Cairo University

TECHNO-FEASIBILITY STUDY FOR PRODUCING DRA
IN EGYPT USING SYNTHETIC POLYMERS

By

Mohamed Eid Mohamed Gouda Eid

A Thesis Submitted to the
Faculty of Engineering at Cairo University
In Partial Fulfillment of the
Requirements for the Degree of

MASTER OF SCIENCE
In
Interdisciplinary M.Sc. - Petroleum and Natural Gas Technology

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2019



TECHNO-FEASIBILITY STUDY FOR PRODUCING DRA
IN EGYPT USING SYNTHETIC POLYMERS

By
Mohamed Eid Mohamed Gouda Eid

A Thesis Submitted to the
Faculty of Engineering at Cairo University
In Partial Fulfillment of the
Requirements for the Degree of

MASTER OF SCIENCE

In
Interdisciplinary M.Sc. - Petroleum and Natural Gas Technology

Under the Supervision of

Prof. Dr. Samia Sobhy Mohamed Prof. Dr. Sahar M. ElI-Marsafy
Professor of Chemical Engineering Professor of Chemical Engineering
Faculty of Engineering, Cairo University Faculty of Engineering, Cairo University

Eng. Sherif Hassan Hadara

The Former Minister of Petroleum and
Mineral Resources.

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2019



TECHNO-FEASIBILITY STUDY FOR PRODUCING DRA
IN EGYPT USING SYNTHETIC POLYMERS

By
Mohamed Eid Mohamed Gouda Eid

A Thesis Submitted to the
Faculty of Engineering at Cairo University
In Partial Fulfillment of the
Requirements for the Degree of

MASTER OF SCIENCE
In
Interdisciplinary M.Sc. - Petroleum and Natural Gas Technology

Approved by the
Examining Committee

Prof. Dr. Samia Sobhy Mohamed, Thesis Main Advisor
Prof. Dr. Sahar Mohamed El-Marsafy, Advisor
Eng. Sherif Hassan Hadara, Advisor

The Former Minister of Petroleum and Mineral Resources.

Eng. Abed Ezz El-Regal, External Examiner
Chief Executive Officer of the Egyptian General Petroleum Corporation.

Eng. Mohamed Abd El-Hafez, External Examiner
Chairman of the Board of Directors of the Arab Petroleum Pipeline Company
"SUMED"

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2019



Engineer’s Name:

Date of Birth:
Nationality:
E-mail:
Phone:
Address:

Registration Date:

Awarding Date:
Degree:
Department:

Supervisors:

Mohamed Eid Mohamed Gouda Eid
12/09/1978

Egyptian
moh_gouda@gasco.com.eg
01013781455

Kaliobeya, Egypt

01/10/ 2012

/12019
Master of Science

Interdisciplinary M.Sc. - Petroleum and Natural Gas Technology

Prof. Dr. Samia Sobhy Mohamed

Prof. Dr. Sahar Mohamed El-Marsafy
Eng. Sherif Hassan Hadara
The Former Minister of Petroleum and Mineral Resources.

Examiners: Eng. Abed Ezz El-Regal ......................... (External examiner)
Chief Executive Officer of the Egyptian General Petroleum
Corporation.
Eng. Mohamed Abd El-Hafez .................. (External examiner)
Chairman of the Board of Directors of the Arab Petroleum
Pipeline Company (SUMED).
Prof. Dr. Samia Sobhy Mohamed............... (Thesis main advisor)
Prof. Dr. Sahar Mohamed El-Marsafy .........(Thesis advisor)
Eng. Sherif Hassan Hadara ..................... (Thesis advisor)
The Former Minister of Petroleum and Mineral Resources.
Title of Thesis:

TECHNO-FEASIBILITY STUDY FOR PRODUCING DRA IN EGYPT USING
SYNTHETIC POLYMERS

Key Words:
Drag reducing agents; Fanning factor; Drag reduction; Synthetic polymers

