I *I Innovation, Sciences et Innovation, Science and CA 2999025 C 2019/06/04

Déeveloppement economique Canada Economic Development Canada
Office de la Propriéete Intellectuelle du Canada Canadian Intellectual Property Office (11)(21) 2 999 025
12 BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2015/09/18 (51) Cl.Int./Int.Cl. E21B 29/00 (2006.01)
(87) Date publication PCT/PCT Publication Date: 201//03/23 (72) Inventeurs/Inventors:

- _ BELL, WILLIAM T., US;
(45) Date de delivrance/lssue Date: 2019/06/04 SAR| GH IAMES G. U 3

(85) Entree phase nationale/National Entry: 2018/03/16
(73) Propriéetaires/Owners:
(86) N° demande PCT/PCT Application No.: US 2015/051060 BELL, WILLIAM T., US:

(87) N° publication PCT/PCT Publication No.: 2017/048292 RAIRIGH, JAMES G., US

(74) Agent: NORTON ROSE FULBRIGHT CANADA
LLP/S.E.N.C.R.L., S.R.L.

(54) Titre : OUTIL DE DEVISSAGE AU CORDON EXPLOSIF AVEC EXPLOSIFS EQUILIBRES EN PRESSION
(54) Title: STRING SHOT BACK-OFF TOOL WITH PRESSURE-BALANCED EXPLOSIVE

3 3 / 38 u 45 35

\/ -

0 "///
V.

77277777
]
37 38 M 44 45

(57) Abrege/Abstract:

A back-off tool comprises a magazine cylinder having one distal end of a long mast rod secured to the lower end-face of a
magazine cylinder. The magazine cylinder Is attached to an electrically detonated firing head. A first plurality of blind hole cavities
penetrate the magazine cylinder end- face around the mast rod junction. A second plurality of elongated detonation cord ends are
Inserted into high temperature grease filled magazine cylinder cavities. From the cavities, the detonation cord lengths are bound to
the rod surface along the rod length by non- metallic cord. The tool assembly Is secured to the end of a wireline or tubing string for
downhole placement and detonation.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca I*’I
50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca al l a



w0 2017/048292 A1 1]H0FI0A 00D N1 0 Y AR O A

CA 02999025 2018-03-16

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
VRN A0 R T D

Organization oS
International Bureau moane™ . o
::'f/)) (10) International Publication Number
(43) International Publication Date g WO 2017/048292 A1
23 March 2017 (23.03.2017) WIPO | PCT
(51) International Patent Classification: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
E21B 29/00 (2006.01) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
, o K7, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MQ,
(21) International Application Number: MK, MN. MW. MX. MY, MZ. NA. NG, NL NO, NZ. OM.
PCLAUSZ015/41060 PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(22) International Filing Date: SD, SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
18 September 2015 (18.09.2015) IR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
o . kind of regional protection available). ARIPO (BW, GH,
(26) Publication Language: English GM. KE, LR, LS, MW. MZ. NA. RW. SD, SL. ST, SZ,
(72) Inventors; and TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicants : BELL, William, T. [US/US]; 2534 B FM TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
1375 East, Hunstville, TX 77340 (US). RAIRIGH, James, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, 15, IT, LT, LU,
G. [US/US]; 8811 Emmott, Suite 1900, Houston, TX LY, ML, ME, M1, NL, NU, £, T2, KO, K2, 55, A, 8K,
77040 (US) SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
| GW, KM, ML, MR, NE, SN, TD, TG).
(74) Agent: MCCUTCHEON, Terry, L.; Matthews, Lawson, . |
McCutcheon & Joseph, PLLC, 2000 Bering Drive, Suite Declarations under Rule 4.17:
700, Houston, TX 77057 (US). —  of inventorship (Rule 4.17(iv))
(81) Designated States (unless otherwise indicated, for every Published:

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

—  with international search report (Art. 21(3))

(54) Title: STRING SHOT BACK-OFF TOOL WITH PRESSURE-BALANCED EXPLOSIVES

(57) Abstract: A back-off tool comprises a magazine cylinder having one
distal end of a long mast rod secured to the lower end-face of a magazine

- T

tool assembly 1s secured to the end of a wireline or tubing string for down -
hole placement and detonation.

