US 20110061869A 1
a9y United States

12y Patent Application Publication o) Pub. No.: US 2011/0061869 A1

Abass et al. 43) Pub. Date: Mar. 17, 2011
(54) FORMATION OF FRACTURES WITHIN Publication Classification
HORIZONTAL WELL (51) Int.CL
E2IB 43/26 (2006.01)
(75) Inventors: Hazim H. Abass, Cypress (SA); LO3B 3/11 (2006.01)
Ashraf M. Tahini, Al-Khobar (SA); (52) US.CL oo, 166/308.1: 166/50
Mohamed Y. Soliman, Cypress, (57) ABSTRACT
TX (US); David Meadows, _ _ _
Marlow, OK (US) Producing transverse fractures in a horizontal well may be

achieved at a relatively lower fracturing pressure by forming
one or more tunnels extending from the horizontal wellbore.

(73) Assignee: HALLIBURTON ENERGY One or more tunnels may be formed at each location along the
SERVICES, INC., Houston, TX horizontal wellbore where a transverse fracture 1s desired.
(US) The tunnel(s) may be formed mechanically, optically, or

hydraulically. Further, fracturing may be formed at a lower
pressure than would otherwise be required to form transverse

(21)  Appl. No.. 12/558,747 fractures from a horizontal wellbore. According to some
implementations, the transverse fractures may be formed
(22) Filed: Sep. 14, 2009 without 1solating a portion of the horizontal wellbore.

| PPN

o

_ s’ﬁ"

BT TN 'n-t-“'n-t-'n-mmm“mm'nﬂ-“ﬁ“ﬁ'w-'uﬂﬂrvh“ﬁ\t\tt‘““tXI . *-H\-‘-

i
5
)
E:
1
§
4
"

g
; .‘_‘_‘_‘:mJﬂwmm..i-MMWm:ﬂ”.J".l'm.J".F_ljjﬂ‘-ﬂﬁ.ﬁmm.#.FJ"J‘J".i‘-_i‘.i‘J‘J‘.i‘.i‘J‘J‘.#J‘J"rﬁm}d‘m..l'J"”m:ﬂmjjﬂﬁfjﬁfﬂﬁﬂjﬁﬂ.ﬂf.ﬂfJMMmM'

e T T B T B T T T BT T T T T L I



2TE

US 2011/0061869 A1l

L N N N T A e e ey gy |

.?E13"*.-1_-1.-1.-__...1_-1.-1.\n.-i.l_..I1l_...-1l_..l_m\._-_...-__...-1.\“.-1_-1.-1.\_"1:.-1.-1.l._1.%%.lﬂlﬂ.l_.l...l..l_.l_.l_.l..I_ql_.l_.u-...l...l....l..-....l..\.33‘.‘.11‘.“.h“n\.*%*ﬂﬁ%%iﬂiiﬁ%%‘iitﬂﬂlm‘.‘.gt
. -,

|
-
¥
[
r
m
mm
’
|

Mar. 17,2011 Sheet1 of 8

T T L e T T L T L L L L T T L L R R 'mm T e 1T e e T e D e T D o
n

e S A A A S P P T e e e e e e

Patent Application Publication

¥

'\:“'% ; ;\'ﬁ.m1.'!.'!.'H.'!.'H..'ﬂ-.“'H..'ﬂ-.“H.ﬂﬁﬂﬁﬁﬁﬁﬂﬁﬂmm““HMﬁmﬂﬂﬂ'ﬁﬂﬂ e Ty o




Patent Application Publication  Mar. 17, 2011 Sheet 2 of 8 US 2011/0061869 Al




Patent Application Publication  Mar. 17, 2011 Sheet 3 of 8 US 2011/0061869 Al

10



US 2011/0061869 A1l

Mar. 17,2011 Sheet 4 of 8

Patent Application Publication

&

IR

o
74
: 3%~ f - vm

Lnl
1..n_...___ .

t.,ﬂ

A-‘a‘nﬂu‘%&l‘a‘-‘ AT T ..].-_n.__ﬂ-_-.-l__.-.-ﬂ-.-..ll.-\

A

T e R P

llllllllllllllllllllllllllllll




US 2011/0061869 A1l

Mar. 17,2011 Sheet S of 8

Patent Application Publication

AN 3 i




o1 ‘Ol MBIA UOREASI

ol o o ol o ol o gt o gy o i i ot o ol o o gl o o o i ot i o - o ol it o R - i ol o ot ot g ST g ot o g i g o it ol il il A el A A A A A gl A A A A A A A gl il A
S o ) .l.ll e . oL . . ]
. . : o . r
. - .
. = . .- : "
. . ' 1 - ‘-
h“ﬂ. k [ o ]
.. o R . -
" . - . . . . ) ) ) ) . ‘
. : =h- - e el “omk: LT b t -t ....T. L 0 bty -, -
] . . Ly '
. : = o . : o
. : - - . : " T . .
. _ - . e - . - " T . . . o ek - o,
o k - axrrT g -
. .lu.l.l . ", . . - . - .
. s o T = . . - - “ - N
3 l\\:\
F r

:Q _\.Jﬁamw@@i\\zﬁffe @N m\

O T W I T T ] g gt g g gt g N g gt e G W N T T T T P P\
. - -
'
' E ' .
'
| .
”.ﬂ .
1 '
m . m . T =

BLE)

