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Abstract 

A treatment of drilling mud with chemical reagents is usually carried out to 

ensure certain quality indices. In this case, a quantity (concentration) of the 

reagent must be strictly determined. An excessive quantity of the reagent 

can lead to an increase of the thickness of hydrate shells, which will lead to 

a decrease of the forces of mutual attraction and falling in the strength of the 

structure or its disturbance. The reagents used for treatment of drilling muds 

on character of action and purpose can be divided into two groups: 

electrolytes and protective high-molecular substances. As the protective 

macromolecular substances there are used the modified polysaccharides: 

carboxymethyl cellulose, sulfoethercellulose, hydroxyethylcellulose, etc. 

The problems of purification of horizontal wellbore treated with drilling 

muds have been considered. As is known, the rise of sludge particles in the 

ring space by drilling mud is a dynamic process and it is influenced by 

many factors. In order to prevent sludge sedimentation and to carry out their 

rise for a certain time, it is necessary to ensure sufficient movement rate of 

the drilling mud in the ring space. There have been considered the problems 

of forecasting of a quantity of drilling sludge in the horizontal wellbore on 

the basis of experimental investigations with drilling mud of various 

viscosity and flow rate, which is necessary for control of the pressure in the 

wellbore, for prevention of pipe jamming and minimization of the 

circulation time during purification of the wellbore. It has been 

experimentally determined that the lowest height of the sludge "pillow" is 

observed during use of the drilling mud with concentration of 

hydroxyethylcellulose 2.0 g/l, but in this case, it was necessary to increase 

the flow rate of the drilling mud. The limits of the rational concentration of 

hydroxyethylcellulose in the drilling mud have been established –                   

0.5-1.0 g/l at the flow rate values of the drilling mud from 35 to 40 l/min 

Keywords: drilling mud, horizontal well, sludge, hydroxyethylcellulose, flow rate,   

rational concentration  

Introduction 

The most important function of the drilling mud is the rise of the particles of the drilled 
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rock (sludge) from bottom. The incomplete rise of particles of the drilled rock, or rather, 

incomplete purification of the bore leads to dangerous consequences. Due to the low rate of the 

drilling mud passing in the ring space, the large particles of sludge form a "sludge plug" on the 

drilling column. During the rise of the drilling column, the forming "sludge plug", combining the 

clay coating and clay particles, even more hardens and creates dangerous constrictions. At 

attempt of elimination of these constrictions during washing of the well, a hydraulic rupture 

occurs, the drilling mud is lost, and this can lead to the sticking of the drilling column itself. All 

these problems hinder the normal carrying out of the drilling operations. For elimination of these 

problems and their influence on cost indices of the well, it is necessary to take appropriate 

measures [1-5]. 

Since the rise of sludge particles in the ring space by drilling mud is a dynamic process, it 

is influenced by many factors. These factors include: sliding of the sludge along the wall of the 

angular wellbore, the drilling mud behavior rate in the ring space, the flow regime of the mixture 

of sludge and drilling mud, the direction of rise of the drilling mud in annulus, the change rate of 

the direction of the drilling mud depends on the change of the direction of the route of the 

wellbore and location of the pipe in the wellbore, on the rotation rates of the column, on the 

rheological indices of the drilling mud and on the increase of the angle of the bore curvature. 

For prevention of sludge sedimentation and carrying out of their rise for a certain time, it is 

necessary to ensure sufficient movement rate of the drilling mud in the ring space.   

The rise to the surface of sludge waste depends on the advance rate of the drilling mud in 

the ring of annular space forming from flow rate of the injected drilling mud. With increase of 

depth of the drilled wells, the diameters of their initial intervals are also increased. For this 

reason, a modern level of development of drilling equipment cannot provide the required limit of 

the rise rate [2]. 

It has been established by practice that at the actual rate of the drilling mud in the internal 

ring space Vk=0.50 – 0.60 m/sec and more, the formation of plugs was not observed, because 

there was no accumulation of sludge at the bottom near the drilling column.  

At rise value rate of the drilling mud in the ring space less than 0.5 m/sec, an accumulation 

of large particles of rock and their movement up and down occurs. 

With increase of the drilling rate, a quantity of the collected sludge reaches a critical point 

("sludge plug") and at its rise to the surface from impact of friction force with well walls, the 

sludge solidifies even more. 

With increase of the friction force between sludge plug located in the drilling mud flow 

and the well wall, the working pressure on the manifold sensors begins to rise. The sludge plug 

moving up and high overpressure can lead to the hydraulic fracturing of formation. As a result, 

there is a stack of the drilling column, which creates an emergency situation. [3]. 
Knowledge of a quantity of the drilling sludge in a horizontal wellbore is necessary for 

control wellbore pressure, prevention of pipe jamming, and minimization of circulation time 
during wellbore purification [6-10].  

Therefore, the purpose of this investigation is the prediction of size of the sludge layers in 
the horizontal wellbore on the basis of experimental data for increase of the efficiency of 
accepted decisions during drilling and minimization of a quantity of arising problems. 
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Experimental Part 

For investigation of the height of sludge “pillow” the experimental investigations with 

drilling mud of various viscosity and flow rate have been carried out [11-15]. 

It has been developed the experimental device (Fig.1), in which the testing section is 

supported in a horizontal position or slightly tilted under some angle. The test section by length 

6m with external diameter of 0.06 m and internal diameter of 0.0545 m has been constructed so 

that slope angle can be changed (3). The channel is made of a transparent pipe (1), which is 

connected with both ends to removable steel compounds by length of 0.75 m and 2.25 m 

respectively, i.e. the transparent pipe (1) itself has a length of 3.0 m. 

