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SUBJECT: MPE 680 Well Technology
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THE EXAM CONSISTS OF 3 PROBLEMS ON 8 PAGES + FORMULA SHEETS

REMARKS: Formula sheet is attached. It is considered a part of the exam for the candidate to
make appropriate assumptions if confusions are encountered.

YOU ARE REQUIRED TO STATE ALL ASSUMPTIONS!

You are designing a vertical exploration well (see Figure 1, page 5).
The curves shown in Figure 1 are as follows, listed from left side towards right side:

Hydrostatic gradient (vertical at 1.03 s.g.)

Pore pressure gradient — low estimate

Pore pressure gradient — medium estimate

Pore pressure gradient — high estimate

Fracture gradient — low estimate

Fracture gradient — medium estimate

Fracture gradient — high estimate

Overburden gradient

The two line-dot curve sections are designed for problem 2d+2e.

el Sl R o e

Note also that the description of the formations, the formation group comes below the
horizontal dotted lines (i.e. the first dotted line is marking the top of the Rogaland group, so
that the Rogaland group is BETWEEN the first two dotted lines, and so on).
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Problem 1: Casing strength under combined load (25%)

Assume a 9 5/8” casing of P110 quality and 53,5 1b/ft (see other specifications on attached data
sheet). Such a casing has a minimum tensile yield strength of 110 000 psi. For this problem you
may assume this yield strength is valid for all type of failures.

Now an axial load is applied simultaneously as an internal pressure. You are now supposed to
define the failure envelope for this casing (i.e. internal pressure vs. axial load at failure) during a
pressure testing scenario.

Internal pressure should have the unit of bar, and axial load should have unit kN.

Remember to state all other assumtions you make!
Make large figures, and include failure envelopes in problem a) and b) in the same figure!

a) Define the failure envelope using Rankine (0,4, ) failure criteria (make figure!)
b) Define the failure envelope using Tresca (7,,,,) failure criteria. (make figure!)

c) Which of the two failure envelopes are largest, and why? (Hint: think on the general
stress tensor and which part of it that governs the failure).

d) Which of the two failure criteria do you consider the most correct to use for a combined
load, and why?

Problem 2: Pore pressure/fracture gradient/casing design/stuck pipe (43,75%)

a) Looking at the water depth, we expect that a jack-up rig is being used. Do we have to
account for the riser margin? Explain what the riser margin means, and then explain why
or why not you would like to account for it!

b) Should the 13 3/8” casing be designed for full or reduced well integrity? Explain your
answer. (see Table 1 for details).

¢) What is the maximum allowable pore pressure if the 13 3/8” casing should have full well
integrity? Also, what is the minimum and maximum allowable LOT-value below the 13

3/8” casing shoe?

d) You feel that the fracture gradient curves are poorly documented, and you need to do a
quick estimate of the fracture gradient in the Shetland group and the Vestland group. You
should assume the medium pore pressure gradient curve, BUT at the depths of interest,
you should imagine that the pore pressure is continuously increasing (see the line-dot
curve). You may assume that that the minimum horizontal stress equals 85% of the
overburden. The geology suggests that there is an isotropic horizontal in-situ stress field.
Calculate the fracture gradient at 2400 mTVD and at 3000 mTVD.

e) Now you should use the real medium pore pressure gradient to calculate the real fracture
gradient. This means that the drop in pore pressure is a result of depleted pressure, and
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you should use the compaction model to calculate the fracture gradient. Calculate the
expected real fracture gradient at 2400 mTVD and at 3000 mTVD.

f) It is a possibility that you need to plan for a sidetrack to this well. Calculate the expected
fracture gradient at 2400 mTVD and at 3000 mTVD if the sidetrack has a 30 degree

inclination.
g) Imagine that you actually drill the sidetrack and go stuck. Calculate the depth of stuck
point if
¢ Kick off point @ 1080 mTVD
e DLS=3deg/30m
e Pipe elongation @ pull test = 2,70 m
¢ Pull force @ pull test = 841 kN
e 57 drill pipe, 19,5 ppf (see table 1 on page 4 and Figure 4 on page 8)

What is the name of the formation where the pipe is stuck?