US 2011/0061869 A1l

S '9Old

m@:ﬁﬁmmw n, H

§ uﬁcm\m mrpuadiod |8

Mar. 17,2011 Sheet 6 of 8

L}

%ﬁéﬁ%a& eupnyBuot | 6758 gnopuedsd |5 1S90 | 9

A N N BN ENXE A EESEEEE s ananl: N BN N NN N N N N N NN N N N NN NN N N T N W
llllllllllllllllllllllllllllllllllllllllllll

Py _m_ O A 1Y

| sepopuadiog | 9SI9ASUR) H_.
Rpipadsg | mm.:%m%mﬁ

a L|...||-..\...1.||..1...-I.-uhu.\nl.‘l?\di.\#!l.\.“f‘\.\.\l.‘“‘il‘\.‘l.‘ r

mropuadod | h%mgm@

g

- e 3 Eﬂ fm& it '

el B, e e el e,

R
e ad

L‘ﬂl

LLY
WY

Ezu%& m%ma

_ _*,WE m... “. ]
ia@?@%ma L & 190 G o

e h%\ﬂ%ﬁ\.\nﬂlﬂ.\vﬂﬁ\.

PN

A
)

SEang o et vt N
TR o JRBUIRIGAL ) | sseng | {5}
o} BABRIOY o {ead) suoisusuig  ussalg | wowmun | w0 [l piuozuol
golewalny | sdAp 2HIBERS N jsuung | o} sangeiey  hyiBust | OYBIIRICT 0} BALRIOY |

BANOREY | aHUORld  [WMopERaIg LT [EDIBA [UenERG 208 wiog | uog ey aiog) 158,

T T ol i o o el il o o gl o

KFIFIBIIILSISLIIEIIS I H I TUIIEF, R I R A R A A AT A

51nsoy uopeuausdly

Patent Application Publication



Patent Application Publication  Mar. 17, 2011 Sheet 7 of 8 US 2011/0061869 Al

. N B B N e N O N e ol il e N B B
aaaaaaaaaaaaaa

L
-
R R T N Y RN F Y E A CEN T S

rrrrrrrrrrrrrrr

E v YA T Ta T
Plan View 3000 ps

S

1 = L} . . . . .. ) .
. . .I . .- X L] . 4 4 ‘ I- L)
XX : 2 - 3 _,/“"- . .
g - . o .
_ Ny ; iy Co : .
: o o :
. . . .
o . AR LT R R e T T T o T T T T T T T T T T T T T T T T T

U . ::', ? FE}
GO =l

816"

e "
.
-

'Eiﬁﬁaﬁ@ﬂ iew
FIG, 18

Hievation View

i, 19



Patent Application Publication  Mar. 17, 2011 Sheet 8 of 8 US 2011/0061869 Al

100

e 2t Ay, nAnra e i e N A W N

Elevation View
Tesl2 FIG. 20
~3000psi

o

" "
ol 3
™ *,
-, X
N y .
% ? ¥
= — - ey - B e L L L L L LT - "

. .r:rr.r.rmyfqrm”mqr—]%—ﬁ .

i
’
!
’
]
r

. b
' E
. ’
: X

‘

‘
‘s‘
b
3
-I,‘

: ¥ Py

: : S

Iy 1 L

Y . = L)

4 . N

3 : \

} ; {

H 1]

o :

'y

| ¢

;"‘E- ol :

awh . . =:

o " I :-} :

T T T T T T T T T T, e e e . .t iy g .t e b o, o, e, sl oy by s, L, e, : E i t“l. : E

=iavahon View ‘

&
1
&
N
\
) :
% L
% A
* A
. . . . [ L
: . N & 1
. iy N, L
.. . : N N 1
§ G E : i :‘ IE
§ R - E } v 'I.
' y N :l
- \ . i
L) &
all \__j ; v :
X L
‘1 ."
I.' II
.1 |l'
I.' '-ll'
N ~
e R 1
N I
(o A
- ~:
) 3
I_ II
b . -
L | ] I'I
b1 L} I'I
o ., :"
] . '
o | ] "I
1. [ ] H .
" ) y
L [ ] h
Ih [ ] ~I
w b ]
N, b ;
y h
n i ]
n, ] \
w ] Y
x H 1
‘0 "
i ( ;
- . g
% ;.':
5 W, PR ., S
Y
x
'E
Ly
e iy sy gl S gy Py shopeoqeeg oy P ) - N W, W, LN L

- oy et . 3 .
=lovation View

T e

FiG. 22



US 2011/0061869 Al

FORMATION OF FRACTURES WITHIN
HORIZONTAL WELL

TECHNICAL FIELD

[0001] This disclosure relates to forming transverse frac-
tures 1nto a subterranean zone from a horizontal well and
more particularly to using a tunnel extending from the hori-
zontal wellbore as a transverse fracture initiation location.

BACKGROUND

[0002] Reservoir stimulation may be used to enhance
recovery of reservoir fluids from a subterranean reservoir or
zone. An example reservolr stimulation 1s hydraulic fractur-
ing (interchangeably referred to as “fracturing”) in which
fluid 1s pumped into a wellbore at an elevated pressure to form
one or more fractures in the subterranean reservoir bordering
the wellbore. The fractures formed during fracturing provide
flow conduits emanating from the wellbore, providing tlow-
paths for the reservoir tluid to collect in the wellbore and
subsequently be produced to the surtace.

