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(57) Abréegée/Abstract:

A limited entry perforating phased gun system and method for accurate perforation in a deviated/horizontal wellbore Is disclosed.
The system/method Includes a gun string assembly (GSA' ) deployed In a wellbore with shaped charge clusters. The charges are
spaced and angled such that, when perforated they intersect at a preferred fracturing plane. Upon fracturing, the fractures initiate
at least principal stress location In a preferred fracturing plane perpendicular to the wellbore from an upward and downward
location of the wellbore. Thereafter, the fractures connect radially about the wellbore In the preferred fracturing plane. The fracture
treatment in the preferred fracturing plane creates minimal tortuosity paths for longer extension of fractures that enables efficient oll
and gas flow rates during production.
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(57) Abstract: A limited entry perforating phased gun system and method for accurate pertoration in a deviated/horizontal wellbore
1s disclosed. The system/method includes a gun string assembly (GSA' ) deployed in a wellbore with shaped charge clusters. The
charges are spaced and angled such that, when perforated they intersect at a preferred fracturing plane. Upon fracturing, the fractures
mitiate at least principal stress location in a preferred fracturing plane perpendicular to the wellbore from an upward and downward
location of the wellbore. Thereafter, the fractures connect radially about the wellbore in the preferred fracturing plane. The fracture
treatment 1n the preferred fracturing plane creates minimal tortuosity paths for longer extension of fractures that enables etficient oil
and gas tlow rates during production.
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SPECIFICATION

TITLE OF INVENTION
LIMITED ENTRY PHASED PERFORATING GUN SYSTEM AND METHOD

CROSS REFERENCE TO RELATED APPLICATIONS

This applicaticon claims pricrity from US Application
No., 14/598,868 filed 16 January 2015, which is in turn a
continuation in part of US Application No. 14/17¢,05¢6 filed
3 February £201l4, now US Patent No. 95,038,521, issued

26 May 2015,

PARTIAL WAIVER OF COPYRIGHT

Ail ¢f the material in this patent application is
subject to copyright protection under the copvright laws of

the United States and of other countries. As of the first

effective filing date of the present application, this

material 18 protected as unpublished material.

However, permission to copy this material is hereby
granted to the extent that the copyright owner has no
objection to the facsimile reproduction by anvone of the
ratent documentation or patent disclosure, as it appears in

the United States Patent and Trademark Cffice patent file or

records, otut otherwise reserves all copyrigh rights

whatgoaver.
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STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

OR DEVELOPMENT
Not Applicable
REFERENCE TO A NICROFICHE APPENDIX
Not Applicable

FIELD OF THE INVENTION

The present invention relates generally to perforation
guns that are used in the oil &and gas industry to
explogively periorate well casing andg underground
nydrocarbon bearing formations, and more particularly to an
improved apparatus for explosively perforating a well casing
and  1iis surrounding underground  hydrocarbon bearing

formation in a preferred fracturing plane,

PRIOR ART AND BACKGROUND OF THE INVENTION

Prior Art Backaround

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

During a well completion process, a gun string assembly

18 poesitioned in an isolated zone in the wellbore casing.

The gun strang assembly comprises a plurality of perforating
guns coupled to sgach other either through tandems or subs.
The perforating gun 1is then fired, creating holes through
the casing and the cement and into the targeted rock. These

perforating holes connect the rock holding the oil and gas

and the well bore. "During the completion of an oil and/or

gas well, it 1is common to perforate the hydrocarbon
containing formation with explosive charges to allow inflow

of hydrocarbons to the well bore. These charges are loaded

2
SUBSTITUTE SHEET (RULE 26)



CcCA 02974013 2017-07-14

WO 2016/115452 PCT/US2016/013579

[

in a perforation gun and are typically shaped charges that

’

roduce an explosive formed penetrating et Iin a <¢hosen

direction”™ U8 7,441,601,

The empioviment of angled shape charge placement Lo

5 provide intersecting perforaticons has  gensrated great

¢

interest 1in recent vyears. BSee for example, Triple-Jet™

Ferforating System, a paper by I—ialliburton, Bersas, 2t ai,

F ol
‘ym

Ferforation on Target, Oilliield Review, and New practices Lo

Frhance Perforating Resulits, Oilfield Review. (all incluced

10 in the information [Disclosure material of this application;.

The intersecting pericration assist in cleaning the debris

From the perforated channel and are esgpecially ussful whers
there is crushed or logss material adiacent the well bore

hare the perforation is to be made and in sand formations.

15 Hydrocarbon fracturing tunneis have certain preferred
srientations where the effectiveness of extracting oil/gas
is greatest 1l.8., when a perforation is aligned aloeong the
tunnsls, olil/fgas flows though the perforation tunnels
without taking an alternate path that may Dbecome 2

2  restrictive path creating high tortuosity conditions.

Fractures will iniitiate and propagate in the preferred

fracture plane of the formation. Qriented pericrating

i
i

systems ¢an be used o more closely align a plane of

gerforation tunnels with a preferred Ifracture planse,

NG
37

%isalignment betwaen the preferred fracture plane  and
parforations in a well can result in significant pressurs
Srop due to tortuocsity in the flow path near the wellbore,

The perforations that are ghased at i degrees to the

preferred fracture plane create pinch points resulting in

:

30  pressurs loss and high tortuosity in the flow path.

Limited entry fracturing is based on the premise that

every perforation will be in communication with a hydraulic
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fractureg and will be contributing flurd during the treatment

at the pre~determined rate. Therefore, 1f any perfeoration

does  noet  participats, then ithe incremental rate per

J

perforation o©f every other pericoration 1s  increassd,

raesulting in higher perfcoration {ricticn. Therefcre, there
18 a need o angle and spacs spaced charges to faclilitate
the limited entry fracturing process 1o achlieve masimam

production efficiency.