N Bz
31 _g \ g cylinder. The magazine cylinder is attached to an electrically detonated fir -
S 2 ing head. A first plurality of blind hole cavities penetrate the magazine cyl-
34—z >§J inder end- face around the mast rod junction. A second plurality of elong-
35 < y 2 ated detonation cord ends are inserted mto high temperature grease filled
& .gé magazine cylinder cavities. From the cavities, the detonation cord lengths
gﬁ 10 Z are bound to the rod surface along the rod length by non- metallic cord. The

% 7

NS g

Z

¢

N
NN
\\\\§‘\\\\\\\\\\\\\\\\\\\ DU

X

NO
=

S

P

N

o
iy

A8

>
oy
7

~ .
s

2 4
NS N \
22 % N
*-“_'_"‘E > i
- N8\
7 N &8\
A
I SR
< ‘f 29 N
ﬁ,\ NN \“‘ng




STRING SHOT BACK-OFF TOOL WITH PRESSURE-BALANCED EXPLOSIVE

SPECIFICATION

FIELD

0002 ] The present invention 1s a Patent Cooperation Treaty (PCT) application that
relates to the equipment and processes for deep well drilling. More particularly, the invention
1s directed to methods and/or apparatus for un-threading or decoupling a specific pipe or

casing joint from a downhole string of pipe.
BACKGROUND

[0003] Rotary drilling of deep wells for the production of fluid minerals, such as oil
and gas, relies upon long assemblies of pipe called “strings.” Each separate pipe unit or
section for this purpose normally 1s in the order of 9 to 12 meters (30 to 40 feet) in length and

threaded at each end.

[0004] Drill pipe, which forms the primary pipe string for advancing the bore hole
depth and often provides rotational torque to the drill bit, is usually fabricated with tapered
external threcads at one end and tapered internal threads at the opposite end. Drill pipe
external threads are formed into a heavy tool joint called a “pin” that is welded to the one end
of a pipe section. Internal drill pipe threads are formed into a complementary tool joint called

a “box” that 1s welded to the opposite pipe end.

[0005] “Oil field” casing and tubing pipe are usually formed with external threads at

both ends of a pipe section. Two sections of pipe can be joined together by a short length

(close) coupling having internal threads at opposite ends.

[0006] In the course of downhole operations, such pipe strings occasionally become
tightly stuck in a well. Typically, the bore hole walls of a loose or unstable geological strata,

penetrated by the drill string, “sluffs™ or collapses into the borehole around the drill string and

above the bit. Such a wall collapse may occur for hundreds or even thousands of feet along

the borehole
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length. In such an event, 1t is impossible to withdraw the drill string from the borehole or, in

most cases, even rotate the drill string.

[0007] Often, 1t 1s desirable to retrieve as much of the pipe string above the seizure point
as possible. In any case, 1t 1s essential to extract the drill string above the seizure point to enable
further operations. However, simply reversing the rotation of the pipe string will not necessarily
separate the string at the first threaded joint above the seizure. As additional pipe sections are
added to a string, the earlier assembled joints become tighter and more difficult to unthread
and separate. Consequently, without some focused intervention, an upper threaded joint will

normally disassemble before a lower joint.

[0008] There are numerous existing methods and devices for locating the seizure point 1n
a pipe string. The method and apparatus taught by U.S. Patent No. 7,383,876 is representative
of existing technology. After locating the specific joint above the seizure point, the traditional
method used to effect release of the threaded assembly at that specific joint 1s to apply a gentle
or moderate “left hand” torque to the pipe string, as the specific joint 1s shocked or “jarred” by
a nearby explosion. However, these traditional methods and apparatus experience serious

functional and reliability 1ssues when used 1n deep wells, as discussed below.

[0009] Explosive devices for urging the release of threaded joints, which are joined
together, have heretofore been made 1n various forms. Typically, a “back-oft tool”, as such
devices are characterized in the well drilling arts, comprises detonation cord, such as
“Primacord”, which 1s a flexible tube filled with a suitable high explosive that is set off by an
electrically initiated detonator. When used under low temperature and pressure conditions,
prior art “back-off” tools and methods have produced generally satisfactory results. However,
in extremely deep wells, temperatures are 1n the order of 200° C or greater, and the pressures
are several thousand pounds per square inch, thereby presenting the prior art apparatus and

methods with serious functional and reliability 1ssues.

[0010] A need exists for a back-off tool that 1s usable and rehable in deep well
environments, which include exposure to fluids and increased wellbore pressures, for the

unthreading (e.g., unscrewing, decoupling) of joints of tubulars (¢.g., drill pipe, casing).

