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The University of Calgary

O Department of Chemical & Petroleum Engineering
ENCH 501: Transport Processes Quiz #6 November 18, 2003
Time Allowed: 40 mins. Name:

Mud or a suspension of bentonite in water (plus additives) is used in drilling for bringing “cuttings” of soil and rock
produced by drill bits to the surface, to stabilize the hole, and to prevent blowouts when a pocket in a formation containing
petroleum fluids under high pressure is breached. It is because of the function of regulation of pressure that the use of
mud is termed “over-balanced” drilling. At the bottom of the well, the pressure (P,) is determined, in part, by the pressure
applied at the surface (P,) to push the mud through the “string” of pipes and the hydrostatic pressure of the column of
mud. The latter can be adjusted by changing the composition of the mud and thereby its density.

For a well drilled to a depth of 1 km, you are required to estimate the minimum gauge pressure (P,)
required to maintain the flow of mud through both the pipe and the annular space between the pipe
and the casing which lines the well. Assume the fluid is Newtonian. The pipe is 6-inch schedule 80
steel and the inside diameter of the casing is 9.6 inches. (1 inch = 2.54 cm.) The density (p) of the
mud is 1350 kg/m® and the effective viscosity (J) is 520 mPa s. The mud flow is steady and the
discharge from the well is into the atmosphere (P,). The flow rate of mud through the pipe is 166 m*
per hour. At the bottom of the well, reservoir liquids leak into and mix with the mud at a rate of 32
m® per hour. The properties of the mud is changed by the dilution. The density decreased to 1278
kg/m® and the viscosity becomes 380 mPa s. Perform the evaluation, explaining all important steps
and check your assumptions.

O (Table of data on standard steel pipes attached.)



DIMENSIONS, CAPACITIES, AND WEIGHTS OF STANDARD STEEL PIPE

bl Circumference, ft Capacity at 1 fus

Nominal Outside wall Inside  areaof Inside O s:;f;:t;wn S eelly Pipe
pipe di ,  Schedule thick di metal, ional uUsS. Water,  weight
size, in.  in. no. in. in. in? area, f Outside Inside gal/min 1b/h Ib/ft
2 2375 40 0.154 2067 1075 002330 0622 0541 1045 5225 365
80 0218 1939 1477 002050 062 0508 920 4600 502

2 2875 40 0203 2469 1704 003322 0753 0647 1492 7460 579
80 0276 2323 2254 002942 0753 0608 1320 6600  7.66

3 3500 40 0216 3068 2228 005130 0916 0803 2300 11,500  7.58
80 0300 2900 3016 004587 0916 0759 2055 10275 1025

3 4000 40 0226 3548 2680 006870 1047 0929 3080 15400 9.1
80 0318 3364 3678 006170 1047 0881 2770 13850 1251

4 4500 40 0237 4026 317 008840 L178 1054 396 19800 1079
30 0337 3826 441 007986 1178 1002 358 17900 1498

5 5563 40 0258 5047 430 01390 1456 1321 623 3L150 1462
80 0375 4813 611 01263 145 1260 577 28850 2078

6 6625 40 0280 6065 558 02006 1734 1588 900 45000 1897
80 0432 5761 840 01810 1734 1508 8L1 40550 2857

8 8625 40 0322 7981 8396 03474 2258 2089 1557 77850 2855
30 0.500 7625 1276 03171 2258 1996 1423 71150 43.39

10 1075 40 0365 10020 1191 05475 2814 2620 2460 123000 40.48
80 0594 9562 1895 04987 2814 2503 2234 111700 6440

12 1275 4 0406 11938 1574 07773 3338 313 3490 174500 53.56
80 0688 11374 2607 0705 3338 298 3167 158350 88.57

1 Based on ANSI B36.10-1959 by permission of ASME.
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