SUMMARY

[0003] One aspect of the present disclosure 1s directed to a
method of forming transverse fractures extending from a
horizontal wellbore. The method may include forming a well-
bore having a horizontal wellbore portion within a subterra-
nean zone and forming a tunnel extending from the horizontal
wellbore portion into the subterranean zone towards the over-
burden. The tunnel may be formed with a length adapted to
initiate a fracturing extending from the tunnel along a longi-
tudinal axis thereof being influenced insignificantly by the
horizontal wellbore portion. The method may also include
applying fluid pressure to an interior of the horizontal well-
bore portion at a location proximate the tunnel to form a
fracture extending from the tunnel along a longitudinal axis
thereol and propagating the initiated fracture to encompass
the horizontal wellbore portion.

[0004] A second aspect 1s directed to a wellbore system
including a horizontal wellbore extending through a subter-
ranean zone and at least one tunnel extending from the hori-
zontal wellbore into the subterranean zone towards the over-
burden. The at least one tunnel may have a length adapted to
form transverse fractures relative to the horizontal wellbore.
[0005] A third aspect 1s directed to a method of forming
fractures transverse to a horizontal wellbore including form-
ing a wellbore having a horizontal wellbore portion within a
subterranean zone and forming a tunnel extending from the
horizontal wellbore portion into the subterranean zone
towards the overburden. The tunnel may be formed with a
length such that the horizontal wellbore portion has 1nsignifi-
cant eflects on formation of a fracture extending from the
tunnel along a longitudinal axis thereof The method may also
include applying fluid pressure to an interior of the horizontal
wellbore portion at a location proximate the tunnel to form the
fracture extending from the tunnel along the longitudinal axis
thereol and propagating the initiated fracture to encompass
the horizontal wellbore portion.

[0006] One or more of the aspects may include one or more
of the following features. Forming a tunnel extending from
the horizontal wellbore portion into the subterranean zone
towards the overburden may include inserting a tool 1n the
horizontal wellbore portion and orienting the tool into a

desired orientation to form the tunnel. Forming a tunnel

Mar. 17, 2011

extending from the horizontal wellbore portion into the sub-
terranean zone towards the overburden may include forming
a first tunnel extending from a first portion of the horizontal
wellbore portion and forming a second tunnel extending from
a second portion of the horizontal wellbore portion opposite
the first portion. Forming a tunnel extending from the hori-
zontal wellbore portion into the subterranean zone towards
the overburden may include forming the tunnel with one of a
hydrajet, a laser, or a drilling tool. Forming the tunnel with a
hydrajet may include disposing a hydrajet into the horizontal
wellbore portion at a desired location therein, orienting the
hydrajet to form the tunnel, and operating the hydrajet to
impinge a tluid flow onto a surface of the horizontal wellbore
portion to form the tunnel. Forming the tunnel with a laser
may 1include disposing a laser into the substantially horizontal
wellbore portion, orienting the laser to form the tunnel, and
operating the laser to form the tunnel. Forming the tunnel
with a drilling tool may include disposing a drilling tool mnto
the substantially horizontal wellbore portion, orienting the
drilling tool to form the tunnel, and operating the drilling tool
to form the tunnel.

[0007] One or more of the aspects may also include one or
more of the following features. Forming a tunnel extending
from the horizontal wellbore portion into the subterranean
zone towards the overburden may include forming a tunnel
extending from the horizontal wellbore portion 1nto the sub-
terranean zone towards the overburden at two or more difier-
ent locations along an axial length of the horizontal wellbore
portion. A portion of the horizontal wellbore may be 1solated
at a location of the tunnel betfore applying the fluid pressure.
Forming a tunnel extending from the horizontal wellbore
portion 1nto the subterranean zone towards the overburden
may include forming the tunnel with a length of at least one
and a half (1.5) times a radius of the horizontal wellbore
portion. Forming a tunnel extending from the horizontal well-
bore portion mto the subterranean zone towards the overbur-
den may include forming the tunnel with a length of at least
three (3) times a radius of the horizontal wellbore portion.
Forming a tunnel extending from the horizontal wellbore
portion into the subterranean zone towards the overburden
may include forming the tunnel with a length of at least six (6)
times a radius of the horizontal wellbore portion.

[0008] One ormore of the aspects may additionally include
one or more of the following features. At least a portion of the
horizontal wellbore may include a slanted portion, and the
tunnel may extend from the slanted portion of the horizontal
wellbore. The at least one tunnel extending from the horizon-
tal wellbore 1nto the subterranean zone towards the overbur-
den may include a first substantially vertical tunnel extending
from a first portion of the horizontal wellbore and a second
substantially vertical tunnel extending from a second portion
of the horizontal wellbore along a perimeter thereof opposite
the first portion. The at least one tunnel having a length
adapted to form transverse fractures relative to the horizontal
wellbore may include a tunnel having a length of at least one
and a half (1.5) times a radius of the horizontal wellbore, a
tunnel having a length of at least three (3) times a radius of the
horizontal wellbore, or a tunnel having a length of at least six
(6) times a radius of the horizontal wellbore.

[0009] One or more of the aspects may further include one
or more of the following features. Forming a tunnel extending
from the horizontal wellbore portion into the subterranean
zone towards the overburden may include forming the tunnel
with a length of at least one and a half (1.5) times a radius of
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the horizontal wellbore portion, forming the tunnel with a
length of at least three (3) times a radius of the horizontal
wellbore portion, or forming the tunnel with a length of at
least s1x (6) times a radius of the horizontal wellbore portion.
Forming a tunnel extending from the horizontal wellbore
portion 1nto the subterranean zone towards the overburden
may 1include inserting a tool in the horizontal wellbore portion
and orienting the tool 1into a desired orientation to form the
tunnel. Forming a tunnel extending from the horizontal well-
bore portion 1nto the subterranean zone towards the overbur-
den may include forming the tunnel with one of a hydrajet, a
laser, or a drilling tool. Forming a tunnel extending from the
horizontal wellbore portion into the subterrancan zone
towards the overburden may include forming a tunnel at two
or more different locations along an axial length of the hor-
zontal wellbore portion. A portion of the horizontal wellbore
portion may be isolated at a location of the tunnel before
applying the fluid pressure.