[0011] A need exists for a back-off tool that i1s usable and rehiable in deep well
environments where high pressures and high temperatures within the wellbore result in difficult

explosive transfers between detonators and explosives, and especially where such back-off
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tools are configured to utilize the ambient pressure to facilitate and advantage the detonation

characteristics.
[0012] The present invention meets this need.
SUMMARY OF THE INVENTION
[0013] The present invention relates generally to a back-off tool with pressure balanced

explosives, which comprises a firing head, a magazine cylinder and a shot string. Operationally,
the tool 1s suspended at the distal end of a wireline or coiled tubing string, for example, for
downhole positioning and detonation control while the drilling rig rotary table simultaneously
mmposes a “mild” or “moderate” degree of torque mn the “left-hand”, “un-screw” or “thread

separation” rotational direction on the drill string.

[0014] The firing head can house a detonator, (¢.g., an electrically inmitiated detonator) that
can be secured within an axial cavity. The detonator can comprise a small quantity of explosive

enclosed within an axial projection.

[0015] The magazine cylinder assembles with the firing head to position a booster
explosive (such as an explosive pellet) in detonation proximity with the detonator projection.
A plurality of cavities bored into the lower end-face of the magazine cylinder is aligned in a
circle around the cylinder axis. The cavities can penetrate the magazine cylinder to detonation
proximity with the booster explosive and can be initially filled with a grease (e.g., a high

temperature grease).

[0016] The shot string can comprise a metallic mast rod (¢.g., a steel rod), of about three
(3) meters (10 foot) 1n length, for example, that can be secured by welding or by a threaded
socket at 1ts upper distal end to the center of the lower end face of the magazine cylinder. The
distal ends of a plurality of detonation cords can be inserted into the magazine cylinder cavities
to displace a corresponding volume of grease. The detonation cord lengths can be extended
along the mast rod length and bound tightly to the rod surface by a wrapping of non-metallic
binder cord. However, the lower distal ends of the detonation cords remain free to longitudinal
displacecment along the mast rod surface as an accommodation to high downhole temperature

and pressure. Secured to the distal end of the mast rod can be a guide head having an outside
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diameter greater than the perimeter of overlaid detonation cords. Significantly, the magazine
cylinder can be fabricated of a brittle, frangible metal that shatters into relatively small particles

upon detonation of the detonator cords.

[0017] The number of detonation cords, essential for an assured joint back-off of a
particular joint size at a particular joint depth in the presence of well fluid of a particular
density, 1s determined from an empirical tabulation of corresponding explosive weight

distributed per unit length, which usually can be expressed in gm/meter or grains/ft.

[0018] In an embodiment of the present invention, the downhole back-off tool can
comprise a firing head that can include an explosive detonator, and a magazine cylinder that
can house a booster explosive and a plurality of detonation cord cavities, wherein the magazine
cylinder can be secured to the firing head. The downhole back-off tool can further include an
clongated mast rod, which can be secured at one end thercof to the magazine cylinder, and a
plurality of clongated detonation cords. At least one of the plurality of clongated detonation
cords can have an end thereof, inserted into a respective one of the plurality of detonation cord

cavities, and a remaining length thercof secured along the elongated mast rod.

[0019] In an embodiment, the magazine cylinder can include a cylindrical end-face with
the eclongated mast rod secured thercto, and the plurality of detonation cord cavities can
penetrate the cylindrical end-face around the clongated mast rod. In an embodiment, the
plurality of detonation cord cavities can be blind pockets that can include fluid barrier

bulkhcads between the plurality of detonation cord cavities and the booster explosive. The fluid

and these bottoms can have various shapes, including a spherical shape.

10020] In an embodiment, the plurality of detonation cord cavitics can be within 1gnition
proximity of the booster explosive, and the cavities can be filled with high temperature grease,
wherein the plurality of detonation cord cavities, which are recerving the end of at least one of
the plurality of detonation cords, are displaced by a corresponding volume of the high

temperature grease.

[0021] In an embodiment of the back-oft tool, the plurality of clongated detonation cords
can be secured to the elongated mast rod by non-metallic cord, a helical net, or other cords or
netting. In an embodiment, the number of the detonation cavities can equal or exceed the

number of the elongated detonation cords.
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[10022] Embodiments of the present invention can include a method of assembling a
downhole back-off tool, wherein the steps of the method can include providing a firing head
comprising a detonator sub and a magazine cylinder, providing a booster explosive in the
detonator sub, providing a plurality of cavities 1n a distal end-face of the magazine cylinder,
and securing on¢ end of an ¢longated mast rod to the distal end-face of the magazine cylinder.
The method can further include the steps of providing a plurality of elongated detonation cords,
iserting a distal end of each elongated detonation cord into a respective magazine cavity within
detonation proximity of the booster explosive, and securing a remaining length of the plurality

of elongated detonation cords to the mast rod, and along a length of the mast rod.

