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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.

.

O NS LW

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).

e e e e e e e e e
MPE 680 Well Technology Page 1



Problem 1: Casing strength under combined load (25%)

Assume a 9 5/8” casing of P110 quality and 53,5 Ib/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!
Matke 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 (T4, ) 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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MPE 680 Well Technology Page 2



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 =3 deg/30m
e Pipe elongation @ pull test = 2,70 m
e Pull force @ pull test = 841 kN
e 57 drll 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

c) Burst design factor

d) Tension design factor

e) Based on casing mechanical properties alone, is there another casing grade that would be
a better choice than the P110? (assuming same nominal weight)

YOU ARE REQUIRED TO MAKE FIGURES FOR ALL DESIGN CRITERIA

S e ——
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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: .72 s
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 Ib/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
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

o e e 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)

Figure 2 — Casing data

1 | Hoewnat size ((QDI 1 7.000 16 177.8 om 7.000 in 177 B
““z Homenal v.vmym 2 41,00 i( 54 B ualAD 44.00 1
3 \‘;:lrt;'-il:km)!-:s i 3 0590 in 150mm 0,640 n
4 | Inside dometor 4 b B20in 147 & ey K720 EdS 3 v
& 5 | Steal cross-section L] 18 in? 2564 ram?® 1279 m° 8250 mn®
§ 6 | Capacay [ 134 gaiAt 17 16§m 1.43 galSt 16,58 Wir
é 7 | Dplacasemi {11 7 2.00 guliit 2403 4m 710 gt 24 BI¥m
£ | Grade o 8 | Ksh 180 N8e Cun 85 P10 W25 ) K55 Lg0  N&G o Q90 ™5 P 26
§ | Collspsn resistance (MFa) 9 | 585 85,1 A5 95B w1t 1971 1330 6306 916 Y16 130 1088 1260 3432
10 | intoms! yield pressuie [MPa) 0 | 569 ©14 814 M.5 966 1VY 127V ]| G077  BH3  BU3 983 1WeR 1213 virg
3% | ipe body yedd stnength (1060 da) M| n 423 423 4n 502 &% 661 313 458 455 512 540 626 M
12 | Buttress Standaud 12 | 3 I 3%0 380 403 487 626| 76 370 390 an 408 447 426
% § 13 | Buttiess Speow) Charance 13| 237 37 270 26 262 32 33| 2w 233 250 250 2682 312 337
& % | 1w | APSTC 14 279 356 367 323 414 ARG 541 203 a7 waa a7 450 526 2]
