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ID | Length | ID | Length | ID | Length | ID | Length
Component ) ) ) )

(in) | (f) | (in) (ft) (in) | (f) | (in) (ft)
Stand Pipe 3 40 35 40 4 45 4 13.7
Rotary hose 2 45 2.5 55 3 55 3 16.8
Swivel 2.5 4 2.5 5 2.5 5 3 1.8
Kelly pipe 2.2 40 3.3 40 3.3 40 4 12.2
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Equivalent Combination 1 | Combination 2 | Combination 3 | Combination 4
Drill Pipe (ft) (ft) (ft) (ft)
3.57,13.3 Ib/ft 437 161
4.5”,16.6 1b/ft 761 479 340
14657, 19.5 Ib/ft 816 576

! Rotary Hose
2 Swivel
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Bit Run # PV YP Q Qnmin TFA Py HHPb HSI IF Vi ECDshoe
cp. 1b#/100ft? gal/min gal/min in? %pp hhp hhp/in? I ft/s Ib/gal
Orig. 1 0 815 3533.9 1.524 26 107.6 0.2 623 1716 8.6
#1
Opt. 5 18 1010 856.6 0.586 68.5 1450.3 3.2 2603.8 553 9.33
Orig. 1 0 915 3460 1.524 255 164.7 0.4 816.4 200.3 8.6
#2
Opt. 5-6 19 1015 933-1140 0.928 43 594 1.4 1679 351 9.1
Well 1 -
Orig. 1 0 1015 3460 1.117 38.7 334.14 0.7 1208.6 2745 8.6
#3
Opt. 4-5 19 1015 1170 0.9 44 631 14 1731.2 369 9.1
# Orig. 1 0 1000 3790 1.47 26 215 0.5 975.1 218.9 8.6
Opt. 4 19 950 942 1 85 397 0.9 1290 305 8.8
# Orig. 1 0 1014 3460 147 27 224.1 0.5 1002 222 8.6
Opt. 4 19 1014 1078 0.94 45 577 1.3 1654 346.1 9.1
Well9
Orig. 1 0 1000-1050 3460 1.168 44 370 0.8 1298 283 8.6
#3
Opt. 5 19 1030 1160-1200 091 50 645 1.4 1763 363.1 9.19
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Bit Run PV YP Q Qnmin TFA Po HHPb HSI IF Vi ECDshoe

cp. 1b#/100ft? gal/min gal/min in? %p, hhp hhp/in? I ft/s Ib/gal
Orig. 13 17-20 865 1460 0.92 30.7 381.6 19 1256.5 301.5 9.45

#1
Opt. 13 29-30 1000 1121 0.776 40.3 830 4.1 1991.8 413.4 9.52
" Orig. 14-16 19-20 950 1718 1.104 23.1 354.8 1.8 1276.6 276 9.55
Opt. 14-16 32 990 1300 0.831 34.5 709.4 35 1842.6 382.2 9.63
Orig. 15-16 19 900 1890 1.104 21.7 301.73 15 1148.7 261.4 9.54

Well 1 #3
Opt. 15-16 33 995 1370 0.89 30.4 627.88 31 1737.8 359 9.64
Orig. 13-14 18-19 915 1342 111 194 311 15 1175.8 262.5 9.59

#1
Opt. 13-14 29-32 970 970 0.98 24 482.34 24 1508 317.6 9.68
# Orig. 13-14 18-19 900 1388 1.18 19.3 296 15 1137 258 9.59