Summary:

The thesis is aimed to study the production of drag reducing agents (DRA's) in Egypt using
synthetic polymers, carriers, and additives by implementing several formulations with
changing the weight percent of both polymer, carriers, and maintain the weight percent of
additives as constant. Analysis of physical and fluid flow properties such as viscosity, shear
stress. Fourier Transformation Infrared Spectroscopy (FTIR) is executed on these
formulations and the commercial product (control sample) which used in Khalda Petroleum
Company. Select the best formulations which take the same trend of the control sample or
approach them, and tested them in experimental module which located in SUMED
Company at Alexandria terminal to assess the field results of local DRA's and compare the
results with the control sample. Assessment of the local prepared DRA's, show that there is
an improving effect on reducing the pressure drop through the pipeline which leads to
reduction in crude oil pumping energy or an increase in the pipeline capacity. The cost of
one of the locally prepared samples is greatly reduced i.e. lower than that of control DRA
used currently by crude oil producers.


mailto:moh_gouda@gasco.com.eg

Disclaimer

| hereby declare that this thesis is my own original work and that no part of it has
been submitted for a degree qualification at any other university or institute.
| further declare that | have appropriately acknowledged all sources used and

have cited them in the reference section.

Name: Mohamed Eid Mohamed Gouda Eid Date: / /2019

Signature:



Dedication

| dedicate this thesis
To
My family, especially my father, mother, wife and some colleagues at

work.



Acknowledgments

This research work is an outcome of the cooperation protocol between the
Egyptian Ministry of Petroleum and Cairo University, produced via the postgraduate
studies interdisciplinary program Natural Gas Engineering and Technology offered to
engineers working in the Egyptian oil and gas sector. Gratitude and appreciation are
due to GASCO for providing financial and moral support.

Special thanks to my main thesis supervisors, Professor Dr. Samia Sobhy, Professor
Dr. Sahar El-Marsafy and Eng. Sherif Hadara for providing direction and valuable
remarks in correcting my thesis.

| am additionally extremely grateful to my co-supervisor Professor Dr. Sayed El Tayeb
for continuous sincere guidance and help which greatly aided the progress and
completion of the research. I am also indebted to Mining Studies and Research
Center staff for their assistance in supplying the relevant literature.

Mohamed Eid Mohamed Gouda Eid



Table of Contents

ACKNOWLEDGMENTS ... .ot |
TABLE OF CONTENTS ...ttt s 1
LIST OF TABLES. ... ..ttt \Y/
LIST OF FIGURES. . ... .ottt VI
NOMENCLATURE ...ttt be e X
ABST R A CT s X
CHAPTER 1 : INTRODUCTION ..ottt 1
CHAPTER 2 : LITERATURE REVIEW ..o 3
2.1. INEFOAUCTION......eiiiiiiieiee e 3

2.2. Crude Oil Transportation DiffiCUlties..........cccvivieiiiiiiiiieee e 3

2.3. Overcome The Crude Oil Transportation Difficulties..............ccccceeeinenn, 4

2.4. Drag Reducing Agents (DRAS) ....ccccoiiiiiriiinieiee et 6

2.5. Main Factors Affecting in DRA'S Performance..........ccccovcveerieeniieenineesnn. 10

2.6. Types of Main Components of Drag Reducing AgentS.........cccceeevvvveeeeeinnnen. 13
2.6.1. POIYIMELS ...ttt et sbeera et sre s 13