=as 15 | AMLTC 15 | w7 181 a4 455 831 B9 | 934 426 4338 469 495 877 641
AND MECHANICAL PROPERTIES OF CASING {continued)
1 | Nerrunat saee (O 1 8.625 » 244 6 mm 9625 in 244.5 mvm
2 | Nomanol weight 2 53.50 ih 8.1 dahim S840 Iyl 5.2 dalim,
3 | Woll thicknexs 3 D545 in 13.8 mm QG in 15 { mm
4 | Insks: deamelod 4 B.535 e 2168 min BA435in 214 2 i
g s | Sted cross saction H 15650 10 030 men’ 1688 00 10 850 mem?
E 6 | Capacity & 2.97 gaim 36.91 If'm 290 gallfy 26 05 U
& 7 | Uagdacyraa £1) 7 178 guirhr 4594 'm 37 galhe A0 MU
8 | Grade 8| Ksb  1BO MBO  £OD  TES P Q25| K55 180 NSO Ceg 185 PEID 0125
8 | Colpso rezstance (MP2) 9] 3549 456 456 481 0B  S4A 587 | 413 FA4 44 581 @13 673 727
10 | intornal yield pressove (MPa} 0| 376 H7 47 615 642 352 BS54 | 440 %97 517 62 ns A2 8532
11 | Pipe body yeeld strength {1000 doN) 11| 380 6563 53 622 G657 /61 BB | 413 6OV fO1 678 M3 628 939
g3 | 12 |ButtressStandnd 12| 509 872 S\ bW 648 Y64 81 | 553 B2 642 669 04 B30 913
iﬁ-g 13 | Buttvess Special Clearance 1B 416 416 437 437 459 547 591 | 416 416 437 &7 450 %47 5o
é g"o 14 6Pl sic 14| 31 405 4 d4R 473 581 &g 242 446 452 483 20 06 540
% 5 | APLTC 15 | 39 466 a7e 515 543 £33 it 395 512 519 566 5906 696 730
AND MECHANICAL PROPERTIES OF CASING (continued)
1 | Nominal z@e 10D 1 13.375n 338 7 mm 13375 ¢m 349 T nam
_“_2 ‘N(zni'lalw;-g:{v— - 2 68.00 Ib/iL 13 2 dalvme 72.00 ILvfy 105 1 datlim
PH; w.-,;u;ess-l h 3 1HA80 in 12.2 mro B 514 n 13 L oo
4 | wwside diamater 4 12415 m 313 mm 12347 m 31Z6 meny
& & | Stect ross:Goction 5 1945 1 12 5485 mrun? 0 77 in? 13 396 mm?
2 8 | Capauity 6 624 galih 7810 W G¥2 gallt 77 74 lim
& 7 | Orpracesnen ni ? 730 galft U BS U ¥ 30 gulm 90,85 lhn
a - i X g M §P——— e — e B ]
_!_ Brada - ] 155 B NOO [W5:4] o4 P10 Q1258 | K85 80 NBO (821} 195 e s
L_: C,‘a,_,;,;mnc;wpa, o " e | 13s 16 se 1w 181 161 161] 164 184 w4 192 WS 199 19w
10 | Intovnal yiekd pressure (MPa 0 | 238 REK 340 340 EA 476 | 285 37.1 371 &7 aa 51.0 bgo
11 | Moz body yield strength (1000 dal) w| 476 evz  Esx 77 B22 951 A1) S0R TAR Y39 W AIB10W6 IIES
12 | fhurress Standord 12| s78 s 705 a8 9% 0| €18 739 JK4 BOD B4Z 988 10%
oEZ i o
% 13 | Butiress Spetial Clearance 13
‘g ?g 14 | ASIC 4 370 LR 428 a0 a90 51 640 | 345 458 463 508 535 623 70
e I P 15
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NEW (N), PREMIUM CLASS (P) AND CLASS 2 (2) DRILL PIPE,
TORSIONAL AND TENSILE DATA (continued)