10023 ] In an embodiment of the method for assembling a downhole back-off tool, grease
can be placed 1n at least onc of the respective magazine cavities. The grease can be a high
temperature grease. In an embodiment, the grease can be displaced, or partially displaced, from
the respective magazine cavities upon insertion of the distal ends of the detonation cords into

the respective magazine cavities.

10024 ] In an embodiment of the method for assembling a downhole back-off tool, a fluid

barrier can be provided between a bottom end of the respective magazine cavities and the

[0025] Embodiments of the present invention can include methods usable for releasing a

threaded pipe joint within a pipe string, wherein the methods can comprise the step of

rod having one end secured to the detonator magazine; and a plurality of elongated detonation
cords. The steps of the method can continue by 1nserting one distal end of each detonator cord
into a respective cavity of the detonator magazine for location within detonation proximity of
said booster explosive, securing a remaining length of the detonator cords along a length of the
mast rod, positioning the back-oft tool within a flow bore of the pipe string and adjacent to the
threaded pipe joint within the pipe string, and applying a mild torque in a thread separation
direction, at one end of the pipe string. The method can conclude with the step of detonating

the booster explosive for releasing the threaded pipe joint within the pipe string as discussed.

10026 ] Embodiments of the present invention can include a method of releasing an

intended threaded pipe joint within a pipe string, which includes the steps of securing one end

' N
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of an elongated mast rod to a magazine cylinder comprising a booster explosive and a first
plurality of cavities, and tabulating a value representing a weight of an explosive that 1s
distributed over a unit length of detonation cord corresponding to various parameters, including
a type of pipe, a size of pipe, a well depth location of an mtended threaded pipe joint, and a
density of fluid within a well, such that when the explosive 18 detonated adjacent to the intended
threaded pipe joint, while under moderate torque, the release or probable release of the threaded
pipe can be initiated. The method can continue with the steps 1f selecting a second plurality of
clongated detonation cords that correspond to the tabulated value for the intended threaded pipe
joint and the well depth location within a flow bore of the intended pipe string, which 1s
adjacent to the intended threaded pipe joint. The, the steps of the method can include inserting
distal ends, which are respective to one or more of the selected plurality of elongated detonation
cords, into respective magazine cylinder cavities, and applying a moderate torque, 1n a thread
separation direction, to the pipe string while simultancously detonating the selected plurality

of clongated detonation cords for the release of the intended threaded pipe joint.

[0027] In an embodiment, the method steps can include securing the distal ends of the
selected plurality of clongated detonation cords within ignition proximity of the booster
cxplosive. In an ecmbodiment, the steps of the method can include filling the plurality of
cavitics with high temperature grecase, prior to inscrting the distal ends of the sclected plurality

of elongated detonation cords into the cavities.

002§ ] Embodiments of the present invention can include an embodiment of a downhole
back-off tool that includes a firing head comprising an explosive detonator in 1gnition
proximity to an mitiation explosive, a plurality of detonation cord cavities 1in a distal end of the
firing head, which can be distributed about an elongated mast rod secured to the firing head
distal end, and a plurality of clongated detonation cords. In an embodiment, at least one of the
plurality ot elongated detonation cords can have an end therecof inserted into a respective one
of the plurality of detonation cord cavities, in 1nitiation proximity with the initiation explosive,

and a remaining length thereof secured along the elongated mast rod.

[10029] In an embodiment of the back-off tool, a primer explosive can be disposed 1n a
radial boring between the explosive detonator and the initiation explosive, and the initiation
explosive can be a distribution ring having initiation proximity to a plurality of detonation cord

ends.
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[0030] In an embodiment of the back-off tool, a fluid barrier bulkhead can be positioned
between the detonator and the initiation explosive. In an embodiment, the fluid barrier

bulkhead can be disposed between the explosive detonator and the radial boring.

DRAWINGS

10031] Relative to the drawings wherein like reference characters designate like or similar

elements or steps through the several figures of the drawings:

10032] Fig. 1 represents a section of a raw borehole having a drill string inserted therein

and the present invention 1n place within the drill string flow bore.

10033 ] Fig.2 1s an enlarged detail of the upper section of the string shot subassembly and

the lower section of the magazine cylinder subassembly.

10034 ] Fig. 3 1s a sectioned end view of the Fig. 2 detail viewed along the cutting plane III
- III of F1g. 2.

[0035] Fig. 4 1s a detail of the lower distal end of the mast rod terminating 1n a guide foot
of the string shot back-oft tool.

