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A Material® these slides cannot be used without the wri
consent from the instructor



Importance

*3
Sse

IM

J)).(A

4

<<L‘ 0

frr‘

NS

SEOUL NATIONAL UNIVERSITY

A Many boreholes are horizontal, highly deviated from vertical or have compl
trajectories

A Difficulties

Fourarm calipers track key seats in deviated borehole
Breakout/DITF direction different from vertical well

Pattern of DITF occlaniachelon at an angle to the wellbore axis. Hard to distin
with natural fractures

A Extend the theory developed in vertical well to arbitrary orientation

borehol®éreakout and drilling induced tensile fractyre (DITF

Assume S1, S2, S3 are in horizontal and vertical direct'}~
(however, this condition can be relaxed) :

https://www.netwasgroup.us/engirderorgbook.htr



https://www.netwasgroup.us/engineering-4/workbook.html
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State of stress surrounding an arbitrarily gmf‘%
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A Principal stresses are not aligned with the wellbore axis
I Geographic coordinate: X, Y and Z
I Stress coordinaxg:y, andz,
I Wellbore coordinaiey, andz,
i 0,,.&0,. principal stresses acting in a plane tangential to the wellbore wall
i ¥:angle between the axis of the wellbore and planelpgrmal to

i U: measured from the bottom in clockwise direction
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State of stress surrounding an arbitrarily

deviated well
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A Orientation of deviated borehstieraonet

I Vertical, horizontal and arbitrarily oriented borehole
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State of stress surrounding an arbitrarily ﬁg
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A Borehole breakout and DITF location and pattern is
complex in deviated well

I Position of BB:

I magnitude and orientation of principal stresses + borehole
orientation

4, degree SOUTH
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deviated well

State of stress surrounding an arbitrarily - {

(a)

A Transformation from stress coordinate xys@e&nc(zs)A Global
coordinate systeXy Y and)A wellbore coordinate sysiemg,(

andzb)

5 0 WS (o // L ) WS C 7\ ij ) 'L,l/(, @ 5"‘\/\‘(9
S.=|l0 5 0 (8.1) ) == X <P
v R <M>(LJ’,'M Los(WJ) <FHg) g

To rotate these stresses into a wellbore coordinate system we first need to know how to

transform the stress field first inlo a geographic coordinate system using the angles o,
B. y (Figure 8.1c¢). This is done using - WS b Swm® >
X
Xs X [0 ﬂ\o l‘)\ (} (
Vs | = R,\ Y (8.2) (’1 ~ (r\re (110\/\ (@) E‘( e
- z Gp) d
\

2 - = X
where, /ms o %) ms(h‘;) U\ﬁ(’ﬂl\i) ( y! ) R C\( >
cosa cos fi sino cos f —sin f R [ wy( lz) ) Wslyhy) ws 52 (,u T % _ F{ (1,( .C)“, T
R, = | coswsinBsiny — sing cos p sino sin fsiny + cosa cosy cos fsiny ws 7() vs(i Y ws( 7&|$ 2 + { - ( T T ) R
cososinfsiny +sinwe siny  sina sin feos y — cosa siny cos feos y ; ‘97' N o
! -
3 T = RLE'

To transform the stress field from the geographic coordinate system to the borehole

5}‘3\'1(.']11_ W use 7\ S ; x ?\ S
X X <(95 ) = RS \( = <Y ) = Rg < >
(,\-I,) =R, (r) (8.4) o % %5 v 24

Zh Zz C g'\ 2 )
: T T\
where, S 3 = RS ‘ g'i (PSF>
—Cosdcosg  —sindcosg  sing — T
R, = sind —cos 0 (8.5) Rs §$ R S
cosd sin g sind singg cosg

. . . . - . b
a wellbore, 8, coordinate system using the following transformations

1" r X
With R, and R, defined, we can define the stress first in a geographic, §,. and then in ‘j b = R b ( \ ) g b R L R T

%:RIS,R, (8.6) C 8. q4) _ = P\u ‘ZS SS RS g pb‘

S, = R,R's,R.R!

