/ﬁ, INDIAN INSTITUTE OF TECHNOLOGY, KHARAGPUR
Date_ FN/AN
Time: 2Hrs. Full Marks: 30

Department of Mining Engineering; No. of students 75.
Mid Autumn Semester Examination 2015-16.

Subject No. MI40039; Subject Name: Oil and Gas W ell Testing & Enhanced Oil Recovery
4» Year B.Tech.(H) in Mining Engineering

Instructions: .
I.  Answer ALL guestions. }
Il.  Table containing values of the Exponentinl Integral is provided in the back page of this question paper.
III.  Any missing data may be assumed and stated.

1. With a suitable diagram explain how the bottom-hole pressure of a well behaves with time during
the production of oil from a well at a constant rate. 3

2. Why dimensionless variables are important for well testing methods? Explain the various
dimensionless methods used in well testing in oilfield units. 3

3. Derive the diffusivity equation for radial flow of a fluid mentioning the assumptions made during
‘the development of the equation. 10

4. Ei (x) can be approximated by -In(yx) for certain values of x, where x = (¢pci r2/4kt). Given the
foliowing values of reservoir and well parameters, calculate the value of ‘Y ‘when this
approximation is valid; u =5 cp, ¢ =0.2, .= 5 X 10+ psi-, r= 0.33t. k = 50md. 4

5. A 12inch diameter hole has a damaged region 48 inches deep. The permeability in this region is one
tenth that of the undamaged region. Calculate the skin effect. If after stimulation the permeability
enhancement was a factor of 10, what will be the skin factor then? 4

6. A well is perforated in the bottom 15ft of the total formation thickness of 30ft. Vertical and

" horizontal permeabilities are believed to be equal. A pressure build up test was run on the well, and
the results and basic properties are: ¢ = 0.20; po=0.85cp; o = 1.7x10° psi’; rw = 0333 ft; m=
50psi/cycle; k = 4.25md; pwi = 1,500psi and pivr = 2100psi. Calculate: (i) Total skin; (ii) Skin due to
formation damage; (iii) skin due to incompletely perforation. 6



TABLE 1.1°

= E1(—x), 0.000<0.209, interval — 0.001

~VALUES OF THE EXPONENTIAI. INTEGRAL, - Ei(-x)

x 0 1 2 3 4 5 [ 7 a 9

0 00 +m 6332 5830 8.235 4948 4 726 4545 4302 4259 4,142

001 4.038 3.944 3858 3778 3705 3837 as74 3514 3458 3405

0402 3355 3307 3261 3218 3178 3137 3008 3062 3.026 2992

003 2958 2927 2897 2867 2838 2810 2783 2786 2731 2.706

0.04 ‘2681 2658 2634 2612 - 23500 2568 2547 2527 2 507  2.487

0.05 2488 2449 241 2413 217395 2377 2380 2344 2327 2311

006 2295 2279 2284 2249 2235 2220 2206 2.192 2178 2.164

007 2151 2138 2125 2112 2099 2087 2074 2062 2050 2039

0.08 2027 2015 2004 1.993 - 1.982 1971 1960 1.950 1.939 1,929

009 1918 1.909 1.899 1889 1879 1.869 1860 1.850 1.841 1.832

0.10 1823 1814 1805 1796  1.788 1779 1.770 1.762 1754 1.745

011 1737 1729 1721 . 1718 1705  1.897 1.889 1.882 1674 1667

0.12 1660 1.852 1.645 1838 1631 1823 1.818 1609 16803 1596

013 1589 1.582 1576 1.569 1.582 1.556 1549 1.543 1.537 1.530

0.14 1524 1518 1.512  1.508 1.500 1,494 1488 1482 1476 1.470

0.35 1464 1450 1453 1447 1442 1436 1431 1425 1.420 1,415

0.16 1.409 1.404 1289  1.393 1.388 1383 1378 1373 1368  1.363

0.17 1358 1,353 1348 1343 1.338 1333 1.329 1324 1 S19 1.314

0.18 1310 1.305 1.301 1.206 1.291 1.287 1,282 1278 1274 1269

0.19 1265 1261 .26 1252 1248 1243 1239 1235 1231 1227

020 1223 1219 1219 1210 1.208 1.202 1198  1.195 1191 . 1,187

—Ei(-x),000<x <2.09, Interval = 0.01 - ]

