -6.7 -2.6 -3.4 -20.0 -10.7 3.03 284.54 3.73
ETTAL 25 2.6 25 1.7 21 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 FANN3S5, 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 ETTAI) and
covered 13 experiments in total.

The analysis of the deviations makes it possible to draw the
following conclusions:





image55.jpeg
International Journal of Engineering Research and Technology.

. ISSN 0974-3154, Volume 13, Number 1 (2020), pp. 58-65

© International Research Publication House. http:/www.irphouse.com

- By FANN33, 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 (ETTAl 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, Dw, Drp. Der, Lpc, Doc, Q P T, Vv, P

m mm mm mm m mm Vmin kg/m? s mh 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 25

diameter of the drill pipe joints (external/internal); Lpc is

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

Note: Lw is the well depth; Dw is the well diameter; Dpp is the diameter of the drill pipes (outer/inner); Dpy is the

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

the drill collar length; Dpc is the drill collar diameter

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
n, T DP DPJ DP-W | DPI-W DC DC-W S mPa %
Pat*s Pa
0.0089 1147 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 0 246 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 joint
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

; DP—W is the pressure loss in

Table 4 shows that the difference between the calculated and
actual (by the pump pressure gauge) values was 5 — 2%.
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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
0f 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, Lon, Vv, Q. Pg, P, T, FANN35 ETTAL
m m m/h Us mPa kg/m? s . T . T
Pat*s Pa Pat*s Pa
1525 1075 83 32 128 1330 26.32 0.014 3.84 0.0097 13.08

plastic viscosity.

Note: Ly is the current well depth; Log 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;
3 T is the yield point.

pis the fluid density; T is the relative viscosity; 1 is the

Table 6. Estimated pressure losses

Method Py, Py, Prw, Prc, Pc, Pcw, Pg, Ps,mPa | P,mPa | P-Pmu

mPa mPa mPa mPa mPa wPa wPa mPa %
FANN35 722 1.63 0.24 0.10 156 0.13 0.64 0.05 11.58 -1.22 -8.1
ETTAL 7.38 1.63 0.35 0.15 156 0.14 0.64 0.05 11.91 -0.89 -6.9

Note: Py is the pressure loss inside the drill pipes; Py is the pressure loss in their joints; Ppw is the pressure loss between the drill
pipe and the well; Ppc is the pressure loss between the conductor and the well; Pc is the pressure loss inside the drill collar; Pcw is
the pressure loss between the drill collar and the well; Pg is the pressure loss on the drilling bit nozzle; Ps 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:

TE12.73%10°9%(2.84 — 456.4/T2)*T*p

1=35420*/T

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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Abstract: This article presents data on the development of the peak-shaped blade bit with an increased productivity,
resistance and reduced energy capacity used at drilling wells in soft rocks and partially in rocks of medium hardness. In order
to achieve this goal a comprehensive research with the theoretical, design and development and experimental works were
carried out. It is shown that the distribution of the axial load on the radial cutters of the bit is uneven, which is a reason for such
complication as the "hanging" of the bit over the bottom of the well. As a result of the research works, the peak-shaped blade

bit was developed and patented, which increases drilling productivity by 24%.
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Core Breaker

1. Introduction

About 25% of the world's uranium resources are
concentrated in Kazakhstan, and about 70% of them are
associated with aquifers and are suitable for mining by a
fairly effective and safe method of downhole leaching. The
implementation of the industry development program
allowed Kazakhstan to take first place in the world in
uranium mining, which in 2010 reached 15,000 tons [1, 2].
This achievement would not be impossible without
improving the equipment and technology for the construction
and operation of geotechnological wells, which have much in
common with the technology of creating hydrogeological
wells.

As a rule, in geological sections of uranium deposits and
groundwater deposits the soft rocks are involved, and rocks
of medium hardness are less frequently used. It allows to use
the peak-shaped blade bits equipped with carbide cutters and

more recently, PDC cutters when drilling wells.

