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ABSTRACT 

During well intervention operations, the production tubing wall could be worn out due to 
mechanical interaction with coil tubing. Wear damage is a critical issue in the bend section 
where the contact force is higher. One of the possible solutions to reduce friction and wear 
damage is by increasing the lubricity of the intervention and the drilling fluid as well. The 
improved lubricity also minimizes the torque and drag that allows for reaching longer offset. 
This paper presents the experimental studies of the impact of six lubricants on industry 
intervention fluid. Results showed that the lubricants enhance the lubricity of the base oil. The 
optimized concentration of the lubricant reduced the coefficient of friction by 42-72 %. 

INTRODUCTION 
During drilling, casing running, and coil tubing intervention operation, the movement of the 
strings relative to the wellbore/casing/tubing encounters a resistance frictional force. The higher 
friction results in higher torque and drag and causes higher tubing/casing wear damage. The 
overall impacts may reduce the target depth reach and result in tubular integrity issues as well. 

Casing wear is a critical issue in oil well operation.1. In Gullfaks A-42, the measured casing 

tool joint and casing mechanical interactions.2 In one of the North Sea wells, the production 
tubing's wear measurement showed that about 47% of the wall thickness of the tubing had been 
reduced in the bend section.3 Out of the seventy-two production and injection wells, the well 
integrity survey recorded about 39% of the integrity failure was associated with production 
tubing and 11% with casing.4 Finite element modeling results showed that local wear damage 
degrades tubular burst/collapse rate significantly.5 

Rheology and Tribology are among other fields of study that determine fluid viscosity and 
lubricity behaviors. Tribology studies surfaces of interacting moving objects relative to one 
other that deal with friction, wear, and lubrication.6-7 The lubrication of the drilling/ intervention 
fluids controls the resistance of the relative motion/sliding of the string (i.e., friction) and the 
degree of wear (i.e., loss of the materials). The lubricant film layer separates the two sliding 
surfaces so that it will reduce friction and wear. However, lubricity, which has properties such 
as strong film, long-term durability, and resistance to thermal/mechanical degradation, will 
ensure its effectivity concerning friction and wear reduction of the string. Therefore, Tribology 



              
  

               
              

                
  

   
          

 
 

                
    

 
    

   
              

             
 

  
            

                 
                 

                      
                

         
               

              
              

  

   
                     

 
              
            

               

is also one aspect of the basic design when formulating drilling fluids regarding rheological 
properties. 

A company in the North Sea uses base oil for intervention operations. However, the base 
fluid alone is insufficient for friction and wear reduction. Therefore, this paper will investigate 
the impact of a total of six lubricants on the lubricity of intervention fluids through laboratory 
lubricity measurement. 

MATERIALS AND METHODS 
This section presents the materials and the characterization methods. 

Materials 
A total of six lubricants and intervention base- oil have been received from the local service 
companies (Stavanger, Norway). 

Characterization and Analyses Methods 
Anton Paar Rheometer 
The viscosity behavior of the best-optimized lubricant blended with the base fluid has been 
measured by the Anton Paar rheometer (MCR 302)(Anton Parr GmbH, GRAZ, AUSTRIA). 

CSM Tribometer 
CSM Tribometer (CSM Instruments, Needham, Massachusetts, USA) was used to measure the 
lubricity of the fluids. Fig. 1 shows the schematic friction testing conducted by applying a 5 N 
load on a steel ball-plate interface. The cup was filled with lubricity test fluid, which is lubricant 
blended base oil. The 13cr steel ball has a diameter of 6 mm, and the cup rotates at a speed of 3 
cm/s for about 10 m. All the measurements were conducted at 20 0C. The ball-plate interaction 
causes surface damage, as shown in the Fig. 2. 

During testing, both the cup surface and the ball were monitored, and changes were made 
to achieve a representative measurement. Due to the variation of the surface damages, several 
repeat tests were performed for statistical purposes. The average values of test results were 
reported. 