Problem 3: Casing design (31,25%)

Perform design calculations for the 9 5/8” liner for this well (Figure 1).

PS! See input data in Table 1 and Figure 2+3 on the next pages.

Evaluate different collapse, burst and tension design criteria and calculate the following design
factors:

PS! You must explain if you should or should not account for biaxial stresses, wear, corrosion
and bending moments

a) Full well integrity or reduced well integrity? Explain.
b) Collapse design factor

¢) Burst design factor

d) Tension design factor

¢) Based on casing mechanical properties alone, is there another casing grade that would be
a better choice than the P1107? (assuming same nominal weight)

YOU ARE REQUIRED TO MAKE FIGURES FOR ALL DESIGN CRITERIA
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Table 1 — Input data for all problems

The following well data applies:

Water depth: 90 m
Depth to sea level, MSL: 30 m
Mud weight: 1.72 s.g.
Cement density: 1.92 s.g.
Friction coefficient: 0.23
Poisson ratio: 0.20
Formation fluid density @ kick: 0.50 s.g.

The following casing data applies (See Figure 2+3 Casing data):
e 13 3/8” grade P110, 72.00 1b/ft casing (setting depth 1050 mTVD)
e 95/8” grade P110, 53.50 Ib/ft liner
o setting depth 2750 mTVD
o top of liner @ 900 mTVD
o top of cement @ 1900m
e Open hole section to 3200 mTVD

burst pressure = internal yield pressure

The following minimum casing design factors applies:

Tension 1.3
Burst
Collapse
Drill pipe and casing Youngs modulus: 200 kN/mm”

Maximum allowable test pressure = 90% of casing strength

Some conversion factors:
e 1 kN/mm? =10 000 bar = 1000 MPa = 1 GPa = 145 038 psi

e e e e
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Figure 1 — Pore pressure gradient and fracture gradient curves
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) GEOMETRICAL CHARACTERISTICS
AND MECHANICAL PROPERTIES OF CASING (continued)