2.6.2. Surfactants (surface active agents).........ccocevvririneneieieee e 14

2.6.2.1.  ANIONIC SUMACANTS .....vvcveieiieieiee e 14

2.6.2.2. NONIONIC SUMACTANTS ......coviiiiiieiee e 15

2.6.2.3.  CationiC SUMTACTANTS........cccvieireieie e 15

2.6.2.4.  Amphoteric or Zwitterionic Surfactants...........cccccceeeeveiie i ece e, 15

2.6.3. DI S, ettt nrenre s 15

2.6.4. MICIODUDDIES ... 16

2.7. Forms Of The Drag Reducing Agents (DRAS) .....ccccuuveeeiiiiieeeeiiiieeeesiiieeeens 16
2.7.1. L= D A S 17

2.7.2. SuspenSion (SIUMTY) DRAS ..o 18

2721, Water-based SIUMTY........ccovoiiie e s 18

2.7.2.2.  Freeze-proteCted SIUIMY ...t 18

2.8. Drag Reducing MeChaniSm ..........ccccooiiiiiiiiniiiee e 19
2.9. Overview of Previous StUIES.........cveeeiieeeiiee e 21
2.9.1. Single-Phase Drag RedUCTION .........ccooviiiiiiniieieieeee e 21

2.9.1.1.  Synthetic POlymers as DRAS .......cccociiiiiiireiseesees s 22

2.9.1.2.  Natural POlymers as DRA'S ........cccoeirieiireirieieereseses e seenees 23

2.9.1.3.  SUfactants @S DRA'S .....ccccviiieiieriee e 23

2.9.1.4.  Microbubbles aS DRA'S .......c.cceiiierieerieisieeseie e 24

2.9.2. Multi-Phase Drag ReAUCTION..........ccvceiiiiserieesee e 25

2.9.21.  Synthetic POlyMErs aS DRA'S ..ottt 25

2.9.2.1.  Natural Polymers as DRA'S .......c.covcvveiiiii et 25

2.10. CONCIUSION. ..ttt e st e e br e e sbne e 26



CHAPTER 3 : STATEMENT,OBJECTIVE AND RESEARCH

METHODOLOGY ..ottt e e et e e e s e e e neeeanns 27
3.1 Statement of the Problem ...........oooiiiiiiii e 27
3.2. (0] 0] 1101 1TSS UPRRRR 27
3.3. VL= (Tl [o] [0 Y2 27

CHAPTER 4 : METHODOLOGY IMPLEMENTATION.....ccocoviiiiiiiiie e, 31
4.1. a1 (o1 1o o PP UPR PP 31
4.2. Lab EXperimental WOIK...........coouiiiiiieiiic e 31

4.2.1. MaLErialsS USEU .......ccviviiiiiiieieeieee e 31
4.2.2. Apparatuses USEd iN Lab ... 31
4.2.3. Drag Reducing Agents FOrmuIations...........ccceervrennienninsieneiseseenes 36
42.4.1. Polystyrene DRA FOIMUIALIONS .......ccovveveiiieieiieeii s 36
4241  Polystyrene With HEXan0ol CaITIEr .........covvieiveiviiiiieereee e 36
424.1b  Polystyrene with Diisobutyl Ketone Carrier ............ocoovveeesviernreierersesninans 37
4241.c  Polystyrene With TEXAN0! CaITier.....c.coccovviiveiriisiieereree s 38
4.2.41.d  Polystyrene With Water Carrier............ccevveveriirerersireenieesseessese s 39
4.2.42. Polyisobutylene DRA FOrmulations ..........ccccoeveriiinineieneneieseseese e 40
4.2.42.a  Polyisobutylene with Texanol Carrier.........ccooviiiniinineiienese e 40
424, Drag Reducing Agents ANAIYSIS ........cccoviiiirinenieieieieese e 41
4.2.5. Selection of the formulations which will test in the field experimental
MOTUIE. ..ottt b et e s bt e st et et e st e s e eseeteebestesresneeeneas 82
4.3. FIEld TESEWOIK ... 83
4.3.1. Field TeSt APPAratUSES.........cvrveririeirieirieesie et 84
4.3.2. Field TeSt PrOCEAUIES.......c.civeieieieticeee s 89
4.3.2.1.  Test of all components of Experimental module with Sea Water .................... 89
4.3.2.2. Test of all components of Experimental module with Arab light oil..... 89
4.3.2.3.  Test the Arab light oil treated with different concentrations of control DRA
(sample DR220) in teSt MOUIE .......c.cviveeiieieiieectceee ettt 90
4.3.2.4.  Test the Arab light oil treated with different concentrations of local DRA
(samples 4, 11, 17, and 18) in Experimental MOAUIE .............ccceevrvreveriiereiicieseeseieais 92
4.4, Results of the fabrication of local DRA. .........cccceooviiiiiieiice e 94
4.5. Results of the field with Arab light Oil. ..., 94
45.1. Results of injecting the control DRA (sample DR220) ........c..ccoeerviennnns 9
45.2. Results of injecting the local DRA (Sample 4) ......cccevvveivvvinieinceiesenenns 95
45.3. Results of injecting the local DRA (sample 11)......cccccvveivvvivieinseinniennnns 96
454, Results of injecting the local DRA (sample 17)......cccccvveivieivieinseriiiennnns 97
455, Results of injecting the local DRA (sample 18) .......ccccocevvvvivveivieiiierinns 98
4.6. SUMMAry Of RESUILS. ...cvviieiiiec e 100

