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Abstract: Drilling fluid -mud - is usually composed by water, clay, weighing material and a few chemicals. The drilling 

fluids are applied extensively in the upstream oil and gas industry, and are critical to ensuring a safe and productive oil or 

gas well. During drilling process, a large volume of drilling fluid is circulated in an open or semi enclosed system, at 

elevated temperatures, with agitation, preparing an important potential for chemical exposure and subsequent health 

effects. The role of the mud engineer or more properly Drilling Fluids Engineer is very critical to the entire drilling 

operation because even small problems with mud can stop the whole operations on rig. 
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INTRODUCTION 

Sometimes oil may be applied instead of 

water, or oil added to the water to give the mud certain 

desirable physical properties [1-2]. Drilling fluid is used 

to increase the cuttings made by the bit and lift them to 

the surface for disposal [3]. But equally important, it 

addition, provides a means of keeping underground 

pressures in check. The heavier or denser the mud, is 

the more pressure it exerts. Therefore, weighing 

materials - barite - are mixed to the mud to make it 

exert as much pressure as required to contain formation 

pressures [4]. The equipment in the circulating system 

consists of a large number of parameters [5]. Drilling 

fluids are applied extensively in the upstream oil and 

gas industry, and are critical to ensuring a safe and 

productive oil or gas well. During drilling process, a 

large volume of drilling fluid is circulated in an open or 

semi enclosed system, at elevated temperatures, with 

agitation, preparing an important potential for chemical 

exposure and subsequent health effects. When deciding 

on the type of drilling fluid system to use, operator well 

planners require conducting comprehensive risk 

assessments of drilling fluid systems, considering health 

aspects in addition to environmental and safety aspects, 

and strike a suitable balance between their potentially 

conflicting requirements [6]. The results of these risk 

assessments require to be made available to all 

employers whose workers may become exposed to the 

drilling fluid system. Despite the excellent track record 

demonstrated by invert emulsion fluids, operators 

continue searching for a water-based system that will 

give comparable performance [13-15]. Increasing 

concern is placed on environmental impact of 

operations, making water-based alternatives more 

attractive [16, 17 and 18]. Baroid has engineered high-

performance water-based fluids that emulate the 

performance of an invert emulsion fluid. Each fluid 

system is customized to address specific drilling 

challenges [19-21]. 

 

MATERIALS AND METHODS 

Waste drilling fluid with watery base in 

volume of 3000 cc is used in the tests. At each run 

coagulation, flocculation and sedimentation steps is 

performed. Different dosages (20, 40, 60, 100, 150 and 

200 ppm) of nano ferric oxide with average diameter of 

50 nm is added in the first reactor. The main parameters 

are measured from the supernatant above the sediments 

in the second reactor. Two reactors with volume of 

4000 cc which are made of poly vinyl chloride are 

joined in series through pipelines. The second tank is in 

lower level from the first tank and the outlet fluid flows 

to the second one thoroughly. There is one globe valve 

which connects the two tanks.  
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RESULTS AND DISCUSSION 

The experiments are held to qualify the 

pretreatment performance of drilling fluid in the 

proposed pilot scale two series reactors. Since the 

drilling fluid is in water base so the coagulation 

mechanism is chosen in pretreatment unit. Coagulation 

is handled by addition of nano mineral oxides to waste 

drilling fluid. Coagulation performs chemically and 

physically to agglomerate the dispersed colloids in 

waste drilling water to form flocs and improve the 

sedimentation. Measured parameters include total 

suspended solids, total organic compound, and amount 

of oil, chemical oxygen demands, pH, heavy metals, 

turbidity, chromium and total petroleum hydrocarbon. 

Variations in amounts of coagulant concentration, waste 

water initial pH and fast mixing rates are investigated 

and the effect of these parameters on the other 

mentioned specifications are considered and reported in 

forms of graphs. Below plots show the trends of 

changes in parameters and some correlations are 

presented to obtain the relation between parameters. 

Also, the trend varies with the changes in the amounts 

of independent variables or not.  