1 | Nominal size (OD) 1 9.625 in 2445 mm 9625 in 244.5 mm
2 | Nominal weight 2 53.50 Ih/it 78.1 daN/m 58.40 Ib/ft 85.2 daN/m
3 | Wall thickness 3 0545 in 13.8 mm 0595 in 15.1 mm
4 | Inside diameter 4 8535in 216.8 mm 8.435in 2142mm
1:;; § | Steel cross-section 5 1555 in? 10 030 mm? 16.88 in? 10 890 mm?
2‘ 6 | Capacity 6 2.97 gaift 36.91 Um 2,90 galfit 36 05 ym
g 7 | Displacernent {1) i . 46.94 l/m 3.78 galill 46.94 Ifm
8 | Grade 8| Ks5 LBO NBO €90 T95 P10 Q25| K55 180 N8O C90 195 P10 Q125
9 | Collapse resistance (MPa) 9| 354 456 456 49 506 548 582 | 413 544 544 BAA1 613 673 727
10 | Intemal yield pressurs {MPa) 10| 3726 647 547 615 648 752 854 | 410 697 537 621 709 820 932
.| 11 | Pipe body yieid strengtti {1000 daN) 11| 380 553 653 622 657 761 864 | 413 601 601 676 713 826 939
= | 12 |Buttréss Standard 12| 503 572 591 G616 648 764 841 | 553 621- 642 G669 704 @30 913
#gi 13 | Butress Special Clearncs 13| 416 418 437 437 459 547 691 | 416 416 437 437 450 547 50
ga?z “ |APISTC 14| 311 405 411 448 473 S51 618 | 342 446 452 493 520 606 680
"= | 15 |ARILTC 15| 359 466 472 515 543 633 710 | 395 612 619 666 596 696 780
16 | Grant Prideco TCH %
17 | Graxit Prideco STL 17 62.9 65.0
5 18 | Hydiit LX % 776 76.9
s 19 | Hyddil 563 19 93.9 91.2
% 20 | Hydni 511 20
< 21 | Hyddl 521 21 77.0
§ 22 | Valourac & Mannesmann New VAM 2 1721 107.9
€ 23 | Valtourec & Mannasimann VAM ACE ] 1147 105.6
S, | 24 | vallourec & Mannasmann VAM PRO 2 1000 C 100.0
25 | Vallourec & Mannesmann VAM TOP 102.1 102.0
26 | Vallourec & Mennosmann FJL 26 65.1 68.1
L Make-up torque (daN.m) - Make-up torque (daN.m} _
= o — - s [,
o ls |82 |5 (8E|°E|2E(n |8 |8 |2 e [BE|2E|SE
215 |8|g|a a2 (58|85 S
27 | Bufiress Standard 27 2699 2128 2699 2103
g . ] Buftress Special Clearance 28 2572 2)2.8 2572 2103
» 29 | APISTC 29
g 30 [APILTC 30 1430 | 1654 | 1928 | 2163 | 269.9 2128
5 31 | Grant Prideco TCIl 31 2861 | 2861 | 2061 | 2851 [266.4 (2198 (212.8 3512 | 3512 | 3512 | 3512 | 2684 [ 21632103
S ‘32 | grdht Prideco STL 32 | 1098 | 1383 | 1383 | 1383 | 1383 | 244.5 | 217.6 |212.8| 1112 | 1410 [ 1410 | 1410 | 1410 | 244.6] 2152|2103
33 | My Lx 33 | 1763 | 2169 | 2373 | 2644 | 2847 (249.5|2168 | 212.8 | 1966 | 2373 | 2576 | 2847 | 3118 | 249.7| 2145 (2103
38 | Hydid 563 34 | 2102 | 2102 | 2102 | 2102 | 2102 | 269.9 212.8| 3064 | 3064 | 3064 | 3064 | 3064 | 269.9 2103
35 | Hydal 511 35
26 | Hydil 621 36 | 2020 | 2020 | 2020 | 2020 | 2020 |269.2| 2168|2128
37 | Vafloutec & Mannasmann New VAM 37 | 1817 | 2156 | 2156 | 2156 | 2156 [ 2705 21281912 | 2156 | 2156 | 2156 | 2156 | 270.5 2103
38 | Vallourec & Manngsmann VAM ACE 38 | 1966 | 2156 | 2156 | 2166 | 2156 | 269.9 212.8| 2156 | 2156 | 2156 | 2156 | 2156 | 269.9 2103
39 | Vallourec & Matnasmann VAM PRO 39 269.9 212.8 2699 2103
40 | Veliowirec & Masaosmonn VAM TOP 40 | 2454 | 3139 | 3139 | 3139 | 3139 | 267.2 212,8 2942 | 3139 | 3139 | 3139 | 3139 | 269.2 2103
X1 | Villouree & Mandesmann FJL “ 1763 | 1959 | 2156 | 2156 | 244.5|217.6 | 212.8 1817 | 2061 | 2156 | 2156 | 244.5| 212.4 | 210.3

117 Tho cased-and tisplacermant dous nat sccount for couplings. MPax 145 = psi daNx2.25=b daNmx7.38=bft  mmx0.0384 = in

Figure 2 — Casing data
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GEOMETRICAL CHARACTERISTICS
AND MECHANICAL PROPERTIES OF CASING (continued)