0.0 +o 4038 3335 2959 2681 2468 2295 215t 2027 1919

0.1 1823 1737 1660 1589 1524 1464 1409 1358 1308 1 .265

02 1223 1183 1145 17110 1076  1.044 1014 0985 0957 0.931

03 0.906. 0882 0858 0836 0815 0794 0774 0755 0737 0.719

04 0702 0686 0670 0655 0640 0625 0811 0588 0585 0572

05 0560 0.548 0536 0525 0514 0503 0493 0483 0473  0.484

0.6 0454 0445 0437 0428 0420 0.412 0404 0.396 02388 0.381

0.7 0374 0367 0380 0353 0347 0340 0334 0328 02322 0.316

0.8 0311 0305 0300 0295 o, 289 0284 0279 0274 0269 0.265

09 0260 025% 0251 0247 0243 0239 0235 0231 Q227 0.223

1.0 0219 0.216 0212 0209 0205 0.202 0198 0.195 0.192 0.189

11 0186 0183 0180 0177 0174 0172, 0.169 0.186 0.164 0.161

12 0158 0156 0153 0151 ¢ 149 0.146  0.144 0142 0140 0.128

13 0135 0.123 0131 0129 0.127 0.125 0.124 Q.122 0120 0.118

14 0116 0114. 0113 0117 o, 109 0108 0.106 0.105 0103 0102

1.5 01000 0.0985 0.0971 0.0957 ¢ 0943 00929 0.0815 0.0902 0.0889 0.0876

16 00863 0.0851 0.0838 0.0626 o, 0814 00802 0.0791 00780 0.0768 0.0757

1.7 0.0747 0.0736 0.0725 0.0715 0@, 0705 0.0695 0.068% Q.0675 0.0686 0.0656

1.8 0.0647 0.0638 0.0629 0.0620 0, 0612 0.0603 0.0595 0.0586 0.0578 0.0570

19 00562 0.0554 00546 00538 o 0531 0.0524 00517 00510 00503 0. 0496

20 0.0489 0.0482 ¢ 0476 0.0469 0.0463 0.0456 0.0450 0.0444 0.0438 0.0432

2.0<x<10.9, interval = 0.1 .
x 0 1 2 3 4 5 8 . 7 8 9
T2 488x10-? 12%Mx10-2 3.72%10-2 326310-2 284x10-2 249% 193 219%x10-2 192x10-2 1.69x F: 1.48x10-2
3 130%x10-2 115x10-2 191x10~2 834x10~3 789x10-7 ga7x10-3 6.16x10~J 545x10~-7 482x 10-3 427 x m-3
4 378x1073 338x10-3 207x10-3 284x19-2 2:4x10°3 207x10-? 1.84x10-3 16ax 103 1.45x 103 1.29x10 -3
5 1.15x10-3 1.02%10-3 9.08x10- 8.09x 1074 719%10~% 641x10-% 571x10-4 5.09x 104 453 10-‘ 4.04 x 10:‘
6 360x10°¢ 321x10~¢ 2865x10~¢ 258 10~+ 228x107% 203x104 1.82x10-¢ 162x10-1 1.45x 100 1.29x 10 :
7 115x107% 1.03x10-4 922105 B24x19-5 7.36x10~% 658x10-5 589%10-5 528x10-% 4T x 10-3 421 10-%
8 377x10- : 3.37x 10-: a.ozxw-: 270 10-: 2.42x10': 216%10 -: 1.94:::8-: ;.;;x:g:: ;.ﬁ::g:s 1.633: :g b
- = L = = - 8x10 G4dx 10~ IT X 3 X

g 124x 1070 1.11x 1075 9.99x10~% 895x10-8 50210 ;luno-" 218%10-8 1945108 T74n1g-8 LEAx10°2

-

415%10-% 373x10-°

3.34x10°% 300x10-% 288x10-%
“Adapted from Nisie, R.G.: "How To Use The Exponential Integrai,” Per. Eng. (Aug 1956} 8171173,