By design, e=ach perforation in limited entry 1is

’

gxpected to Dbe invelved in the treatment. 1

=~
{33

}".P
S

perforations are invoelved, and the perforations are shot
with 0% 90¢, or 1:20° phasing, muliltipis fracturs planes may
be created, leading to substantial near wellbore friction
and difficulity in placing the planned fraciuring treatment.

Theraefore, there 13 a nesd for minimal multiple fracture

nitiations that do not create ineifective fracture planes.
Currently, 4 to 8 perforation holes are shot which will
reconnact to the predominant Ifracturing plane during
racturing treatment. Some of the perforation Lunnels Ccause

anerqgy and pressure loss during fracturing treatment which

reduces the intended pressure in the fracture tunnels. For

example, 1if & 100 ppm fracture fluid is pumped into each

tracture zone at 10000 PST with an intention to fracture
2ach perforation tunnel at 2-3 bpm, most ¢of the 2nergy 1s
Llost in ineffeciive fractures that have higher tortuesity
reducing the 1ntection rate per Ifracture Lo substantially
lesas than Z2-32 bpbm., Conseguently, the extent of Iracture
lengin 15 significantly reduced resuliting in less o1l and
gas fiow during production. Therefore, thers 138 a need for a
system Lo achieve the hignest and optimal intection rate per

perforation tunnal 8o that a maximum fracture length 1s

reallzed. The more ensrgy put through each perforation

tunnel, the more filuild travels through the preferred

4
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fracturing plane, the further the fracture extends. Ideallvy,
1000 of feet of fracture length from the wellbore is

cesired, Thnersiore, thers 1s a need Lo gelt longer extension

cf fractures which have minimal tortucsity. For example, in

P
P

order t¢ achieve 2 bpm in each perforation tunnel, & total

{ ¥

injection rate of 100 bpm at 1000psi for 50 perforation
tunnels regquires 12 clusters each with 4 charges. Therefore,
there is a need Lo shoot more zones with 4 perfarating noles

in each cluster that are oriented 2 up and ¢ down. Thers 1s

10 also a need for a swivel/gimbal system to orient the charges
in the desired direction to interest at the preferred

fracturing plane.

There 1s a need for the fracture to initlate at the top

and bottom first that has the least praincipal stress so that

13 there 1is enough flow rates to propagate the fracture. There
18 a need for a perforating gun that perforates such that

the fracture permeates radially te the direction of the

wallbhore,

Prior art U5 8I&7745 disgcioges & wellbore perforating

20  devices., In one example, a wellbore perforating device

nciudes a plurality of shaped charges and a holder that

}

hoids the pluralitv of shaped charges so¢  that upon
detonation the chargss intersect a common plane extending
transversely t¢ tThe holider. Howevey, there 18 a neeg Lo
25  fracture intersecting Jets inte a preferred fracturing plane

s0 that a fracture initiates and propagates transversely

inte a hydrocarbon formation.

Prior art US 8127848A discloses a method of perforating
g wellbore by forming @ perforation that is aligned with a
e

30 reservolir characteristic., such as direction

(1
{7
e
K43
et
{2,
'
oy
(i)

stress, Llines of constant formation propertis

-

formation dip. The wellbore can be perforated using a

S
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perforating system emploving a shaped charge, a mechanical
device, or a high presgure fiuid, The periorating system can
be aligned by asvmmetric weights, & moftor, or manipulation

A

from the welilbore surface. Howevey, there 15 a3 need oo

-

fracturing upwardly and downwardly to create prefsrred

fracture initiation peint at select lengths in the preferred

fracturing plane,

Prior art US 79i3758A discioses a methed for completing

an o1l and gas well completion is provided., The perforaftors

10 (10, 11} may be selected from any known or commoniy used
nerforators and are tvpically deplioved in a perforation guln.

The pesrforators are aligned such that the cutlting tets (14,

12} and their associated shockwaves converge towards each
cther such  that their interaction causes  1ncreased

15 fracturing of the rock strata, The cultiing dets mav be also

v

he aligned such that the cutting jets are deliberately

-

caused to celliide causing furthesr Ifracturing of the rock

strata. In an alternative embodgiment of ths invention tonsre
15 provided a shapsd chnarge liner wilh at least [wo concave
20 regions, whogse geometry 15 selected such that upon the
forced collapse of the linsr a plurality of cutiing jets 1is

Formed which yete are convergent or gre capable of collilding

in the rock strata. However, there is a need to fracturs

into a preferred fracture initiation point in & preferred

2%  fracture plane.

Priocr art Us 3030174 discligses a perforating gun

asaamoly (807 for creating communication patns for fauld

petween a formation (64} and a cased welldere (oh) includess
3 housing (84}, a detonator (8% poesitioned within the

30 nouszing (847 and z detonating cord (%3} coperably associated

with the detonator (8&). The perfcorating gun assembly (60}

also includes one or more substantially axially orientes

6
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collections {92, 94, 96, ¢B}) of shaped charges. Each of the

shaped charges 1in the collections (%2, 84, 8¢, 88} is

cperably associated with the detonating cord (8. In

&

agdition, adiacent shaped charges in =sach c¢ollection ({98Z;

L

94, Y&, B8} o0f shaped charges are oriented Lo convergs
toward one another such that upen detonatlen, the shaped
charges 1n each collection (89€, 94, Y5, 98) form dets that
interact with one ancther to create perforaticon cavities in
the formation (64). However, there i1s & need for fracturing
10 upwardiy and downwardly into a preferred {fracturing plans

perpendicuiar {transverse] to the well bore orientation.