CHAPTER 5 : PRELIMINARY ECONOMIC EVALUATION ........ccoeeviveein, 101
5.1. INFOAUCTION. .ot e 101
5.2. Economical Study for producing local DRA...........cccoeeiiiiiee e 101



5.2.1. Calculation the cost of producing local DRA ...........ccccooviiiieiciiciene. 101

5.2.1.1.  Cost of producing one liter from sample (4) ......cocovvevveeeeeiieie e 101

5.2.1.2.  Cost of producing one liter from sample (11) ......cocoveveeeeesieieieeeeeenenens 102

5.2.1.3.  Cost of producing one liter from sample (17) .....ccccovveerrienieesieeieeenns 103

5.2.1.4.  Cost of producing one liter from sample (18) ........cccocvverrererienrnersisireennns 103

5.2.2. Comparison with sale price of control sample (DR220)...........cccccoveuenee. 104

5.3. Economical evaluation of using DRA in Arab Light Oil. ................... 105

CHAPTER 6 : CONCLUSIONS AND ECOMMENDATION .....ccoooviiiiiiiiieiinns 107

B.1. CONCLUSIONS......ooiiiiitiie sttt st 107

6.2. RECOMMENDATIONS .....ooiiiiiie it 107

REFERENGCES ..ottt ettt 109
APPENDIX A: THE PROPERTIES AND MATERIAL SAFETY DATA SHEET OF

SELECTED MATERIALS USED IN LOCAL DRA MANUFACTURER................ 117
APPENDIX B: LAB TEST RESULTS AND CHARTS FOR THE CONTROL AND