1 | Nominal size {OD) 1 13375n 339.7 mm 13375 in 339.7 nm
2 | Nominal weight 2 68.00 Ib/it 99 2 dalN/m 72.00 lb/ft 105.1 daN/m
3 | Wall thickness 3 0.480 in 12.2 mm 0.514in 13.1 mm
4 | Inside diameter 4 12.415in 3153 mm 12.347 in 313.6 mm
§ 5 | Steel cross-section 5 19.45 in? 12 545 mm? 20.77 in? 13 388 mm?
.g & | Capadgity ] 6.29 galfil 78.10 Ym 6.22 gal/lt 772.25Vm
o 7 | Displacement (1) 7 7.30 galiht 90 65 /m 7.30 gal/ft 90.65 Ym
8 | Grade B| Ks6 180 NBO C90 T95 P10 0125| K55 L80 NBO C90 TS5 P10 Q125
9 | Cottapse resistance IMPa) 9134 1656 156 160 161 161 61| 154 184 184 192 195 189 199
10 | Intemal yietd prassure (MPa) )| 238 346 346 390 411 476 641|256 371 371 417 441 510 6580
11 | Pipe body yield stiength (1000 da) 11| 476 692 692 778 B22 951 108t| 508 739 739 831 BB 1016 1155
12 | Buttress Standard 12| 578 €87 705 749 788 925 1026| 618 734 753 BOO 842 988 1036
%g% 13 HumeséSpedalCléarm 13
Egﬁ 14 | APISTC 14| 320 424 428 470 436 577 649| 345 458 463 508 535 623 701
=] % |aec 15
18 | Grant Prideco TCIl y 16
17 | Grant Prideco STL 17 59.9 69.0
E- 18 | Hydnf LX 18 721 738
K] 18 | Hydril 563 19 92.2 927
£ 20 | Hyor 511 20
£ 21 | Hydil 521 21 68.2 700
g 22 | Valiourec & Mannesmann New VAM 22 127.9 1198
€ 23 | Vallourec & Mannesmann VAM ACE 23 126.0 1180
8 | 24 | vatiowrec & Mannesmanh VAM PRO 24
2s | Vallourec & Mannesmann VAM TOP 25 102.1 102.1
26 | Vaourec & Mannesmann FIL 28
F Make-up torgue (daN.m} - Make-up torque idaN.m} -
- - - = ol
s |8 (8|2 |a|BE|2E|sE|s (g[8 |2 |n [BE|eE|SE
Y3518 |z |5 s" |12 (2|8 |z |53 5
27 | Buttress Standard 27 3651 3114 3651 3096
2 Butiress Special Closrance 28
5 29 | APISTC 29 | 973|1298 [ 1510 | 1758 365.1 3114 1403 | 1632 | 1900 | 2138 | 385.1 3096
§ APILTC 30
8 31 | Gran! Pridaco TC N 3539 | 3539 | 3539 | 3539 | 358 6 | 316.3 | 311.4 3762 | 3762 | 3762 | 3762 | 360.3 [ 316.1| 309.6
5 ‘32 | GrantPiideco STL 32 | 1780 | 1505 | 1505 | 1505 [ 1505 [339.7 [ 3168|3114 | 1464 | 1674 | 1674 | 1674 | 1674 [339.7|313.4| 309.6
é 33 | Hydri LX ] 33 | 2779 | 3457 | 3932 | 4339 | 4813 | 3446 |312.6 |311.4 | 2647 | 3720 | 4000 | 4474 | 4881 | 3455|3123 | 309.6
g 34 | Hydrd 563 34 | 2847 | 2847 | 2847 | 2847 | 2847 | 3651 311.4] 3118 [ 3118 | 3118 | 3118 | 3118 [ 365.1 3096
& | 35 |vprisn 3s
| 38 | Hydd 621 36 | 2726 | 2725 | 2725 | 2725 | 2725 | 34B.2 [ 3134 | 311.4 | 2956 | 2956 | 2956 | 2956 | 2956 | 349.7| 312.9(309.6
37 | Valiourec & Mannesmann Now VAM 37 | 2156 | 2156 | 2156 | 2156 | 2156 [ 365.7 311.4| 2156 | 2156 | 2166 | 2156 | 2156 | 365.7 309.6
38 | villourec & Mannosmann VAM ACE 38 | 2156 | 2156 | 2156 | 2156 | 2156 | 365.1 311.4| 2156 | 2156 | 2156 | 2156 | 2156 | 365 1 309.6
39 | Vaflourac & Mannesmana VAM PRO 33
40 | Vadourec & Manviesmann VAM TOP 40 | 2549 | 3139 | 3139 [ 3139 | 3139 | 3600 3114|2942 | 3139 | 3139 | 3139 | 3139 | 3616 309.6
41 | Viliowse & Mannosmann FJL a