4

The pricgr art as detailed above suffers from the

following deficiencies:

15 ¢ Pricr art systems do not provide for minimizing

mulbiple {racture initiations within a fracture stage,

¢ Prior art systems do not provide for £ or 4 orienting

e

shaped charges in  a oluster that intersect at a

preferred fracturing planeg when perforated.

b o

£ ® Prior art systems do not provide Ifor orienting shaped

charges with an internal swivel.

¢ Pricr art systems do neot provide for efficiently
raducing tortuesity and energy 1loss in a pearforation

tunnel .

23 ¢ Prior art systems do not provide for radially extended

ionger fractures in a prelfsrred periforation plane.

® Prior art systems do not provide for perforating mors
zones with less number of perforaticons in each cluster

for increasing wellbore production efficiency.

7
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-
e

¢ Prior art systems do not provide a system te fracture

‘

into & preferred Ifracture initiation point in  a

preferred Ifracture plane,

Whnile some of the prior art may teach some sglutions o
several ©of these problems, the core i1ssue of reacting to

unsaie gun pressure has not heen addressed by prior art.
OBJECTIVES OF THE INVENTION

Accordingly, the objectives of the present invention

3

are {among ¢thers) to circumvent the deficliencies in the

prior art and affect the following obiectives:
® Provide for minimizing multipie fracture initiations
within & fracture stage.

&

¢ Provide for 2 or 4 orienting shaped charges in a

cluster that interszsect at a preferred fracturing planse

when perforated,.

¢

¢ Provide for orienting shaped charges with an internal

swivel attached to the perforating gun.

¢ Provide for efficiently reducing tortuosity, energy

cration tunnel,

loss and pressure loss in a per

¢

# Provide for radially extended longer fractures in a

preferred perforation plane,

¢ Provide for perforating more zones with less number of

perforations in each cluster for increasing wellbore

production efficiency.

# Provide for a system to fracture into a preferrad

fracture initiation peint in a preferred fracture

plane.

8
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While these co¢obiectives should net be understood to
limit the teachings of fthe present invention, in general
these objectives are aghieved in part or in whole by the
disclozed invention that 1s discussed in the following
sections. One skilled in the art will no doubt be ablis to
selact aspects o©f the present invention as discliosed to

affect any combination of the objectives described above.
SRIEF SUMMARY OF THE INVENTION

S 9 & t 3 m @V% W 5 %W

The present invention in various embodiments addresses
ohe or more of tne ahove obje&ti%&& in the folliowing manner.
The present invention provides a system that ilncludes a gun
atring assembly {(GSA] deploved in a wellbore with shaped

charge c¢liusters, The charges are spaced and angled sucn

that, when perforated, thev intergect at a preferred

fracturing plane., Upon fracturing, the fractures initiate at

ieast principal stress location in a preferred fracturing

plane perpendicular toe the weilbore from an upward and
downward location of the wellbore, Thereafter, the fractures

connect radially about the wellbore in  the preferred

fracturing plane. The fracture treatment 1in the preferred

fracturing plane creates minimal tortucsity paths for longer

extension of fractures that esnables efficient o1l and gas

Llow rates during production.

The present invention system mavy be utilized in the

context of an overall lLimited entry phazsing perforating

nethod, wherein the yhasing perforating gun system as

e

descriped previocusly is controlled by a wmethod having the

foilowing steps:

9
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(1} positioning tne gun aleng with the plilural upward

charges and plural downward charges 1in the

wellbore casing:

(£} orienting plural upwarg charges and plural

downward charges in a8 desired direction: and

{3} perforating with plural upward charges and plural

downward charges into a hydrocarbon formation suc
that pilural upward charges and plural downward

charges intersect at the preferred fracturing

plane,

integration of this and other preferred exemplary
emoodiment  methods in  cenjunction with a variety of

preferred exemplary embodiment systems describesd herein in

anticipation by the overall scope of the present invention.
SRIEF DESCRIPTION OF THE DRAWINGS

For a Iuller understanding of the advantages provided
by the invention, reference shouid be made to the followins
detalled description together with the accompanving drawings

wherain:

Figure 1 1s a secticnal view of an sembodiment of &

perforation gun assembly of the invention.

Figure 2 15 an end view of the perforating gun shown in
Figure 1.

P

Figure 3 1s a perspective view of the barrel and shaped

&

charges of an smbodiment of the invention.

Figure 4 13 asaide view 0f the embodiment of Figure 3.

[ 1)

Figure 5 1is a perspective view of a barrel of an
embodiment o©of the invention showing placement of shaped

Charges on a support strip,

10
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Figure & iz a side view of a shaped charge suitablis for

i

uge in embodimants of the invention.

gr-r
i

FIG., 7 illustrates an exemplary svstem cross section of

alternatively positioned shaped charges in a perforating gun

5oaceording to a  preferrved  embodiment of  the present
invention.

PiG. 7R 1llustrates an exemplary system perspective

view of alternatively positioned shaped charges in  a

periforating gun according to a preferred emboediment of the

10  present invention.

o0

'?"?:E
:4

: tllustrates an exemplary svstem coross sachtion of

shaped cnarges in a perforating gun accerding te a preferred

embodiment of the present invention.

FIG., A illiustrates an exemplary system perspective
1% wiew of shaped charges in a periorating gun acgeording to a

mreferred enmbodiment oif Lhe prasgent invention.

FIG. ¥ illustrates an exemplary svstem block diagram of

v 1}

preferred fracturing plane  according  to & preferred

embodiment of the present invention.

2 {] FIG. 10 dillustrates an exemplary system Ccross section

el

cf upward and downward shaped charges in & perforabting gun

for creating preferred initiation peolints in a preferrved

fracturing plane acceording to & preferrved embodiment of the

present invention.

23 FIG. 11 dllustrates a detailed flowchart of a preferred

exemplary phasing perforation method with shaped charges

according to preferred exemplary invention embodiments.