At the same time, the peak-shaped blade bits currently
used for drilling do not meet modern requirements due to the
complications during drilling (regular “hanging” of the bit
over the bottom of the wells), high energy capacity of
destruction, insufficient tool life and productivity, as well as
the significant cost of 1 m of drilling wells. .

Due to the increasing volume of geotechnological well
drilling, the creation and implementation of drilling tools of
increased persistence, lower energy capacity and higher
productivity is a very important problem, the solution of
which will increase the efficiency of drilling operations.

2. Methods

The following methods of research are used in this article:
1. The theoretical methodology of the determination actual
distribution of external axial load on cutters installed
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along the radial blades of bit;

2. Literary analysis of the reasons for the “hanging” of
blade bits above the central part of the well bottom;

3. Experimental and practice researches to create of the
new peak-shaped blade bit sample without effect of
“hanging” of blade bits above the central part of the
well bottom;;

4. Mathematical calculation of the expected economic
effect using the new blade bit design.

3. Discussion (Part 1)

One of the problems complicating the technology of
drilling with blade bits operating in the cutting mode is the
so-called “hanging” of the bit over the central part of the well
bottom. Visually, this phenomenon comprises the fact that for
some time a rotating tool stops deepening the bottom, then
the rock is slowly crushed along the axis of the bit, drilling
recommences until the next “hanging” etc. Such phenomenon
was observed multiple times when drilling oil and gas wells
with blade bits reinforced with PDC cutting plates [3]. In this
work, an abrupt decrease of the destruction of bottom was
noted as it approaches the axis of the rotating bit. To rectify
such complications, Smith Bits (subsidiary of Schlumberger)
proposed a bit with a cone-shaped solid body with diamond
spraying in the axial end area to destroy the rock in the
central part of the bottom. This technology has shown
sufficient efficiency when drilling harder rocks other than
uranium complex rocks.

The research analysis of soft and medium hard rock
drilling technology has demonstrated that there are no works
to reveal the occurrence of complication associated with the
regular hanging of a blade bit.

To solve this problem we used the comprehensive research
method including theoretical, development and experimental
works.

To clarify the reasons for "hanging" of the blade bits
during drilling, the well-known theories of rotary drilling
with cutting tools were analyzed [4-10]. The drilling theory
developed by the famous scientist V. S. Vladislavlev [9]
gives an explanation for this phenomenon.

The main principle of this theory is that the depth of
penetration of the cutter during rotation around the
circumference is proportional to the path travelled by this
cutter. This means that the cutter during rotation and
deepening of the bottom moves in a spiral, the tangent of the
angle of inclination a is [9]:

tgo = 2q/A8, (1)

— the intensity of the vertical load, ¢ = Q / kb (Q — the
axial load on the tool, K — the number of cutters overlapping
the face width in radius, b — the face widlh in radius); 4 —
rigidity of the pair "cutter-rock"; A = — (E the elastic

modulus of the rock being destroyed; ;4 the Poisson's ratio
of the rock);  — the width of the end of cutter in the direction
of its movement.

From dependence (1), one can easily obtain the formula
for the bottom well A per one turn-over of the bit, taking into
account the influence of the constrained working conditions
of the tool in the well, as well as the formula for calculating
the real load Qi, which reduces the assigned load Q due to
the friction force T acting by front edge of the cutter and
directed upwards. The corresponding formulas for calculating
the above values are given in [9] and are given below.

Since at a complete turn-over of the cutter during rotation
around a circle of radius R, tga = ;%, then the recess A

into the bottom of well for one turn-over of bit, taking into
account formula (1) and its provisions, will be equal to:

_ 201-1?)

h =2nR; e )
where } — coefficient taking into account the constrained
working conditions of the cutters in the well. It is assumed
that Y = 1.38 [9].

Mechanical drilling speed:

Vi, = hn, 3)

where 7 is the bit rotation frequency, 1/s.