[0010] The details of one or more implementations are set
forth 1n the accompanying drawings and the description
below. Other features, objects, and advantages will be appar-
ent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

[0011] FIG. 1 shows a wellbore extending from a terranean
surface 1nto a subterranean zone.

[0012] FIG. 2 shows a longitudinal fracture extending from
a horizontal portion of a wellbore.

[0013] FIG. 3 shows a longitudinal fracture extending from
a horizontal wellbore.

[0014] FIG. 4 shows transverse fractures extending from a
horizontal portion of a wellbore.

[0015] FIG. S shows a transverse fracture extending from a
horizontal wellbore.

[0016] FIG. 6 1s a view along an axis of a horizontal well-
bore 1n which a transverse fracture extends from the horizon-
tal wellbore.

[0017] FIG. 7 shows a longitudinal fracture extending from
a vertical wellbore.

[0018] FIG. 8 shows a tunnel extending from a portion of a
horizontal wellbore.

[0019] FIG. 9 shows first and second tunnels extending
vertically from opposite locations along a perimeter of a
horizontal wellbore.

[0020] FIG. 101s a cross-sectional view along A-A 1 FIG.

8 showing a transverse Iracture surrounding the horizontal
wellbore that was initiated from the tunnel.

[0021] FIG. 11 1s a cross-sectional view along B-B 1n FIG.
9 showing a transverse Iracture surrounding the horizontal
wellbore that was mitiated from the tunnel.

[0022] FIGS. 12-14 1llustrate the formation of a transverse
fracture relative to a horizontal wellbore.

[0023] FIG. 15 1s a summary table of experimentation data.

[0024] FIGS. 16-22 are schematic diagrams 1llustrating the
configuration of the bores extending through various test
samples.

DETAILED DESCRIPTION

[0025] Producing transverse fractures in a horizontal well
1s described. FIG. 1 shows a wellbore 10 having a substan-
tially horizontal portion (hereinafter retferred to as “horizontal
wellbore™) 20. The wellbore 10 extends from a terranean
surface 30 and extends into a subterranean zone 40. During
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the producing life of the wellbore 10, such as after formation
of the wellbore 10 or at one or more occasions aiter the
wellbore 10 has been producing reservoir fluids, the subter-
ranean zone 40 may be subjected to a fracturing operation to
enhance production of the reservoir fluids.

[0026] Previously, fracturing was performed, for example,
by 1solating a relatively small section of the wellbore 10 (such
as with one or more packers) and ijecting a fluid nto the
1solated section at high pressure. The high pressure fluid
increased the stress state of the subterranean zone 40 resulting
in the formation of fractures extending into the subterrancan
zone. However, controlling the orientation of the produced
fracturing with respect to the wellbore 10 using this fracturing
method was difficult, resulting 1n high friction pressure and
sometimes creating axial fractures (also referred to herein as
longitudinal fractures). In some 1nstances, as the axially frac-
tures propagated, the axial fractures would become re-ori-
ented so as to be perpendicular to the minimum stress of the
subterrancan zone 40. The re-orientation of these fractures
may lead to a sand out. That 1s, the fracture 1s unable to accept

additional proppant during the fracturing operation and only
the carrier tluid 1s 1njected into the formation through these
fractures. FIGS. 2 and 3 illustrate longitudinal fractures 50
extending longitudinally along an axis 60 of the horizontal
wellbore 20. Longitudinal fractures, though, are not optimum
and generally result 1n reduced production 1n comparison to
transverse fractures formed 1n a horizontal wellbore. FIGS.
4-6 1llustrate transverse fractures 70 formed 1n the subterra-
nean zone 40 bordering the horizontal wellbore 20. Further,
longitudinal fractures are generally more likely toresult when
fracturing a horizontal wellbore.

[0027] Longitudinal fractures are also more likely to be
formed 1n vertical wellbores at lower fluid pressures. That 1s,
longitudinal fractures are formed from a vertical wellbore at
a lower breakdown pressure. FIG. 7 1illustrates longitudinal
fractures 50 extending from a vertical well. This characteris-
tic can be utilized to promote formation of transverse frac-
tures 1n a horizontal well. Particularly, one or more bores or
tunnels 80 may be extended from a horizontal wellbore 20
and used to promote the formation of a transverse Ifracture
about the horizontal wellbore 20. The one or more tunnels 80
may extend towards the overburden. Generally, this means
that the one or more tunnels 80 extend vertically or substan-
tially vertically from the horizontal wellbore 20. For the pur-
poses of this disclosure, forming the one or more tunnels 80
towards the overburden 1s described as being formed vertical
or substantially vertical. However, it 1s understood that the
tunnels 80 may be formed 1n a direction other than vertical or
substantially vertical 1n situations where the overburden is not
at a location vertically offset from the horizontal wellbore 20.
Further, the one or more tunnels 80 may deviate from vertical
or substantial vertical by 15°. The tunnels 80 promote the
initiation and propagation of fractures that are independent of
influences associated with horizontal and vertical orienta-
tions aspects of the well.