11
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RESCRIPTION OF THE PRESENTLY PREFERRED EXEMPLARY

EMBODIMENTS

While this invention is susceptible ©of embodiment in
many different forms, there 1is shown 1in the drawings and
will herein be described in detalled preferrved embodiment of
the invention with the understanding that the present
disclosure is to be considered as an exempiification of the

e

crinciples ¢of the invention and is not intended to limit the

b

broad aspect of the invention te the embodiment i1llustrated.

The numerous innovative teachings of the present
application will be described with particular reference to
the presently preferred embodiment, wherein thess innovative
teachings are advantagecusly applied to the particular

proplems of a limited entry phasing perforating gun system

and method. However, it should be understood that this

emiodiment 1s onlv one example of the many advantageous usss
cf the innovative teachings herein. In general, statement
mada in the speciiication of the present application do not
necassarily limat any of the wvarious claimed inventions
Moreover, som2 statements may apply to some inventive

features but not to cothers.

Thiz invention provides an improved tool {gun)
and method of installing shaped charges at variable anglies
within a c¢arrier assembly in order to cause Lwo ¢r mnore
perforating tunnels to intersect at & prescribsd distances
cutside of the well caszing. ALl known current methods
require special tooling that have long and costly lead times

ol dm
—

and are deficient in actually securing the anglie ol

intercept. Embodiments of teools of the invention help to

“i

ensure that the charges collide at the prescriped location

cutside of the casing. The disclosed apparatus {tool} is

12
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comprised of a support strip that is welded or otherwise
sacured into a tubular support. The spacing betwesn each

charge on the support can de adiusted and the flat support

5

hase can be inserted at wvarious angles within the support

S

5 member Lo accurately control the point of intersection., This

-n

fiat surface provides a solid base for securing the shaped

charge and the round tubing prcvide the structure nszeded to
form a rigid geometric frame. A& flat support strip is
described and preferred but concave or convez geometries can
10 also be utilized as the suppoert base to optimize chargs

performance., Thig system provides an improvenent over other

kriown embodiments by securely and accurately focusing the

shaped charges at a variable distancs into the formation.
In broad scope the pesricorating tool of this invention
15 comprises;

a cvlindrical barrel having angled circular cutouts for

placement of shaped charges in shape,

charge cases;

support stripsgs comprising metal strips with & centered

-t

dU  noie to receive g shape charge case,

wherein the shape charge c¢ase has a circumferential
crojection that will not pass through the hole and provides

auppoert for a shaped charge casge on the strip:;

siots cut into the cylindrical barrel to support the
Z%  adges of Che support strips, cut at a predetermined angle to

m

provide location for perforations from the shaped charges.

Referring to Figures 1-5 there 1s illustrated the gun

assemply, 1008, of an embodiment of the invention. As shown
there 18 the covlindrical gun body, 130, with the barrel
36 {load tube}) 126 disposed inside. The barrel, 128, has

muitipie precisicon cut slots, 127 that allow the charge case

13
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124 to be inserted into the barrel 148 and subseguently rest

n the support strip 128. The hoeles may be located on any

sigde ©of the circumference of the parrel to achieve the
desired target perforaticons. The holes are preferably cut
through the barrel wall 3T an angle perpencdicular (800) to
the plane ¢f the orientation of the support strip. A shaped

charge case, 144, 1s disposed in a hole in a support strip

(348}, resting on a projection, 135, on the circumfsrence of
the charge case {see Figures 5 and 8}. The shape charge case

tection 135 that is larger diameter than

(Figure &) has a pro

the hole in the support strip so that the bottom of this

projection {(138) rest on the sided of the hele in the
support strip. The charge is connected to a detonating cord
{or other detonating means) at 138, The charge case is
secured to the support strip (128,128) by any sultable

means. In a prototype {(and possible production model) there

18 a thin strip cut into the inside barrel wall that may be
Dent over o press against the top o©f the charge case
preotection and thus provide reversible sscurement means. The
charge case may be sscured by small clamps, by adhesive or
Ly welding., Other means will be obvious to those skilled in
the metal fabrication art. The support strips {128,128} are

)

ingerted inte slots cut into the barrel. The support strip

will generally be flat metal pieces but may alse be curved,
Slots in the bkarrel are angled as desired to allow any
configuration ¢f slanted charge paths. If the support strips
are metal (preferred) they will be welded into the slots,
but they may &also be attached by other means such as a
atrong adhesive, a locking mechanism built into the sglots
and support sitrips or any other means that will achiesve =z
secure attachment as will be apparent to those skilled in

the art. This arrvangement of charge cases secursely rested

and secured on the support plates, together with the ability

14
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to angle the flat piated 1nto the barrel at any desired

angle provides the means of relatively simple, precise and

reliable angled charge placemat and therefore perforation

placement,

5 The barrel 1s secured in gun body at sach end as shown
in Figure 1 and 2 (125 and 132) or by other suitable means
within the skill of those skilled in the art. Computer aided
iagery machining greatly facilitated the precision and
reliability of the cuts needed in manufacturing the tools of

L0 embodiments of this invention, particularly the barrel ocut

=

cpenings (127} and the slots for the chargs plate.

in coperation the desired angles are predetermined to

achireve the desired perforation intersection pattern and the
barrel cuts designed and machined accordingly. The barrel is
1o disposed in a gun body for use in a well bore,

Freferred cxemplary System Block Diagram of a Limited Entry

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Phasing Perforating Gun Svstem {0700 - Q800

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

\\\\\\\\\\\\\\\\\\\\\\\

The pregent invention may be seen in more detail as
generalilly illustrate in FIG. i {0700}, wherein 3