When the cutter moves along the bottom, overcoming the
resistance of the rock, it acts with the front face on the wall
of the rock with force P equal to

P=4§strbH, 4)

where str — rock tensile strength, b — groove width, H - its
depth equal to:

H = h/K, )

On the front edge of the cutter, the force P causes a friction
force T directed upward and counteracting the vertical load

o
T = Pf, 6)

where f— coefficient of friction at the contact "cutter-rock". f
=0.1-0.4; [9]
Thus, the true value of the axial load O, will be:

Q=0Q-T, (@]

From (7) it shows that the required axial load on the bit
assigned on the surface must be increased by the force 7'
taking into account (4-6) to obtain the desired effect

8strbhf .
K

T= ®)

The given dependences (1-8) make it possible to obtain the
distribution of loads along the radius of the bit blades and
find out the reason for the regular “hanging” of bit.

When drilling, an axial static force Q and a torque are
applied to the blade bit, transforming into the frequency “n”
of rotation of the tool. (Figure 1) Mentally divide each blade
of bit along its length R, by the required number of equal
sections, for example, by 6, as shown in Figure 1.
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In operation, at each turn-over of the bit, different sections
will move around a circle whose length is proportional to the
radius. The maximum path will be made by the cutters
located at the outer edge of the bit: cutters located near the
center run a path several times smaller. The path of the cutter
located on the axis of rotation of the bit will be zero.

Assume that the peak-shaped blade bit has a diameter D,
the number of blades is m, and K of the cutting elements i is
placed on each blade, counting from the axis of rotation
(Figure 1). Then the distance from an arbitrary radius R; of
the middle of the “/” element to the axis of rotation is
determined by the formula:

R;=0,5b+b(i—1), ©)

drill
column

| b
] ] R | 5
C16 . 644
QB | 5]=R
Z ' N\
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Figure 1. Drilling scheme with using peak-shaped blade bit.

1,2,3...6 - cutters; Ri — rotation radius of i-th cutter; Rmax — maximum
rotation radius; L, Il — edges (blades).

Where b — width of the “i” cutting element along the blade
from the axis of rotation of the peak-shaped blade bit. With
equality along the length of the cutting elements b = D/2K.

If the total load on the bit during drilling is Q,, and the
number of blades is m, then we can write

Q=mzfQ (10)

Using formulas (8-16) given in [9], the following formula
is obtained for determining the axial load for any cutter
located on the cutting edge of the blade bit:

_ ESy Adstrf
Q=h (m(i—o.s)(l—uz) AT )H

(11)

where the depth 4 of the removed rock layer per turn-over of
the bit can be expressed;

(12)

where v,, — the drilling speed, n — bit rotation frequency (1/s).

The formula analysis (11) shows that the first term in
brackets depends on the position of the cutting element on
the blades, i.e. from its radius of rotation Ri, determined by
the formula (9). The second term i$ independent of Ri.

4. Results (for Part 1)

Let us explain the distribution of loads Qi along the radius
of the blade using a specific example with the following
initial data: D = 0.22m, o,, =4 -10" Pa, f=04,K=6,E=6
-10'°Pa, § = 0.0005m, 4 = 0.3, v, = 18m/h = 0.005 m/s, | =
1.38,n=100 r/min = 1.674 r/s, m = 4.

Calculation of the distribution of axial load on the blades
of bit is carried out in the following sequence:

1. Depth A of the removed rock layer is determined for one
turn-over of bit (formula 12):

0.005
1674 x4

=0.00075

2. Width b of each cutter is determined:

0.22
b= TRE 0.01833 m

3. Radius R; is determined from the middle of the “/” cutter
to the axis of rotation (formula 9) for six valuesi= 1, 2, 3, 4,
5,6.

R;=0.00092 M, R,=0.0028 M, R;=0.0046 M, R,= 0.0064 M,
R;5=0.0082,

Rs=0.101 m.

4. Load on one blade of the bit O; and the total load on
four blades of O* (formula 11) are determined

i=1,R,;=0.00092 m, Q; = 6.3kN, Q"= 6.3kN - 4 =252 kN
i=2,R,=0.0028 M, Q,=3.27 kN, 0'=3.27 - 4 = 13.08 kN.