LOCAL DRA FORMULATIONS. ... .ot 131

APPENDIX C: THE PROPERTIES OF APPARATUS USED IN THE FIELD
EXPERIMENTAL MODULE. ......oooiii ittt 177



List of

Tables

Table 4.1: List of all materials used and their properties according to the manufacturer
AALASNEEL. ..t 32
Table 4.2: Polystyrene DRA formulations with Hexanol Carrier ...........ccoocevveeiviinnnnn, 36
Table 4.3: Polystyrene DRA formulations with Diisobutyl Ketone Carrier .................. 37
Table 4.4: Polystyrene DRA formulations with Texanol Carrier...........cccoocevvvereniinnnen, 38
Table 4.5: Polystyrene DRA formulations with Water Carrier............cccocvevevveeiveinennen, 39
Table 4.6: Polyisobutylene DRA formulations with Texanol Carrier..............ccccceenen. 40
Table 4.7: List of all tested and rejected local formulations ..............ccccoeveveiieiviiennn, 41
Table 4.8: Interpretation of FTIR Analysis for Control Sample (DR220)..........ccoc...... 44
Table 4.9: Interpretation of FTIR Analysis for Sample (2).......cccccevevieiieiieiieiecen, 46
Table 4.10: Interpretation of FTIR Analysis for Sample (4) ......ccccooviiiiininicicen 49
Table 4.11: Interpretation of FTIR Analysis for Sample (7).....c.ccccovvevevieiieiiececenn, 52
Table 4.12: Interpretation of FTIR Analysis for Sample (8).......ccccccovviiiiiniiiiicenn 55
Table 4.13: Interpretation of FTIR Analysis for Sample (10)......ccccccvvvevieiieiieircienen, 59
Table 4.14: Interpretation of FTIR Analysis for Sample (11).......cccccocvviiiiininieicnnene 62
Table 4.15: Interpretation of FTIR Analysis for Sample (12)......ccccccvvevieiieiieieciieenen, 65
Table 4.16: Interpretation of FTIR Analysis for Sample (13)......ccccccocviininiiicicnnn 70
Table 4.17: Interpretation of FTIR Analysis for Sample (16).......c.ccccoeevviieiiieiecienen, 73
Table 4.18: Interpretation of FTIR Analysis for Sample (17).....cccocovviinininieicnn, 76
Table 4.19: Interpretation of FTIR Analysis for Sample (18).......cccccccoeviviviiieincieenen, 79
Table 4.20: List of all tested and rejected Local DRA formulations...........c.cccceeeveeennen. 82
Table 4.21: Reading and calculating values of sea water inside the pipeline ................ 88
Table 4.22: Reading and calculating values of Arab light oil inside the pipeline.......... 89
Table 4.23: Reading values of Arab light oil with the Control DRA (Sample DR220).90
Table 4.24: Reading values of Arab light oil with Sample (4).........ccccoviiiiiiiciee 91
Table 4.25: Reading values of Arab light oil with Sample (11).......ccccccovviveiiieiniienen, 91
Table 4.26: Reading values of Arab light oil with Sample (17).......cccccooioiiiiiiinicne 92
Table 4.27: Reading values of Arab light oil with Sample (18)..........ccccocveveivieiviienen, 92
Table 4.28: Reading and calculating values of Arab light oil with the Control DRA

(SAMPIE DR220). ..ottt ettt ettt e sre e r e raenre e 93

Table 4.29: Reading and calculating values of Arab light oil with Sample (4) ............. 94
Table 4.30: Reading and calculating values of Arab light oil with Sample (11) ........... 95
Table 4.31: Reading and calculating values of Arab light oil with Sample (17) ........... 96
Table 4.32: Reading and calculating values of Arab light oil with Sample (18) ........... 97

Table 4.33: Best results of injecting the Control and Local DRA with the Arab light oil.

........................................................................................................................................ 99
Table 5.1: Results of calculation the cost of producing sample (4) .......cccccovvvvieiennn. 100
Table 5.2: Results of calculation the cost of producing sample (11) .....cccccoeevvevnenee. 101
Table 5.3: Results of calculation the cost of producing sample (17) .....cc.ccoovvvvivinennn. 102
Table 5.4: Results of calculation the cost of producing sample (18) ..........ccccevevvnennee. 103
Table 5.5: Comparison of local samples price with sale price of control sample
(DR220) ... ettt ettt bbbttt b e b neeneen et et 104
Table 5.6: Calculating values of electric power consumption, electrical power
consumption requir one liter of each sample of the DRA ... 104



List of Figures

Figure 2.1: Location of (FARAS — BEDR3) pipeline in Western desert, Egypt ............. 6
Figure 2.2: Polymer Structures: (a) Linear (b) Cross-Linked (c) Branched Polymer. (d)

Randomly Distributed (e) Block (f) Grafted Copolymer .........cccovveviieieiiniieieee 13