 

 
Fig-1: TSS versus concentration at 90 rpm of fast mixing rate 

 

 
Fig-2: TSS versus concentration at 100 rpm of fast mixing rate 
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Fig-3: TSS versus concentration at 120 rpm of fast mixing rate 

 

All values of TSS removal percentages are 

higher using fast mixing rate of 100 rpm than ones are 

obtained when using the other experimental values of 

fast mixing rates of 90, 120 and 140 rpm. Correlations 

are presented to predict the pretreatment performance 

for TSS removal in different values of fast mixing rates 

versus amount of concentartions. Three degree 

polynomial is examined for all values of fast mixing 

rate. This shows the proper enough validation with 

amount of mean least error of higher than 0.97. Related 

coefficients of the correlations are presented in Table 1. 

 

 
Fig-4: TSS versus concentration at 140 rpm of fast mixing rate 

 

Figure 1, Figure 2, Figure 3 and Figure 4 

shows the above mentioned trends in percentage 

removal of total suspended solids. The Table 1 shows 

the constansts of poly nomial correlations wiche are 

prdicted for total suspended solids removal. Theses 

correlation are 4
th

 order and are determined in the below 

chart. 

 

 

TSS = 4E-06C3 - 0.002C2 + 0.2972C + 73.378, R2 = 0.9928
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Table 1: cefficients of obtained correlation for TSS removal% vs. concentration values.y=ax
3
+bx

2
+cx+d. 

Fast mixing 

rate(rpm) 

a b c d R
2
 

90  1E-06 1E-05 0.0942 78.069 0.9816 

100 1E-06 0.0009 0.2165 76.543 0.9741 

120 4E-06 0.002 0.2972 73.378 0.9928 

140 4E-06 0.0018 0.2814 66.511 0.9963 

 

CONCLUSION 

Detailed investigation of experimental study 

about the usage of nano ferric oxide in pretreatment of 

waste drilling fluid is reported in this survey. 

Contaminant removal from waste drilling fluid by 

coagulation- flocculation- sedimentation mechanisms is 

considered here. The effect of coagulant concentration 

on total suspended solids is investigated. Some 

correlations are presented to predict the relation 

between the pretreatment condition and pretreatment 

results. The coefficients of the proposed correlations 

and amount of root mean square error are presented in 

some tables. Some principles in pretreatment process 

are illustrated in results as below; the concentration 

values of coagulant affects the performance of 

treatment. The increase in amount of ferric oxide from 

20 to 150 ppm may increase the neutralization of the 

colloids and makes more sedimentation or may be extra 

than that is required for coagulation. Coagulation 

mechanism depends on physical trapped contaminants 

in flocs and also on chemical bonds between 

contaminant and coagulant.  

 

REFERENCES 

1. Santosa SJ, Kunarti ES. Synthesis and utilization of 

Mg/Al hydrotalcite for removing dissolved humic 

acid. Applied Surface Science. 2008 Sep 

30;254(23):7612-7. 

2. Cheng WP. Comparison of hydrolysis/coagulation 

behavior of polymeric and monomeric iron 

coagulants in humic acid solution. Chemosphere. 

2002 Jun 30;47(9):963-9. 

3. Abrahamson A, Brandt I, Brunström B, Sundt RC, 

Jørgensen EH. Monitoring contaminants from oil 

production at sea by measuring gill EROD activity 

in Atlantic cod (Gadus morhua). Environmental 

Pollution. 2008 May 31;153(1):169-75. 

4. Esmaeilzadeh F, Goodarznia I. Supercritical 

extraction of phenanthrene in the crossover region. 

Journal of Chemical & Engineering Data. 2005 Jan 

13;50(1):49-51.  

5. Beyer J, Jonsson G, Porte C, Krahn MM, Ariese F. 

Analytical methods for determining metabolites of 

polycyclic aromatic hydrocarbon (PAH) pollutants 

in fish bile: a review. Environmental Toxicology 

and Pharmacology. 2010 Nov 30;30(3):224-44. 