[0036] Fig. 5 1s a sectioned side view of the firing head and magazine cylinder of the string

shot back-oft tool.

[0037] Fig. 6 1s an end view of a cylindrical detonation cord magazine comprising nine (9)

detonation cords within nine (9) detonation cord cavities.

[0038] Fig. 7 1s an end view of a cylindrical detonation cord magazine comprising fourteen

(14) detonation cords within fourteen (14 detonation cord cavities.

10039] Fig. 8 1s a sectioned side view of an alternative embodiment of the firing head of

the present invention.
DETAILED DESCRIPTION OF THE EMBODIMENTS

[10040] Before explaining selected embodiments of the present invention 1n detail, 1t 18 to

be understood that the present invention 1s not limited to the particular embodiments described



CA 02999025 2018-03-156

WO 2017/048292 PCT/US2015/051060

herein and that the present invention can be practiced or carried out in various ways. As used

2 4 el ? 14

herein, the terms “up” and *“down”, “upper” and “lower”, “upwardly” and downwardly”,
“upstream” and “downstream”; “above” and “below”; and other like terms indicating relative
positions above or below a given point or element are used 1n this description to more clearly
describe some embodiments of the invention. However, when applied to equipment and
methods for use 1n wells that are deviated or horizontal, such terms may refer to a left to right,
right to left, or other relationship as appropriate. Morcover, 1n the specification and appended
claims, the terms “pipe”, “tube™, “tubular”, “casing”, “liner” and/or “other tubular goods” are

to be interpreted and defined generically to mean any and all of such clements without

[1mitation of industry usage.

[0041] To 1illustrate the operational environment of the embodiments of the present
ivention, reference 18 given to the sectional view of Fig. 1 showing a portion of a drill pipe
string 20 suspended 1n a raw borchole 10. As shown 1n Fig. 1, below the box joint 22, the drill
pipe string 20 1s immovably seized by a bore wall collapse 12. Following the drill pipe seizure,
an 1mmediate operational objective of the well drilling management 15 to locate the seizure
point and de-couple the threaded drill pipe joint assembly 26, between the first box 22 and pin

24 assecmbly and above the scizure pomt 12.

[0042] After having located the threaded drill pipe joint assembly 26, which 1s above the
scizure point 12, preterably the first joint above the seizure point, the present back-ott tool 30
can be suspended within the drill pipe tflow bore 29 by an appropriate suspension string, such
as a wire line, a slick line or, as illustrated, from a length of coiled tubing 31. A suitable
connection mechanism, such as a bail or threads, not shown 1n Fig. 1, can be used to secure the
back-oftf tool 30 to the end of the suspension string 31. The back-oftf tool 30 can be positioned
to locate the string-shot elements 32 1n a bridging opposition of the specifically 1dentified,

threaded drill pipe joint assembly 26.

10043 ] As shown 1n Fig. 1, secured between the coiled tubing 31 and the string shot
clements 32 1s a firing head 33, which can comprise a detonator sub 34 and a detonation cord

magazine 35 (e.g., a seven (7) string detonation cord magazine).

10044 ] Referring to Fig. 5, the detonator sub 34 can house an electrical 1gnition circuit 36,
which can be used for 1gniting an electrically initiated detonator 37. As shown 1n Fig. 5, the

detonator 37 can project from the end of the sub 34 into an “ignition proximity” with a booster
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explosive 40 (e.g., explosive pellet) of a relatively large size that can be encapsulated in a
booster cavity 41 of the detonation cord magazine 35. “Ignition proximity” is that distance
between a particular detonator and a particular receptor explosive within which ignition of the
detonator will initiate detonation of the receptor explosive. A sealing member 38, for example

an O-ring 38, can be used to seal the booster cavity 41 from potential well fluid contamination.

10045] As shown 1n Fig. 5, the lower end of the cylindrical detonation cord magazine 35
includes a threaded socket 42 for securing, for example, a 3 meter (10 foot) long steel mast rod
43. As shown 1n Fig. 4, the lower distal end of the mast rod 43 can be terminated by a guide
foot 48 to protect the detonation cords 51 during a well descent. Referring back to Fig. 5,
around the magazine threaded socket 42 are shown a plurality of detonation cord cavities 45
that penctrate the cylindrical detonation cord magazine 35, from the lower end face 46. The
blind pockets are of sufficient depth to secure the detonation cord 51 ends within 1gnition

proximity of the booster explosive 40 1n the booster cavity 41.