2 Well

Opt. 13-14 32 980 978 1 23.6 477.8 24 1508.5 3145 9.68
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St Run # PV YP Q Qumin TFA Py HHPb HSI IF Vi ECDpee
it Run
cp. 1b¢/100ft? gal/min gal/min in? %pp hhp hhp/in? ot ft/s Ib/gal
Orig. 16-21 19-24 700-800 990-1111 1.2 11.6 170.94 15 815.5 208.1 10.08
#1
Opt. 16-21 27 940 900-940 0.924 19.5 506.84 4.3 1541.6 326.4 10.13
Orig. 20 21 750-870 967-1030 1.39 8.7 144.44 12 7747 185.1 10.43
#2
Opt. 20 25 900 900 1.06 14.2 353.30 3 1285.1 273 10.49
Orig. 20-21 20-24 860 812-992 1.39 8 192 1.6 961.7 199 11.23
#3
Opt. 20-21 25 812 812 0.96 15 340.3 3 1240 2724 11.23
Orig. 20 22 821 794-829 1.39 7.9 173 14 908 189 11.60
Well 1 #4
Opt. 20 24 810 810 1.07 13 280.5 25 1146 243 11.63
Orig. 20 20 800 880 1.49 6.5 139 1.2 802 172 11.63
#5
Opt. 20 24 808 808 1.29 8.5 190 16 942 200 11.63
Orig. 14-17 15-18 800 1030 149 11.9 120 1 692 172.1 9.96
#1
Opt. 14-17 21 950 942 12 16 310.2 26 1213 254 10.01
Well 9 Orig. 16-25 19-22 700 781 1.58 8.2 83.07 0.7 581.3 142 1017
#2
Opt. 16-25 19-22 790 781 0.9 23 369 3.1 1301 281 11.62
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Section 8 1/2", Well#8
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Bit Run # PV YP Q Qnmin TFA Po HHPb HSI IF \ ECDshoe
cp. 1b¢/100ft? gal/min gal/min in? %p, .hhp hhp/in? ot ft/s Ib/gal
Orig. 14-24 19-26 500-560 388-407 0.76 12.44 174.74 31 733.8 236.4 12.66
#1
Well 1 Opt. 14-24 19-26 460 388-407 0.357 35.17 438.92 7.7 1054 413.4 12.41
Orig. 18-22 19-21 520 420-576 0.76 11.65 137.97 24 623.8 2195 12.14
#1
Opt. 18-22 19-21 468 420-576 0.357 35.25 455.74 8 1075 420.6 12.02
Orig. 21 21-23 520-580 414-433 0.76 11.94 163.18 2.9 697.8 232.2 12.23
Well7 #2
Opt. 21 21-23 460 414-433 0.35 35.31 450.25 79 1060 421.7 12.03
Well 8 #1 Orig. 18-23 18-27 450 340-383 0.76 16 90.65 1.6 473.8 190 11.79
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Abstract

Nowadays, for reaching the new oil and gas reservoirs underneath the earth and
oceans, drilling of directional, horizontal, ERW and multilateral wells are common. With
the increment of well’s depth and inclination, hole cleaning becomes severe and the safe
mud window becomes narrower. These difficulties cause various problems such as pipe
sticking, hole pack off, fluid loss and etc. which will cause well loss or a waste of money
if we do not manage and control it properly. Drilling hydraulics optimization is the best
tool for preventing and controlling this kind of problems. Due to what have been
mentioned regarding hole cleaning and ECD in modern drilling, the necessity of drilling
hydraulics optimization and the ECD is an obvious fact.

In this method of optimization, we are looking for the specific flow rate and nozzle
size (with the consideration of practical limitations) in which the hole cleaning and well
stability (ECD and staying in the safe mud window) is been guaranteed. For this process
of optimization, it is necessary to calculate the precise pressure drop and hole cleaning
condition in which the rheological model used is playing a prominent role.

In this thesis, firstly, in order to find the best rheological model for predicting
rheological properties and pressure drop of the fluid, seven common rheological model
in drilling industry such as Bingham-Plastic, Power-law, API, Herschel-Bulkley, Casson,
Robertson-Stiff, and Sisko had been investigated. The results show that the Casson model
is the best one for pressure drop calculations. For the investigation of hole cleaning, by
combining three analytic-experimental models of the Dispersed model, Modified Larsen
and Rubidiani a comprehensive approach for predicting the minimum required flow rate
for carrying the cuttings had been recommended in which the results show the excellency
of the precision of this model in comparison with other analytical-experimental models.
After that, for optimizing the drilling hydraulics, with considering proper hole cleaning
and ECD, the annular hydraulics window and bit hydraulics optimization windows had
been employed. Finally, the recommended approach for optimization had been used for
drilling hydraulics optimization in the wells of an offshore jacket located in the Southern-
Pars field.

Key words: Drilling hydraulic optimization, Hole cleaning, Equivalent Circulation

Density (ECD), Pressure drop, Rheology, Cuttings, Drilling mud
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