(8.6)
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State of stress surrounding an arbitrarily
deviated well
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A Stresses acting at the borehole wall

e = 33 — 20 (01| — o) CO8 260 — dverp s1n 26

Oag = 0 + 0 — 2oy —on)cos 28 — 4oz sm 28 — AP
Tg. = 2 {0y CcO8H — gy 510 8)

O = AP

and Loback (1995). The principal effecuve stresses around the wellbore are given

by

1 3 5
Timax = ; (J:: + aps + 1|r" {J:_' — Oga )~ + 4-?;:

; _ a.
Timax = ; (-I'J':: + g — 'h"ll{'ﬂ-:: — g8 F + 4I3:)
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Failure of arbitrarily deviated wells )
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A Tendency for the initiatiometibore breakdniwells of different
orientations for normal, sttigkeand reverse faulting stress regime
(3.2 km)

A Normal faulting stress regime
I Deviated holes3p,...are more likely for BB initiation, ...,

I Wells highly deviate8 jn,are more stable than vertica

Mostunst

/
\ el
\
:

‘,Shmm
75 80 8 90 95 100
Required Cy

/ SHmax =67 MPa
Shmin = 45 MPa

Rock strength req_ui_r_ed to S, = 70 MPa

prevent breakout initiation P, = 32 MPa

Pmug = 32 MPa
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Failure of arbitrarily deviated wells RIS,
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A Tendency for the initiatiometibore breakdniwells of different

orientations for normal, sttigkeand reverse faulting stress regime
(3.2 km)

A Strikeslip faulting stress regime
I Vertical holes are more likely for BB initiation b.

I Horizontal wells drille§, jp, direction are most stable

Strike-Slip

Mostunstab

Moststable S % <
hmin
. N

100 120 140 160 180
Required Cy
/ SHmax = 105 MPa
Shmin = 55 MPa
Rock strength required to Sv =70 MPa

prevent breakout initiation Pp = 32 MPa
Pmud =32 MPa

ZobaclMD, 2007, Resen@@omechanigSambridge University Press



Failure of arbitrarily deviated wells i
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A Tendency for the initiatiometibore breakdniwells of different

orientations for normal, sttigkeand reverse faulting stress regime
(3.2 km)

A Reverse faulting stress regime

i Horizontal wells drille§, jp,direction are maststable S

I Subhorizontables irg,,,, direction amore stable

220 240 260 280 300

Required Gy
SHmax = 145 MPa

_ Sy=70 MPa
Rock strength req_w_r_ed_to Py = 32 MPa
prevent breakout initiation

Pmud = 32 MPa

ZobaclMD, 2007, Resen@@omechanigSambridge University Press



SLEDD

Failure of arbitrarily deviated wells ()
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A General observation

i Stability: reverse faulting(least stable)-sliptrk@ormal faulting (most stable)

s Simply because stresses are highest in reverse faulting

i Although stable well is not necessarily to prevent borehole breakout

Moststable

b. Strike-Slip c. Reverse

Mostunstable__|

AN

Rock strength required to i
prevent breakout initiatiom—T—> -

75 80 8 90 95 100 100 120 140 160 180 220 240 ‘2é0 -280 300

Required Cy Required Cy Required Cy
Shmax = 67 MPa SHmax = 105 MPa SHmax = 145 MPa
Shmin = 45 MPa Shmin = 55 MPa Shmin = 125 MPa
S, =70 MPa Sy =70 MPa Sy =70 MPa
Py = 32 MPa Pp = 32 MPa Pp = 32 MPa
Pmug = 32 MPa Prmud = 32 MPa Pmug = 32 MPa
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Failure of arbitrarily deviated wells ()
Tensile fractures e

SEOUL NATIONAL UNIVERSITY

A Tendency for the initiatioarsile fracturgswells of different
orientations for normal, sttigkeand reverse faulting stress regime

In normal faulting & strike slip, extremely high mud weight is required for tens
May cause lost circulation

Strikeslip: wells deviated <8 expected to cause tensile fractures
NF/RF: tensile fractures expected in highly deviated we)&Z

G: Reverse

Mud weight required to induce 35 40 45 50 55 60 65

tensile fractures Regrired B e,

35 40 45 50 55 60 65

=0 67 Req#:f m Req;:oifz% X
Shghax =}{5 MPa Shmax =/105 MPa Shmax = 145 MPa
Shmin = 45 MPa Shmin = 55 MPa Shmin = 125 MPa
S, =70 MPa S,=70 MPa S, = 70 MPa