10046 ] As shown 1n Fig. 5, the bulkheads 44, which are the terminal bottom ends of the
blind pockets (i.e., plurality of detonation cord cavities) 45, are spherically radiused

concavities. These concave pocket bottoms (1.¢., bulkheads) 44 eftectively function as shaped

similarly to a shaped charge liner, to amplify and focus the encrgy output of the booster

cxplosive 40 upon the respective detonation cords S1.

an ¢xplosive transfer between the detonator and the detonator cord, particularly when exposed
to well fluids, and especially at high wellbore pressures. The present invention includes a back-
off tool and methods of use that allow a booster explosive 40 to be protected from exposure to
the well fluid environment, and the back-oft tool incorporates a booster explosive 40 that can

be as large as 1s necessary to 1gnite the detonation cords 51, including through the bulkhead(s)

(e.g., fluid barrier(s)) 44.

10048 ] The selection of the number of detonation cord cavities 45 will normally depend on
the specific application or range ot applications for the back-oft tool 30, as will be subsequently
explained. The embodiment of the present invention, shown in Fig. 5, includes detonation cord

cavities 45 (also shown 1n Figures 6 and 7). Alternative embodiments of detonation cord
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magazines may include any number of detonation cord cavities, including the nine detonation
cord cavities 45 shown 1n Fig. 6, and up to or exceeding the fourteen (14) detonation cord
cavities 45 shown 1 Fig. 7, to secure a maximum charge using 21.2 gm/m (100 grains/ft)
detonation cord. Figures 6 and 7 each show a cylindrical detonation cord magazine 35, which
includes a threaded socket 42 with varying numbers of detonation cords 51 inserted into the

detonation cord cavities 435, placed around the threaded socket 42.

10049] Continuing with reference to Fig. 5, the detonation cord cavities 45 can be initially
filled with a high temperature grease, such as 315°C heat rated silicon grease. Into cach of
these grease filled detonation cord cavities 45, one distal end of a detonation cord 51 can be
inserted to displace a volume of grease corresponding to the volume of the inserted detonation
cord 51. Several important functions are served by the grease. Firstly, the grease tends to
protect the detonation cord ends from well fluid contamination. Most importantly, however,
the grease protects the explosive within the detonation cords 51 from well pressure compaction.
High degrees of compaction, as imposed upon the detonation cord 51 by thousands of pounds
per square inch of well pressure, tend to desensitize explosives, such as HMX, to detonation.
The grease msulation around the detonation cord 51 pocket or cavity 45 end greatly reduces

such well pressurc compaction and preserves the 1gnition sensitivity.

[0050] From the detonation cord cavitics 45, the trailing lengths of several detonation cords
51 of a magazinc 35 arc bound firmly to the surface of mast rod 43, as 1llustrated by Figs. 2
and 3, prcferably by non-metallic binder cord. For ¢xample, as shown 1in Fig. 2 and 3, the
detonation cords 51 may be secured to the mast rod 43 by a woven tube 1n the form of a helical
net 55 of non-metallic cordage or a non-metallic cord 55. Such a helical net may be formed as

multiple leads of reversely turned helices.

10051 ] Prior to the addition of a guide foot 48 to the downhole end of the mast rod 43, the
woven tube 55 can be collapsed to expand the central aperture of the woven tube 55. In the
collapsed condition, the woven tube 55 can be drawn over the length of several detonation
cords 51, while held against the surface of the mast rod 43. Upon placement of the guide foot
48, the woven tube 55 can be expanded longitudinally over and along the length of the
detonation cords 51. This longitudinal expansion of the woven tube 55 can constrict the tube
aperture and bind the detonation cords 51 tightly against the surface of the mast rod 43.
Significantly, the lower ends of the detonation cords 51 are allowed displacement 1n the axial

direction along the surface of the mast rod 43. Such displacement freedom is required to

10
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accommodate the downhole well pressure and temperature consequences on the exposed
detonation cords 51, as described above. As the back-off tool 30 descends into the deeper
depths of a well, increasing fluid pressure 1n the well bears upon the exposed detonation cords
51 to compact the explosive therein. With increased compaction, the detonation cord length
decreases. As such, at Ieast one end of the detonation cord length must be free to accommodate

the length reduction.

10052] It should be understood that the detonation cords 51 may be secured to the mast rod
43 surface by any of many binding methods, such as hand wrapping with single strand cord or
even tape. A helical net 55 18 merely one form of a woven tube that can be well adapted to the

present invention.