Figure 2.3: Surfactant Micelle Formation: (a) Surfactant Concentration<CMC, (b)

Surfactant Concentration = CMC, (c) Surfactant Concentration > CMC....................... 15
Figure 2.4: Literature Survey of DRA composition [73, 74].. ...cccccevvviveiveincie e 17
Figure 2.5: Flow Regimes in Pipe line with / without addition DRA. ..........c..ccccevenne. 20
FIQUIE 4.1: BRAKEIS.....c.eeiiieie ettt ettt e e et e e sreeeeanes 31
Figure 4.2: EIeCtroniC BalanCe ... 31
Figure 4.3: MagnetiC SHITEN ......cvoieee ettt 34
FIQUIe 4.4: DENSITY METET .....c.eiiiieieiieiteit et bbb 34
Figure 4.5: Anton Paar Rheoplus MCR 301 .......ccccoiiieiieiece e 34
Figure 4.6: IRTTACEr -L100........cuiiiiierieiieiisieeee e 35
Figure 4.7: Effect of Time on Viscosity for Sample (2) .....ccccovvvevviieiieiecece e 42
Figure 4.8: Effect of Shear Rate on Viscosity for Sample (2) .......ccccooeviviniiniiieienn, 42
Figure 4.9: Effect of Shear Rate on Shear Stress for Sample (2) ........ccccevvevvicieiveinenne 43
Figure 4.10: FTIR Analysis for SAmple (2) ..., 43
Figure 4.11: Effect of Time on Viscosity for Sample (4) ......ccccoevveveievieeceee e 47
Figure 4.12: Effect of Shear Rate on Viscosity for Sample (4) ......cccocvviiniiieienn, 47
Figure 4.13: Effect of Shear Rate on Shear Stress for Sample (4) ......cccccevvevvviieivenenne. 48
Figure 4.14: FTIR Analysis for SAMpPle (4) .....ccooeiiiiiiiiieee e, 48
Figure 4.15: Effect of Time on Viscosity for Sample (7) ......ccccoevveiiiiiiicece e 50
Figure 4.16: Effect of Shear Rate on Viscosity for Sample (7). ....ccccooiiiiiiiiiicinnnn, 50
Figure 4.17: Effect of Shear Rate on Shear Stress for Sample (7) ......ccccovvevvevieivenenne. 51
Figure 4.18: FTIR Analysis for SAMpPIe (7) .....coceoeriiiiiiiiieeeeee e, 51
Figure 4.19: Effect of Time on Viscosity for Sample (8) ........ccocovveviiiicicieic e 53
Figure 4.20: Effect of Shear Rate on Viscosity for Sample (8) ........cccceoviiiiiiiiennn, 53
Figure 4.21: Effect of Shear Rate on Shear Stress for Sample (8) ........cccccvevvviiiivenenne. 54
Figure 4.22: FTIR Analysis for Sample (8) .......ccccoviiiiiiiiiiiieeee e, 54
Figure 4.23: Effect of Time on Viscosity for Samples (4, 7, and 8) ........cc.ccovecvevvvennne. 56
Figure 4.24: Effect of Shear Rate on Viscosity for Samples (4, 7,and 8) ..........ccco...... 56
Figure 4.25: Effect of Shear Rate on Shear Stress for Samples (4, 7, and 8)................. 57
Figure 4.26: Effect of Time on Viscosity for Sample (10) ..o, 57
Figure 4.27: Effect of Shear Rate on Viscosity for Sample (10) .......cccccoceevveviiiiiennnen, 58
Figure 4.28: Effect of Shear Rate on Shear Stress for Sample (10)........ccccovvvivivvinnnnn. 58
Figure 4.29: FTIR Analysis for Sample (10) .....cccovveiiiiiiecieces e 59
Figure 4.30: Effect of Time on Viscosity for Sample (11) ..o, 60
Figure 4.31: Effect of Shear Rate on Viscosity for Sample (11) .......cccccoceevviiiiiieennnenn 61
Figure 4.32: Effect of Shear Rate on Shear Stress for Sample (11)........ccocvvviviiveiinnnnn. 61
Figure 4.33: FTIR Analysis for Sample (11) ....ccoooiiiiiiiiiececes e 62
Figure 4.34: Effect of Time on Viscosity for Sample (12) .....cccccooeviiiiiininicicee, 63
Figure 4.35: Effect of Shear Rate on Viscosity for Sample (12) .......cccccocvevviiiiiieennnnn, 64
Figure 4.36: Effect of Shear Rate on Shear Stress for Sample (12)........ccccvevviviiieiennne. 64
Figure 4.37: FTIR Analysis for Sample (12) ......ccovveiiiiiieciecce e 65
Figure 4.38: Effect of Time on Viscosity for Samples (10, 11, and 12) ..........ccccveueenee. 66
Figure 4.39: Effect of Shear Rate on Viscosity for Samples (10, 11, and 12) ............... 67