(API RP 7G, 15" edition, January 1, 1995)

sire WNermina] Torsional yia'd strengih’ Tonsde yield strengtr
00 | wought | s E 95 108 135 3 55 | 105 ‘ T T
ERh— e
w | oo ) [taNm)| tfeior |@Nm| ticio) [davm] oy [idavms| o) lioPeenl ot 0G° N i l|0“deNl; t) 07 dony)
S [ 1625 | N 35044 | 4749 | 44389| 6015 | 49062 | 6648 | 63079 | 85¢7 [328073| 1458 [215550| 1867 [259302] 2041 |5805ar] 2028
P 127807 | 3741 | 34969 4738 | 38650 | 5237 | 45693 | 6733 [269155| 1152 |328263| 1450 |362817| 1613 | 968 48] auss
2 123974 3248 | 30368 4115 | 33564| 4548 | 43154, 5647 |275316! 100.1 |285400| 1266 |315442| 1402 |40 seal oo
1950 | N 41167 5578 | 52142 | 7066 | 576331 7809 | 74100 10041 |395695| 1758 |s01082| 2227 |653833) 2461 | 712070] 3165
P |32285 4315 | 40895( 5541 | 5199 6125 | 58113 7874 | 311535( 1385 |394612( 1754 (436 180] 1938|560 vea| 3453
2 | 27976 f 3791 | 35436 4B02 | 39166 | 5307 50356 | €623 |270432| 1202 |342548; 1527 |378605| 1663 |a80 7v8| 2184
2560 | N 162267 7081 | 66192| 8969 [ 73169 9913 | 9406212746 |5301a2) 2356 |671615 2985 [742201| 3299 | 954 258| aze s
P | 40544 | 5454 | 51356 6959 | 66762| 7691 | 72979 | 9889 |a14690( 184.3 52524 2335 |580556| 2580 | 746413| 301 b
2 34947 4735 | 44267| 5938 | 48926 6630 | 67905 | B524 |356731| 1594 |454382) 2020 |5022231 2332 {845 715| 2870
NEW (N), PREMIUM CLASS (P) AND CLASS 2 (2) DBILL PIPE,
COLLAPSE AND BURST PRESSURE DATA (continued)
(API RP 7G, 15" edition, January 1, 1995)
Collapse pressure Burst pressuio
Size [Nomingl e »
00D | waght Class € g5 105 135 € 95 105 135
& in fiofy tpsil | (MPal | Ipsi) | IMPs) | fosd | tMPa) | (psh | IMPa) | (ps) | iMPR) | (ps) | IMPa) | losih | (MPa) | (psi | IMPat
: 478 | 8108| 5o | 8eis| 504 | omi| 678 | 7770| w36 | 98az| 679 |tw0ass| 750 | 13986 964
. 1628 »f; 2338 3:,3 an3s | 340 5067| 39 | 5661| 390 | 7104| 430 | 98| 20| 9045 eas 3397 ‘7’?3
2 | 3275| 226 | 3696 | 255 | 38s0| 265 | aoes| 280 | 6216| a29 | 7ese| sa3 | B702| €00 83
YRk €29 | 12900 | 836 | 15672 1081 | ©9503| 655 |12037| 830 | :3306] =17 |17108] 1178
il I -l B 290 | %8| '2%s | 6oq |10626] eo1 | Besa| s65 |2008| 756 |12963| B39 | 5ca 1078
2 | s514| 380 | 6262 | 432 | €552} 452 | 7079 | ae | 7602| 522 | 9620| 684 [106a3| 734 [13684| 943
1 1170 | 18500 | 130.3 [ 24300 | 1675 [13125| 905 | 16625| 1326 [ 16275 | 1267 | 23625| 1629
e g ::lligg ?g; 11;?2 1001 | 16042 | 1106 | 20510 | 14146 | 12000 §2.7 i5200| 1048 | 16800 | 1158 | 21600| 489
2 10338 73 12 €40 871 | 13685 944 16587 [ 1144 | 10600 724 13300 917 | 14700 | 10t & | 18930 | 1363
rd o di¢s
(APl Spec 5D, 3™ edition, August 1, 1992)
2| B~ Upset
@ o
e | 3| ES
Mominal E =] oo 2 @ .§
‘D = o
S 25 |22 | 88| b I EU IV
2% RS ?
L
= E B b
= b & ks
/ ) on Iy op iD on iD
(i) (mrsit | BoffU § Imend § tom mm) | tmmy | dmm) | Imm) | e | dmm)
5 1270 | 16.25 752 | 1120 E 127 .0 85.2
E - - 1318 937
&4 S ~ § 0
5 1270 | 1930 | 943 B 16N vae 1461 [ 1000 | 1318 | 805
. 6 E - - 1318 B7 .3
5 127.0 | 2560 [ 1270 [ 1016 | v oo el sl Bial 03

Figure 3 — Drill String data
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MPE 680 WELL TECHNOLOGY - FORMULA SHEETS

- ~ STRESS AND STRAIN

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

e T O 13=0’x(cryo;—rf,__)—rn,(rwa__—rxr )+1 ( T, ~T.0,)
g —-lo —lLo-I,=0

(0.-0,) 2
Center=—(o,, +0,,) Rad1us=‘[ =27 47, tan(20)= Ty
O 0y,
1

0,,==(0,+0,+0,) m=§\/(a,—02) +(0,-0,) +(0,-0;) ©0,==(0,+0,+0,)
. ou _ov 2@_ — e =6_u+@
o’ P gy oz YT By ox

pr —pSy Nty » 2(r? =
Grr 1’2 12 rZ(r —r )(p‘ pg) O—rr_ aE(T: ]:) _ln 2 +”2(r2 rz)lnr—o

0 i 0 i 2(1_‘/)111(]”—0] r v (f':,J —}';) t;

ro=p, B 4

0-09~pr2—f;0 rz( r )(p,-—po) 2{.2 2
: i aE(T T o B’ P .

pr = bt Ul K ’ or ]—lnf—rz(rz—rz)ln;_a

= ;;‘f“r,oo +fr(f,f ) Hi-v)in 7] o

¥ 1+v }’;.21”02 F
u(closedend) =m{(1_2v)(pt i2 _por02)+_(r+(pi _po)—v_}

u(open end) = E (l"
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~ ROCK MECHANICS