[0028] FIG. 8 shows a single tunnel 80 extending substan-
tially vertically from a first portion 82 of the horizontal well-
bore 20, while FIG. 9 shows a pair of tunnels 80 extending
from the horizontal wellbore 20. In FIG. 9, one of the tunnels
80 extends from the first portion 82 of the horizontal wellbore
20, and the second tunnel 80 extends from a second portion 84
of the horizontal wellbore 20, opposite the first portion 82.
Further, both tunnels 80 are oriented vertically or substan-
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tially vertically so as to promote the formation of the trans-
verse Iracture relative to the horizontal wellbore 20.

[0029] Thehorizontal wellbore 20 may also include numer-
ous tunnels 80 formed along the length of the horizontal
wellbore 20. Particularly, a tunnel 80 may be included on the
horizontal wellbore 20 at any location where a transverse
fracture 1s desired. Thus, the number of tunnels 80 formed
into the subterranean zone 40 from the horizontal wellbore 20
may be dependent upon the number of transverse fractures 70
desired. Consequently, the number of tunnels may be deter-
mined according to the design of the stimulation activity.

[0030] FIGS. 10 and 11 show cross-sectional views of the
horizontal wellbore 20 along lines A-A and B-B, respectively.
FIGS. 10 and 11 show example transverse fractures 70

extending into the subterranean zone 40 that were 1nitiated at
the tunnels 80.

[0031] The tunnels 80 may be formed in any number of
different ways. For example, one or more of the tunnels 80
may be formed mechanically, such as by drilling into the
reservolr from the horizontal wellbore 20. According to other
implementations, one or more of the tunnels 80 may be
formed using one or more lasers. A laser device may be
included on a tubing string extending into the horizontal
wellbore 20 and used to form the tunnels 80 therefrom.
According to still other implementations, one or more of the
tunnels 80 may be formed with a stream of pressurized fluid,
¢.g., by hydrajetting, which forces a concentrated jet of fluid
at elevated pressures towards a point within a wellbore.
Example hydrajets that may be used are described in U.S. Pat.
No. 5,361,856 and U.S. Pat. No. 5,494,103, each of which 1s
incorporated herein by reference 1n their entirety. A pressur-
ized fluid 1s then introduced into the horizontal well 20 to
torm the transverse fracture 70.

[0032] Unlike perforations formed 1n a wellbore, the tunnel
80 has a better defined elongated shape with less damage to
the surrounding subterranean zone 40. This damage provides
leak-oil paths for the fracturing fluid to flow off nto the
subterrancan zone 40, thereby reducing the effective pressure
exerted on the subterranean zone 40 to form the fractures
therein, 1.e., the damage to the surrounding subterranean zone
40 may cause an increase 1n the breakdown pressure required
to fracture the subterranean zone 40. Further, during a perfo-
rating operation, a plurality of perforations are formed in the
subterrancan zone 40. These multiple perforations also act to
lessen the etlect of the pressurized fluid, because the multiple
perforations require more pressure and fluid tlow.

[0033] Additionally, perforating a wellbore with a hydrajet
expels a plurality of fluid streams through respective nozzles.
The fluid streams form a plurality of openings mnto the sub-
terranean formation from the wellbore. However, the effect of
using the plurality of fluid streams results 1n enlarging the
openings nto an enlarged cavity formed 1n the subterrancan
zone surrounding the wellbore. Thus, when the pressurized
fluid 1s introduced into the wellbore for fracturing, the
enlarged cavity reduces the effectiveness of concentrating the
pressurized fluid to initiate and propagate a fracture in a
controlled manner. Further, present hydrajets for perforating
a subterranean zone are also deficient 1n that the nozzles
expelling the fluid streams are not capable of being aligned
with a particular orientation within the wellbore and are, thus,
incapable of aligning openings formed by the hydrajet with a
desired orientation.

[0034] Once the one or more tunnels 80 are formed, the
subterrancan zone 40 may then be fractured. According to
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some 1mplementations, the pressurized fluid may be intro-
duced mto the horizontal wellbore 20 via a concentrated
stream at or near the location of the tunnel(s) 80. Alternately,
a portion of the horizontal wellbore 20 including the tunnel(s)
80 15 1solated according to any desired manner, and the pres-
surized fluid 1s introduced into the 1solated portion of the
horizontal wellbore 20 to form the transverse fracture 70.

[0035] It 1s believed that the introduced pressurized fluid
works on the tunnel 80 to form a longitudinal fracture extend-
ing therefrom. As this longitudinal fracture extends, the frac-
ture encompasses the horizontal wellbore 20, resulting 1n a
transverse fracture with respect to the horizontal wellbore 20.
FIGS. 12-14 1llustrate the progression of the fracture believed
to occur at a location along a horizontal wellbore 20 having a
tunnel 80. In FIG. 12, the pressurized fluid (represented by the
plurality of arrows 90) 1s introduced into the horizontal well-
bore 20. In FIG. 13, the longitudinal fracture 50 1s formed
extending from the tunnel 80. The mnitiated longitudinal frac-
ture 50 extends and expands to encompass the horizontal
wellbore 20, thereby resulting 1n a transverse fracture 70
extending into the subterranean zone 40, as shown 1n FIG. 14.