Vi



Figure 4.40: Effect of Shear Rate on Shear Stress for Samples (10, 11, and 12)........... 67

Figure 4.41: Effect of Time on Viscosity for Sample (13) .....cccccevvevviieiieie e 68
Figure 4.42: Effect of Shear Rate on Viscosity for Sample (13) .......ccccoovviiiiiiieienn, 68
Figure 4.43: Effect of Shear Rate on Shear Stress for Sample (13)......cccccevvvieiveinenne. 69
Figure 4.44: FTIR Analysis for Sample (13) .....cooeriiieiiieiie e 69
Figure 4.45: Effect of Time on Viscosity for Sample (16) ........cccccvevviieivevncie e 71
Figure 4.46: Effect of Shear Rate on Viscosity for Sample (16) .........ccccovvviiiieiennn. 71
Figure 4.47: Effect of Shear Rate on Shear Stress for Sample (16)........cccccccvvvevvenenne. 72
Figure 4.48: FTIR Analysis for Sample (16) ......cccoooveeriiniiie e 72
Figure 4.49: Effect of Time on Viscosity for Sample (17) ....ccccoevveveieiieiece e 74
Figure 4.50: Effect of Shear Rate on Viscosity for Sample (17) .....cccocoviiiiiiiiiicienn, 74
Figure 4.51: Effect of Shear Rate on Shear Stress for Sample (17)......cccccvevvvievveinenne. 75
Figure 4.52: FTIR Analysis for SAmple (17) ..o, 75
Figure 4.53: Effect of Time on Viscosity for Sample (18) ........ccccoveveiiieiieceiic e 77
Figure 4.54: Effect of Shear Rate on Viscosity for Sample (18) ........cccocvvviniiiicinnn, 77
Figure 4.55: Effect of Shear Rate on Shear Stress for Sample (18)........cccccccvvvvevvenenne. 78
Figure 4.56: FTIR Analysis for Sample (18) .......ccoeiiiiiiniiiiieee e, 78
Figure 4.57: Effect of Time on Viscosity for Samples (16, 17, and 18) ..........c.cccocue.ee. 80
Figure 4.58: Effect of Shear Rate on Viscosity for Samples (16, 17, and 18) ............... 80
Figure 4.59: Effect of Shear Rate on Shear Stress for Samples (16, 17, and 18)........... 81
Figure 4.60: Tank No. (1), Tanker to fill the Arab light oil in Tank (1), and Two Ball
VAIVES (L & 2) ottt ettt et e st e et a et ne e re e reeneenne s 83
Figure 4.61: 1.5 inch STD C.S pipes 200 meter [0Ng ........cccovvvieieiiiencienesceeee, 84
Figure 4.62: Two Pressure gauges to measure the pressure drop along the pipes (gauge
) PSSRSO 84
Figure 4.63: Ultrasonic fIOW MELer .........cccooiiiiiieie e 85
Figure 4.64: Diesel driven variable speed pump ..., 85
FIQUIE 4.65: PUMP 1.ttt sttt ettt e et e eneenreenneens 86
Figure 4.66: Dosing Pump to inject the DRA's inside the pipeline with specified adjust
CONCENTIATION ...ttt bbbttt e st e st et e b e sbesbesbeebeereeneenee e 86
Figure 4.67: Process Field DIagram .........ccocoieieierenenene e 87
Figure 4.68: Drag reduction percent (% DR) & the rate of increase of flow percent
(%AQ) Vs. Control DRA concentration (Sample DR 220). ....cccocovvevveenieieee e 94
Figure 4.69: Drag reduction percent (% DR) & the rate of increase of flow percent
(%AQ) Vs. Local DRA concentration of Sample (4)......ccoovieveiiieneneieeseeeeeeee 95
Figure 4.70: Drag reduction percent (% DR) & the rate of increase of flow percent
(%AQ) Vs. Local DRA concentration of Sample (11)......ccoovieiiinenineneseseeeeeees 96
Figure 4.71: Drag reduction percent (% DR) & the rate of increase of flow percent
(%AQ) Vs. Local DRA concentration of Sample (17) ... 97
Figure 4.72: Drag reduction percent (% DR) & the rate of increase of flow percent
(%AQ) Vs. Local DRA concentration of Sample (18).......ccccvvvrieniniieiisisieeiees 98
Figure 4.73: Drag reduction percent (% DR) Vs. DRA concentration of the Control and
Local DRA samples (DR 220, 4, 11, 17, and 18)......cccevverieieiieii e sie e siee e 98
Figure 4.74: The rate of increase of flow percent (%AQ) Vs. DRA concentration of the
Control and Local DRA samples (DR 220, 4,11,17, and 18)........cccccevvevvrververiesinnnnnn, 99