(i)’fhu clogd-qnddﬁbhawmm doas not account for couplings. MPax 145 =psi  daNx225=Ib daN.mx7.38=foft mmx0.0394 =in

Figure 3 — Casing data

%
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API DRILL PIPE LIST
AND BODY AND UPSET GEOMETRY

(API Spec 5D, 3" edition, August 1, 1992)

2. ] 8 Upset
— [V o] ® T
i @ c O E o]
Nominal E E, ) g % g 3
diameter | 62 | 23 | g8 | § v EU IEV
35| 85| 3
= &
. oD D oD D oD ID
(in) (mm) | (bft) [ (mm) [ (mm) o) | enmy | o | mmd | ot | o)
E 67.5 46.1
238 | 603 | 665| 7.11| 461 |, ¢ L ey
E 73.0 333 81.8 54.6

27/8 | 730 | 1040 | 919 | 548 | y5g | 730 | 414 | 826 | 49.2

3172 88.9 9.50 6.45 76.0 E 889 | 57.2 97.1 76.0

E | 889 492 | 971 | 661
312 | 89| 1330 | 9351 702 ) yG5q | gg9 | 492 | 1016 | 635

E | 889 | 492 [ 971 | 661 | - -
31/2 | 889 | 1550 | 11.40 | 661 | y oo | - ¥ wiel el oen A 252

£ | 1016 698 | 1143 | sas8
4 1016 | 1400 | 838 | 848 | yioo | 1016 | 668 | 1175 | 77.8

41/2 | 1143 | 13.75 6.88 | 100.5 E 1143 | 85.7 127.0 | 100.5

E s 1270 | 972 | 1183 | 802
a1z | 1143 | 1660 | 856 | 972 |, oo | C el Pl il 22
E - 1270 | 925 | 1214 | 762
a2 | 1143 | 2000 | 1002 | 925 | oo | T EX0E ok
5 1270 | 1625 | 752 | 1120 | € | 1270 952
E - - | 1318 e37
5 127.0 | 19.50 | 919 | 1086 | y c g 1461 | 1000 | 1318 | 905
E = - | 1318| @13
§ 1270 | 2660 | 12.70 | 1018 | y 5g 1292 | 969 | 1318 | 842
E 141.3 | 1016
512 | 1397 [ 2190 | 917 | 1214 | oo e
£ 1213 | 1016
51/2 | 1307 | 2470 | 1054 | 1186 | y o ¢ ikl o
6568 | 1683 | 2620 | 838 | 1515 | E 1760 | 135.0
668 | 1683 | 2520 | 838 | 1515 | XGS 176.0 | 135.0
E 176.0 | 1350
65/ | 1683 | 27.70 | 919 | 1499 | y oo 1760} 1358

mm x 0.0394 = in
Figure 4 — Drill pipe data

M
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MPE 680 WELL TECHNOLOGY - FORMULA SHEETS

h STRESSAND STRAIN
O-x Tx:v T, 11=O-x+o-y+0"z

[e]=|z, o, 7. I, =1, +1. +7,, —-0,0,-0,0,-0,0,
t, 7, O

- 2 )= - _
13—0'x(0'ycrz ryz) rxy(rwa___ szTyz)‘Fsz(TAyTyz rzoy)