[0036] The one or more tunnels 80 may have any desired
length L. However, as the length L of the tunnel 80 increases,
influences from the horizontal wellbore 20 during fracturing
are reduced, resulting 1n a greater likelihood that a transverse
fracture with respect to the horizontal wellbore 20 will result.
These influences include how the horizontal wellbore 20
allects the stress state of the subterranean zone 40 surround-
ing the tunnels 80 during fracturing. Moreover, for a tunnel 80
having a length L of three (3) times the diameter D or six (6)
times the radius of the horizontal wellbore, the influences
from the horizontal wellbore 20 are negligible. In fact, the
influences from the horizontal wellbore 20 are also small with
respect to tunnels 80 having lengths L smaller than three
times the diameter D of the horizontal wellbore 20. For
example, a horizontal wellbore 20 may have substantially
inconsequential effects on a tunnel 80 having a length of three
times the radius or more (e.g., three, three and a half, four,
four and a half, five, and five and half times the radius of the
horizontal wellbore). A tunnel 80 having a length less than
three times the radius of the horizontal wellbore 20, such as
two and a half, two, and even one and a half times the radius
of the horizontal wellbore 20, may also form transverse frac-
tures notwithstanding the larger, though non-detrimental,
elfects on the formation of the transverse fractures associated
with these smaller lengths.

[0037] A further benefit of using one or more tunnels 80 1s
that the size of any 1solated portion of the wellbore that may
be used can be larger than conventionally 1solated portions. In
still other implementations, the pressurized fluid may be
introduced into the horizontal wellbore 20 at or near the
tunnel(s) 80 without 1solating a portion of the horizontal
wellbore 20. The manner of injecting the pressurized fluid
into the horizontal wellbore 20 may be selected based on
conditions associated with the wellbore 10, the subterranean
zone 40, and/or any number of different considerations. For
example, porosity of the subterrancan zone 40, the stress
condition of the subterranecan zone 40, properties of the res-
ervoir fluids, and/or any other considerations may affect the
manner chosen for introducing the pressurized fluid into the
horizontal wellbore 20.

[0038] As mentioned above, the tunnel 80 represents a ver-
tical well, and, during fracturing of a vertical well, a longitu-
dinal fracture more readily forms at a lower pressure. A lon-
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gitudinal fracture extending from a vertical wellbore more
readily occurs because of the stress state of the subterranean
zone. Fractures propagate perpendicular to the minimum
principal stress in the subterranean zone. Generally, the mini-
mum principal stress 1s oriented horizontally. Thus, for a
vertical wellbore, longitudinal fractures are more likely to
form and form more readily at lower breakdown pressures.
Thus, 1t 1s believed that by including the tunnel 80 along the
horizontal wellbore 20, the tunnel 80 acts as a fracture 1nitia-
tion location for a longitudinal fracture with respect to the
tunnel 80. The fracture propagates to the horizontal wellbore
perpendicular to the mimimum principal stress of the subter-
ranean zone.

[0039] Further, 1t 1s believed that the 1mmitiated fracture inter-
sects the horizontal wellbore 20 1irrespective of the orientation
thereot. That 1s, the horizontal wellbore 20 may be oriented
horizontally or substantially horizontally, or may be slanted
within the subterranean zone 40, and the fracture initiated at
the tunnel 80 still extends to the horizontal wellbore 20 to
form a transverse fracture relative thereto. For example, some
horizontal wellbores may be slanted at one or more locations
so as to follow a particular formation within a subterranean
reservoir. A wellbore extending through a subterranean zone,
such as subterranean zone 40, that 1s horizontal, substantially
horizontal, or that 1s at least partially slanted 1s considered
horizontal within the scope of this disclosure. Thus, the lon-
gitudinal fracture 50 formed from the tunnel 80 represents a
transverse fracture with respect to the horizontal wellbore 20.
Consequently, forming the tunnel 80 permits the formation of
a transverse Iracture along the horizontal wellbore 20 using
fluid at a lower fluid pressure than would otherwise be
required to form a transverse fracture along a horizontal well-
bore. Use of the tunnel 80 also allows consistent formation of
a transverse fracture 70 relative to the horizontal wellbore 20.
Further, depending on the downhole conditions, the pressur-
1ized fluid may be introduced without the need for 1solating
one or more portions of the well. Therefore, use of the tunnel
80 has lower associated fracturing costs. Moreover, the tunnel
80 15 also believed to essentially eliminate the formation of
multiple fractures and fracture tortuosity that may result dur-
ing a fracturing operation.

[0040] Experimentation, described below, has been per-
formed demonstrating the effectiveness of a tunnel extending
from a horizontal wellbore 1n forming a fracture transverse to
the horizontal wellbore at a relatively low fracturing pressure.
FIG. 15 shows test summary data for six test samples. Each of
the test samples were performed by casting a bore and, in
some of the experiments, a vertical or substantially vertical
tunnel extending therefrom 1n hydrostone, a gypsum cement.
The hydrostone was prepared having a ratio of 30 parts of
water per 100 parts of hydrostone. FIGS. 16-22 show sche-
matic diagrams of the configuration of the bores and, option-
ally, the tunnels within the hydrostone. Each of the test
samples were subjected to a 3000 ps1 pressure on a top surface
(as shown in the figures), which resulted 1n the following
stress state: vertical stress=3000 psi, minimum horizontal
stress=1800 psi, and maximum horizontal stress=2500 psi. It
1s noted that, although some of the tests described in FIGS.
15-22 include a wellbore slanted relative to horizontal (e.g.,
some wellbores have a slant of 5° relative to horizontal), the
wellbores may have a slant of greater than or less than 5° and
still be within the scope of the disclosure. For example, 1n
some 1nstances, the wellbore may have a slant of 15° or
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greater and a tunnel extending thereifrom may still be operable
to produce a transverse fracture at a relatively low fracture
pressure.