_— o

20 periforating gun is deployed inside a wellbore casing along

with plural shaped charges (0707, Q704, 0705, 0708). The
piural shaped charges in the gun together may herein be
referred Lo as “cluster”. Even though four charges have been
shiown in the Fig. 7 (8788}, the cluster may comprise two
223 angled charges according fto a preferred exemplary

embhodiment.,

Limited entry perforation provides an axcellent means
of diverting fracturing treatments over several zones of

interest at a given injection rate. In a given hydrocarbon

30 formation multiplie fractures are not efficient as they

create tortuocus paths for the fracturing fluid and therefore

15
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resuits 1n a loss of pre

0

sure  ang energy. In a given
wellpore, 1t is more =fficient to 1szolate more zones with
clusters comprising less snapad charges as compared Lo 1less

zones with clusters comprising more shaped charges. For

example, at a pressure of 10000 P31, to achieve 2 barrels

per minute flow rate per pericoration tunnei, 12 to 20 zones

and 12-15% clusters each with 15-20 shaped charges are used

currentlily., Instead, to achieve the szame fiow rate, a nmore

efficient method and svstem iz lscliating 80 zones with more
clusters ang using 2 or 4 shaped charges pey ciuster whilie
perforating o intersect at a preferred fracturing plane,
Bases on  the geclegy of the hwydrocarbon, & preferred
fracturing plane may be determained, It has been found in
field studies that the preferred fracturing plans 1is

perpendicular to the weilbore casing orientation.

As  generally illustrated din FIGC, 7 (@780}, the
preferved  perforating  plane (OTLE) i Lransversely
rerpendicular Lo the wellbore corientation (07208). According

b a  preferred exemplary embodiment, the weallbore

i

srientation (§728) may be at slight angle to the horizontal.

The siight angle may be within a range of +- 30 degrees.

According o verl anothern praferred 2XEMPLIATY
embodiment, increasing the number of fracturing zones with

an increasing number of clusters while limiting the shaped

charges Lo 2 or 4 per cluster provides for better efficiency

wn fracturing a preferred fracturing plane. Conventional

perforating systems use 1Z-15 shaped charges per cluster
while perforating in a 60/90/120 degrees or a §/180 degrees

phasing. This creates multiple fractures planes that are not

efficient for fracturing treatment as the fracturing fiuid
foliows & teortusus path while leaking senergyv/pressurs
intended for each fracture. Creating ninimum number of

multiple fractures near the wellbore 18 desired so that

16
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anergy l1s primarily focused on the preferred fracturing
plane than leaking off o¢or losing energy to undesired

fractures., According to & preferred exemplary embodiment,

crienting limited number ¢f shaped charges per cluster that
intersect at a preferred fracturing plane creates longer

extension of fractures as a result of minimal tortucsity and

minimal muitiple fracture initiations. Ideally, & charges

may e radially positioned arcund the gun such that they

perforate 1in the same plane. But, the configuration reguires
smalley charges and larger diameter guns, Dug o the
physical limitations of charge effectiveness and perforating
gun  diametery, 1t nmay be desirable to limit the shaped
charges to £ or 4 per cluster. Such a syvatem would enable
fracturing fluid teo go down the length of the perforation

tunnel and intersect at & place where the fracture is

created while connecting to the fracture below to create a

ieast tortucus path. Accoerding to a preferred exemgplary
ambodiment, 60 to BO clusters with 2 or 4 charges per
ciuster may be used in a wellbore completion to achieve

maximum efficiency during oil and gas production.

Atter a stage has been lsolated fOf perioration, a
pericrating gun string assembly (GS3) may be deploved and
pogitioned in the isolated stage. The G353 mav include a
string of perforating guns such as gun {8708} mechanically
coupled to esach other through tandems or subs or transfers,
After a GSA is pumped 1into the wellbore casing (@701}, the
GSA may poesition on the bottom surface of the casing due to
such that the charges
(707, 0704, Q7085, 0708} inside a charge holder tube (CHT)

.4
r'n

gravity. The GSA may corient itsel:

ars angularly oriented, The charges may be oriented with a

metal strip (0702) as aforementioned. Ac¢cording to &
preferred sxemplary embodiment, an internal pivot support is

shaped as a gimbal to suspend the charges so that they are

17
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angularly oriented towards the preferved fracturing plans,
The spacing pbetween the spaced charges (@707, 0704, 705,
GPO&) may be egual or unsqual depending on distance reguired
to achieve the azired orientation. In one exemplary
preferread anpodiment, the charges are spaced egually at 3

b

inches apart. For example, space charge (0703) and space

chiarge (Q704) are positioned at a distance {0708) of 3
inehes, The spaeing between the space charges may range from

1 inch to 40 inches.

In another preferred exemplary embodiment Ltwo space

charges {8703, 0705%) are angularly oriented downwards
Cloownward charges”) and two space charges (8704, 0708) are
angularly oriented upwards {Mupward charges”). The angle of
the upward charges may be such that they are griented to
intersect abt a preferred fracturing plane [(§710) at an
upward initiation point {(87131). In one preferred exemplary
emoodiment, the upward chargs {(0T04) is oriented at an angle
(OFU7) of 13 degrees Lo the preferred fracturing pnlane

(B710) and the upward charge (0706} 1s oriented at an angle

{5

(Q708) of 35 degrees to the preferred fracturing plane

(0730, Thne angle of the upward charge to the preferred

fracturing planse (0718} may range from 1 degree to 75
degrees. Similarly, the angle of the downward charges may be
such That they are oriented o intersect at a preferred
fracturing plane ({0718} at a downward initiation point
(732} . According to  yet ancther preferred exemplary

emoodiment, the downward charge {(§7083) is orisnted at an

angie of 35 degrees to the preflerred fracturing plane (710
and the downward charge (0705} 1s oriented at an angle of 13
Gegrees Lo the preferred fracturing glane {(8718). The angle

of the downward charge to the preferred fracturing plane

(G710} may range from 1 degree to 7% degrees. According to

18
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g further exemplary embodiment, the upward initiation point

prw N

gnd the downward initiation point are eguidistant from a

longitudinal axis of said perforating gun (8708). For

cxample, the distance from downward initiastion point (8712}

{57

to an intersecting poeint {8713} may be equal to the distance

p . A

from wupward initiation point ({0711} to the intersecting

point {(Q713).