10053 ] An alternative embodiment of the invention 1s illustrated by Fig. 8. Similar to the
Fig. 1 and 4 embodiments, the Fig 8 embodiment provides a steel mast rod 43 terminated by a
guide foot 48. Preferably, a centralizer 49 1s secured to the distal end of the guide foot for

centralizing the tool 30 within the drill pipe string 20 (see Fig. 1).

10054] The embodiment shown 1n Fig. 8 offers a more compact structure of a firing head
60 comprising a detonator 37 and booster explosive 40, wherein the booster explosive 40 can
detonate a column of primer explosive 66 that can be confined within a radial boring 64. A
bulkhead (e.g., fluid barrier) 62 can be used to separate the booster explosive 40 from the

primer explosive 66. At the outer terminus of the primer explosive 66, a ring of 1nitiation

[0055] Experimentation and testing 1n the ficld has led to the development of empirical
ranges of explosive values that can be usctul for determining an ¢xplosive value effective for
a particular back-off task. For example, in the selection process, the nominal size of the tubing,
the well depth of the seizure, and the fluid density of the 1n situ well fluid can be determined
for use 1n calculations of the amount of explosive needed. From these known parameters, an
explosive weight distribution value per unit of length can be determined for shocking a tubing
coupling, to disassemble the coupling of the tubing. Notably, the determined value 1s a
distributed explosive value of detonation cord. When the detonation cord discharges, the
resulting shock 1s a relatively low grade expansion, occurring within the tubing bore and along

the detonation cord length, across the coupling joint.
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10056] “Moderate” or “mild” torque, as applied herem, 1s a highly subjective value
determined in each case by the driller. Although most, 1f not all, modern drilling rigs have
reasonably precise torque measuring capacity, which can be highly variable; however, the
torque measuring capacity can also be very specific to a particular type of pipe, €.g. casing,
drill pipe or tubing, and can be sufficient to unthread (1.¢., unscrew) a particular joint under
back-off shock, but not unthread any other joint in the string. Hence, the value of “mild” or
“moderate’ torque 18 a subjective operational value recognized by those of skill in the art for

the particular equipment they are working with.

10057] Although the invention disclosed herein has been described in terms of specified
and presently preferred embodiments which are set forth 1n detail, 1t should be understood that
this 18 by 1llustration only and that the invention 1s not necessarily limited thereto. Alternative
embodiments and operating techniques will become apparent to those of ordinary skill in the
art in view of the present disclosure. Accordingly, modifications of the invention are

contemplated which may be made without departing from the spirit of the claimed invention.

12



CLAIMS:

. A downhole back-off tool comprising:

a firing head comprising an explosive detonator;

a magazine cylinder housing a booster explosive and a plurality of detonation cord
cavities, wherein the magazine cylinder is secured to the firing head;

an elongated mast rod secured at one end thereof to the magazine cylinder; and

a plurality of elongated detonation cords, wherein at least one of the plurality of
elongated detonation cords has an end thereof inserted into a respective one of the plurality of
detonation cord cavities, and a remaining length thereof secured along the elongated mast

rod.

2. The back-off tool according to claim 1, wherein the magazine cylinder comprises a
cylindrical end-face with the elongated mast rod secured thereto, and wherein the plurality of

detonation cord cavities penetrate the cylindrical end-face around the elongated mast rod.

3. The back-off tool according to claim 1, wherein the plurality of detonation cord
cavities are blind pockets comprising fluid barrier bulkheads between the plurality of

detonation cord cavities and the booster explosive.

4. The back-off tool according to claim 3, wherein the fluid barrier bulkheads are formed

from bottoms of the plurality of detonation cord cavities.

5. The back-off tool according to claim 4, wherein the bottoms of the plurality of

detonation cord cavities formed into fluid carrier bulkheads are spherical.

6. The back-off tool according to claim 3, wherein the plurality of detonation cord

cavities are within ignition proximity of the booster explosive.

7. The back-off tool according to claim 1, wherein the plurality of detonation cord

cavities are filled with a grease.
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8. The back-off tool according to claim 7, wherein the plurality of detonation cord
cavities receiving the end of at least one of the plurality of detonation cords are displaced by

a corresponding volume of the grease.

9. The back-off tool according to claim 1, wherein the plurality of elongated detonation

cords is secured to the elongated mast rod by a non-metallic cord.

10.  The back-off tool according to claim 9, wherein the plurality of elongated detonation

cords is secured to the elongated mast rod by a helical net.

11.  The back-off tool according to claim 1, wherein the explosive detonator 1s electrically

initiated.