Similar calculations are given fori=3,4,5,6. *
The calculation results are shown in Table 1 and Figure 2.

Table 1. Axial load distribution for one (Q;) and four blades (Q*) along the radius of the peak-shaped blade bit.

i 1 2 3 4 5 6
R;, mm 9,20 28,00 46,00 64,00 82,00 101,00
Q;, kN, load on “i” blade of bit 6,3 327 1,5 1,12 0,92 0,80

Q*, kN total load on four blades 252 13,08

6,0 4,48 3,65 320
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Figure 2. Dependence of the load Q* acting on the four blades of a peak-
shaped blade bit, depending on the radius of rotation R; of the cutting
elements.

5. Conclusions (for Part 1)

The analysis demonstrates that the minimum load during
the destruction of the well bottom at a given speed is on the
periphery of the peak-shaped bit at R, = 110 mm, where
Q*is only 3 kN. The axial load along the axis of the bit, on
the contrary, reaches a huge value, increasing up to 25 kN,
i.e. more than 8 times. When drilling different sections of
the blades move around circles whose length is proportional
to the radii of their rotation. The maximum way will be
made by the cutters located not on the edges of the bit
blades, but on the axis of the bit rotation and it will be zero.
But since we are talking about a single whole blade with
blades, then deepening for all its sections can be the same.
An equal deepening for cutters running a different way is
ensured by redistributing the axial load acting on the peak-
shaped blade bit, and therefore it grows on the cutting edge
of the blade in the direction of the rotation axis, as if
compensating for a decrease in the way of the cutters. As a
result, there is a stop, “hanging” of the peak-shaped blade
bit, which will take some time to crush rock in central part
of the bottom well, which complicates the drilling process
and reduces its productivity. '

Returning to the analysis of data in Table 1, we could
conclude that it is necessary to eliminate the excessive load
in the area adjacent to the axis of rotation of the peak-shaped
blade bit. This can be done in a simple way, eliminating
several near-axis steps of the blades with cutters. The
resulting soft rock core should be washed out with a jet of
drilling mud, and the harder rock core should be destroyed
with a mechanical core breaker. This will significantly reduce
the total load on the bottom of well, reduce the energy
consumption of drilling, eliminate the “hanging” and increase
the resistance of peak-shaped blade bit.

6. Discussion (Part 2)

The studies as per Part 1 determined direction of the
experimental design work to create a more efficient peak-
shaped blade bit.

It is known that the peak-shaped blade bits have been used
effectively for a long time when drilling soft and partially
medium hard rocks [8]. In Kazakhstan, the widespread use of
peak-shaped blade bit is associated with the drilling of
geotechnological wells used for the extraction of uranium
raw materials [1]. The depth of the constructed wells reaches
600-700 m, and the rocks belong to the II-V category for
drillability. The widespread use of peak-shaped blade bit in
these conditions is explained by a low category of rocks for
drillability, a sufficiently high drilling productivity (10-13 m/
h), simplicity of design and low cost of the tools. The most
widespread was the four-blade peak-shaped bit of
Volkovgeologiya JSC, the design of which is shown in Figure
3.

22
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Figure 3. Four-blade hydraulic monitor peak-shaped blade bit design.

JSC "Volkovgeology"
1 - case, 2 - lock thread, 3 - monitor holes, 4 - blades, 5 - carbide cutters.

The process of destruction bottom of well comprises the
combined effect of carbide cutters on it and the action of
high-speed jets of drilling mud ejected from hydraulic
nozzles 3 (Figure 3).

At the same time, the design of the applied peak-shaped
blade bit leads to destruction of the bottom of well over the
entire area, i.e. this tool has inherent drawbacks established
in the first part of the article; excessive load in the near-axis
region of the bit rotation; regular “hanging” of the tool,
which reduces productivity and increases the energy capacity
of the drilling process.
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Therefore, the creation of a new peak-shaped blade bit
should be based on the recommendations of theoretical
studies of Part 1, which refer to the above problems of the
applied peak-shaped blade bits.