[0041] FIG. 16 1s an elevation view of a schematic of test
sample 1. Test sample 1 was formed having a bore 100 having
a casing 110. A tunnel 120 extends vertically or substantially
vertically from the bore 100. (Dimensions of the bore 100 and
tunnel 120 are provided 1n the table of FIG. 135.) The bore 100
was formed at approximately 5° from horizontal. An interior
of the tunnel was 1n communication with an interior of the
bore via an opening formed 1n the casing 110. As a result of
the casing 110, fluid pressure mtroduced into the bore 100
was exerted on the hydrostone (formation 130) via the tunnel
120. As aresult, a fracture initiated at a tluid pressure of 3323
psi1 transverse to the bore 100. The fracture 1s believed to have
initiated from the tunnel 120 and extended to encompass the
bore 100. The fracture extended transverse to the minimum
horizontal stress.

[0042] FIGS. 17 and 18 are schematic plan and elevation
views, respectively, of test sample 2. Test sample 2 included
an uncased bore 100 formed at approximately 5° from hori-
zontal. The bore 100 was also formed at approximately 45°
within a horizontal plane, as shown in the plan view of FIG.
17. The bore 100 of test sample 2 was not cased but did
include a tunnel 120 extending vertically or substantially
vertically from the bore 100. A fracture transverse to the bore
100 was 1n1tiated 1n the test sample at 2889 psi1. The fracture
1s believed to have initiated at the tunnel 120 and extended to
encompass the bore 100. The resulting fracture extended past
the bore 100 without causing multiple fractures.

[0043] FIG. 19 shows a schematic view of test sample 3.
Test sample 3 included a bore 100 that was not cased and did
not include a tunnel, and the bore 100 was formed at an angle
of 5° from horizontal. A fracture extending longitudinally
along the bore 100 was formed at a fluid pressure of 3903 psi
introduced 1nto the bore 100.

[0044] FIG. 20 shows a schematic elevation view of test
sample 4. Test sample 4 included an uncased bore 100 formed
at an angle of 5° from hornizontal. A vertical or substantially
vertical tunnel 120 extended from the bore 100. Fluid pres-
sure was introduced into the interior of the bore 100 and the
tunnel 120, which caused a fracture transverse to the bore 100
at a fluid pressure o1 3596 psi1. The fracture 1s believed to have

initiated in the tunnel and propagated to encompass the bore
100.

[0045] FIG. 21 shows a schematic elevation view of test
sample 5. Test sample 5 included an uncased bore 100 formed
at an angle of 5° from horizontal. The bore 100 did notinclude
a tunnel extending therefrom. The bore 100 was subjected to
an internal tluid pressure which, at a tluid pressure of 3525

psi1, caused a fracture extending longitudinally along the bore
100.

[0046] FIG. 22 shows a schematic elevation view of test
sample 6, which includes a vertical or substantially vertical
uncased bore 100. Fluid pressure was introduced into the bore
100, resulting 1n a fracture extending longitudinally along the
bore 100 at a fluid pressure of 2726 psi. Test sample 6 1llus-
trates the tendency to forming fractures extending longitudi-
nally along a vertical bore under stress conditions similar to
those 1n an earth formation.

[0047] In each of the experiments, the resulting fractures
propagated perpendicular to the minimum stress state. Fur-
ther, the results show that, for the bores including vertical or
substantially vertical tunnels extending therefrom, a fracture
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transverse to the bore was formed at a fluid pressure approxi-
mately the same as or lower than pressures forming a fracture
longitudinal to those bores that did not include a vertical or
substantially vertical tunnel extending therefrom.

[0048] A number of implementations have been described.
Nevertheless, 1t will be understood that various modifications
may be made without departing from the spirit and scope of
the disclosure. Accordingly, other implementations are
within the scope of the following claims.

What 1s claimed 1s:
1. A method of forming transverse fractures extending

from a horizontal wellbore comprising:
forming a wellbore within a subterranean zone, the well-

bore having a horizontal wellbore portion;

forming a tunnel extending from the horizontal wellbore
portion mto the subterranean zone towards the overbur-
den, the tunnel formed with a length adapted to initiate a
fracturing extending from the tunnel along a longitudi-
nal axis thereof being influenced 1nsignificantly by the
horizontal wellbore portion;

applying fluid pressure to an iterior of the horizontal

wellbore portion at a location proximate the tunnel to
form a fracture extending from the tunnel along a lon-
gitudinal axis thereof; and

propagating the imtiated fracture to encompass the hori-

zontal wellbore portion.

2. The method of claim 1, wherein forming a tunnel extend-
ing from the horizontal wellbore portion into the subterrancan
zone towards the overburden comprises:

inserting a tool 1n the horizontal wellbore portion; and

orienting the tool into a desired orientation to form the

tunnel.

3. The method of claim 1, wherein forming a tunnel extend-
ing from the horizontal wellbore portion into the subterrancan
zone towards the overburden comprises:

forming a first tunnel extending from a first portion of the

horizontal wellbore portion; and

forming a second tunnel extending from a second portion

of the horizontal wellbore portion opposite the first por-
tion.

4. The method of claim 1, wherein forming a tunnel extend-

ing from the horizontal wellbore portion into the subterrancan
zone towards the overburden comprises forming the tunnel

with one of a hydrajet, a laser, or a drilling tool.
5. The method of claim 4, wherein forming the tunnel with
a hydrajet comprises:
disposing a hydrajet into the horizontal wellbore portion at
a desired location therein;
orienting the hydrajet to form the tunnel; and

operating the hydrajet to impinge a fluid flow onto a surface
of the horizontal wellbore portion to form the tunnel.