12. The back-off tool according to claim 1, wherein a number of the plurality of

detonation cavities equals or exceeds a number of the plurality of elongated detonation cords.

13. A method of assembling a downhole back-off tool, comprising the steps of:

providing a firing head comprising a detonator sub and a magazine cylinder;

providing a booster explosive in said detonator sub;

providing a plurality of cavities in a distal end-face of said magazine cylinder;

securing one end of an elongated mast rod to said distal end-face of said magazine
cylinder;

providing a plurality of elongated detonation cords;

inserting a distal end of each elongated detonation cord into a respective magazine
cavity within ignition proximity of said booster explosive; and

securing a remaining length of said plurality of elongated detonation cords to said

mast rod along a length of said mast rod.

14.  The method of claim 13, wherein a grease 1s placed in at least one ot said respective

magazine cavities.

15. The method of claim 14, wherein insertion of said distal ends of said detonation cords
into said respective magazine cavities partially displaces said grease from said respective

magazine cavities.
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16.  The method of claim 13, wherein a fluid barrier is provided between bottom ends of

said respective magazine cavities and said booster explosive.

17. The method of claim 16, wherein said bottom ends of said respective magazine

cavities are concave.

18. A method of releasing a threaded pipe joint within a pipe string comprising the steps

of:

assembling a back-off tool having a firing head, a detonator magazine comprising an
explosive booster initiated by said firing head and a plurality ot cavitics, a mast rod having
one end secured to said detonator magazine and a plurality of elongated detonation cords;

inserting one distal end of each detonator cord into a respective cavity of said
detonator magazine for location within ignition proximity of said explosive booster;

securing a remaining length of said detonator cords along a length of said mast rod;

positioning said back-ott tool within a tlow bore of said pipe string and adjacent to
said threaded pipe joint within said pipe string;

applying a torque in a thread separation direction at one end of said pipe string; and

detonating said explosive booster.

19.  The method of claim 18, further comprising the step of filling one or more of the

plurality of cavities with a grease.

20.  The method of claim 19, wherein the step of inserting one or more distal ends of the
second plurality of elongated detonation cords into respective magazine cavities further

comprises the step of displacing a volume of the grease therein.

21. A method of releasing an intended threaded pipe joint within a pipe string comprising
the steps of;

securing one end of an elongated mast rod to a magazine cylinder comprising a
booster explosive and a first plurality of cavities;

tabulating a value representing a weight of an explosive distributed over a unit length
of detonation cord corresponding to a type of pipe, a size of pipe, a well depth location of an

intended threaded pipe joint, and a density of fluid within a well, such that when the
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explosive is detonated adjacent to the intended threaded pipe joint, the release of said
threaded pipe 1s initiated;

selecting a second plurality of elongated detonation cords corresponding to the
tabulated value for said intended threaded pipe joint and said well depth location within a
flow bore of said intended pipe string adjacent to said intended threaded pipe joint;

inserting distal ends respective to one or more of the selected plurality of elongated

detonation cords into respective magazine cylinder cavities; and

applying a torque in a thread separation direction to the said pipe string
simultaneously with detonating the selected plurality of elongated detonation cords for

release of said intended threaded pipe joint.

22.  The method of claim 21, wherein the step of inserting said distal ends of the selected
plurality of elongated detonation cords further comprises securing said distal ends of the

selected plurality of elongated detonation cords within ignition proximity of the booster

explosive.

23.  The method of claim 22, further comprising the step of filling the plurality of cavities

with a grease, prior to inserting said distal ends of said selected plurality of elongated

detonation cords.

24, A downhole back-off tool comprising:

a firing head comprising an explosive detonator in ignition proximity to an initiation
explosive;

a plurality ot detonation cord cavities in a distal end of said firing head, distributed
about an elongated mast rod secured to said firing head distal end; and

a plurality of elongated detonation cords, wherein at least one of the plurality of
elongated detonation cords has an end thereof inserted into a respective one of the plurality of
detonation cord cavities in initiation proximity with said initiation explosive and a remaining
length thereof secured along the elongated mast rod.

235 The back-off tool according to claim 24, wherein a primer explosive is disposed in a

radial boring between said explosive detonator and said initiation explosive.

26.  The back-off tool according to claim 24, having a fluid barrier bulkhead between said

explosive detonator and said initiation explosive.
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27.  The back-off tool according to claim 24, wherein said initiation explosive i1s a

distribution ring having initiation proximity to ends of a plurality ot detonation cords.

28.  The back-off tool according to claim 235, wherein a fluid barrier bulkhead is disposed

between said explosive detonator and said radial boring.
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