6. Bohne-Kjersem A, Skadsheim A, Goksøyr A, 

Grøsvik BE. Candidate biomarker discovery in 

plasma of juvenile cod (Gadus morhua) exposed to 

crude North Sea oil, alkyl phenols and polycyclic 

aromatic hydrocarbons (PAHs). Marine 

environmental research. 2009 Dec 31;68(5):268-

77. 

7. Duan J, Gregory J. Coagulation by hydrolysing 

metal salts. Advances in colloid and interface 

science. 2003 Feb 28;100:475-502. 

8. Jiang JQ, Lloyd B. Progress in the development 

and use of ferrate (VI) salt as an oxidant and 

coagulant for water and wastewater treatment. 

Water research. 2002 Mar 31;36(6):1397-408. 

9. Abdou MI, Al-Sabagh AM, Dardir MM. 

Evaluation of Egyptian bentonite and nano-

bentonite as drilling mud. Egyptian Journal of 

Petroleum. 2013 Jun 30;22(1):53-9. 

10. Zouboulis AI, Moussas PA, Vasilakou F. Polyferric 

sulphate: Preparation, characterisation and 

application in coagulation experiments. Journal of 

Hazardous materials. 2008 Jul 15;155(3):459-68. 

11. Cheng WP. Hydrolytic characteristics of polyferric 

sulfate and its application in surface water 

treatment. Separation Science and Technology. 

2001 Aug 31;36(10):2265-77. 

12. Fan M, Sung S, Brown RC, Wheelock TD, Laabs 

FC. Synthesis, characterization, and coagulation of 

polymeric ferric sulfate. Journal of environmental 

engineering. 2002 Jun;128(6):483-90. 

13. Leprince A, Fiessinger F, Bottero JY. Polymerized 

iron chloride: an improved inorganic coagulant. 

Journal (American Water Works Association). 

1984 Oct 1:93-7. 

14. Zouboulis AI, Moussas PA. Polyferric silicate 

sulphate (PFSiS): preparation, characterisation and 

coagulation behaviour. Desalination. 2008 Apr 

15;224(1-3):307-16. 

15. Gao B, Yue Q, Zhao H, Song Y. Properties and 

evaluation of polyferric-silicate-sulfate (PFSS) 

coagulant as a coagulant for water treatment. 

InChemical water and wastewater treatment VI 

2000 (pp. 15-22). Springer Berlin Heidelberg. 

16. Goodarznia I, Esmaeilzadeh F. Treatment of oil-

contaminated drill cuttings of South Pars gas field 

in Iran using supercritical carbon dioxide. Iranian 

Journal of Science and Technology, Transaction B: 

Engineering. 2006 Jan 1;30:607-11. 

17. Fu Y, Yu SL. Exterior shapes and coagulation 

performance of solid poly-ferric-silicic sulfate. 

Environmental Chemistry-Beijing-. 

2006;25(4):476. 

18. Fu Y, Yu SL. Characterization and coagulation 

performance of solid poly-silicic–ferric (PSF) 

http://saspublisher.com/sjet/


 

 

Behnam Rahimi et al., Sch.  J. Eng. Tech., Apr 2017; 5(4):153-157 

 

Available online at http://saspublisher.com/sjet/    157 

  

 

 

coagulant. Journal of Non-Crystalline Solids. 2007 

Jul 1;353(22):2206-13. 

19. Ghazi M, Quaranta G, Duplay J, Hadjamor R, 

Khodja M, Amar HA, Kessaissia Z. Life-Cycle 

Impact Assessment of oil drilling mud system in 

Algerian arid area. Resources, Conservation and 

Recycling. 2011 Oct 31;55(12):1222-31. 

20. Issoufi I, Rhykerd RL, Smiciklas KD. Seedling 

growth of agronomic crops in crude oil 

contaminated soil. Journal of Agronomy and Crop 

Science. 2006 Aug 1;192(4):310-7. 

21. Amuda OS, Amoo IA. Coagulation/flocculation 

process and sludge conditioning in beverage 

industrial wastewater treatment. Journal of 

Hazardous Materials. 2007 Mar 22;141(3):778-83. 

http://saspublisher.com/sjet/