 

Fig. 1. Experimental device 
1- transparent tube; 2 – sludge; 3 – slope regulator; 4 – pump; 5 – supply for drilling mud; 6 –

flowmeter; 7 – computer; 8 – drain capacity 

The device has been equipped with flow-meter (6), which has been connected to a 

computer (7) to display online values and record. A viscometer and mixer have been used. 

The main purpose of the experiment was to observe and fix the height of the sludge layer. 

The main task was to determine the time necessary for formation of a stable height of the sludge 

layer, and then to measure the height of the layer. The temperature of the drilling mud was 

maintained within the ranges of room temperature.  

The solid-liquid mixture was pumped through horizontal section of the pipe and the 

parameters were controlled: flow frequency (Hz), height of the sludge layer (m) and circulation 

time (t). In the experiment it was used the addition of hydroxyethylcellulose (HEC) in the 

various concentrations (0; 0.5; 1.0; 2.0 g/l), the flow frequency was 7, 10, 14, 19.5, 20, 25 and 30 

Hz. The slope was maintained at 80

, the average specific weight – 2.4 g/cm

3
 and the average 

size of the sludge particles – 2 mm.  

The drilling mud with HEC was mixed by mixer to the necessary consistency. The pump 

has been calibrated as follows: 



INVESTIGATION OF THE INFLUENCE OF HYDROXYETHYLCELLULOSE ADDITIVE ON DRILLING MUD … 

 

ISSN: print - 1726-4685; online - 2519-2876 443 

1) the drilling mud was mixed with HEC of the required concentration, in the first case – 0.0 g 

HEC/l; 

2) the liquid was poured into hopper; 

3) then the pipe was disconnected and lowered into a container by capacity of 10 l; 

4) the pump rate was set at 5 Hz; 

5) the stopwatch and pump were simultaneously started; 

6) the collection time of 10 l of liquid was measured and registered; 

7) the process was repeated four times and the average value was determined and recorded; 

8) the steps from 1 to 7 were repeated for pump rate – 10 Hz, 15 Hz, 20 Hz, 25 Hz and 30 Hz; 

9) then the drilling mud was removed from system; 

10) the steps 1-9 were repeated for concentration of HEC 0.5 g / l, 1.0g / l, 2.0g / l, respectively; 

11) the results have been compared and used for determination of the pump delivery rate; the 

results are shown in Tab. 1 below. 

Table 1. Result of the pump calibration 

Flow frequency 

(Hz) 

Concentration of HEC (g/l) 

                

Flow rate (l/min) 

5 28.61 26.41 23.54 13.04 

10 33.35 29.62 26.32 15.11 

15 38.91 34.53 35.93 20.12 

20 44.82 41.62 37.54 35.23 

25 49.04 42.91 38.71 35.32 

30 51.34 50.05 41.72 37.73 

The drilling mud with sludge was pumped into the test tube. The liquid was pumped with 

various rates. The sludge, settling on the pipe wall, formed a "pillow". The time required for its 

formation and height were measured. The obtained result has been recorded, analyzed and 

compared with the result obtained from theoretical investigations (Fig. 3-6). 

Results and Discussions 
In Fig. 2 the graphics of frequency correspondence to flow rate for various concentrations 

of HEC are presented. The experiment confirmed that with increase of HEC concentration a 

tendency of increase of the flow rate is observed. 

In comparison with experimental values of the height of the sludge “pillow” with the 

results obtained from theory, we have obtained the results consistency.  

Consider Fig. 7. At concentration 0.0 g/l, the highest value of the height of the sludge 

“pillow” has been obtained, the lowest – at concentration 2.0 g/l. However, the height of the 

sludge "pillow" at low flow rate value is greater than at high flow rate value. This is 

characteristic for all experiments. 
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Fig.2. Correspondence of frequency to the mud flow rate  

In this case an optimal flow rate value is in the range of 30-40 l/min for all concentrations, 
except 0.0 g/l.  

 
Fig. 3. Comparison of experimental results with theoretical ones for concentration of HEC 0.0 g/l  
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Fig. 4. Comparison of experimental results with theoretical ones for concentration of HEC 0.5 g/l 

 
Fig. 5. Comparison of experimental results with theoretical ones for concentration of HEC 1.0 g/l 
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Fig. 6. Comparison of experimental results with theoretical ones for concentration of HEC 2.0 g/l 

 
Fig. 7. Comparative diagram for various concentration of HEC 
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Conclusion  

In use of the drilling mud without additives, the height of the sludge formation in the 

horizontal wells has the greatest importance and may decrease slightly with growth of the flow 

rate value of the washing liquid. 

In use of the drilling mud, a change of HEC concentration from 0.5 to 1.0 g/l in the 

horizontal wells has no special differences for either the initial height of the sludge formation, 

nor to their decrease rate with growth of the flow rate value of the washing liquid. 

The lowest height of the sludge "pillow" has been revealed in use of the drilling mud with 

HEC concentration 2.0 g/l. However, for decrease of its sizes, it was necessary to increase the 

flow rate of the drilling mud. 

Thus, the rational concentration of HEC in the drilling mud 0.5-1.0 g/l at flow rate values 

of the drilling mud from 35 to 40 l/min has been revealed. 
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