In vet another preferred exemplary 2mbodiment, the two

Upward Ccharges are positioned at twoe ands of the cluster and

U the twoe downward charges are poaitioned between the upward
charges, The charges are arranged such that at least two of

the charges with same orientation are in between at least

two of the charges with opposite orientation. For example,

as 1llustrated in FIG. 8 {0808}, the upward charges (0BO4,

1o (806 are positioned at the two ends of the ¢luster and the
downward charges (QBO3, GBOLS) are positioned in between the
upward charges, Alternatively, the downward charges {0883,
OBDS) may be peositioned at the two ends of the cluster and

d

the upward charges (0804, G806) are positionsd in bestwsen

20 the downward charges. The angle of the upward charges may be

{3

such that they are oriented to intersect at a preferred

fracturing plane (0810} at an upward initiation point

.-

(0833} . The angle of the downward charges may be such that

they are oriented to intersect at a preferred fracturing
23 plane (0818} &t a downward initiation point (0812}, In a
further preferred exemplary enbodiment, the upward charges
are oriented at a 52 degree angle to  the wellbore
crientation (0BZQ). As generallyv illustrated in FIG. 8
(QROU} , upward charge (08B04) is angled at 52 deqgrees to the
30 wellbore orientation (0820}, Similarly, upward charge {(OBO8)

18 angled (Q887) at 52 degrees to the wellbore orientation

(0820} . The angle of the upward charge to the wellbore

19
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_—-

sntation (G818) may range from 1 degree to 75 degrees. In

AL

further preferred exemplary embodiment, the downward
charges are oviented at a 13 degres angle (08B88) to the

'

wellbore orilentation. The angle of the downward charge to

> the wellbore orientation {(8818) may range from 1 degree to

fana

15 degrees. According to a further exemplary embodiment, the

: ¢ L] | c

upward initiation peoint and the downward initista point

are equidistant from a longitudinal axis of said perforating
gun (0808} . For example, the distance from downward

10 initiation podint {0812} to an intersecting point {0813) may

pe egqual to the distance from upward initiation point {($811)

to the intersecting point (0813} . It should be noted that

the orientation of the shaped charges are shown for

1ilustration purposes onlyv., One ordinarily skilled in the

T

15  art would choose an angle such the charges intersect at a

creferved fracturing plane.

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

VT
£ 4

G, 9 {08Q0) shows multiple fracture zones {(Q802)

20 fractured with oriented shaped <charges perforated with
anguiarly oriented charges intersecting at a preferred
fracturing plane according to an exemplary embodiment. After
a zone 1is 1isolated; a gun string assembly (GSAY is lowsred
into a wellbore casing (0801). The perforating qun system as

<3 afcrementiconad perforates a3 stage with the oriented charges

that antersect at preferred fracturing plane {(0810).

According to a preferred esxemplary embodiment, the preferred

fracturing plane {8810} is almost transversely perpendicular

to the orientation (0828) of the well bore. The preferred

38 fracturing plane {(0810) may be at a slight coffset angle Lo

thne transversely perpendicular orientation. The slight

cffset angle may be within a range of +- 45 degrees. For

20
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example, the fracturing plane {8818} may be at angle of 80

degress to the well bore orientation. In another example,

the fracturing plane {(0810) may be at anglis ¢f 45 degress to

the well Dbore orientation. In  another example, the

5 fracturing plane (0810} may be at angle of 90 degrees
(Lransversely perpendicular; to the well bore orientation.
With a wireline, the GSA 1s pulled up the wellbore in the
zone Lo the next stage and periorated in a simliar manner

until all the stages in the fracture zone are perforated. A

10 fracturing fiuid is then pumped at high pressures s¢ thatv

the fracture fluid extends the fractures to the maximum

extent in the preferred perforating orientation. The extent

~—

e the fracture length extending radially ocutward from the

wellbore casing may be 1000 feet according to a preferred

15 exemplary embodiment.

Preferred Exempiary System Block Diagram of a Preferred

The present invention may be seen In more detail as

20 generally illustrated in  FIG. 10 {10008}, wherein a
perforating gun is deploved inside a wellbore casing along
with plural shaped charges {1003, 1004). The plural shaped
charges in the gun together may herein be referred to as

“cluster”. Even though two charges have been shown in the

A
{ 5

Fig. 10 {1000), the cluster may comprise four angled charges

accerding to a preferred exemplary embodiment.

As generally illustrated in FIG. 10 {34808}, the
praferred perforating plane ({1818} may be transversely

perpendicular to the wellbore orientation (10208). According

£ 22
22

te & preferred exemplary anbodiment, the wellbore

orientation (1020) may be at slight angle to the horizontal.