Vii



Abbreviations

API
CAPEC
CAMC
CMC
C16TAB
DIBK
DRA’s
EBS
EG
EIA

Fl
FTIR
IEA
kw
LPH
MAOP
MDRA
MS
NaSal
OPEX
P elec.
PC

PG

PIB
PPDs
ppm
PPT
PS
RPM
SDBS
SLES
SLS
SS

Subscripts

Lab.
Abbrev.
Cont.
Conc.
Trans.
h.

Nomenclature

American Petroleum Institute
Capital Expenditures

Carboxy methyl cellulose

Critical Micelle Concentration
N,N,N,Cetyl Trimethyl Ammonium Bromide
Diisobutyl Ketone

Drag Reducing Agents

Ethylene bis-stearamide

Ethylene Glycol

Energy Information Administration
Flow improver

Fourier transform infrared spectroscopy
International Energy Agency

Kilo watt

Liter Per hour

Maximum Allowable Operating Pressure
Maximum drag reduction asymptote
Magnesium Stearate

Sodium Salicylate

operating expenses

Electric power consumption
Propylene Carbonate

Propylene Glycol

Polyisobutylene

Pour Point Depressants

parts per million

Pour Point Temperature

Polystyrene

Rotation Per Minute

Sodium dodecyl-benzene sulfonate
Sodium laureth Sulfate

Sodium lauryl sulfate

Sodium stearate

Laboratory
Abbreviation
Continues
Concentration
Transport

viii



Symbols

DR%
AQ %

Po

Drag reduction percent

Rate of increase of flow percent
Inlet pressure of fluid

Outlet pressure of fluid
Frictional pressure difference
Fanning friction factor
Reynolds number

Density of transporting fluid
Viscosity of fluid

Velocity of fluid flow

Flow rate

United states dollar

Electric Power Consumption

%
%
Barg
Barg
Barg
Dimensionless
Dimensionless
Kg/m?
Kg/m.sec
m/sec
mh
$
Kw