2
= 2
Center = %(an + O'W), Radius = \/M+ 72, tan(260)= i

1
o, =—(0,+0,+0;) rw=§\/(al 0'2)2+(0'1 o) +(0,-0,) o,==(0,+0,+0,)
_Ou O _Ow 2g O OV
=" at T &t T e Ty
2.2 2 2 2
U 2 4ty - ol
(e e \ GRS o, = 22LL) {m-(( ”z))mf"'}
0 i 0 i 2(1—V)h1(iJ o e = v
9 7
DY — Dt 74 .
o, =X 00 i ‘o (P,'_po)
00 roz_riz rz(roz_riz) aE(];_T) r;z(ro2+r2) .
#2 72 F Opg = 3 l—ln: 2f 2 2 In—=
O,-* pll p;o 4 - - 2(1—1/)111 }"_OJ 4 (ro _’;) ’;
r, = 7[(1”0 —}';) %

l

- 1+v)r'r? F
u(closedend) :“ET(’;z—_’;zj_[(l__ZV)(pi i2 _poroz)—}_-(-TZ‘(pi _po)—v_:l

r

14+v)r’r?
u(openend) :W[(I_V)(pi i2 _part)z)-*--(‘:#‘?_(pi _po)}

i
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ROCK MECHANICS

J2:—[(ol—02)2+(al—a3)2+(a2—a3)2] T=17,+0 tang

T =%(0'1' —a;)cosgb

o =—1—(crl' +a;)—%(a; —a;)sin¢

Q
Il
&8
Q

2 . .
; =(0'H cos’ f+0,sin” B)cos’ y + o, sin’ ¥

o,=0,+0,-F,~2(c, - ay)cos(26’)~4rxy sin(26)

)
)

2 5 i
&= (O‘H cos’ B +0, sin’ ,B)sm2 y+0,co8’y

o, = (O’H sin’ B +0, cos® 8
c.=0,

Ty, = 2(1): cosf~17,.sin 0) :
T =Tr6=0 T, =5(O'H COSzﬂ'f-O'hsinzﬂ—o'v)sin(Zy)

z

T, =%(ah -0, )sin(2p)siny

T, =%(crh —0,)sin(2/)cosy

Borehole fracturing

2
Tﬂ:
Fy,

=0, +0,-F-2(c, -0, )cos(20)-4r,, sin(29)—o_ Y
= 0

which for symmetric conditions and no shear stresses becomes Py, r = 3010 — Opmax — Po

Borehole collapse

o, =%(0'9 +0':)+%\/(0'9 —0':)2 +47).

The direction of failure is determined by the size of ox and oy (i.e. 6 = 0° or 6 = 909)

By =8 . . o . o
Lor _ 0 4 sin’y = (3 sin® # —cos® 3 cos’ 7)—’£+(3 cos’ B~—sin’ fcos’ 7)—’
o, o, o,

which on short form becomes:

Op . @ :
P'=a—%+b—L where o,, is the largest of o,,0,
o, O

v v

 PRESSURE

P[bar]=0.098- MW [s.g.]- D[m]
1 bar =0.1 MPa
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‘GEOMETRICAL PLANNING

t KOP

_ R _
y =tan" (ﬁ—RJ +sin™ (—MJ, where tan(x) = (u) and DLS = 240

~— " kop t Y xopr ﬂ.R

BUOYANCY

n
Dy (p,RE - pir
ﬂ_:l_paAo-piAi ﬂ=l— kEl k(po £ plrk)
2 4 psteelkngk( k~rk)