FIGURE 1: Schematic friction testing FIGURE 2: Photograph picture damaged ball and surface 

Previous studies on the lubricity of oil and water-based oil indicated the impact of 
temperature on lubricity.8 However, due to the intervention fluid's volatile nature, the 
temperature's effect on the lubricant /based oil blended fluids was not measured. This was due 
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to the absence of ventilation in the laboratory, which could mitigate the risk of personal health 
issues. 

Lubricant in base oil formulation 
Table 1 shows the concentration of the lubricant in wt.% and grams. The weight percent is the 
mass ratio of lubricant to base oil. The first sample is lubricant-free base oil, which is used as a 
control. The lubricant effect will be analyzed by comparing it with the reference/base oil. 

TABLE 1: Lubricant blended base oil test fluid formulation. 

Five lubricants obtained from service companies were tested and labeled as lubricants A, B, 
C, D, and E for confidential reasons. In addition, the lubricant labeled P is called Prolong Olje+.9 

Fig. 3 shows the lubricants before mixing with the base oil. As shown, the viscosity and textures 
are quite different. The base-oil-free lubricants were not characterized. 

Sample 
# 

Base oil g Lubricant wt.% 
(g) 

1 130 0 (Control) 
2 130 0.5 % ( 0.65 g) 
3 130 1.0 % ( 1.30 g) 
4 130 2.0 % ( 1.95 g) 
5 130 2.5 % ( 2.65 g) 
6 130 3.0 % ( 3.90 g) 
7 130 10 % (13.00 g) 

                
 

 
     

                 
                   

              
 

         
 

 
      

 
    
       
       
       
       
       
      

 
              

                 
                 

          
 

 

                
                

                    
                 

                 
                 
            

                    
          

Before mixing the lubricant with the base oil, the lubricants were shaken well while in the 
fluid holder. In the measured 130g base oil, the desired lubricants were added according to Table 
1. The lubricants are heavier and settle out at the bottom of the base oil. To have a good mixture, 
we first used a magnetic stirrer for about 10 minutes, and then the mixed system was also 
sonicated with ultrasonication for 2 minutes at lower energy. This is done to make sure that the 
system is mixed well and that the ultrasonicate will not cause any structural damage to the fluid 
system. However, after mixing, some of the lubricants exhibited different sagging phenomena, 
as shown in Fig. 4-9. In the pictures, the concentrations of lubricants in the base oil are varied 
in the range of 0.5 wt.% to 10 wt.%. 



                                     
 

                  
 

 
                             

                
                 

               
          

   
       
               

                  
                
                

     
               

                    
              

FIGURE 4: Lubricant A blended base oil. FIGURE 5: Lubricant B blended base oil. 

FIGURE 6: Lubricant C blended base oil. FIGURE 7: Lubricant D blended base oil. 

FIGURE 8: Lubricant E blended base oil. FIGURE 9: Lubricant Prolong Olje+ blended base oil. 

Depending on the solubility and the nature of the lubricants, some of the solutions show a 
clear lubricant settling (A, B, C, E), and some of them are colorless (D and Prolong Olje+). 
Unlike others, lubricant B showed more particle-like sagging. This could be due to the chemical 
interaction of the lubricant with the base oil. 

RESULTS AND DISCUSSION 
Effect of lubricant on the base fluid 
Several tests have been performed on each sample, and the trend lines are nearly similar. 
However, since the magnitude and trend of the dataset vary due to the condition of the ball 
and surface, all the datasets were summed, and their mean values were reported. Fig. 10 and 
Fig. 11 show the mean measured coefficient of friction (COF) of the bases oil and lubricants 
blended based oil, respectively. 

Result analysis showed that most of the base oil dataset exhibited an increasing trend, which 
is associated with surface damage due to the lack of a thin film layer, or the film layer of the 
base oil is not strong enough to slide the ball without scratching the plate. 
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