The above recommendations are implemented in the
design of our patented peak-shaped blade bit [9] (Figure 4).

S
Figure 4. Peak-shaped blade bit (patent RK No. 33077 (104033)).

1 — case, 2 — thread, 3 — blade, 4 - outer ledge, S - internal ledge, 6 - cutter
outer ledge, 7 - a cutter of an internal ledge, 8 - cutter cut, 9 - hydraulic
nozzle, 10 — core breaker, 11 - ring stiffness.

Design of the bit is characterized with the presence on
blades of internal ledges 5 with cutters 7, ending with a core
breaker /0 and a ring // welded to the lower part of the
blades, connecting the bit into a single rigid structure. The
lowermost part of the blades is equipped with cut-in cutters
8.

Operation of the peak-shaped blade bit is as follows. After
the drill column is lowered to the bottom, the axial load and

rotation are applied to the peak-shaped blade bit, using the
drilling mud pump, mud is supplied to the bottom under
pressure. The peak-shaped blade bit rotating and pressed
against the bottom by means of the cutter § forms initially an
annular bottom, the outer diameter of which expands to the
required diameter of the well as the well deepens due to the
outer reinforced ledges of 4 blades. At the same time, the
core formed decreases in diameter due to its destruction by
the cutters of the inner ledges of the 5 blades.

The uppermost tier contains a core breaker, in which one
of the cutters of the opposite blades is mounted closer to the
axis in rotation than the second. As a result, the core reduced
in diameter will experience bending stresses, which will
certainly lead to its breaking.

To obtain an objective information about the performance
characteristics of the patented peak-shaped blade bit, its
reliability and durability, two samples of the mentioned blade
bit were made, and the relevant laboratory tests were carried
out together with the serial peak-shaped blade bit designed
by Volkovgeologiya JSC. Drilling with both tools was carried
out in cement blocks with dimensions of 700 x 800 x1000
mm. The composition of the blocks is as follows: a mixture
of cement M400 (30%), sand (30%) and water (40%). Setting
and hardening of blocks for 2 weeks. Given the number of
blocks (5 pieces), a total of 15 points have been outlined for
drilling wells with a depth of 700 mm for each tested peak-
shaped blade bit.

URB-2A-2 as a self-propelled drilling rig was used for
drilling, equipped with a movable rotator and a drilling mud
pump NB-32.

Test drilling was carried out in the following sequence:
initially all 15 wells were drilled using the standard peak-
shaped blade bit designed by JSC "Volkovgeologiya". Then
the same tests were carried out by the PK-1 patented peak-
shaped blade bit (core peak-shaped bit, first model).

Parameters of the technological mode were the same when
using both peak-shaped blade bits with the following values:
bit rotation frequency, rpm - 325; axial load, kN - 20;
consumption of drilling mud (water), 1/s - 5.

During pilot drilling, the drilling time of each well with a
depth of 0.7 m (in seconds) was recorded. The results of
comparative tests of drill bits are shown in Table 2.

Table 2. Results of comparative pilot tests of peak-shaped blade bit.
o

6 A 8 9 10 11 12 13 14 15

Type of peak-shaped ‘Well numbers

blade bit 1 2 3 4
Drilling time of Designed by PC - | 36 34 39 31
each well,, Sec Standard 46 45 44 40

36 300037 38 32 35 36 35 38 36
42 43 46 47 48 44 44 43 42 44

As shown in Table 2 it demonstrates that the patented
peak-shaped blade bit PK-1 has a steady, stable higher
drilling performance than the standard peak-shaped blade bit
by Volkovgeologiya JSC. Examination of the armament of
both peak-shaped blade bits showed that carbide cutters were
not blunt, which was explained by the low hardness and

abrasiveness of the cement stone.

Processing of the test results was carried out according to
the standard method [12]. The average drilling speeds were
calculated by the “old” (Y) and “new” (X) peak-shaped blade
bits (Table 3).