1 = y
Jz=g[(o'1_02)2+(01"03)2+(02_03)2:| ¥ =g to taug

r=—(0, -0, |cos¢
O'm—Poz-;:(O']+20'3)—Pa 2( =)

c =l(al' +a;)—%(0'1' —o*é)sin¢

g =P, g, = (O’H cos’ B +0, sin’ ,B)cos2 y+0o,sin’y
o, =0,+0,-P,-2(c,—0,)cos(20) -4z, sin(26)

o, =(o, sin* B+0, cos’ ,B)
. =0, )

2 . .
. g = (O'H cos’ B+0,sin’ B)sin’y + o, cos’ y
Ty = 2(ry: cosf —7,_sin 49)

7_=7,=0 T, = %(O’H cos’ B +0, sin’ ﬂ—og,)sin(Z}/)

=

1 ; :
T, =5(0'h —0o,)sin(28)siny

T, :%(O'h —o,)sin(23)cosy

Borehole fracturing

2
TQ:

P

» =0,+0,- B -2(0, -0, )cos(20) - 4z, sin (26) -

.- b
which for symmetric conditions and no shear stresses becomes Py, s = 30,min — Opmax — Po

Borehole collapse

o, =%(o]9 +0:)+%\/(% —0:)2 +47).

The direction of failure is determined by the size of 5x and o, (i.e. 6 = 0° or 6 = 900)

Piop By . ; o, , (o
—LOT _0 4 sin’y = (3 sin® 8 —cos” B cos’ 7/)—A+(3 cos’ B —sin® ffcos’ y)—’

O-v ‘ o, O'V
which on short form becomes:

& .
P'=a—%+b—L where o, is the largest of o, 7,

PRESSURE

P[bar]=0.098- MW [s.g.]- D[m]
1 bar =0.1 MPa
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~ GEOMETRICALPLANNING _

_ R -
y =tan” (_}L_R) +sin”’ (—(is(—i)—} where tan(x) = (uj and DLS = -54%
t OP

R < +— Vkop + " kor /2

BUOYANCY - -

n
Do R2 - pr2
_Pvo‘PiAi kz;l k (PoRi = piric)

p=l-——"— p=1- -
A, =4) Poeer L. Dy (RE 1)
k=1
TORQUE AND DRAG » B
F, =F +BALwjcosa * pusina . ol
,=F +P { K } B, = Fleip|92—91| +BWAL{ sin o, —sin OL,}
Oy — 0y

T = purpwALsin o
T = wrN = prk |62 = Bll

60V, (m / s)

v m(zjzt[mj

F, =F, + pwALcosa * ppwALsin a siny
T = rupwALsina cosy

sino, —sina, }

F,=F +F (ei“Iez -8 _ Dsiny + BwAL
Uy =0y

T=wN= erl[62 —Gllcosw

STUCK PIPE

Frner = #(ﬁWh s1n(}/) +dhAP) where h is the effective length of stuck pipe

SURVEY CALCULATION

6 = cos ' (sina,sina,cos(By — B1) AL _
Y cosa; cosa,) AN =@ - (sinaycosPy + sina,cosf,)

2 6 AL T
d = | tan (E) AE = CD7 (sinaysinf; + sina,sinf,)

AL
AV = <I>7 (cosa, + cosa,)
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'GEOMECHANIC EVALUATION

LOT = 20, — P,
1 o
ow(a) = ow(O) + '?:(PO . Po)Slnza

Pyr(@) + (0, — %PO )sin?a
1+ %sinza

ow(O) =

_1—2v
T 1—v

AP,

~ DATA NORMALIZATION

RKB _ _D L RKB
dy "D—Ahd2
D D¥ — D¥
ar =_1d;"f B &

dSW
2 Py D,

RISER MARGIN

4 _nD =103k,
min D = hf e hw

CASING DESIGN

2t
Ppyrst = ﬁ Otensile

Peotiapse = 1—v2 (@— 1)2 oD

o a, 3/ o 2
L __% 4 |y_ _( a )
Oyield  20yield 4 \0yierd

_ SOME UNITS

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

surface after wellhead is

Production casing Burst Leaking tubing: Shut-in
tubing pressure plus 70 bar | installed.
at top of completion fluid.
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 | Completion fluid gradient
70 bar at surface plus gas inside casing.

gradient to reservoir.

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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COMPRESBION
& BURST

_ BIAXIAL LOADING

% BURST RATING
1

TENSION
& BURST

AXIAL STRESS 10 .L # OF YIELD STRESS
100 80 60 40 20 20 6‘0 ao 130
i t 1 + + o t t 1
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-70
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-100
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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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