21
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According  to  a preferred exemplary  embodiment,

orisnting limited number of shaped charges per cliluster that

|

intersect at a preferred fracturing plane creates longer

exteansion of fractures as a result of minimal tortucsity and

(e
s

5 minimal multiple fracture initiaticns., The orientation of

the shaped charges may be such that when perforating, the

upward charge (1803} creates a prelsrred upward fracture

initiation point (1011} in the fracture tunnels and downward
charge (1004} creates a preierred downward Ifracture

00 initiatieon poant {101 in fracture tunnels. According to a

preferred  exemplary embodiment, the preferred upward

fracture initiation point {1011} and preferred downward
fracture initiation peint (1012) may lile in szsame preferred

fracture  plane.  Similariy, preferred upward fracture

195  1initiation point {1802} and preferred downward fracture
initiation point (10085} may be created by the charges Lo

craate desired fracture initiation length for sfficient

fracture and minimal tortuosity conditions, The length of

)

the preferred fracture initiation mayv ke customized by

21  orienting the charges at & desired angle., For example,

=t

:

upward charge (1803} could be angled (1807} to initiate a
preferred fracture initiation point (1011} in the preferred
fracture plane (1818} . Similariy, downward charge (1004}
could be ancled {1808} to initiate a ypreferrved Iracture
25 initiation point {10812} in the preferred fracture plane

(L8018} . According to an exemplary embodiment, preferred

fracture 1nitiation points may be created at select
distances 1in the preferred fracture plang in order to

efficiently Ifracture the tunnels with minimum tortucsity,

{3
2

The upward charge and the downward charge may be orientsd

within 1 degree to 75 degrees to the preferred fracturing

plane (1018). According to an exemplary embodiment, the

22
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distance from the preferred upward fracture initiation point
(1011} to the intersecting longitudinal axis point {(1013)

l“

may be equal to the distance from the preferred downward

¢

fracture initiation peint (101} to the intersecting
o> longitudinal axis point (1813). The upward initiation point

and the downward initiation point are eguidistant from a

ltongitudinal axis o©f the perforating gun. In ancther
preferred exemplary, the upward initiation point and the
downward initiation point are eguidistant from a centerline

f’

10 ¢of the well bore casing. In some instances the centerline of

the well bore c¢asing and the Jlongitudinal axis of the

perforating gun may the szame. In <other instances, the
centeriine ¢f the well bore casing mavy be higher than the

iongitudinal axis of the perforating gun.

15 Preferreg Exemplary Flowchart Embodiment of an Phasinag

As generally seen in the flow chart of FIG., 11 (1190},

a preferred exemplary phasing wellibore yverforstion method

with angularly oriented shaped charges wmay be generally

20  odescribed in terms of the following steps:

-

roning the gun along with at least one of the

E..: -

(L) posit

|
I

upwarda charges and at least one of plural

ﬁJ

piural

downward charges in the wellbore casing {(1101});

(2} orienting at least one of the plural upward
25 charges and  at  ieast one of plural downward

charges in a desired direction {1182); and

{3} perforating with at least one of the plural upward

'

charges and at least one of plural downward

charges into a hydrocarbon formation such that at

30 least one of the plural upward charges and at

23
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Lleast one of plural downward charges intersect at

the preferrved fracturing plans {131§3).

The present inventicn system anticlpates a wide variety
of variations in the basic theme of phasing perforating gun

orisnting system in & wellbore casing comprising a plurality

4=

of upwardly oriented shaped charges {upward chargss} and a

plurality of downwardly coriented shaped charges {(downward

chargesa) wherelin:

at least one of the upward charge 1s configqured to

to orientation of

srient in an angularly upward direction

the wellbore casing;

at lieast one of the downward charge is configured fo

orient in a angularly downward direction tTo orientation of
the wellbore casing:; an

the

when periorating, plural upward charges and the

intersect in &

clural downward charges are configured to

preferred fracturing plane; the preferred fracturing plane
18 transversely perpendicular to ¢rientation ¢f the wellbore

casing.

This general gsvstem summary may be augmented by th

3

various elements described herein to produce a wide varisty

of invention embodiments consistent with this overall design

description.

Method Summary

The present i1nvention method anticipates a wide variety

&>

-t

of varistions in the basic theme of

implementation, but can

he generallzed as a limited entry phasing perfcrating gun

maethod wherein the method is performed on a phasing

perforating gun svstem comprising a plurality of upwardly

0
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oriented shaped charges {upward charges} and a plurality of
downwardly oriented shaped charges {downward charges)

wherein:

at least of one the upward charge 1s conficured to
5 orient in an anguiarly upward direction to corientation of

the wellibore casing;

at least of one the downward charge 1s configured to
crient in a angularly downward dirsction to corientation of

the wellbore casing: and

10 when perforating, the plural upward charges and the
plural downwarg chargses are configured to intersect in a
preferred Ifracturing plane; the preferred fracturing plane
i8 Lransversely perpendicular to orientation of the wellbore
Casing;

%

15 wherein the method comprises the steps ¢

aar g

n

{1} positioning the gun along with at least one of the
plural upward charges and at least cone of plural

gownward charges 1n the wellbore casing:

T o

20 (2 orienting at ls=ast one of plural upward charges
ana at ieast one of plural downward charges in a

gesirend dirsction: and

{3} perforating with at Lesast cne of the plural upwarc

charges and at least one of plural downward
25 charges into a hydrocarbon formation such that at

- 3

ieazt one of the gplural upward charges and atb

teast one of plural downward charges intersect at

the preferred fracturing planes.

This general method summary may bhe augmented by the

30 various elenments described herein to produce a wide variety

25
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of invention embodiments consistent with this overall design

description.

tiod Variatio

)
llllllllllllllllllllllllllllllllllllllllllllllllll

Systemiiie

---------------------
b

The present invention anticipates a wide vwvariety of

variations in the basic theme of oil and gas extraction.

The examples presented previocusly do not represent the
entire scope ¢f possible usages. They are meant to cite a

few ¢of the aimost limitless pessibilities,

This basic system and method may be augmented with a
variety of ancillary embodiments, including but not limited

Lo

¢ An embodiment whereln the plural upward charges are

spaced equally.

 An enmbodiment wherein the plural downward charges are

spaced agually.