P, = 32 MPa P, =32 MPa P, = 32 MPa
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Failure of arbitrarily deviated wells :n{
Borehole breakout & tensile fractures (traces)... ...
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A Borehole breakout

I Deviation to the NE orA\VEB on top and bottom of the well
I Deviation to the NW oASBB on sides thfe well

I Lookinglowrhewell conventigmosBOorientation of BB
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Failure of arbitrarily deviated wells
Borehole breakout & tensile fractures (traces)
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A Drilling induced tensile fractures (DITF)
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posTEposition of tensile fracture around the borehole circumference
INnCTFE orientation of fracture wataorehole axis

DITF in deviated well occenashelompairs of fractures inclined to the
wellbore wall at the angle

Relationship with hydraulic fracturing propagaton®ally become
perpendicular to the least principal stress

|b. d A ]
| ',.// “Looking down the hole® "‘Borahole image”
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Failure of arbitrarily deviated wells
Borehole breakout & tensile fractures (traces)
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A Borehole breakout and DITF
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Strike slip fault, UCS=45MEd,.O
SH=90 MP&\=88.2Mpa
Sh=51.5MPa, Pp=31.5 MPa%max(E
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s Horizontal in8t ~180(very
unstabld wash oiit

Tendency for breakouts

100 120 140 160 180
Breakout width (wgq)

Sy,
v

Orientation of breakouts

it (O
Al (RN
/ \

// el \\
R e
|l|||| (l . l) l|||||
W \ |||'l 1y
vl :/
P
\\\ l////
\\ Y

DITF

Are likely a wide range of
orientations

—

Fractures are significantly inc
wrtwellbore axisenechelon

C. Tendency for fractures

40 60 80 100 120 140

Required P,
To=0

*-x)i‘\\\ll/,’fz"
e T —H

——’_/
= Y

\;?

aCe
on




SR
EDD

LM N ER

Q' Figure 8'5a1 hOW dO we ur']derStanrlThis is expressed for vertical well,

we can adjust to horizontal well
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In situ stress & pore pressure Stress distribution around the borehole

A Isthis correct’, _wum

. S“max orientation is N9O°E (east—west)

2

1 k [ X
Trr = 3 (SHmax + Shmin — 2F0) (1 - 1‘_2) + E (SHmax — Shmin)

Tendency for breakouts b 2 4 2
* S, = 88.2 MPa (depth 3213m) x (1 _ ﬂ " ﬁ)w;_ M’f'
* Spmin = 51.5 MPa " .
e Pp=Ppua=31.5MPa 548 = 5 (Stmas + Shosin — 2P5) (1 + f—) ~ 5 Sttass = Simia)
* (1 + ii:) 1_'0526'—&’:;&2 —oaf
S-'max S—imax Tgg = Shmin + SHmax — 2(5Hmax — Shmin)c08 268 — 2P — AP — C’ar (6.4)
<+_
Gprr = AP (6.5)
KCalewm|alion ot madimun devgwr\‘{wq oo
v ® Vet wdl Caop strecs )
a x A
6@@ = = % S‘HVM,( = ghwﬂv\ -2 Po
s v
. T TR
100 120 140 160 180
Breakout width (W) | "/27 oy ;mh\ﬁ \,Jtuk'g Cdrlled ok the Nredion v”{ g h wﬂn> N\g
\sm” = 3 SHmax ~Sv — 2P
hoop stress around the borehole > 2 g \\ X 2 \\/‘F
vertical, horizontal (drilled to Shmin), and horizontal (drilled to = 3 % C‘? O o ?g A -2 %g| = . a
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. Q. What will be the angles of borehole breakout when we in&gased

50 100 150
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Failure of arbitrarily deviated wells P
Tensildractures (traces) o o

A Example at KTB borehole (Germany)

I Even in vertical borehole, inclined tensile fractures are found when str
locally perturbed by slip on active faults

a. Conductivity b. Conductivity

High Low High
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Induged Induced Induced *

Axial tensile fractures inclined tensile fractures when
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Failure of arbitrarily deviated wells {1
Tensile fractures (traces)
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A Minimum principal stress and orientation of tensile fracture

I Enechelomype tensile fracture is formed when minimum principal stres
tensile

i Effect of mud pressiuvader angular spat) (vith bigger mud pressure

)

ore axis

|

racture angle from wellb
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