TORQUE AND DRAG

F,=F + BALW{cosoc + psin a} sino, —sin o }

F, = FetH% 0l 4 BWAL{
®y =0

T = urpwALsin
T = p,rN = pl‘Fllez - ell

V= ta"'l(ﬁ ) . _l(z—mv}‘—(m/S)—J By =R +EEH" - 1siny + BwAL{Si““—ZISi"EL
T nNr(rpm))r(m) o, =
T=wuN= yrF]|92 —Gllcosw
F, =F + pwALcosa + pufpwALsin a siny
T = rufwALsin a cosy
STUCK PIPE
Ernis = ,u(,b’wh sia(y )+ dhAP) where h is the effective length of stuck pipe
- SURVEY CALCULATION
0 = cos~(sina,sina,cos(f, — B1) _ AL . _
+ COSw,COSM,) AN =& > (sinaycosfy + sinazcospy)
2 6 AL o
D= Etan (E) AE =@ - (sinaysinfy + sina, sinf,)
AL
AV = <1>—2-(cosa_'1 + cosa,)
Page III
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GEOMECHANIC EVALUATION

LOT = 20, — P,
Pug(@) = Pys(0) +5(Po — Py)sin’a

Pyr(a@) + (0, — %PO )sin*a

P,(0) =
wr (0) 1+ 3sina
1=2y
Ao, = v AP,
1=3y
AP, = 1= AP,
DATA NORMALIZATION
dRKB = B—D_AhdgKB
D DY — DY
wf _ 21 wf 2 1 sw
d,” = D, d, +—D2 d
RISER MARGIN
dpoD —1.03hy,
min — D _ hf = hw
CASING DESIGN o
2t
Ppurst = -O_D Otensile
2CE 1
Pcollapse":l_vz 0D 20D
-1 +
o 0Og 1_%( Oa )2
Oyield 20yie1a ~ 4 \Oyietd
SOMEUNITS o -

1 bar = 14.5 psi 1ft=12in=0.3048m

11bf=445N
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PRESSURE LOAD SUMMARY FOR CASING DESIGN

Note that the full casing design manual contains many more special cases and different correction criteria.

PIPE LOADING INTERNAL PRESSURE EXTERNAL PRESSURE
Surface and intermediate Burst while drilling Gas gradient of 0.2 s.g. or * Hydrostatic head from
casing actual MSL before wellhead is
Surface and intermediate Burst while in production Mud plus trapped annular installed.

casing pressure * Hydrostatic head from

Production casing

Burst

Leaking tubing: Shut-in
tubing pressure plus 70 bar
at top of completion fluid.

surface after wellhead is
installed.

Mud (previous section)
above top of cement (TOC)

Rock on outside: Pore
pressure gradient below
TOC

Casing on outside: Seawater
gradient below TOC

Tubing

Burst

Shut-in tubing pressure plus
70 bar at surface plus gas
gradient to reservoir.

Completion fluid gradient
inside casing.

Surface and intermediate
casing

Collapse during installation

1. Lost circulation: mud
gradient

2. while cementing:
displacing fluid gradient

* Hydrostatic head from
MSL before wellhead is
installed.

* Hydrostatic head from
surface after wellhead is
installed.

1. Mud gradient

2. Cement gradient below
TOC

Surface and intermediate
casing

Collapse while drilling

Based on lost circulation
while drilling next section.

Surface and intermediate
casing

Collapse while in production

Mud base gradient

Production casing

Collapse while in production

Plugged perforations / full
evacuation to formation
fluid

* Hydrostatic head from
MSL before wellhead is
installed.

* Hydrostatic head from
surface after wellhead is
installed.

Mud (previous section)
above top of cement (TOC)

Rock on outside: Pore
pressure gradient below
TOC

Casing on outside: Seawater
gradient below TOC

Production casing

Collapse during installation

Mud gradient to fluid level.

Mud gradient to surface.

Tubing

Collapse

Full evacuation to formation
fluid.

Completion fluid gradient
inside casing.
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Figure 5.5. Ellipse of plasticity. a) Bi-
axial relationships between tangential
and axial stresses, b) Effects of axial
tension on collapse resistance.
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