® An embodiment wherein the perforating gun comprises one

the upward charges and one the downward charges.

®  An embodiment wherelin the perforating gun comprises Lwo

the upward charges and two the downward charges,

¢ An embodiment wherein the upward charges are configured
te intersect at an upward initiation point in the
preferred fracturing plane; the downward charges are

configured to intersect at a downward initistion point

in the preferred fracturing ylane; and the upward

initiation point and the downward initiation point ars

equidistant from & longitudinal axis of the perforating

guri.

& An empodiment wherein the plural downward charges are

26
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positioned in between the pilural upward charges.

& An empodiment wherein an angle between at least one the

npward charge corientation and the wellbore casing

crientation is bhetween 1 deagreas and 75 degrees,

¢ An embodiment wherein an angle bhetween at lzast one the
dovwnward charge orientation ana the wellbore casing

crientation 13 betweesn 1 degrees and 75 degrees.

2 An embodiment wherein an angle between at l=2ast one the

upward charge orientation and the wellbore casing

crientation 1s Hd degrees.

» An embodiment wherein an angle beitwesn at lsast one the
downward charge orientaticon and the wellbeore casing

orientation 1is 13 degreas,

s An embodimenit wherein the plural upward charges and the
plural downward charges are peositioned alternatively in

the perforating gqun.

¢  An embodiment wherein an angle between at least one the

upward charge and the preferred fracturing plane is in

between 1 degrees and 7D degrees.

¢ An embodiment wherein an angls between at least one the
downward charge and said preferred fracturing plang is
in betwsen 1 degress and 75 degrees. An enpodiment

wherein:

an angle between at least one the upward charge and the

preferred fracturing piane 1s 13 degrees;

angle between at least one the upward charge and the

creferred Ifracturing plane is 35 degrees;

27
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angle between at least one the downward charge and the

preferred fracturing plane 1is 13 degress; and

angle between at least one the downward charge and the

preferred fracturing piane 1s 30 degress.

5 ¢ An emboediment wherein the wellbore casing orientation

is horizontal.

¢ An embodiment wherein the wellbore casing orientation

15 at an angle to horizontal direction.

¢ An embodiment wherein the shaped charged are oriented

with a swivel; the swivel 1s internally attached to

frmmd

said gun.

One skilled in the art will recognize that other

embodiments are poessible based on combinations of elements

i3 taught within the above invention description.
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LONCLUSION

A& limited entry periorating phasing gun system and
nethod for accurate perforation in a deviated/horizontal
wellbore has been discleosed. The system/method includes a

3 gun string assembly (G33) depioved in a wellbore with shaped

chiarge <lusters. The charges are spaced and angled such

that, when perforated, they intersect at a ypreferred
fracturing plane. Upon fracturing, the fractures initiate at

least principsl stress location in a preferred fracturing

L0 plane perpendicular to the wellpore from an upward and

downward ilgcation ¢f the wellbore, Thersafter, the fractures

connect radially asbout the wellbore in the preferrsad
fracturing plane. The Ifracture treatment in the preferred
fracturing plane creates minimal tortuosity paths for longer

Lo extension of fractures that enables efficient oil and gas

Fiow rates during production.
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CLAIMS

1. A phased ©perforating gun orienting system 1n a
horizontal wellbore casling comprising a plurality of
upwardly oriented shaped charges (upward charges) and a
plurality of downwardly oriented shaped charges
(downward charges); each of said upward charges and
sald cownward charges are spaced apart along a
horizontal axis and each of sailid upward charges and
sald downwarc charges are configured to occupy a
distinct transverse plane along sailid horizontal axis;

wherelin:

at least one said upward charge 1s configured to orient
in an angularly upward direction such that when
perforating at least one salid upward charge
creates a preferred upward fracture 1nitiation
point 1n a hydrocarbon formation above said

horizontal axis along said wellbore casing;

at least one said downward charge 1is configured to
orient 1n a angularly downward direction; such
that when perforating at least one said downward
charge creates a preferred downward fracture
inlitiation point in a hydrocarbon formation below
sald horizontal axilis along saild wellbore casing;

and

said preferred upward fracture initiation point, said
preferred downward fracture initiation point and a
point along said horizontal axis along sazid
wel_ bore casing lie 1n a preferred fracture plane;
sald preferred fracture plane 1s transverse to

sald horizontal axis.
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2. The phased perforating gun orientation system of claim

1 wherein an angle between at least one said upward

charge and said prefecrred fracturing plane 1s 1n

between 1 degree and 75 degrees.

e

The phased perforating gun orientation system of claim

1 whereln an angle between at least one said downward
charge and saild preferred fracturing plane 1s 1n

between 1 degree and 75 dedgrees.

4. The phased perforating gun orientation system of claim
1 said preferred upward fracture 1linitiation poilnt and
sald preferred downward fracture 1nitiation point are

equldilistant from a longitudinal axils of sald

perforating gun.

. The phased perforating gun orientation system of claim
1 salid preferred upward fracture 1nitiation point and
said preferred downward fracture 1initiation polnt are

equidistant from a centerline of said well bore casing.

6. The phased perforating gun orientation system of claim
1 wherein said perforating gun comprises one said

upward charges and one said downward charges.

The phased perforating gun orientation system of c¢laim

]

1 wherein said perforating gun comprises two said

upward charges and two said downward charges.
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| Limited Entry Phased Perforating Gun Orienting
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Position a perforating gun along with at least one of
piural upward charges and at least one of
piural downward charges in a wellbore casing
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Urient at least one of plural upward and at least
one of downward charges in a desired direction
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rFerforate with at feast one of upward plural charges and
at /east one of downward charges into a hydrocarbon formation
sucn that at least one of upward plural charges and at least one of
cownward charges intersect at the preferred fracturing plane
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