6. The method of claim 4, wherein forming the tunnel with
a laser comprises:

disposing a laser into the substantially horizontal wellbore
portion;

orienting the laser to form the tunnel; and

operating the laser to form the tunnel.

7. The method of claim 4, wherein forming the tunnel with
a drilling tool comprises:

disposing a drilling tool into the substantially horizontal
wellbore portion;

orienting the drilling tool to form the tunnel; and
operating the drilling tool to form the tunnel.
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8. The method of claim 1, wherein forming a tunnel extend-
ing from the horizontal wellbore portion into the subterranean
zone towards the overburden comprises forming a tunnel
extending from the horizontal wellbore portion into the sub-
terranean zone towards the overburden at two or more difier-
ent locations along an axial length of the horizontal wellbore
portion.

9. The method of claim 1 further comprising 1solating a
portion of the horizontal wellbore at a location of the tunnel
betore applying the tluid pressure.

10. The method of claim 1, wheremn forming a tunnel
extending from the horizontal wellbore portion 1nto the sub-
terranean zone towards the overburden comprises forming
the tunnel with a length of at least one and a half (1.5) times

a radius of the horizontal wellbore portion.

11. The method of claim 1, wheremn forming a tunnel
extending from the horizontal wellbore portion into the sub-
terrancan zone towards the overburden comprises forming
the tunnel with a length of at least three (3) times a radius of
the horizontal wellbore portion.

12. The method of claim 1, wherein forming a tunnel
extending from the horizontal wellbore portion into the sub-
terrancan zone towards the overburden comprises forming
the tunnel with a length of at least six (6) times a radius of the
horizontal wellbore portion.

13. A wellbore system comprising:

a horizontal wellbore extending through a subterranean
zone; and

at least one tunnel extending from the horizontal wellbore
into the subterranean zone towards the overburden, the
at least one tunnel having a length adapted to form
transverse fractures relative to the horizontal wellbore.

14. The wellbore system of claim 13, wherein at least a
portion of the horizontal wellbore comprises a slanted portion
and wherein the tunnel extends from the slanted portion of the
horizontal wellbore.

15. The wellbore system of claim 13, wherein the at least
one tunnel extending from the horizontal wellbore into the
subterranean zone towards the overburden comprises:

a first substantially vertical tunnel extending from a first
portion of the horizontal wellbore; and

a second substantially vertical tunnel extending from a
second portion of the horizontal wellbore along a perim-
cter thereof opposite the first portion.

16. The wellbore system of claim 13, wherein the at least
one tunnel having a length adapted to form transverse frac-
tures relative to the horizontal wellbore comprises a tunnel
having a length of at least one and a half (1.5) times a radius
of the horizontal wellbore.

17. The wellbore system of claim 13, wherein the at least
one tunnel having a length adapted to form transverse irac-
tures relative to the horizontal wellbore comprises a tunnel
having a length of at least three (3) times a radius of the
horizontal wellbore.

18. The wellbore system of claim 13, wherein the at least
one tunnel having a length adapted to form transverse frac-
tures relative to the horizontal wellbore comprises a tunnel
having a length of at least six (6) times a radius of the hori-
zontal wellbore.

19. A method of forming fractures transverse to a horizon-
tal wellbore comprising:

forming a wellbore having a horizontal wellbore portion
within a subterranean zone:
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forming a tunnel extending from the horizontal wellbore
portion mnto the subterranean zone towards the overbur-
den, the tunnel formed with a length such that the hori-
zontal wellbore portion has 1nsignificant effects on for-
mation of a fracture extending from the tunnel along a
longitudinal axis thereof;

applying fluid pressure to an iterior of the horizontal

wellbore portion at a location proximate the tunnel to
form the fracture extending from the tunnel along the
longitudinal axis thereof; and

propagating the imtiated fracture to encompass the hori-

zontal wellbore portion.

20. The method of claim 19, wherein forming a tunnel
extending from the horizontal wellbore portion into the sub-
terranean zone towards the overburden comprises forming,
the tunnel with a length of at least one and a half (1.5) times
a radius of the horizontal wellbore portion.

21. The method of claim 19, wherein forming a tunnel
extending from the horizontal wellbore portion 1nto the sub-
terranean zone towards the overburden comprises forming,
the tunnel with a length of at least three (3) times a radius of
the horizontal wellbore portion.

22. The method of claim 19, wherein forming a tunnel
extending from the horizontal wellbore portion into the sub-
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terranean zone towards the overburden comprises forming
the tunnel with a length of at least six (6) times a radius of the
horizontal wellbore portion.

23. The method of claim 19, wherein forming a tunnel
extending from the horizontal wellbore portion into the sub-
terranean zone towards the overburden comprises:

inserting a tool in the horizontal wellbore portion; and

orienting the tool into a desired orientation to form the
tunnel.

24. The method of claim 19, wherein forming a tunnel
extending from the horizontal wellbore portion into the sub-
terrancan zone towards the overburden comprises forming
the tunnel with one of a hydrajet, a laser, or a drilling tool.

25. The method of claim 19, wherein forming a tunnel
extending from the horizontal wellbore portion into the sub-
terranean zone towards the overburden comprising forming a
tunnel at two or more different locations along an axial length
of the horizontal wellbore portion.

26. The method of claim 19 further comprising 1solating a
portion of the horizontal wellbore portion at a location of the

tunnel before applying the fluid pressure.
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